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Abstmct 

Ihis work on the Sado outer estuary (western coast of Portugal) 
considers its bio-sedimentary characterization, and evaluates the 
prevailing hydrophysical and sedimentary environmental conditions. 
The quality status of the estuary is discussed. The thesis is based on 
the analysis of superficial sediments and benthic macrofauna 
collected from 133 sites, and on hydrodynamical data obtained from 
a mathematical model. 

The environmental variables considered were the superficial 
sediment temperature, granulometry and organic matter content, 
together with the water current velocities, flow and shear stress. The 
macrofaunal characterization and the analysis of the state of 
disturbance was based on a study of the composition, structure and 
spatial distribution of faunal assemblages and their relationship to the 
prevailing environmental conditions. 

The Sado was shown to be inhabited by an abundant and 
diversified fauna with high biomass. Two major faunal assemblages 
have been identified, a marine and an estuarine community, 
separated by a transition region. The estuarine community comprises 
the majority of the area and contains important subdivisions. The 
regions identified have been shown either to be controlled by 
anthropogenic inputs or to reflect mainly the effects of natural forces. 

The main structuring factors influencing the benthos are the 
hydrodynamic conditions, coupled with sediment type, and organic 
matter of natural and anthropogenic origin. Sedimentary organic 
enrichment effects have been noted in all the areas studied and in 
general the Sado outer estuary reveals signs of eutrophic conditions. 
In the more disturbed regions the macrofauna data also suggest 
chronic toidcity effects. 

Although disturbance effects due to anthropogenic inputs are 
suggested through the biosedimentary approach, the estuary as a 
whole can not be considered badly polluted. However, defaunated, 
impoverished and over-enriched areas, appear as a result of localised 
severe pollution indicating the need to improve effluent treatment 
systems. 

The methodological approach followed in this study has been shown 
to be effective in assessing the quality status of the Sado outer 
estuary. Multivariate and direct gradient analysis proved to be very 
useful methods and a detailed analysis of the macrofaunal species has 
been shown to be effective in the detection of organic enrichment 
effects in some of the areas-The extreme aspects of the gradients 
were identified by all the analytical techniques, but the univariate 
methods were shown to be poor at discriminating the more subtle 
effects. 
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CIMPTER I 

INTRODUCTION 

1.1 - GENERAL BACKGROUND TO THE PRE-SENT STUDY 

Estuaries are included amongst the most productive ecosystems 
of the biosphere (Odum, 1971, Amanieu & Lasserre, 1981) and have 
long been a focus of human settlement and development for 
transportation facilities, waste disposal and recreational purposes. 
This has transformed estuaries into multiple use systems which have 
increasing difficulties to reconcile all the demands made on them. 
Conflicts of usage occur between those activities which need a more 
or less natural functioning of the estuarine ecosystem like fishing, 
mariculture, amenity and conservation, and those for which 
ecosystem quality is of little interest, like shipping, industrial 
purposes and waste disposal (Wilson, 1988, McLusky, 1989). In an 
attempt to identify, ameliorate and solve the problems posed by the 
multiple use of estuaries, the acquisition of greater knowledge on 
estuarine systems, especially in relation to pollution effects, has 
become a necessity in recent decades. 

Estuaries present natural gradients which are mainly related to 
the constant mixing of fresh and salt water. Compared with the open 
sea, they are naturally heterogeneous environments varying 
remarkably in physical, chemical and biological characteristics 
(Kennish, 1986, Wilson, 1988, McLusky, 1989). In addition to these 
natural gradients others, resulting from anthropogenic activities, may 
be established thus increasing the natural environmental stress to 
which species have to adapt (e. g. Pearson & Rosenberg, 1978, Reish, 
1984). 

The responses of organisms and communities to increasing 
environmental stress evolved from the detection and adaptative 
response of individual behavioural and metabolic changes, to genetic 
adjustments of individual species populations, culminating in species 
replacement and community succession (Pearson & Rosenberg, 
1978, Pearson & Blackstock, 1983, Blackstock, 1984). Assessment of 
effects of any particular environmental disturbance could be evaluated 
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by analysing the biotic changes at these various levels. However while 
the monitoring of the behavioural and metabolic changes and 
population genotypic variability are mainly suitable to assess 
immediate or short term responses, analysis of changes in the 
community structure allows the assessment and monitoring of long- 
term and wide scale effects (Pearson & Rosenberg, 1978, Pearson, 
1980). 

Several types of materials enter estuaries as a result of human 
activities, of which organic wastes comprise the greatest volume 
(Clark, 1986). Pollution resulting from organic enrichment is 
nowadays the most common cause of pollution in coastal ecosystems 
(Pearson & Rosenberg, 1978, Rosenberg, 1985). For this reason 
much of the research on the biological effects of pollutants has been 
focused on the assessment and monitoring of the effects of organic 
enrichment. Most of the studies are directed to assess long-term 
effects and thus focused on changes at the community level. 
Sediment and its benthic macrofauna are the components of the 
ecosystem usually analysed. Their importance and usefulness, because 

of their stability and longevity, in contrast to that of pelagic 
organisms, has been clearly demonstrated by many workers (e. g. 
Soulsby et at., 1985, Bilyard, 1987, Warwick, 1988a, Larsen & 
Jensen, 1989, Rees et al., 1990). 

The benthic macrofauna is most generally chosen for study 
because sediments represent, in most of the cases, the final 

repository for contaminants, because benthic macrofauna is long-lived 
(generally >1 year) and sedentary (thus acting as an integrator over 
time of the effects of particular contaminants and/or disturbances). 
More is known of the general biology of macrofaunal species, in 

comparison with other benthic organisms (meio and microbenthos), 
and taxonomic keys are also available for most of the groups (Rees et 
al., 1990). 

Benthic community change in response to pollution is a very 
complex process which makes the establishment of predictive 
response models difficult. This difficulty is increased by the fact that 
the separation of effects due to anthropogenic and natural inputs is 

not always straightforward. However, successional sequences 
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resulting from organic enrichment and/or disturbance have been 
defined for a range of habitats and communities and used as general 
descriptive predictive models of environmental disturbance effects 
(Pearson & Rosenberg, op. cit., Rhoads et aL, 1978, Hily, 1984). 

The sequences resulting from increasing organic enrichment. 
particularly the fluctuations of Species richness, Abundance and 
Biomass referred to in the SAB model proposed by Pearson & 
Rosenberg (op. cit. ) have been reported from many locations in 
Northern Europe (e. g. McLusky, 1982, Pearson et al., 1986, Elliott & 
Kingston, 1987, Gray et al., 1990), Southern Europe and the 
Mediterranean (e. g. Bellan et al., 1980, Hily. 1984, Hily et al., 1986), 
the Northern American Atlantic coast (e. g. Wildish et al., 1979, 
Wildish, 1983, Wildish et al., 1986), and Pacific coast (e. g. Reish, 
1980, Bascom, 1982, Chapman et al., 1987) and in Asia (e. g. 
Thompson & Shin, 1983, Tsutsumi et al., 1991), clearly suggesting 
universal response of benthic communities, and thus supporting the 
basic conceptions underlying the SAB model. 

The complexity of the response of benthic communities to 
environmental disturbance precludes any simple or rapid method of 
assessing pollution effects and the utility of using a range of 
techniques to analyse biotic response to environmental changes has 
been proposed (Gray et al., 1988, Underwood & Peterson, 1988, 
Rees et aL, 1990). 

The sampling methods widely used to obtain macrofaunal data 

are still largely based on the use of grab samples since the most 
recent techniques (underwater video or television, REMOTS) (Holme 
& McIntyre, 1984, Rhoads & Germano, 1982,1986) still do not 
allow the collection of quantitative data for the macrofaunal 
communities. 

For data treatment the several techniques proposed to assess 
the response of macrofaunal. communities to an organic gradient 
range from the simple analysis of species richness, abundance and 
biomass fluctuations (Pearson & Rosenberg, op. cit. ), to the 
identification of indicator species or higher taxa (Pearson & 
Rosenberg, op. cit., Gray & Pearson, 1982, Pearson et al., 1983) to 
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the study of community structure patterns, based on abundance 
and/or biomass distributions among species and trophic groups (e. g. 
Sanders, 1968, Hulbert, 1971, Pearson, 1971a, Frontier, 1976, 
1977,1985, Gray, 1979, Gray & Mirza, 1979, Shaw et al., 1983. 
Warwick, 1986, Warwick et al., 1987) or to various multivariate 
statistical analyses, using abundances of either species or higher taxa 
(e. g. Schwinghamer, 1988, Warwick, 1988c, Warwick & Clarke, 
1991). There is however some controversy about the most useful 
treatment methods and the kind and amount of data which must or is 
enough to be used to assess pollution effects (e. g. Gray, 1979,1983, 
Gray & Mirza, 1979, Shaw et al., 1983, Lambshead & Platt, 1985, 
Warwick, 1986,1988c, Warwick et al., 1987, Kingston, 1987, 
Beukema, 1988, Schwinghamer, 1988, Kingston & Ridle, 1989, 
Ferraro & Cole, 1990, Meire & Dereu, 1990), indicating the need of 
more interdisciplinary research effort, namely on the basic biology of 
species, on the basic knowledge of ecological processes, on the fate 
and effects of pollutants, and on modelling (Gray, 1985, Fenchel, 
1987). 

The present work has been developed in the Sado estuary, 
western coast of Portugal, a multiple use system, which supports a 
variety of activities with different ecosystem requirements, some of 
them incompatible. Its most important use is for industrial and urban 
waste disposal purposes and harbour associated activities, but it also 
has two natural reserves, and supports recreational activities, 
mariculture and fishing. In the future, several new industries will be 
developed which will increase the stresses already imposed to the 

estuary. However some industrial units are presently installing more 
efficient effluent treatment systems in an attempt to limit the effect 
of discharges on the Sado system. It is hoped that this study will 
provide the baseline information against which the effectiveness of 
such remedial measures will be judged. 

The most comprehensive studies on the Sado estuary developed 
before this work, were related to the physico- chemical 
characteristics of the water column and hydrodynamics (Wollast. 
1978a, 1978b, 1979, Ribeiro & Neves, 1982, Neves, 1985a, Ferreira 
& Neves, 1987), the geochemistry and geomorphology (QuevauviBer, 
1987), metals and organochlorines (Vale and co-workers, 1988- 
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199 1) and also several ecological studies conducted by Peneda and 
co-workers to assess the impact of a thermal power plant (Peneda, 
1980,1981, Peneda et al., 1982a, 1982b). Previous investigations of 
the sedimentary ecology of the estuary have been concerned with 
small scale temporal and spatial variability (Rodrigues, 1982), with 
intertidal communities (Costa, 1988, Rodrigues et al., in press) or 
were less comprehensively designed for the assessment of its spatial 
heterogeneity (Pinto, 1982, Monteiro Marques, 1982, Cancela da 
Fonseca et al., 1987). There was thus very little information available 
on the general ecology and of the quality status of the estuary, prior 
to the present study. 

During 1986/87, Peneda and co-workers, in the Portuguese 
National Laboratory of Technological and Industrial Engineering, 
LNETI, launched a study to analyse the effects of the industrial 
effluents in the outer Sado estuary, involving the characterisation of 
industrial effluents (Catarino et aL, 1989a to 1989g), ecotoxicological 
bioassays (Picadot 1991), the physico- chemical characteristics of the 
water column (Duarte & Henriques, 1991), the faecal contamination 
(Baeta-Hall, in prep. ), the fish populations (Antunes et aL, 1991), the 
plankton populations (Santos, 1990, Duarte, in prep. ) and the 
benthic component of the system (Rodrigues & Quintino, 1991a, 
present work). This study is derived from the latter part of this 
programme. 

1.2 - AIMS OF THE PRESENT WORK 

The principal objective of this work is concerned with the 
identification of the spatial variability, or gradients, in the 
composition and structure of the estuarine benthic communities, 
while considering and integrating the effects of both natural and 
man-induced disturbance'on those gradients. 

Although variability in the sedimentary ecology of estuaries has 
been extensively studied in a variety of areas (e. g. Gray, 1985), the 

current concepts underlying the definition of "normal", the deviation 
from this situation and the evaluation of the respective significance of 
damage and cause, are far from being final. Moreover, the distinction 
between induced effects on faunal communities by natural or 
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anthropogenic stress is difficult to quantify (Wilson, 1988, McLusky. 
1989, Elliott, 1983), as is the separation of the effects, for example. 
of inputs of organic and inorganic material, which are usually 
introduced together through the same input (Pearson & Rosenberg, 
1978). 

The objective of this thesis is to achieve in a detailed manner 
and as objectively as possible, a diagnosis of the present quality status 
of the estuary, knowing both the human pressures to which it is 
submitted, particularly along its northern margin, and the ability of 
benthic communities to serve such a diagnostic purpose (see among 
others, Bilyard, 1987, Warwick, 1988a, 1988b, Rees et al., 1990). 

It was designed to acquire a sound baseline of biological 
knowledge of the area for future use as reference material either in 
the assessment of the effects of possible multiple uses projected for 
this important estuarine system of the Portuguese western coast, or 
for the establishment of more specific research programmes 
directed to the analysis of pollution effects. 

Also, it was intended to provide information for the 
establishment of realistic quality standards and the definition of 
future monitoring programmes, based not only on direct effects of 
human health, but on the balance of ecosystem functioning (estuarine 

quality) and ecosystem use (McIntyre, 1984,1986, Segar & 
Stamman, 1986, Under-wood & Peterson, 1988, Elliott & O'Reilly, 
1991). 

This broad purpose obviously needs more effort than that 
devoted to a study of the sedimentary macrofaunal communities, but 
the Sado estuary was, and is being studied by several workers, 
covering a variety of fields from hydrodynamic and physical research 
to chemical and biological subjects. During the course of this survey, 
other colleagues were analysing physico- chemical and microbiological 
parameters of the water-column and industrial effluents, studying the 

plankton communities, the demersal fish populations and conducting 
ecotoxicological bioassays. When appropriate the additional 
knowledge obtained by such colleagues has been used to complement 
the present study. 
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CHAPTER 2 

SADO ESTUARY 

2.1 - GENERAL CHARACTERISTICS 

The Sado estuary, the second largest estuary in Portugal, is 
located on the SeWbal Peninsula and discharges to the Atlantic Ocean 
bordering SeWbal city (northern side), located some 40-50 Km south 
of Lisbon, and the Troia Peninsula (southern side). 

The estuary comprises two main geographic regions (figure 
2.1): 

Region 1, the outer estuary, with a surface area of 
approximately 140 KM2, a mean depth of 10 meters and a complex 
geometry, and 

- Region II, inner estuary, which comprises a narrow channel of 
approximately 20 Km length and mean depth of 1 meter (Alcdcer 

channel). 
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Figure 2.1 - Sado, Estuary. General bathymetry (depth in meters) and geometry. 
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The inner part of region I, Comporta (in the southern channel) 
and Marateca (in the northern channel) (cf. figure 2.1), is shallow, 
and tidal flats comprise almost 50% of the total area. The outer area 
of region 1, extends from the Outdo, near the entrance of the estuary, 
to Ilha do Cavalo, landward, and is partially divided along its 
longitudinal axis by intertidal sandbanks, which divide a northern 
channel, in general no deep than 10 meters from a southern channel 
where depths reach 25 meters. 

The estuary communicates with the ocean by a narrow and 
deep channel, 2 Km wide with a maximum depth of 50 meters which 
is very important to the general pattern of the estuarine circulation. 

The area covered by the present work corresponds to region I, 
excluding Marateca and Comporta and comprises approximately 65 
KM2. It is located between the coordinates 38'32' - 38'26'N and 
8144' - 8'56' W and has a main SE/NW orientation. It will be 
identified in the text as the "outer estuaryll. 

The area between the end of the sandbank Escama Ferro and 
Ilha do Cavalo will be referred to in the text as the "upper region of 
the outer estuary" and region II as the "inner estuary". The estuarine 
entrance will correspond to the area between Outdo - Comenda 
(northern margin) and the sandbank Cambalhdo - Troia (southern 

margin). 

Estuaries can be defined and classified in various ways 
according to different characteristics. By reason of its physical 
structure and topography the Sado estuary could be considered a bar 

estuary (Pritchard, 1955) or, considering the number of fluvial 
inputs, the predominant sediment type and the extent of intertidal 

area, a 2b 11 estuary (Jeffrey et al., 1985). From a chemical point of 
view (salinity pattern), the studied area (outer Sado estuary), could be 

considered euhaline (Venice system - Carriker, 1967) and positive. 
From an assessment of the water circulation and the sediments, the 
Sado could be classified as a homogeneous (the outer estuary) or 
partially mixed (the inner estuary) estuary (Dyer, 1973,1979) and 
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finally, from the point of view of ecosystem energetics it could be 
considered an emerging system (Odum & Copeland, 1974). 

2.2 - SADO ESTUARY USAGE 

In the present century the Sado estuary has evolved from an 
ecosystem used almost exclusively for fishing and bivalve exploitation, 
towards a multiple usage system, with a strong industrial component. 

The exploitation of the Portuguese Oyster, Crassostrea angulata, 
almost extinct since 1978, was previously a very important activity in 
the Sado estuary. Its maximum production was almost 10000 tons 
and in 1971 it was still of 6016 tons, but has thereafter decreased 
precipitously (Carrapigo & Costa, 1978 in: Costa, 1988). 

Nowadays different areas can be delimited according to their 
different estuarine uses (figure 2.2). The Sado estuary includes two 

natural reserve areas, one near the mouth, in the northern margin, 
the Natural Park of Arrdbida, and in its inner reaches the Natural 
Reserve of the Sado estuary, includes parts of the Tr6ia Peninsula, 
Comporta, Alcdcer channel and Marateca. Inside the Sado estuary 
reserve mariculture activities and fishing bait exploitation (Marphysa 

sanguinea and Dippatra neapolinata) are allowed, being the latter also 
developed in the sandbank Carraca. 

In the intertidal regions of the inner estuary some agricultural 
activities are developed, mainly of rice cultures which make use of 
pesticides and herbicides. The Troia Peninsula offers areas of coastal 
recreational facilities and is used for a range of leisure interests. 
Fishing activity occurs throughout the estuary, but it is, however, of 
decreasing importance as industrial activities are being developed. 

The most important utilization of the estuary is for industrial 

and urban waste disposal purposes and for harbour associated 
activities (ship movement, ship repairing, painting and breaking). 

The harbour and all the industries are located along the northern 

margin of the outer estuary. 
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Figure 2.2 - Sado Estuary use. 

Thus, the Sado estuary is clearly a multiple use system, which 
supports a variety of activities with different ecosystem 
requirements, some of them incompatible. The greatest 
incompatibilities arise between fishing, mariculture, amenity and 
conservation, which depend to a greater or lesser degree on the 
maintenance of natural estuarine conditions, and industrial waste 
disposal which is system independent and usually has a negative 
effect on water, sediments and biotic communities (Wilson, 1988). 

In the past some areas of the estuary have been reclaimed for 
industrial settlement. In the future, and as a result of a predicted 
increase in the development of the Setfibal Peninsula, several new 
industries will be developed. Amongst others a new natural gas 
terminal will be located near Setenave and a new harbour for a motor 
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industry will be built. This will necessarily promote, besides the 
construction of the harbours, the need for dredging activities to allow 
the movement of ships. Also, important improvements are being 
made at present to the existing harbour installations which include 
the construction of new docks and enlargement of the existing 
harbour. 

The intensification of industrial activities and harbour 
development envisaged will increase the reclamation of areas along 
the northern margin of the estuary and increase the stresses already 
being imposed on the estuary 

However some industrial units are installing more efficient 
effluent treatment systems and a treatment unit is being built for the 
urban effluent which will be associated with the construction of an 
outfall to deflect the effluent far off-shore. 

2.3 - INDUSTRIAL, URBAN, AND SADO RIVER INPUTS 

Different industrial units are located along the northern margin 
of the Sado estuary: a cement factory, Secil; a vegetable oils unit, Sta 
Catarina; the Municipal abattoir (Matadouro); pulp and paper mill 
industries, Portucel, Inapa and Parel; a yeast factory, Propam; 
chemical products processing units, Arliquido (producing oxygen, 
nitrogen, argon and acetylene) and Sapec (producing fertilizers, 
pesticides, animal food, sulphuric acid); a thermal power plant, EDP 
(Electricidade de Portugal); and finally industrial units related with 
machinery and mechanical construction, including ship breaking, 

repairing and painting: Russo, Mague, Setenave, Boliden, Etermar. 
Another metallurgical industry on the estuary, Eurominas, had 

metallic wastes stored in the open air. 

The effluent of Setfibal city is discharged into a small river, 
Ribeira do Livramento, and is a mixture of domestic and industrial 

wastes the latter resulting from small industries mainly related with 
cars repairing. 
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A characterization of effluents discharged to the estuary was 
made during 1988 by researchers of the LNETI/DEII, for seven of 
these industrial units (Propam, abattoir, Sapec, Sta. Catarina, 
Inapa+Parel and Portucel) and for the urban sewage outfall. (Catarino 
et al., 1989a to 1989g, MendonQa & Picado, 1989). The annual load 
to the estuary from these effluent discharges is presented in table 
IIA, and was calculated from the results presented in the various 
reports (Catarino et al., op. cit., MendonQa & Picado, op. cit. ). 

Proparn 
, 

Abattoir Sapec S. Catarina Inapa+Parel Portucel Urban 
BODS (t/y) 8020.60 11.10 126.40 65.00 488.00 6045.50 3073.00 
SS WY) 235.00 9.80 962.10 8.00 1156.00 4206.30 1811.00 
Phosphates (t/Y) - - 119.90 - - - 96.10 
Nitrites (t/Y) - 0.04 - 1.20 
Nitrates WY) - - 3.30 - - - 0.13 
Amonia ON) 7.30 0.41 491.80 3.40 0.77 9.50 372.00 
Toxicity 63.10 71.00 13.50 n. t. 100.00 n. t. 46.40 
(EC50-24h) 

Metals (Kg/y, ' 
Cr 2.80 0.24 88.80 1.20 59.40 3600.00 11.30 
Fe 47.00 52.20 7400.00 25.20 3800.00 7600.00 9400.00 
NI 136.60 0.31 590.70 8.60 446.60 492.30 353.50 
Cu 450.00 1.70 2500.00 - 77.80 394.40 724.40 
Zn 726.00 2.60 5400-00 - 1500.00 172.20 1700.00 
As n. d. 0.07 3700.00 12.90 n. d. 27.10 97.00 
Pb 33.02 0.11 391.40 3.20 104.90 120-10 136.1 10 10 
H 1.80 1 n. d. 1 n. d. n. d. 

1 
n. d. n. d. 1 4.50 

Table 11.1 - Annual loads to the Sado estuary and associated toidcity of the industrial 

and urban effluents. n. d. - not detected. n. t. - not toidc. 

Sado River Inputs 

The Sado river is characterized by contrasting dry/wet season 
flows, which are particularly high during very wet winters, when the 

water discharge could reach 248 M3/S, in contrast to the rest of the 

year when flows of 1-3 M3/s are recorded. This results in riverine 

sediments being deposited in the estuary almost exclusively during 

winter (Castro et aL, 1990). 

This situation was observed namely during surveys undertaken 

in 1987/1988 and reported by Castro et aL (1990) and Ferreira et al. 

(1989). These authors pointed out that during most of the year the 

concentration of fluvial. suspended matter varied from 5 to 22 mg/l 

increasing in winter to 84 mg/I during runoff. 
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Castro et al. (1990) also analysed the PCB and DDT 
concentration in the river estimating that the annual river inputs to 
the estuary was approximately 16xJ03 tons of sediments, 0.3 Kg of 
PCB and 0.3 kg of DDT, with 94% of sediments, 84% of PCB and 98% 
of DDT discharged between December and February. 

These authors noting an enrichment of DDT in runoff derived 
material, considered as its source the erosion of agricultural soils of 
the Sado drainage basin, where this compound was used. The source 
of PCB was considered to be mainly atmospheric deposition, since no 
major industry or city is located in the riverine system. 

Castro et at (op. cit. ) suggested that the retention period of 
DDT and PCB, before entering the outer estuary, is very short, 
estimated in in the case of DDT to be 2 months. 

A study of the distribution of these two compounds in the 
sediments of the outer and inner estuary (Castro & Vale, 1991) 

showed clearly the highest concentrations of PCB in the outer estuary 
to be mainly in the industrial zone and the highest concentrations of 
the DDT to be in the upper part of the inner estuary. This clearly 
accords with the main sources of PCB and DDT, being, the industrial 

effluents in the outer estuary and the agriculture activities in the 

riverine system, respectively. 

The annual loads into the estuary through the river estimated 
for the hydrological year of 1987/1988 are shown in table 11.2. 

SADO RIVER (1987/1988) 
(Annual lo ds) 

SS (t/y) 16000.00 
DDT (Kg/y) 0.30 
PCB (Kg/y) 0.30 

Metals Wy) 
Fe 963.00 
Cu 9.00 
Zn 239.00 
Mg 111.00 

I Cd 1 0.46 

Table 11.2 - Annual loads to the outer estuary through the river. Sources: 
metals - Vale & Cortes; fto comnL pers., SS, DDT, PCB - Castro et aL 
(1990). 
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2.4 - HYDRODYNANHCS 

Several authors have contributed to the present knowledge of 
the hydrodynamics of the Sado estuary (Sobral, 1977, Wollast 1978a, 
1978b, 1979, Ambar et al., 1982, Ribeiro & Neves, 1982, Neves, 
1985a, 1985b, 1986, Ferreira & Neves, 1987). These authors 
clarified several features of the water movement in the Sado estuary, 
in particular Neves (1985a, 1986), who developed the first 
hydrodynamic model for the tidal flow and residual circulation in this 
estuary. 

Some of the characteristics of the Sado river and estuary should 
be emphasized: 

Tides in the Sado estuary are semi-diurnal with a mean 
amplitude range of about 2 meters. 

The entrance region is particularly important, being narrow 
and deep and with a very irregular bottom profile, causing not only 
the high current velocities in this region (1.5 to 2m/s) but also a 
considerable vertical homogeneity of the water column in the outer 
estuary (Sobral, op. cit., Ambar et al., op. cit., Ribeiro & Neves, op. 
cit. ). The river water flow is in general low being characterized by a 
torrential regime, with inputs during a "normal" winter which can 
attain more than 100 M3/s and during the remaining of the year less 
than 10 M3/s (Ambar et al., op. cit. ). The tide thus seems to be the 
driving force for water movement in the estuary and data obtained by 
the "Direcgdo Geral de Portos" in 1961, showed mean values for the 

water flow in the section "Tr6ia - Comenda", near the entrance of the 

estuary, of 2x 104 M3/s and 1X 104 M3/s, respectively during spring 
and neap tide (DGP, 1961 in: Neves 1985a). 

A study by Sobral (1977) showed another characteristic of 

water movement in the Sado, namely the difference between the 

current velocity in the southern and northern channels, being 

stronger in the former. Moreover when the tide changes, the velocity 

vector at a station located in the middle of the section "Tr6ia - 
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Comenda", always turns to the North, and null velocity values are 
always first noted in the north channel. 

A study by Ambar et al., (op. cit. ) of current velocities and 
vertical salinity profiles, agreed with Sobral's (op. cit. ) results and 
also emphasized the slight stratification of Sado estuary. 

WoRast (1978a, 1978b, 1979) focused on the general estuarine 
characterization (outer and inner estuary) in relation to salinity, 
temperature, dissolved oxygen, nutrients and some current velocities 
values. He showed that a lateral stratification occured in the outer 
estuary resulting from the differences between and within the two 
channels. According to the author, the lowest salinities in both 
channels at low tide were found near the margins. In the upper part 
of the outer estuary, a slight vertical stratification of the water 
column occured, becoming more evident on rainy days. 

Wollast (1978a, 1978b, 1979) also found stronger currents and 
lower salinities at low tide, in the southern channel than in the 
northern channel. During the flood, water masses of lower salinity are 
found in the north channel. He explained this by suggesting that the 
water coming out through the southern channel during ebb tide will 
turn inwards through the northern channel during the flood. 

From an analysis of the salinity values he concluded that during 

ebb tide the water from the river moves essentially in the direction of 
Setenave. on the northern margin, before turning in the direction of 
the peninsula of Troia, on the southern margin. 

Between 1978 and 1981, Ribeiro & Neves (1982), undertook a 
sampling programme designed to characterize the hydrodynamics of 
the outer part of the estuary. This programme consisted of two 

phases: in the first phase a series of measurements of temperature, 

conductivity and dissolved oxygen were made in order to obtain 
horizontal profiles along the estuary and in the second phase a series 
of measurements of current velocities were taken at fixed stations 
during tidal cycles, at the surface and near the bottom. 
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They concluded that the outer estuary may be considered 
vertically homogeneous and showed that the values for the surface 
current velocity never exceed by- more than 25% the values measured 
at 3m from the bottom. This vertical homogeneity could be 
attributable to the low input of river water, to the vertical mixing 
enhanced by strong tidal currents, to the bottom irregularity, mainly 
in the entrance, and finally to the low mean depth of this region of 
the Sado estuary (Neves, 1985a; Ribeiro & Neves. 1982). They also 
concluded that the water circulation inside the estuary is mainly due 
to tides, and the maximum current velocity (higher than lm/s) 
occurs in the California region of the southern channel. The 
circulation is stronger in the southern channel and the direction of 
the residual circulation tends to be landward in the northern channel 
and seaward in the southern channel. 

This data was further used for the calibration of a numerical 
hydrodynamic model (tide and residual currents), developed by 
Neves (1985a) and Ferreira & Neves (1987), which, in general, 
agrees with the experimental data. 

The model shows that in the northern channel the flood tide 
lasts longer and begins earlier than in the southern channel. The flow 
over the sandbanks is very important for the northern channel 
hydrodynamics, being responsible for the differences between the 
temporal evolution of velocity in the two channels. In fact when the 
sandbanks are exposed, water circulation in the northern channel 
becomes more difficult and the transition between flood - ebb and 
ebb - flood is different in the two channels (Neves, op. cit. ). This is 
the main reason for longer flood tides and weaker transient velocities 
in the northern channel. 

Figures 2.3 and 2.4, obtained through this hydrodynamic model 
represent the transient flow in the estuary (= transient velocity x 
depth = M2/s) and show this circulation pattern quite clearly. 
3-02hours after high water (figure 2.3) the water moves seawards 
both in the southern and in the northern channel, showing higher 

transient flows (and velocities) along the southern channel. In the 

shallow areas of the upper part of the estuary, the transient flows are 

still low. 
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Figure 2.3 - Sado Estuary. Transient flow 3.02 hours after high water (after Neves, original). 
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Figure 2.4 - Sado Estuary. Transient flow 10.03 hours after high water (after Neves, original). 
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Though the transient flows are already noticeable in the 
northern channel, the water flow and circulation is clearly stronger 
along the southern channel. 

At 6 hours after high water, transient velocities and flows in the 
southern channel are still very important and directed seaward, 
whilst in the northern channel the water movement becomes 
negligible. In the shallow regions of the upper estuary, transient 
velocities and flows are higher than in the previous situation. 

At 8 hours after high water, the water flow is already directed 
inward both in the southern and northern channel though showing 
much weaker transient velocities and flows in the latter. 10.03 hours 

after high water the transient velocities and flows are higher in both 

channels and the water moves landward in the entire outer estuary 
(figure 2.4). Nevertheless, and as during ebb tide (cf. figure 2.3), the 
transient flow shows much higher values in the southern than in the 

northern channel (cf. figure 2.4). 

Integrating the values of the transient velocity or the transient 
flow, calculated in each location with a time lag of two minutes 
during a spring/neap cycle of 28 days, the mean value obtained gives 
a notion of the residual currents or the residual water flow in the 

estuary. The latter situation is represented in figure 2.5, where it 
becomes clear that the mean flow is seaward through the southern 
channel, and inward along the northern channel. Also, it becomes 

clear that the river/estuarine water coming in from the inner estuary 
(Alcdcer channel) moves north in the direction of Setenave and only 
afterwards turns south in the direction of the Troia Peninsula, along 
the southern margins of the intertidal sandbanks. This agrees with 
Wollast's (1978a, 1978b, 1979) previous considerations about water 

movement in the estuary. 

The residual flow (figure 2.5) clearly shows two main vortices in 

the estuary: one, cyclonic and centred at the beginning of the 

sandbanks and another, anti-cyclonic and centred in the Setenave 

region. 
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The residual flow is stronger in the vicinity of the mouth of the 
estuary and in particular in the California region, where in fact the 
two main vortices meet. One would expect this region to be an 
erosion area, which agrees with the coarse and clean subtidal 
sediments found in this region (see Chapter 4, Environmental 
Variables) and the very coarse inter-tidal sediments (coarse sand and 
pebbles) found in the beach along the southern margin, between 
Caldeira de Troia and California. Also, it should be expected that the 
California region would show a transition or partition in the 
superficial subtidal sediment types between seaward and landward 
regions. This will be clarified by the sedimentary analysis of the Sado 
estuary (Chapter 4). 

The role of the two main vortices and other smaller ones, 
represented in figure 2.5, will be further discussed in Chapter 4, 
together with the spatial patterns of the granulometric distribution of 
superficial sediments and total sedimentary organic matter. 

The residual pattern also shows another important 
characteristic of the water movement in the Sado estuary. In contrast 
to the abrupt meeting point of the two main vortices in the south 
channel, the intertidal sandbanks located along the longitudinal axes 
of the estuary prevent this from happening in the north channel. In 
fact, the spatial separation between the two gyres, corresponds 
almost to the entire northern channel, and in particular to the region 
of this channel in which the majority of the industrial outfalls are 
located. This part of the estuary not only shows weaker and more 
ephemeral transient currents, but also weaker residual currents and 
flow. 

In contrast to the California region in the southern channel this 
whole part of the northern channel shows a tendency to 
accumulation, which agrees with the granulometry of subtidal 
sediments, as will be further shown in Chapter 4. 

The general conclusions regarding the hydrodynamic 

characteristics of the Sado estuary will be further discussed in 
Chapters 4 and 6, considering the sedimentary data and the 

structure of benthic communities. 
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2.5 - PHYSICO- CHEMICAL CHARACTERIZATION OF THE 
WATER COLUMN 

The physico- chemical data on which this section is based were 
obtained by Duarte and co-workers (unpub. data). This data consists 
of physic o -chemical descriptors analysed in water samples collected 
monthly throughout 1987 at 23 sampling stations in the outer 
estuary. The water samples were taken with a vertical 51 Niskin 
bottle, at the surface and near the bottom whenever possible. Data 
have been chosen from a total of 7 stations. located alonL5 the 
longitudinal a. )ds of the whole outer estuary. They are named A to G in 
this section and their position is presented in figure 2.6. 

The choice of the stations, the type of data obtained there, the 
graphical treatments, the interpretation of the data and the 

conclusions presented in this section have been undertaken for this 
thesis by the present author. 

ý Intertdal arew. 

Figure 2.6 - Sado Estuary. Localization of the sampling stations used for the physico- 
chemical characterization of the water column. 

2.5.1 - Spatial variation 

Figures 2.7 to 2.15 present the spatial variation of the physico- 

chemical descriptors considered. The positioning of stations A to G 
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along the horizontal axes in each graph is on an arbitrary scale. 
according to their relative distance from the entrance to the estuary. 
The value of each descriptor represents the annual arithmetic mean 
± the standard deviation (S. D. ). In some cases the absolute value of 
S. D. is greater than the mean values and its full graphic 
representation is not practicable. In these cases, the upper or lower 
part of the S. D. is represented by an arrow. 

The mean values ± the S. D. used in the graphs, together with 
the absolute maximum and minimum value obtained for the year and 
the range of each parameter in each station, are given in annex I. 

Figure 2.7 clearly shows an increasing gradient in the surface 
and bottom temperature M from the mouth of the estuary to the 
inner regions, with the highest values at the stations located in the 
beginning of Alcdcer channel and Marateca. Surface values were 
always higher than the bottom ones, and the annual variability 
increased slightly from station A to station E, decreasing in stations F 

and G. The annual thermal amphtude is nevertheless, similar in all 
the outer estuary, showing that the water temperature is always 
higher inland and lower seaward (Figure 2.7). 
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Figure 2.7- Sado estuary. Spatial variation of the water temperature (T) at the 

surface and near the bottom. The arrows indicate the value of the 

standard deviation below the mean of stations A to E The stations are 

plotted on an arbitrary scale. according to their relative position from 

the estuarine entrance. 
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The salinity pattern (S) (figure 2.8) shows the opposite 
tendency to temperature with a decreasing gradient from the 
entrance of the estuary toward the inner regions. Surface values are 
always lower than those at the bottom, and in both cases, the annual 
mean salinity tends to drop clearly in the two most landward 
stations, F and G. Surface and bottom mean values tend to be similar 
in station A, the closest to the estuarine entrance, whereas at station 
F, one of the most landward in this spatial representation, the 
difference between surface and bottom salinity tends to be highest. 
Temporal variability, assessed through the relative importance of the 
standard deviation, tends to be lower in the bottom water close to 
the estuarine entrance (cf. figure 2.8). 
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Figure 2.8 - Sado estuary. Spatial variation of the salinity (S) at the surface and near 
the bottom. The arrows indicate the surface value of the standard 
deviation below the mean of stations F and G. The stations are plotted on 
an arbitrary scale, according to their relative position from the estuarine 
entrance. 

The water temperature and salinity show clear natural 
gradients. They reflect the influence of the sea water near the 
entrance to the estuary - lower temperature, higher salinity, lower 
temporal variation and similar values for surface and bottom water. In 
landward regions of the estuary the effect of runoff water dominates - 
higher values of temperature, lower values of salinity, higher annual 
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thermal variability and higher difference between surface and bottom 
values for salinity. 

The higher water temperatures for stations F and G during the 
whole year reflect the important influence of the mud-flats of 
Marateca in the thermal balance of the estuary, as earlier suggested 
by Neves (1985a). 

These results support the suggestion by several authors (Ambar 
et at., 1982, Neves, 1985a, 1986, Ribeiro & Neves, 1982, Sobral, 
1977, Wollast 1978a, 1978b, 1979) that little slight vertical 
stratification of the water column occurs in the outer estuary. 
However slightly higher salinity differences between surface - bottom 

waters at some inner stations suggest that stratification is a little 
more pronounced in the inner parts. 

Figure 2.9 shows an increase of suspended solids (SS) inland 
for both surface and bottom values. There was however an increase at 
D which seems to reflect the effect of the anthropogenic inputs to 
the estuary. The highest surface and bottom values were found at 
station D, near SAPEC. Also, the high bottom value at station B could 
indicate an effect of the urban effluent of SeWbal. 
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Figure 2.9 - Sado estuary. Spatial variation of the suspended solids (SS) at the 

surface and near the bottom. The arrows indicate the value of the 

standard deviation above the mean of stations D (bottom and surface 
value) and F(surface value). The stations are plotted on an arbitrary 
scale, according to their relative position from the estuarine entrance. 
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The values obtained for the dissolved oxygen (DO) are 
presented in the figure 2.10. The dissolved oxygen tends to decrease 
from the seaward stations to the inward ones. This general tendency 
seems to be enhanced locally by the anthropogenic inputs along the 
northern channel, where the lowest mean annual values were found 
in stations B and D (figure 2.1 0). 
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Figure 2.10 - Sado estuary. Spatial variation of the dissolved oxygen (DO) at the 
surface and near the bottom. The arrows indicate the bottom value of 
the standard deviation below the mean of station B. The stations are 
plotted on an arbitrary scale. according to their relative position from 
the estuarine entrance. 

The biological oxygen demand (BOD) (figure 2.11) also 
separates stations B and D with the highest values, from the others. F 

and G, located inland also present higher values. BOD thus shows the 

opposite spatial tendency to dissolved oxygen, with increasing values 
inland. 

The spatial variation of these two parameters clearly show the 
distinction between stations B and D, located on the north channel 

near anthropogenic sources. The results suggest that high amounts of 

organic material occur at these two points, enhancing BOD and 
decreasing the dissolved oxygen. The mean annual values from the 

other sampling stations suggest that dissolved oxygen tends to 

decrease from the entrance of the estuary to the inner regions. 

whereas BOD follows the opposite tendency. 
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Figure 2.11 - Sado estuary. Spatial variation of the biological oxygen demand 
(BOD) (with the standard deviation) at the surface and near the 
bottom. The stations are plotted on an arbitrary scale, according to 
their relative position from the estuarine entrance. 

The figures 2.12 to 2.15 show the spatial trends of nutrients: 
ammonia (NH4+), nitrates (N032-), nitrites (N02-) and phosphates 
(P043-). With the exception of station D, ammonia concentrations are 

very similar throughout the outer estuary. Surface and bottom values 

are identical and the annual variability is low at all localities (figure 

2.12). At station B, close to the urban effluent discharge point, the 

overall values are slightly higher. The most uncommon situation is 

observed at sampling station D, near a chemical plant, where 

ammonia shows very high concentrations. 

Nitrate concentrations (figure 2.13), are also higher at station 
D. The most similar surface and bottom values were obtained at 

station A, which also shows the lowest annual variability. Both the 

difference between surface and bottom values and the annual 

variability apparently tend to increase with increasing distance from 

the estuarine entrance. Relatively similar conclusions may be drawn 

from nitrite concentrations (figure 2.14) in relation to which, the 

highest mean values and highest annual variability were again 

obtained at station D, near the chemical plant. 
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Figure 2.12 - Sado estuary. Spatial variation of the ammonia (NH4+) at the surface 
and near the bottom. The arrows indicate the standard deviation of 
station D: surface ± 24.1 and bottom ± 27.9. The stations are plotted 
on an arbitrary scale, according to their relative position from the 
estuarine entrance. 
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Figure 2.13- Sado estuary. Spatial variation of the nitrates (N03 2-) at the surface 

and near the bottom. The arrows indicate the value of the standard 
deviation below the mean of stations A to G. The stations are plotted 

on an arbitrary scale, according to their relative position from the 
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Figure 2.14 - Sado estuary. Spatial variation of the nitrites (N02-) at the surface and 
near the bottom. The arrows indicate the value of the standard 
deviation above the mean (station A, E and G- surface value, B- bottom 
value and C, D and F- surface and bottom value). The stations are 
plotted on an arbitrary scale, according to their relative position from 
the estuarine entrance. 

Finally, phosphate concentrations (figure 2.15), emphasize the 
difference of station D, again with the highest concentration and 
annual variation. Among the other stations, phosphate mean 
concentrations tend to be similar in the whole estuary. 
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Figure 2.15 - Sado estuary. Spatial variation of the phosphates (P043-) at the 
surface and near the bottom. The arrows indicate the values of the 
standard deviation: stations A and C- below the mean, B and E- below 
the mean, respectively bottom and surface value, station D- surface 
value ± 14.5 and bottom ± 12.1. The stations are plotted on an arbitrary 
scale, according to their relative position from the estuarine entrance. 
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In summary, the spatial distribution of physico- chemical 
parameters of the water column of the outer Sado estuary showed: 

1- clear natural gradients along the longitudinal axis of the 
estuary in respect to temperature and salinity. From seaward to 
inland regions, temperature tends to increase while salinity tends to 
decrease; 

2-a slight increasing gradient for the suspended solids 
concentration, from seaward to inland localities; 

3- in general, similar surface and bottom values, especially at 
station A, which emphasizes the slight vertical stratification of the 
water column; 

4- with the exception of temperature and salinity, the other 
chemical parameters considered show some deviant values in the 
stations located in the northern channel, under the apparent 
influence of anthropogenic inputs, namely the urban effluent - station 
B- and the effluent of a pesticide /herbicide and fertilizer factory - 
station D. For these parameters, this waste input introduces a locally 

variable component in the expected natural longitudinal variability of 
physico -chemical descriptors. The southern channel does not shows 
(according to the spatial variation analyses) the effect of this waste 
input to the northern channel. 

2.5.2 - Monthly variation 

Figures 2.16 to 2.24 show the monthly variation during 
. 
1987 of 

each the physico -chemical descriptors for stations A to G. 

In general, temperature and salinity (figures 2.16 and 2.17) 

show a clear seasonal pattern in all the stations, increasing from 

spring to summer and decreasing afterwards. The lowest values were 
found during February at stations A to E and during March at stations 
F and G (at these two stations there is no data from January and 
February). 
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Figure 2.16 - Sado estuary. Temporal variability of the water temperature 
in the sampling stations A to G. 

30 

A III. - 

JFMAMJJASOND 



38 

37 

36 

35 

38 

37 

36 Ilk 
ir 35 

34 

33 
32 

31 111111111111 
JFMAMJJASOND 

38 

37 

36 
35 

34 

33 

32 

31 

37 

36 

35 

34 

33 

32 

31 

34" 

33- 

32' 

31 

30" 

29- 

28 
JF MAMJJASOND 

FIgure 2.17 - Sado- estuary. Temporal variability of the salinity at the 

sampling stations A to G. 

38 

36 

34 

32 

Salinity (0/oo) 
1987 

Surface 
Bottom 

E 
, eR 

JFMAMJJASOND 

36 
F c 

35 

34 

33 

32 

31 

30 

29 
JFM A 

ý ý ý ý 
S O N D 

31 

JFMAMJJASOND 

JFMAMJJAS0ND 

JFMAMJJASOND 



The minimum temperature value was 11.93 OC (surface value, 
station B, February) and 12.10 OQ (bottom value - station E, February) 
and the maximum 25-45 IC (surface value, station F. September) and 
24.81 OC (bottom value, station F, September). The range between 
the maximum and the minimum value, increases slowly from station 
A to D and slightly decreases from station F and G. For salinity the 
minimum value found was 28.960/oo (surface value, station G, March) 
and 29.690/oo (bottom value, station F, March) and the maximum was 
38.020/oo (surface value, station E, August) and 37.370/00 (bottom value. 
station C, August) (annex 0. 

The remaining physico -chemical descriptors do not show such 
consistent seasonal patterns. Nevertheless, some features may be 
pointed out. 

The lowest values of dissolved oxygen (DO) for all the stations 
are more or less regularly observed in August or September, when 
water temperature reaches its maximum values (figure 2.18). The 
lowest values for DO occur at station B- urban effluent - and in a 
specific month, February. Although this corresponds to high BOD 
values in that month (figure 2.19), these values do not account for 
such a low value in DO. 

In respect to BOD (cf. figure 2.19), most of the sampling 
stations tend to show maximum values during, August or September. 
Sampling stations B and D in the northern channel and station C, in 
the southern channel, also show high values for this descriptor 
during late winter - February and late spring - May/June. 

Suspended solids (figure 2.20) show the highest values at 
sampling station D, near the chemical plant effluent, and at sampling 
station G, at the beginning of Alcdcer channel, in the inner estuary. 
In most cases, the maximum peak occurs in the bottom water, with 
the exception of sampling station A, near the entrance of the estuary, 
and station D, in the northern channel. There is a regular peak at all 
the sampling stations during August, with the maximum value found 

at station D, near the chemical plant. During 1987, May, June and 
July were almost dry months in the estuary, with little or no rain at 
all. 
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Figure 2.18 - Sado estuary. Temporal variability of the dissolved oxygen 
in the water column at the sampling stations A to G. 
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Figure 2.19 - Sado estuary. Temporal variability of the biological oxygen 
demand in the water column at the sampling stations A to G. 
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Figure 2,20 - Sado estuary. Temporal variability of the suspended solids 
in the water column at the sampling stations A to G. 
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Total precipitation during August was also very low (10.8 mm 
near Setenave and 9.2 mm near SeWbal - INMG Setfibal and Setenave 
meteorological stations), which, together with the fact that the 
highest value of suspended solids was observed in the northern 
channel, means it is very unlikely that the August peak in suspended 
solids would be the result of river discharges or runoff waters. The 

regular April maximum at all the sampling stations might be more 
related to runoff, since the maximum value was obtained upriver, in 

station G, and that, after the relatively dry month of March (51 mm 
near Setenave and 22 mm near Setfibal), April was a normal rainy 
month (71 mm. near Setenave and 69 mm. near Setfibal - INMG 
Setfibal and Setenave meteorological stations). 

In respect to nutrients, figures 2.21 to 2.24 clearly show the 

effect of anthropogenic sources. With the possible exceptions of 

nitrites (figure 2.23), ammonia, nitrates and phosphates show the 
highest values near the chemical plant effluent, at sampling station D 

(figures 2.21,2.22 and 2.24). At this station a peak occurred in both 

surface and bottom water during February, in all three parameters. 
The values obtained are from 2 to 40 times higher than in the rest of 
the estuary. 

Regarding ammonia, there are also values at least 5 times 
higher than in the rest of the estuary at station D during July and 
during September (figure 2.21). It is interesting to note that the 

maximum peaks for ammonia at the other sampling stations are 

observed a month later, i. e. during August and during October, when 
the ammonia values at station D were much lower. 

In respect to nitrates (figure 2.22) peaks occur throughout the 

estuary, during February, June and October/ November. Again, the 

highest values are found at station D but there is not the time delay 

previously noted for ammonia, with the possible exception of the 

February maximum which was observed at the most inward station 

only during March (figure 2.22). The October maximum is in fact 

somewhat different because the highest value occurred at sampling 

station E, and not at station D. 
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Figure 2.21 - Sado estuary. Temporal variability of the ammonia in the 
water column at the sampling stations A to G. 
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water colurm at the sampling stations A to G. 
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Figure 2.23 - Sado estuary. Temporal variability of the nitrites in the water 
column at the sampling stations A to G. 
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With phosphates (figure 2.24), the situation seems to be similar 
to that shown by ammonia. There are three peaks throughout the 
estuary. At station D, where these peaks attain the maximum values. 
they occur in February, July and September, as with ammonia (cf. 
figure 2.21). The February peak, though the highest at this station, is 
almost unnoticeable in the rest of the estuary. with the possible 
exception of sampling stations A, E, F and G, where a small peak 
occurs a month later, in March. The July peak is clearly observed at 
the seaward sampling stations A, B, C and D, but only a month later, 
during August, at the inward ones, E, F, and G. The September peak 
at station D is observed in the rest of the estuary only a month later, 
during October. 

These observations, even if not conclusive, do suggest the 
nutrient load due to the chemical plant waste effluent could influence 
the whole outer estuary and eventually play a major role in the 
nutrient balance of the estuary. If so. this would mean that, at least 
for some chemical parameters, the anthropogenic input to the 
northern channel could reach and be detected in the southern 
channel, even if the water flow is much stronger through the latter. 

The spatial and the temporal variation of the physico- chemical 
parameters in the water column allow a distinction to be made 
between those gradients being determined by natural conditions and 
by anthropogenic inputs. 

For the descriptors and the sampling stations considered, both 
temperature and salinity appear to be related to natural climatic 
conditions, while oxygen and nutrients show a close relation to 
anthropogenic effects. It should be noticed that in the immediate 
vicinity of the thermal power plant, northern channel, the water 
temperature also shows very different values from those expected 
and presented in this study. Here, the water temperature are 
significantly higher during the whole year (values not shown). 
Nevertheless, this effect appears to be restricted in a spatial scale, 
since sampling station D, located upriver but close to the thermal 
power plant, does not present irregularly high temperature values. 
Apparently. the nutrient load due to anthropogenic sources has a 
much longer and wider effect in the outer estuary. 
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FIgure 2.24 - Sado estuary. Temporal variability of the phosphates in the 
water column at the sampling stations A to G. 

41 

JFMAMJJASOND 

JFMAMJJASOND 

JFMAMJJASOND 

JFMAMJJASOND 



2.6 - SEDIMENT METALS CONTANOENATION 

The assessment of metals content of sediments and water 
column has been studied in the Sado by several authors (besides 
others, Vale & Sundby, 1982, Moita & Quevauviller, 1986, in: 
Quevauviller et al., 1989; Quevauviller et al., 1986,1988,1989, 
Bordalo Costa & Peneda, 1989). Despite the fact that these authors 
used different sampling devices, performed the analyses on different 
fractions of the sediment and used different detection methods, the 
results suggest similar conclusions concerning metal concentration 
patterns in the Sado estuary. 

Vale & Sundby (1982) showed that whilst Si, Al, Fe and Mg did 
not show any particular distribution pattern in the estuary, Ca, Mn, 
Zn, Cu and Pb presented a clear spatial pattern. Ca values were higher 
than 1%, at the seaward end of the outer estuary, and lower than 1% 
landward, in the inner estuary, with exceptionally high 
concentrations near Ilha do Cavalo in the vicinity of the oyster beds. 
Zinc content showed a decreasing gradient from the inner estuary to 
the outer estuary, with the lowest values near Setfibal and Cu, Pb and 
Mn, showed their highest concentrations in the outer estuary, mainly 
in the region of the northern channel correspondent to the industrial 
complex and in the vicinity of Setfibal. 

The results of Quevauviller et al. (1986) obtained in the 
superficial sediments emphasise the high concentrations of Cu and 
Pb in the northern channel in the industrial area and near Set6bal, 
and of Zinc in the Alcdcer channel which was also found but in a 
lower level, near the industrial complex. These authors also found 
that in general, while the corer analyses for copper and zinc 
concentrations, revealed higher values near the surface and a gradual 
decrease up to the 30-50 cm layer, beyond which the content of 
these two metals was relatively constant, the lead concentration did 

not show significant vertical variations in almost all the cores. 

Moita & Quevauviller (1986, in: Quevauviller et al., 1989) and 
Quevauviller et al. (1989), emphasize some of the previous results 
pointing out two major sources of metals to the estuary: the Sado 
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river itself, which drains a mineralized area (Iber-ian pyrite belt) 
together with three mining zones (Caveira, Lousal and AIjustrel) and 
the local anthropogenic activity, mainly the effluents of the industrial 
complex on the northern margin and in Setfibal city. The former 
could explain the high concentrations of Cd, Cu, Zn, Pb and Hg 
detected along the course of the river (Quevauviller et aL, 1989). 

The work of these authors also suggest that the sediment 
content of Cu and Zn and probably of Cd, could depend on the rates 
of water discharge, showing higher levels in winter during flood 
periods and that the decreasing vertical content of Zn and Cu in 
cores (Quevauviller et al., 1986,1989), could be attributed to the 
effects of the beginning of industrial development (in the 1860s) a 
hypothesis enhanced by the sediment deposition rate determined for 
the outer estuary by Quevauviller (1987), of about 1 to 2 mm year - 1. 

Quevauviller et al. (1988) suggest that all the metals entering 
the estuary through industrial wastes are strongly adsorbed onto 
organic particles and in some cases in organo-metallic forms, as they 
observed for Sn. In this respect, they reported sediment 
concentrations of organotin compounds ranging from 180-20OOng/g 
of MBT, 55-9600 ng/g of DBT and 21-500 ng/g of TBT in sediments 
of the industrial area, attributing butyl-tin species to the shipyard's 
wastes antifouling paints and degradation products, whereas methyl- 
tin species could originate in methylation processes. The presence of 
tributyltin in the Sado estuary sediments was suggested by Phelps 
(1989) as a possible cause of the shell deformations found in the 
Portuguese oyster (Crassostrea angulata) and also for the failure of its 
reproduction. 

Further work on heavy metal contamination of the Sado estuary 
superficial sediments was developed by Bordalo Costa in 1986 
(Bordalo Costa & Peneda, 1989). The spatial distribution of Cr, Ni, 
Cu, Zn, As and Pb showed distinct enriched areas of which, the 
northern channel presents the highest concentrations. Nevertheless 

according to the authors only the sediment concentration factors of 
Fe and at a lower level Zn, were higher than the recommended values 
by MEA (1985) for sediments of coastal areas. 
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The results presented by the several authors on the metals 
content in the sediments of the outer Sado estuary suggest the 
general features: 

1- The highest metals concentrations were always found in the 
sediments of the northern channel. This accumulation can be 
attributable either to a range of natural conditions resulting from the 
low transient and residual water current velocities together with high 
sediment organic content in this channel (see Chapter 4), or to 
anthropogenic inputs due to the industrial complex and Setfibal 
activities (see also section 2.3). The spatial distribution of some 
elements suggests an input of lead from Setfibal effluent and the 
northern shore industrial complex. The industrial effluents, mainly 
from the industries of the central part of the outer estuary, also seem 
to contribute cadmium, copper, and manganese. 

2- The river Sado itself is an important source of metals to the 

estuary, mainly of Zn, Cd and, to a lower level, of Cu (see also section 
2.3), since it drains the Iberian pyrite belt and mining regions. 

3- The increasing content of Cu and Zn in the upper 30 cm of 
the sediment seems to be related to the development of industrial 

activity and urban development in the estuary. 

4- Organotin compounds were found in the sediments, mainly 
those around the industrial complex near shipyards, and it has been 

suggested that these compounds could be the cause of shell 
deformations and failure of reproduction of Crassostrea angulata, the 
Portuguese oyster. 

5- Comparing the results obtained for the northern channel, it 

seems that from 1979 to 1986 the Zn and Pb concentrations 
increased (315 to 539 ppm and 75 to 98 ppm, respectively), and 
that Cu and Fe content has decreased (128 to 102 ppm and 6.2 to 
3.9%, respectively). Nevertheless this could also be due to the 
different location and number of sampling stations of the studies. 
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CHAPTER 3 

METHODOLOGY 

3.1 - SAMPLING 

The Sado estuary subtidal macrozoobenthic and sedimentary 
characterization was based on the analysis of 133 samples collected 
during June/July 1986, covering the entire outer estuary, as shown 
in figure 3.1. 

At each location the ship was anchored and two grab samples 
were taken, one for the macrofaunal analysis and the other for the 
sediment analysis. A Smith-McIntyre grab was used, of O. jm2 bite- 
area and total weight (with additional weights) of 90 Kg. It has doors 

on the top of the body allowing the access to the relative undisturbed 
superficial sediment. 

The grab proved suitable for use in all the sediment types of the 
Sado estuary. All grab samples containing less than 2/3 of its full 

volume or arriving at the surface with open jaws were rejected. 

SETUBAL SADO ESTUARY 
aV92.5 Km 

24 9 
31 

ETERMAR A js 380 
PROPM 

14 00 
37* 42 36 EDP* 

3 
21 29 43 0 

, 
e, 

01--% 54 XAO 011-1 16 29 'Zo W*- 0-12 " 30 
0 53 SAPEC 

wo 7 17o 31 0 Go 0 S. CATFIR INA f-*j 11 0 OCZý, 34 52 0 65 SALMEX PORTUICEL es 0 32 0* *720 1 
SEC IL go, 033 450 tj RU, Sol MPPA 4J PA 

ROIA 0 76 MAGUE PAREL 
LIQUIDO 

490 
12 47141 A 9s 

20 
67 0 

Oj I DEN 00 
W 71 81 SETEHAVE 

079 0-a JEUROMI 
u0 ri 

$70 0 116 1260 
0 003 SO 1: 1 0 111 --r. /? I29 28' - 

84 ous 10ý4 1115 119 0 o121111 0 
Ic 0M lose 0_ _121 i2s 

114 

113 0 
OW lie 139 124 

In 0A 
0112 

-% Oft*N Im 0 
54' 52 Vvy 

ýmf 

46' 
II "I I k1 rII 

Figure 3.1 - Sado estuary. Bio-sedimentary sampling locations. Depth in meters. 
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For the granulometric analysis, a sub-sample of approximately 
200 or 500 grams wet-weight was collected from the top 10 cm of 
each grab sample, depending if the sediment was, respectively, 
muddy or sandy. For the total organic matter determination a 
quantity of aproximately 15 grams of sediment (wet -weight) was 
collected from the upper 3-5 cm and frozen on board. 

For the macrofaunal analysis, one grab sample was emptied into 
a large tray and scraped clean. Then a marked sample bucket lid and 
water was added to the tray and if needed, and before being washed, 
the sediment was broken by hand. The samples for faunal studies 
were sieved through a 1mm mesh sieve and the material retained 
was preserved in 10% borax buffered formalin and stained by Rose 
Bengal. Cý 

General principles regarding macrozoobenthic remote sampling 
and sample handling aboard followed those described by Hartley & 
Dicks (1987) and FRPB (1988). 

3.2 - IABORATORY PROCEDURES 

3.2.1 - Sediments 

3.2.1.1 - Granulometry 

The grain-size analysis was performed by dry sieving. Sample 

pre-treatment consisted of the following steps: 

- Washing of the sediment with distilled water followed by 

chemical destruction of the organic matter with H202. 

- Determination of the total dry weight of the sample, at 
1100C (=Pl) untill the obtention of a constant weight (=24h), 

followed by continual chemical dispersion of the sediment for 

24 hours in tetra-sodium pyrophosphate (30 g/1) and wet 

sieving through a 63 gm mesh screen. 
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- Measurement of a second dry weight of the material left 
on the mesh (=P2) and calculation of the dry weight of the 
fraction under 63 ýtm (=fines), by difference (=P1 - P2). 

- Dry mechanical sieving of the P2 fraction using sieves 
with mesh screens ranging from 63 ýim (40) to 80OOgm (-30), 
at 10 intervals (0 =- 1092 of the particle size in mm: Krumbein, 
1934; Gray, 1981 - mesh-size to phi-notation conversion is 
shown in table 111.1). 

- Weighing of the fractions retained in each sieve. 
Removal, manually by eye or under a microscope, and weighing 
of the biogenic fraction (mainly mollusc shells), in the material 
retained in the sieves with a mesh screen ý! 1mm (=P3). 

- Calculation of the final total dry weight of each sample, Pt 
(=Pl-P3). For a given sample, the values of each of the 9 grain- 
size classes thus obtained is a percentage of Pt. 

units gm 
4 63 
3 125 
2 250 
1 500 
0 1000 

1 2000 
2 4000 
3 8000 

Table 111.1 - Mesh-size to Phi-notation conversion. 

3.2.1.2 - Total organic matter, carbon and nitrogen 

In the laboratory, the samples were kept at -20 'C. After 
bringing to room temperature, the sediment samples were oven 
dried at 110 'C and then ground. Total organic matter (TOM) by loss 

on ignition was determined as the weight difference between the 
dried sample at 110 'C and the combusted sample at 450 'C. 

For this, a sub-sample of 1 gramme of dried sediment was 
incinerated in a muffle furnace at 450 'C until constant weight was 
obtained, which occured after a period of approximately 5 hours. 
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Before weighing, the samples were left for 30 minutes in a 
desiccator. It was noticed that variations in the 30 minute cooling 
period could introduce considerable differences in the final weight 
obtained. For this reason the 30 minutes period was carefully 
checked in each analysis. 

Because the weight of the evaporation dishes varies with 
temperature, prior to the TOM measurements, the weight of each 
dish was determined for the analytical temperature (450 0Q. For 
this, each evaporation dish was identified and exposed empty to 450 
OC for 5 hours and then left in a desiccator for the same period as the 
sediment samples (30 minutes) before being weighed. This operation 
was repeated once a week. 

Carbon and nitrogen content were also measured in 69 
sediment samples, using 0.9 to 0.2 grammes of dried and ground 
sediment following the method by Byers et al. (1978) and Kristensen 
& Anderson (1987), which involves the use of a CHN analyser and a 
muffle furnace. 

Two subsamples of the same sediment were analysed, one 
directly in the CHN analyser, which allowed the measurement of total 
carbon, and another one in a muffle furnace at 450 OC for the 
combustion of the organic matter. The latter subsample was then 
analysed in the CHN analyser thus providing a measure of the 
inorganic carbon content. The organic carbon was then obtained by 
difference. A Perkin-Elmer model 240 Elemental Analyser was used, 
and procedures were adopted following the manufacturers 
recommendations. 

Kristensen & Anderson (1987) consider this to be one of the 

most reliable methods to determine organic carbon in sediment 
samples, since no pre-treatment of the sample is involved. It should 
be noticed though that beyond 400 - 5001C there is the risk of 
volatizing inorganic carbon, which in some cases may affect the value 
obtained for the organic content. 

A0 
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Also, Gomez-Parra & Frutos (1987), state that it is impossible to 
achieve complete weight stabilization when drying sediment samples. 
I noticed this difficulty with increasing quantities of sediment, and it 
becomes virtually impossible to measure total organic matter in a 
sample of 5 grammes of dried sediment. I agree with these authors 
that the total organic matter data should be considered as a relative 
measure useful to compare samples, but not an absolute value of the 
organic content of sediments. Several of the routine procedures to 
obtain total organic matter content may in fact be subject to 
considerable error if not fully checked and always repeated in the 
swne way. 

3.2.2 - Macrofauna 

In the laboratory, the macrofauna sample was washed through a 
1 mm sieve to remove the preservative, and the residue placed into a 
white tray with water for sorting. The animals and the part animals 
were identified to species level whenever possible and enumerated. 

Identifications were made using low-power and high-power 
microscopes and using dissecation techniques when required. The 
main taxonomic texts used are listed in Annex II and specimens were 
sent to other taxonomists for identification when necessary. 

Incomplete animals which had the anterior end missing were 
not recorded as individuals but they were included in the total 
biomass determinations. 

The biomass of the fauna was recorded to species level on a 
wet-weight (blotted), dry weight and ash-free dry weight basis. 

For the wet-weight determinations the specimens were placed 
on tissue-paper and then weighed in a Mettler electrobalance to 
0.000 1 g. 

The wet-weight was determined for every species. In some 
cases, namely molluscs and species either represented by very 
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different individual size-classes or very few specimens, all the 
individuals were weighed. For the remaining, the wet-weight was 
measured in all the specimens from 53 sampling stations covering 
the whole sampled area. The weight obtained was used to estimate 
the wet-weight of the individuals in the remaining sampling 
locations. The biomass of incomplete animals was also determined 
and assessed when possible to the respective species. When the 
identification was not possible the weight was considered only for the 
total biomass of the station. 

The dry weight and the ash-free dry weight biomasses were 
obtained by drying the specimens to constant weight at 60 OC and 
ashing them at 520 'C for six hours as recommended in Rees et al. 
(1990). 

Conversion factors from wet weight to ash-free dry weight were 
calculated this way for 56 species, covering all the different 
taxonomic groups identified. They were then used to estimate the 
ash-free dry weight biomasses of the remaining species. 

3.3 - DATA TREATMENT 

3.3.1 - Hydrodynamic variables: current velocity, water flow and 
shear stress 

The simulation of the general hydrodynamic characteristics of 
the Sado estuary was developed by Neves (1985a), using a system of 
two coupled models: a bidimensional model, integrated in the 

vertical, for the region between the 50m isobath and the Alcdcer 
Channel, which includes the initial part of the continental shelf, the 

estuarine entrance and the outer estuary, and a unidimensional 
model for the Alcacer Channel, the inner estuary. 

The spatial grid used by the author is of 200 meters in the 2-D 

model and of variable lengh in the 1-D model, being in this case 
locally determined by the width of the channel. The temporal step 

used is 120 seconds. 
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The hydrodynamic model solves the shallow water equations for 
the mass conservation and the two horizontal velocity components in 
the 2-D model and for the flow rate in the 1-D model (Abbott, 1979). 

The interaction between the flow and the bottom generates the 
so called shear stresses (rx), given in each horiZontal direction by: 

TX = Cf Jul ux 

Ty= Cf julu 
y 

is the current velocity and Cf is the bottom friction 

coefficient. This coefficient is computed using the Manning rugosity, 
which depends on the type of sediment distribution. In the Sado 
estuary, Neves (op. cit. ) considered a constant Manning rugosity of 
0.022 ml/3s-1. This value is suitable for the subtidal areas. In 
intertidal areas, a different value could be more appropriate. 
However, there is no available data to choose a more convenient value 
for such areas, and since the objectives of this work do not require 
details of the flow in the tidal flats this problem has been ignored. 
From the hydrodynamic point of view, these regions are important 
because of their capacity to store water during the flood tide. 

The numerical scheme used by Neves (op. cit. ) to solve the 

model equations is a semi-implicit method which solves 6 finite- 
difference equations at each time step. According to the author, the 
technique has very good stability and accuracy characteristics. 

The benthic survey area covered by this thesis work 
corresponds to the estuarine region for which Neves (op. cit. ) 
developed the 2-D hydrodynamic model. A cooperation with Neves 

was established in the course of this thesis work, in order to obtain 
from his model the current velocities, water flow and shear stress 
data for the sites of the biosedimentary survey. This specific data is to 
be mainly used in the interpretation of the sedimentary structure of 
the Sado estuary, obtained by the present work (Chapter 4), and in a 
direct gradient ordination analysis together with the biological data 

issued from the benthic survey (Chapter 6). 
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With this model, a full lunar cycle (28 days), was simulated. The 
results of this cycle showed a residual flow quite similar to the one 
produced by a simulation of the M2 tide, which corresponds to an 
average amplitude tide. Given the much lower time consumption to 
run the M2 tide (1/56 of the lunar cycle), these were the results 
used in our analysis. 

The values of the hydrodynamic variables thus obtained for each 
sampling point correspond to the integration of all the partial values 
furnished by the model with a time step of 2 minutes, over a 
simulated 12h25 running time period of the model (= M2 tide). 

For each sampling location, the "type value" of each variable was 
retained, corresponding to the arithmetic mean of all the 
instantaneous absolute values furnished for that site during the 
simulated running time period. This value differs from the residual 
value in two main senses: 

1- the residual value for a given site corresponds to the 
arithmetic value of the resultant vector of the whole set of 
observations furnished by the model for that site during the 
recquired running time period, and 

2- the residual value contains the information on the direction 
of the vector to be plotted in the diagram. 

The residual velocity gives the dominant direction of the flow. 
The respective diagrams thus identify the dominant pathway of the 
sediments. The "type value" of a variable, on the other hand, gives its 
mean strengh, so giving information on the capacity to transport 
sediments. Another hydrodynamic property considered was the 

maximum value of the shear stress observed in the simulated running 
time period. This value gives an idea of the maximum grain size that 

can be transported at each site. 

To obtain a correspondence between the location of the 
biosedimentary sampling stations and the coordinates of the model 
points, Neves's original 200m spatial grid was used. This grid is 

marked on a map of the estuary which is exactly the same map 
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version used to position the biosedimentary sampling stations, thus 
allowing a fairly good location correspondence between both 
situations. 

However, some difficulties arose that are worth mentioning. 
Due purely to computational needs, Neves had to consider that 
whenever a 200m quadrat comprised more than 50% of land, the 
whole quadrat would be assigned to the terrestrial environment. For 
this study several sampling stations were deliberately placed as close 
as possible to the margin, near outfalls or in sites where the estuarine 
margin is totally artificial due to harbour or similar constructions. 
Thus some of these sampling locations are not covered at all by the 2- 
D hydrodynamic model. 

This also happened in sampling sites where the estuarine 
margins are almost entirely undeveloped, namely along the southern 
channel. In these cases, the value of the closest quadrat had to be 
considered. This inevitably introduced some subjectivity into the 
choice of the values, leading to some loss of accuracy in the present 
hydrodynamic model in the vicinity of the estuarine margin, where in 
fact the majority of the anthropogenic inputs are located. To 
overcome this, a smaller spatial grid closer to the margin would be 

needed. This was beyond the objectives of the work undertaken with 
Neves within the scope of this thesis work. 

3.3.2 - Sediments 

3.3.2.1 - Granulometry 

The baseline granulometric data consists of a matrix of 133 

stations x9 sediment classes [under 40,4-0-30,30-20,20-10,10-00, 
00+10), (-20)+30), and above (-30)], each corresponding 
to a percentage of the total dry weight of the sample, excluding the 
biogenic fraction. 

The sediment was characterized in relation to its percentage of 
fines (< 63 gm ) , sand (< 2000 gm; ý! 63 gm ) and gravel 
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(*:? 2000 ýtm) content, as also through the median (P50), which may be 
defined as the diameter which has half the grains (by weight) finer. 
and half coarser (Trask, 1930). 

This parameter was calculated through a program developed by 
two colleagues for the Apple Macintosh, A. Afonso and V. Quintino, 
which gives other classical grain-size parameters: the mean (Mz, Folk 
& Ward, 1957), the sorting coefficient ((YI, Folk & Ward, 1957), the 
dispersion deviation sorting (ao, Otto, 1939 and Inman, 1952), the 
inclusive graphic skewness (skI, Folk & Ward, 1957), the skewness 
(oco, Inman, 1952), the inclusive graphic kurtosis (Kg, Folk & Ward, 
op. cit. ) and the kurtosis (Pb, Inman, op. cit. ). Nevertheless, 

excepting the median, none of the other parameters were 
considered. This was because in most of the stations the necessary 
percentile values could not be calculated, due to the fact that the 
silt+clay fraction was not analysed in detail. 

The final classification of the sediments adopted is summarized 
in table 111.2, and considered the Wentworth scale (Doeglas, 1968) 
and an adaptation of Larsonneur (1977). 

Median Sediment Fines content 
classi fication <5 5-25 25-50 

Very coarse 
0-1 Coarse 
1-2 Sand Medium Clean Silty Very silty 
2-3 Fine 
3-4 Very fine 
>4 Mud above 50 % 

Table 111.2 - Sediment classification. adopted from Wentworth (Doeglas, 1968) 
and Lai-sonneur (1977). 

3.3.2.2 - Total organic matter 

The results obtained for the total organic matter content were 
related to the fines content and the organic and inorganic carbon 
content, through regression analysis. This technique is presented in 
section 3.3.4.1. 
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3.3.3 - Macrofauna 

3.3.3.1 - Primary and derived variables 

The faunal data from each sampling location were analysed 
through the evaluation of primary variables (species richness, 
abundance and biomass) and by the calculation of secondary variables, 
like the Shannon-Wiener index (Shannon & Weaver, 1963), the 
eveness (Pielou, 1966), the abundance ratio (A/S) and the size ratio 
(B/A) (Pearson et al, 1982). 

This procedure was applied to the global faunal data and to the 
most important individual taxonomic groups: the polychaetes, the 
crustaceans and the molluscs, in order to assess their respective 
contribution to the global results. 

For the purpose of this work, the species richness and 
abundance of individuals of a sample are defined as the total number 
of species and the total number of individuals found in that sample. 
The biomass is the wet, the dry or the ash-free dry weight of the total 
number of specimens in a certain unit of area. In this work, species 
richness, abundance and biomass are expressed in relation to the 
sampling surface, 0.1 M2. 

The diversity indices are based on the concept of the diversity 

of a system, derived from information theory, and they give a measure 
of the species composition of a sample or an ecosystem, based on the 

species richness and the relative abundance distribution of the 
individuals for the different species (Legendre & Legendre, 1984). 

The Shannon-Wiener is perhaps the most widely used diversity 

index in ecology. For a given sample, it may be calculated by the 

expression: 

qj 
PiIOg2pj and Pi Q 

being 
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S the total number of species, qj the number of individuals of 
the ith species and Q the total number of individuals. It is expressed 
in "bits" (binary digit). 

H' will take the minimal value zero when only one species could 
be sampled, so when the probability of sampling a given species is 
maximum (P =1; qi=Q and 1092 pi=O). H' gets a maximal value when 
all the species have the same probability to be sampled. The 
maximum diversity value (H'max) is given by 1092 S (Legendre & 
Legendre, 1984), being thus directly related to the total number of 
species in a sample. 

Generally, higher values of diversity are found in more complex 
and developed biological systems. Nevertheless, diversity index values 
may be higher or increase when the ecosystems are subject to 
disturbance, induced either by natural (Quintino, 1988) or 
anthropogenic factors (Rees et at., 1990). Also the same H' values may 
be found in totally different biological communities. In this context, 
H' should only be used as an information measure, with no strict 
biological significance (cf. Frontier, 1985, Rees et al., 1990). 

The eveness index (J) was proposed by Pielou (1966), 

according to the expression: 

H' 
= 

H' 
H'max 1092 S 

As in H', J also has the two diversity components, the number 
of elements (1092 S) and the regularity of their distribution by the 
different species (J): H= J. 1092 S- 

J always varies between 0 and 1, and so it may be useful to 

compare diversity indices from samples with different species 
richness. However, since H'Max is a function of S, when comparing 

samples with very different species richness, similar values of J' 

would only be obtained if the observed diversity H' would vary 
accordingly to H'max, which is hardly observed in nature. This has 

led to the concept that marine benthic communities tend to show an 
increasing dominance (= 1- J) with increasing diversity (Birch, 
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1981). Despite this, it is generally accepted that low eveness values 
mean that the sample is dominated by few species, so that there is a 
high irregularity in the distribution of the considered parameter. 

The fact that in ecology the concept of a maidmum diversity 
(H'max) is artificial and so that the relation H'/H'max has no 
ecological meaning, caused Lloyd & Ghelardi (1964) to propose an 
equitability measure instead of that of eveness. Equitability is based 
on the relation between the species number of a McArthur model 
(broken stick) with the same diversity of the sample being analysed 
and the number of species obtained in this sample. 

As this proposed measure is based on theoretical concepts not 
always verified in ecosystems, like the Pielou eveness index, and 
since the latter is the most commonly used, it will be used in this 
work. 

The abundance ratio (A/S) corresponds to the mean number of 
individuals per species in the sample and the size ratio (B/A) to the 

mean weight of each individual in the sample (Pearson et al., 1982). 
Along a gradient of increasing organic enrichment, the two indices 
tend to show opposite tendencies, the size ratio decreasing while the 

abundance ratio increases. 

3.3.3.2 - Production 

The relationship between production and mean annual biomass 
is given by the turnover ratio P/5. According to Waters (1969), this 

ratio varies between 2.5 and 5, for temperate freshwater benthic 

invertebrates, while McLusky (1989) considers that it ranges from 
less than 1 to well over 5, for estuarine animals also from temperate 

areas. 

Two different approaches for measuring secondary production 
are described in Crisp (1984). In one the growth increments of all 
the members of the population under study during a certain period of 
time are considered and in the other the production is derived from 
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the biomass increment over the period under study, plus the 
mortality due to all causes. 

Because such measurement of secondary production is a lengthy 
process, only possible by following the life history of a cohort, several 
authors have tried to develop alternative methods. McNeil & Lawton 
(1970) showed that the annual production of a broad size range of 
eukaryotic organisms is logarithmically related to annual respiration, 
while Robertson (1979) showed a relationship between P/B3 ratio and 
the life-span of benthic animals and Schwinghamer et at. (1986) 
concluded that it seems possible to obtain reasonable estimates of 
production from a knowledge of biomass and the size structure of the 
population. 

Schwinghamer et at. (op. cit. ) derived allometric scaling 
equations for calculating production from biomass, using data 
published in the literature which presented production for various 
benthic populations and for which they could calculate the mean 
individual body size. They then established a relation between the 
mean individual body mass (M), expressed in kilocalorie equivalents, 
and P/E values. For macrofauna they obtained the equation: 
P/E=0.525 M-0.304, with a correlation coefficient r=-0.50. In their 

paper, a certain variability occurs around the line derived from 

macrofauna data, largely drawn from studies of organisms in boreal 

areas. It is possible that the inclusion of more results from studies 
undertaken in coastal systems with higher temperatures, such as the 
Sado estuary would result in a slightly different slope to the line for 
the macrofauna, and thus slightly alter the equation obtained 
(Pearson, comm. pers. ). Nevertheless, Schwinghamer et aL (op. cit. ) 
found reasonably good estimations of production values. 

The analytical expression given in Schwinghamer et at. (1986) 

was used in the present work to estimate P/E ratios in each of the 

sampling stations, for which the mean individual body mass was 
calculated, expressed in g afdw. The value obtained was then 

multiplied by the corresponding biomass (though knowing that this 
biomass value is not a true annual mean measure) to obtain the annual 
production estimate for each sampling location. 
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Schwinghamer et al. (op. cit. ), used mean individual body mass 
expressed as kilocalories equivalence. For the conversion of the ash 
free dry weight biomass into kilocalorie values, a single factor was 
used for all the macrofauna. This option was taken since the mean 
calorimetric value of 1g of ash free-dry wt. for 123 species presented 
in Dauvin (1984), was 4.92 and that the conversion factors given by 
this author for separate groups (polychaetes, amphipods, other 
crustaceans, bivalves, other molluscs and echinoderms), varied from 
5.05 to 4.63. Also, McLusky (1989) presented general conversion 
units for estuarine invertebrates, namely: 1g ash free dry weight 
approx. 21 KJ and Ical=4.184 J, from which we obtain 1g afdw 
approx. 5 kcal. 

In the present work the mean individual biomass expressed in 
g afdw, was converted into kilocalories by multiplying it by the factor 
5. 

3.3.3.3 - Trophic groups 

Apart from the more traditional way to characterize 
communities based on species composition and abundance (Thorson, 
1957, Nrils & Picard, 1964, Bellan, 1964) several authors also used 
species feeding habits with the same aim (e. g. Hunt, 1925 and 
Savilov, 1957 and Turpaeva, 1957, all in: Pearson 1971a, Pearson 
1971 a, Pearson et at., 1982, Dauvin, 1984, Cancela da Fonseca 1989), 

and demonstrated the relation between environmental factors and 
feeding strategies of the benthic fauna (Pearson, 1971a, Pearson et 
al., 1982, Fauchald & Jumars, 1979, Wildish, 1985, Hily, 1983, 
Pearson & Rosenberg, 1987). 

Pearson & Rosenberg (1987) further advanced the notion that 
food availability could be the most important variable for the 

structuring of benthic communities. 

The classification of species into trophic groups is not however 

straightforward procedure. This is mainly due to the lack of 
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knowledge regarding the feeding methods of some species, to the 
fact that borderlines between the different trophic modes are often 
unclear and finally because species may feed in a variety of ways, 
depending on the relative availability of different food items. 

The most widely accepted classification distinguishes four 
major trophic groups: filter feeders, deposit feeders, carnivores and 
herbivores (Pearson, 1971a). Nevertheless, each of these groups can 
be subdivided, depending on individual choice, which on most 
occasions results in a compromise between existing knowledge of the 
set of species and the kind of information which an author wants to 
attribute to the groups, for example, type and selectivity of food 
taken, feeding habits, food-gathering techniques, motility, etc. 

The classification into trophic groups of the macrofauna of the 
Sado estuary, considered the classifications proposed mainly by 
Pearson (op. cit. ), Fauchald & Jumars (op. cit), Hily (op. cit), Dauvin 
(1984) and Eleftheriou & Basford (1989). the information given by 
these authors on the feeding modes of the species and also on 
personal communications by Dr. T. Pearson and the papers by 
Enequist (1950), Muus (1967), Wolff (1973), McLusky & Elliott 
(1981), Pihl & Rosenberg (1984), Josefson (1986) and Cancela da 
Fonseca (1989). 

For the trophic group analysis, the macrofauna sampled in the 
Sado estuary was attributed to eight trophic groups: 

Filter feeders (IFF) - species which feed by filtering particulate 
matter and plankton from the water column overlying the sediment; 

Surface deposit feeders (SDF) - species which feed on particles 

of detritus at or on the sediment-water interface-, 
Sub-surface deposit feeders (SSDF) - species feeding by 

ingesting sediment and absorbing the e. -dsting nutrient particles; 
Filter feeders/Surface deposit feeders (FF/SDF) - species 

feeding by. filtering the water overlying the sediment and by taking 

particles from the sediment-water interface; 
Carnivores (C) - species which are mainly predators or actively 

moving carrion feeders; 
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Carnivores /Deposit feeders (C/DF) - species feeding in both 
ways; 

Herbivores (H) - feeding on benthic diatoms and algae, and 
Herbivores/Deposit feeders (H/DF) - feeding in both ways. 

The choice of the groups including two types of trophic modes, 
was followed due to the difficulty in subdividing the abundances into 
percentages attributable to the different trophic strategies. In this 
way all the species considered in each group are mutually exclusive. 
The exception was the cirratulid Tharyx sp. and the Sipunculids. 
both classified as surface and sub-surface deposit feeders. In these 
two cases the abundance and the biomass in each sampling station 
was partitioned and 50% was included in each of the two trophic 
groups. This procedure was followed because only these two species 
were considered to belong to both the surface and sub-surface 
deposit feeders. 

The data for the trophic groups analysis did not consider the 
entire set of species sampled in the estuary but only the top ten most 
abundant species in each sampling station. In some situations, the 
top ten species represent the whole set of species in a given station, 
sometimes they only omit species represented by one or two 
individuals. This choice was taken mainly for two reasons: 

- The set of species omitted is essentially made up of rare 
species which inevitably increases the uncertainty of classification 
into trophic groups, and 

- The most abundant species per site should be representative 
of the major feeding strategies in each sampling location. 

3.3.4 - Macrobenthos - Envirorument Relationships 

3.3.4.1 - Regression analysis and data transformation 

Regression analysis is a commonly used technique in ecology. 
Its principal objective is to search the relation between a biological 
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(dependent) variable and one or several environmental (independent) 
variables, thus leading to simple or multiple regression analysis. 

In regression analysis however, it is not possible to use 
simultaneously several dependent variables, as it is in the case of 
ordination techniques, which will be presented elsewhere in this 
chapter. The principles of regression analysis, together with the 
cautions and usefulness of the method in ecology are discussed by ter 
Braak & Looman (1987). 

Linear and the second order polynomial regressions were used 
with the data. In some cases, the polynomial regression was the only 
one retained, even if the linear regression also showed significant 
values. This was the case when the parabola significantly improved 
the fit of the data over the straight line, which was assessed by 
analysing if the extra parameter obtained by polynomial regression, 
b2, was or was not significantly equal to zero. At test was used for 
this purpose, which considers the estimate of b2 divided by its 
standard error (ter Braak & Looman, op. cit. ). 

For the regression analysis, a statistical software package was 
used which gives the regression parameters and the ANOVA table, 
from which it is possible to know how well the regression equation 
explains the dependent variable. The ANOVA table gives the values of 
the R2 adj (adjusted coefficient of determination), the F value (the 

variance ratio) and the t value, with the associated probabilities. The 
R2 adj corresponds to the percentage of variation of the dependent 

variable explained by the independent variable and it is a 
recommended modification of the unadjusted coefficient of 
determination (R2), which does not takes into account how many 
parameters are fitted as compared to the number of observations (ter 
Braak & Looman, 1987). Usually the R2adJ gives lower values than the 

R2. 

The variance ratio (F value) was used to test statistically (F test) 

if the variance of the dependent (biological) variable is or not related 
to the variability of the independent (environmental) variable. The t 

test, as mentioned, was used to test statistically if the parabola 
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significantly improved the fit of the data over the straight line (ter 
Braak & Looman, 1987). 

The biological data obtained in the Sado estuary presents many 
zero and many small to moderate values, while there are only a few 

extremely large values, which is a common situation with ecological 
quantitative data. Either the distribution of the total species 
abundance (or biomass), or the distribution of the individual 

abundances (or biomasses) presented by each species in the sampling 
stations, tends to be very asymmetric (figs. 3.2 and 3.3). 

This type of distribution tends to present increasing variance 
with increasing mean values, which demands that the original data 

should be transformed to stabilize the variance and to normalize the 
data (Daget, 1979, Legendre & Legendre, 1984). 

80 
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20 

0 

Total species abundance classes 

Figure 3.2 - Sado estuary. Frequency (F) of the total species abundance classes. 

Apart from allowing the use of parametric statistics, this 

transformation also tends to diminish heterogeneity in the data, thus 

ensuring that both. univariate analyses, e. g. regression, and 

Multivariate analyses, e. g. ordination, will be less influenced by the 

extreme values in the data set (cf. Jongman et aL, 1987). 
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Figure 3.3 - Sado estuary. Frequency (F) of the individual species 
abundances in all the sampling locations. 

The logarithmic transformation y' = In (y+1) was used, given the 
high asymmetry in the data (cf. figures 3.2 and 3.3) (Legendre & 
Legendre, 1984). This is the most powerful tranformation commonly 
used with ecological data (however less powerful than In y, Clarke & 
Green, 1988), which maintains the quantitative information 
contained in the data (Jongman et aL, 1987). 

3.3.4.2 - Cluster analysis and community classification 

The purpose of cluster analysis is to classify data, i. e. to identify 
groups in the raw data and help to find structure in it. One of the 

major drawbacks of such methods arises from the fact that even if the 
data shows a continuous structure, a discontinous system of types or 
classes will be forced. Gauch (1982) gives an extensive presentation 
of several classification methods. 

In the present work the classification method IVINSPAN (Two 

Way INdicator SPecies ANalysis), developed by Hill (Hill et al., 1975, 

Hill, 1979) was used. The method and the program use, are also 
described in Gauch (1982), and van Tongeren (1987). 
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The choice of this method lay in the fact that it is a programme 
widely used for ecological purposes, which gives interpretable 
solutions in most cases, and also for practical reasons, the program 
was available in a version which runs on a personal computer. 

IWINSPAN is a divisive, hierarchical method of classification 
and is based on the partitioning of the first axis of a correspondence 
analysis. It lies on the fact that each group of sites can be 
characterized by a certain group of species. As this is a basically 

qualitative concept, to use the method with quantitative data each 
species abundance is replaced by a presence of one or more pseudo- 
species (a presence- absence variable), defined by a minimum of 
abundance (cut level). 

The more abundant the species is the higher the number of 
pseudo-species generated. This is a way of transforming quantitative 
data into presence- absence of a certain number of pseudo-species 
and has, as its main disadvantage, the choice of the cut levels, which 
is arbitrary. 

In this work the cut levels used were 0,5,10,20,40. They 

were choosen for three main reasons: 

- the limitations to the number of pseudo-species imposed by 
the programme version used, prohibiting the inclusion of another cut 
level between 0 and 5. 

- the analysis made on the original data of the abundance matrix 
and the number of observations included in each of the cut levels 

and, 

- the similarity groups emphasized by the method with these 

cut levels, which agreed very well with what was already known from 

the analysis of the biological, the sedimentary and the 
hydrodynamical aspects of the various estuarine regions (Chapters 4 

and 5). 

These cut levels are very close to the default ones accepted by 

the method (0, 2,5, 10, 20). The data matrix used, 131 stations x 
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275 species, is derived from the original one, 131 x 362, by 
eliminating all the species only present once. 

TWINSPAN constructs an two-way table by ordering firstly the 
stations and then classifying the species according to the site 
classification, on the basis of the degree to which species are 
confined to particular groups of sites. 

This table allows an easy assessment of the relationship 
between groups of stations and preferential species. In the present 
work, however, this table was not available due to the large size of the 
data matrix and the programme version used, which only allows the 
classification of a maximum of 260 species while the data matrix used 
includes 275. 

Since -the classification of species by TWINSPAN is essentially 
based on the fidelity of the species to the groups of stations 
identified, we used the constancy and fidelity criteria proposed by 
Reti&e (1979) to do the same, and thus to see which species could 
be the most important for each group of stations. 

The species constancy and fidelity were characterized 
according to the scales presented in Table 111.3 (Retiýre, 1979). 

Cons 
C: 5 12.5% : rare species 

12.5% < C! ý 25.00/6 : occasional 
25.0% < C! 5 50.00/6 : common 

C> 50.00/6 : constant 

F:! ý 10.0% accidental species 
10.0% < F: 5 33.3% accessory 
33.3% < F: 5 66.6% indifferent 
66.6% < F: 5 90.0% preferential 

-F> 90.0% elective 

Table 111.3. Sado estuary. Species constancy and fidelity scales. 

The constancy (CiA) (Retiýre, 1979) of a species in a 
community, is given by the relation between the total number of 
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presences of the species in the community (NiA) and the total 
number of sampling locations comprising the community (NA): 

CIA= 
NiA 

100 = NA 

The fidelity (FiA) (Reti&e, 1979) of a species to a community, 
corresponds to the relation between CiA and the sum of CiA with the 
strongest constancy of that species in the whole studied region: 

Fi A= - 
CiA 

_ 100 % 
CiA+ CiB 

We have also used the notion of the representation of the 
sampling frequency of a species in a community (RiA), given by the 
relation between the number of presences of the species in the 
community (NiA) and the total number of presences of the species in 
the analysed region (Ni) (Quintino, 1988): 

NiA 
R, A=- 100= 

Ni 

For the purpose of this work the term community is applied to 
a particular assemblage of organisms of a specific category, sampled 
with a given device and inhabiting an area influenced by a particular 
set of abiotic factors (Lambshead et al., 1983). Thus in practical 
terms, and according to the methodology used to characterize the 

affinity groups, two distinct communities (assemblages) present a 
different set of dominant and characteristic species (constant 

elective / constant preferential and/or common elective / common 
preferential species), and inhabit regions with distinct predominant 
environmental factors. 

3.3.4.3 - Ordination analysis 

Ordination analysis comprises a group of multivariate 
techniques which arrange sites (and species) along axes of variation 
on the basis of data on species composition. The axes ma)dmize the 
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dispersion of the points to extract the dominant pattern of variation 
in community composition (ter Braak, 1987a). 

The result of ordination in two dimensions (two axes) is a 
diagram in which sites are represented by points in two-dimensional 
space in such a way that points that are close together correspond to 
sites that are similar in species composition and points that are far 
apart correspond to dissimilar sites in species composition. 

The way in which environmental variables influence the 
biological data may be analysed either in an indirect or direct way. 
With indirect gradient analysis, sites (and species) are firstly 
arranged along ordination axes, which may be seen as hypothetical 
environmental variables. These are then interpreted, a posteriori, on 
the basis of what is known about the environmental characteristics of 
the sites. 

With direct gradient analysis, the pattern of variation in species 
composition is imposed by a particular set of measured 
environmental variables. A comprehensive review of these and other 
ordination related subjects is presented in ter Braak (1987a) and ter 
Braak & Prentice (1988). 

The ordination analyses performed in this work made use of the 
program CANOCO, CANOnical Community Ordination, by Cajo ter 
Braak (1988). CANOCO provides several ordination methods, 
assuming both linear or unimodal response models of the species in 
respect to the environment. 

I made particular use of canonical correspondence analysis, in 
which the ordination axes are chosen in the light of the variability of 
measured environmental variables. It is a direct gradient ordination 
method, which assumes a unimodal response model between species 
and the environment. CANOCO and (canonical) correspondence 
analysis are extensively treated by ter Braak (1985,1986,1987b, 
1987c, 1988,1990). 
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The solution presented by this method is an ordination 
diagram, where samples and species are represented by points and 
environmental variables by vectors. The length of the vectors indicate 
their strength in determining the variability of the biological data. 
while the direction of the vectors points out the highest value of the 
variables. 

The vectors are centered in the origin of the representation, 
where each variable takes its mean value. Positive deviations from the 
mean lie in the direction of the head of the vector, whereas negative 
deviations lie in the opposite direction, not represented in the 
diagram. Vectors pointing more or less in the same direction 
indicate a positive correlation between the respective variables, while 
if pointing in opposite directions indicate negative correlations. 
Vectors crossing at right angles indicate almost a zero correlation. 

The relation between a point-species or a point-station in the 
diagram and a given environmental variable may be approached by 
projecting a perpendicular from the point to the vector. The further 
the distance from this projected point to the origin of the diagram, 
the more it is related to the environmental variable, either in a 
positive way, if the projection lies on the side of the head of the 
vector, or in a negative way, if the projection lies on the opposite side 
of the vector's head. 

When using CANOCO, it is possible to test statistically if the 
species are related to the supplied environmental variables, by using 
a Monte Carlo permutation test. This tests if the canonical axes 
obtained (constrained by imposing a given environmental variability), 
have or have not a statistical validity. 

We used CANOCO version 3.1 (ter Braak, 1990), which also 
performs a forward selection of the environmental variables in order 
to see which best explain the species data. The method does this by 
first running the analysis with one environmental variable at a time, 

and then ranks them by diminishing order of the amount of variation 
in the biological data explained by each. 

69 



As soon as the strongest environmental variable is accepted, the 
method checks among the remaining for the one that best 
complements the already explained variation in the biological data. If. 
for example, there are two environmental variables more or less 
related to the same biological data variability, when one is included in 
the set of the accepted explanatory variables, the other will take a 
much lower position in the described ranking. 

It is possible to test the statistical significance of the amount of 
variance added by each variable at a time, through the Monte Carlo 
permutation test. After fitting the biological data, the test is based on 
the null hypothesis of the exchangeability of the residuals of the 
species. This test then furnishes an F-ratio which is compared to the 
F-ratio obtained with the true residuals. After setting the number of 
permutations to be used (19 permutations will allow a significance 
analysis at the probability P=0.05; 99 permutations at P=0.0 1), the 
true F-ratio is compared with all the others. Under 19 permutations, 
if one gives an F-ratio higher than that obtained with the true data, 
then the variable is considered non-significant at P=0.05, and the 
variable is not included in the analysis. 

If the Monte Carlo test is run each time before a new variable is 

added to the model, then at a given time it is possible to come up 
with a pool of remaining environmental variables which explain no 
more than a non significant part of the variability of the biological 
data that can be assessed with the set of environmental variables 

considered. Those variables may then be excluded from the analysis 
and introduced as passive variables, which means that they will not 
have power to define canonical axes, but will be represented in the 
diagram in their right position. The Monte Carlo permutation test 

and the F-type criterion are presented by ter Braak (1990). Finally, 

the method gives the absolute and the relative amount of variation of 
the species data explained by the supplied environmental data (cf. ter 

Braak, 1990). 

The choice of (Canonical) correspondence analysis as the major 
ordination technique used in this work, was based on the following 

reasons: 
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- the data was collected over a wide range of habitats and so a 
nonlinear nonmonotonic relationship between the biological and the 
environmental variables would be expected, suggesting the use of 
unimodal response models to relate species to the environment (ter 
Braak, 1987c), 

- the main interest lay on the analyses the extent to which the 
measured environmental variables could explain the variability of the 
biological data and which kind of gradients where emphasized, and 
finally 

- to compare the results obtained by this method and those 
from the classification method, based solely on biological data. 

The data matrix used with CANOCO was the same utilized in 
TWINSPAN (131 stations x 275 species), but considering station 26 
(urban sewage outfall) as a supplementary station. This procedure was 
followed since this site presents a strongly different and very high 

abundance value, which distorts the analysis, despite the In (y+l) 
transformation. It permits this station to be plotted in the diagram in 
its right position, but a posteriori. The environmental variables used 
were: fines, sand, gravel, total organic matter, temperature, flow, 

shear stress, current velocity and depth (Chapter 4). 

The data treatment, regression, classification and ordination 
analysis, were performed in a MacIntosh Plus personal computer, 
with 1 Mb of RAM memory, and equiped with a 70 Mb external hard 
disk. 

3.3.5 - Benthic connnunities disturbance analysis 

The analysis of the state of disturbance of the Sado estuary 

subtidal benthic communities is based on the characterization of 

primary and derived variables of these communities, the composition 

and spatial distribution of affinity assemblages and their relation to 

the prevailing hydrophysical and sedimentary estuarine conditions. 
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The evaluation of the state of disturbance is thus redrawn from 
community level parameters of composition and structure and evokes 
methods directed to the analytical study of diversity, namely the 
distribution of individuals and biomass among species. 

Among the several methods presented in the literature, those 
which are the most widely accepted have been used, though 
recognizing that this is a field of controversy among authors (see 
namely Gray, 1985, Lambshead & Platt, 1985), and that continual 
effort in interdisciplinary research at several levels of biological 
organization will probably be the best way to assess pollution induced 
disturbance of the marine environment (see namely Bayne et al., 
1988). 

In the present work we combined the Shannon-Wiener 
diversity index (Shannon & Weaver, 1963), and the rarefaction 
diversity measurement proposed by Sanders (1968) and modifyed by 
Hulbert (1971), with the descriptive SAB model and indicator 
species (Pearson & Rosenberg, 1978) together with the comparative 
analysis of the abundance ratio (A/S) and the size ratio (B/A) (Pearson 
et al., 1982). The analysis was complemented by tracing diversity- 
dominance plots, such as the K-dominance curves (Lambshead et al., 
1983, Shaw et al., 1983), and their extension in the abundance - 
biomass comparison curves, ABC curves (Warwick 1986, Warwick & 
Ruswahyuni 1987, Warwick et al., 1987). Finally, an assessment of the 
trophic structure of the estuary, the distribution of the rare species 
(see namely Gray et al., 1990), in the groups previously identified, 
and an analysis of the biological characteristics of the most important 
species is also introduced. 

The SAB model (Pearson & Rosenberg, 1978), details the 
fluctuations of the primary biological variables (Species richness, 
Abundance, Biomass) in the benthic succession along an organic 
enrichment gradient. Along a decreasing organic enrichment 
gradient, in time or space, the model proposes a grossly polluted, a 
polluted and a transitory area, by comparison to a "normal" area, at 
the end of the gradient and corresponding to the undisturbed 
community. The grossly polluted area has no macrofauna. The 
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polluted area presents lower species richness than the observed in 
the undisturbed community, the highest abundance value due to the 
presence of opportunistic species and a peak value of biomass. 
Finally, the transition area shows the highest values for both the 
biomass and the species richness, while abundance is still higher 
than in the"normal" area, but lower than in the polluted area. 

The Shannon-Wiener index typically varies from 0 in a highly 
stressed environment to over 5-6 in a clean environment (Reish, 
1984). However its use as a scale of pollution effects has been 
controversial and agreement exists that care should be exercised in 
its use, since identical diversity index values may be found in totally 
different biological communities (Boesh, 1977, Rees et al., 1990). 
Nevertheless, the results of this index have generally shown good 
agreement with the pollution effects (e. g. Pearson, 1975, Rosenberg, 
1976, Ware, 1979, in: Reish, 1984, McLusky, 1989) and it is widely 
used as an informative measure. 

The rarefation technique of Sanders (Sanders, 1968), instead of 
representing diversity in a single number like the Shannon-Wiener 
index (with which it presented good agreement - Sanders 1968), it 
is a graphic method, independent of sample size, that represents the 
interpolation curve of the number of species existing in samples with 
fewer specimens than the original sample but keeping its abundance 
frequencies: in general a steep rarefaction curve indicates high 
diversity in the sample as a shallow curve represents high 
dominance. This technique has been improved by Hulbert (1971), 

and the curves which will be presented in this work have been 

constructed according to this correction. 

In the K-dominance curves the abundance frequencies of the 

species in the y a., ds are cumulatively represented and the curve 
always increases from the starting point (Lambshead et aL, 1983). 
They are analysed looking their starting point and the shape, which 
gives an indication -of the first ranked species dominance and the 
hierarchical structure of the sample: the higher the slope the less 

regular is the distribution of abundances (or biomass) among species. 
Also the terminal part of the curve could give an indication of how 
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the abundance is distributed among the less frequent components of 
the community (rare species). A non-disturbed sample should 
produce a curve with a longer tail than a disturbed sample in which 
rare species tend to be less frequent. 

Although rare species are an ecological concept difficult to 
rationalise and work with, their presence is becoming more 
recognised as an important tool in the ecological diagnosis of 
disturbance in the marine environment. Their systematic 
disappearance has been observed along gradients in which 
environmental conditions become more severe both by natural 
Quintino 1988) or anthropogenic causes (Gray et al., 1990). 

The ABC curves exploit the relative position of the abundance 
and the biomass curve. In samples from enriched and high disturbed 

areas the abundance curve lies above the biomass curve, due to the 
high number of individuals found in these areas and their relative 
small size. With moderate levels of enrichment and disturbance the 
two curves approach each other and overlap and finally in non- 
disturbed areas the biomass curve lies above the abundance curve due 
to the dominance of relative large but low abundance organisms 
(Warwick, 1986, Warwick & Ruswahyuni, 1987, Warwick et al., 
1987). 

In general, these graphical methods which are based on the 

analytical study of community structure patterns, tend to show 
consistent results with disturbance effects, when these are due to the 

preferential development of certain species, usually small and low 

individual weight opportunistic species. However, the ABC method 
has been shown to give the same answer to either natural or pollution 
induced disturbance (Warwick & Ruswahyuni, 1987, Warwick et aL, 
1987), to respond to species recruitment as to opportunistic species 
development (Beukema, 1988) or to indicate undisturbed structures 
when pollution prevents the development of opportunistic species 
(Meire & Dereu, 1990, and the present study). 
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CIMPTER 4 

ENVIRONMENTAL VARIABLES: HYDRODYNANaCS AND 
SED NTOLOGY 

4.1 - INTRODUCTION 

This chapter presents the original environmental data obtained 
in the course of this thesis work. It comprises two main parts, the 
characterization of the superficial sediments and the hydrodynamics 
of the estuary. 

The major hydrodynamic characteristics of the Sado estuary 
have been presented in Chapter 2, and were drawn essentially from 
Neves (1985a) and Ferreira & Neves (1987). The results of 
subsequent work directly undertaken with Neves is reported here. 
This consisted of the calculation of current velocities and water flow 
data furnished by the 2-D hydrodynamic model for the sites covered 
by the benthic survey, and the calculation of shear stress data for the 
same sites. Current velocities and water flow data were the basis of 
the global hydrodynamic characterization of the Sado estuary 
presented in Chapter 2. The shear stress data is entirely original and 
was specifically calculated to be used in connection with this work. 

The hydrodynamic data derived from the model will be used for 
the interpretation of the sedimentary structure of the Sado estuary, 
obtained by the present work, and in a direct gradient ordination 
analysis together with the biological data obtained from the benthic 

survey (Chapter 5). 

The superficial sediment characterization includes the 

granulometric structure, fines, sand and gravel content, the 
identification and the distribution of the several subtidal sediment 
types in the estuary-, and also the total organic matter content and 
the sediment temperature. The results obtained will be presented 
essentially in the form of distribution maps covering the area of study. 
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4.2 - CURRENT VELOCITY. WATER FLOW AND SHEAR STRESS 

Current velocities, water flow and shear stress data for the sites 
covered by the biosedimentary survey were calculated using the 2-D 
hydrodynamic model for the tidal flow and residual circulation of the 
Sado estuary (Neves, 1985a), and according to the methods 
presented in Chapter 3. 

The figures for the maximum and the residual shear stress will 
be presented in this section. They are essentially similar to the flow 
figures and follow the same basic considerations (see chapter 2). so 
no further detailed comments regarding the hydrodynamics of the 
estuary will be made. 

Notice however in figure 4.1 representing the maximum shear 
stress values the clear distribution of the highest values for the 
maximum shear stress in the entrance of Marateca, along the 
southern channel and finally in the estuarine entrance, while the 
Alcacer channel and the northern channel present much lower shear 
stress maximum values (the arrows represent the observed value and 
the direction in which it was obtained). 

In the residual shear stress diagram (figure 4.2), notice the two 

main gyres present in the estuary, their close meeting point in the 

southern channel, near California, and the larger gap in the northern 
channel. 

The inner residual shear stress gyre, is anti-cyclonic and shows 
stronger values near the northern margin at the entrance of Marateca 

and along the southern channel, particularly bordering the southern 
margin of the intertidal sandbanks. The lowest values correspond to 

some locations in the southern margin, close to the Comporta 

entrance, and also to some locations in the northern margin. near 
Setenave and Eurominas. 

The outer residual shear stress gyre, is cyclonic and shows 

stronger values near the entrance of the estuary and in the southern 

channel. In the northern channel, the highest residual shear stress 
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values are only present at the entrance of this channel. Notice that 
along an axis connecting the estuarine entrance to the northern 
channel, the residual shear stress tends to diminish from the 
estuarine entrance inwards, increases afterwards near the entrance 
of the channel, and then again decreases in the direction of the 
northern margin of the intertidal sandbanks. In the vicinity of the 
northern margin of the estuary, the values are generally very low. 

The current velocity, water flow and shear stress data obtained 
for each of the sampling stations of the biosedimentary survey, is 
presented at the end of this Chapter, Table IVA. This together with 
the other environmental variables was used for the analysis of the 
benthic-environmental relationships (Chapter 6). 

4.3 - FINES, SAND AND GRAVEL CONTENT 

The granulometric study of the superficial sediments was based 

on an analysis of 133 samples collected at the same time and in the 
same locations designated for the study of benthic communities (see 
Chapter 3, Methodology). The global granulometric data is presented 
in table IV. 1. 

The spatial pattern of the relative proportion of fines in the 

superficial sediment is presented in figure 4.3 to which four classes 
were considered: sediments with less than 5% of fines, with 5 to 
25%, with 25% to 75% and with more than 75% of this fraction. 

Sediments with a higher percentage of fine particles (more 

than 75%) are relatively rare in the analysed area. These sediments 
are mainly located in the northern channel, close to the margin and 
inwards from the beginning of the industrial complex. They were also 
identifted in the southern channel, near the Comporta. entrance, and 
in the beginning of the Alcdcer channel, the inner estuary. 
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Granulometric Fractions 
Stations >4 io 40 30 2o 10 00 (-1) 0 (-2) 

- 
< 63 4m 63 em 125 ým 

- 
250 am 500 ým 1000 ým 2000 ým 4000 8000 gm 7 3.94 2. U3 1.91 1 U. 13 22 33 16 3/ 6 96 13 4 2 1.09 0.13 0.48 1* -90 . 53.45 - 21-24 . 11.84 .3 9.61 

14.18 
0.26 3 1.52 0.19 2.16 49.73 34.57 11.14 0.69 0.00 00 0 4 2.56 0.67 6.21 53.34 16.69 7.01 5.82 5.32 . 2.37 5 6.31 0.59 3.32 13.09 24.49 22-24 14.68 11.12 4.15 6 3.89 6.77 63.78 20.97 3.01 1.24 0.30 0.05 0.00 7 0.99 0.06 0.20 10-89 82.41 5.08 0.33 0.05 0.00 

8 1.52 0.17 1.68 21-14 40.35 22.87 6.50 3.60 2.17 
9 3.83 0.62 4.16 26.78 36.79 18.09 7.04 1.59 1.10 
10 1.92 0.16 4.08 29.83 48.15 15.70 0.15 0.00 0.00 
11 0.94 0.06 0.43 26.82 55.77 13.82 1.61 0.55 0.00 
12 1.93 0.17 1.70 46.65 41.37 8.00 0.18 0.00 0.00 
13 33.48 34.16 19.87 5.42 4.80 2.19 0.07 0.00 0.00 
14 43.38 5.78 36.20 9.02 2.99 2.45 0.16 0.00 0.00 
15 1.66 0.11 2.40 46.53 44.94 4.24 0.12 0.00 0.00 
16 6.82 1.43 22.60 55-12 11.02 2.92 0.09 0.00 0.00 
17 27.46 2.00 4.75 25.38 11.34 4.15 2.75 7.03 15.13 
18 8.10 5.36 47.64 29.45 8.20 1.18 0.03 0.03 0.00 
19 4.04 1.03 18.51 27.33 26.2 11.24 3.36 2.24 6.04 
20 7.81 0.85 62.00 27.56 1.47 0.32 0.00 0.00 0.00 
21 3.19 0.42 3.71 7.82 66.82 17.30 0.62 0.12 0.00 
22 10.00 1.00 12.83 22.00 30.42 17.89 4.76 1.11 0.00 
23 18.65 5.75 21.59 22.93 11.09 4.75 1.71 0.72 12.82 
24 64.69 18.97 13.46 2.21 0.42 0.25 0.00 0.00 0.00 
25 37.06 6.60 38.17 10.33 3.88 3.09 0.30 0.58 0.00 
26 36.54 6.81 23.15 17.14 6.69 4.59 3.90 1.18 0.00 
27 67.48 6.95 13.54 6.73 3.08 1.80 0.20 0.23 0.00 
28 14.77 1.34 5.38 7.25 31.75 27.61 6.98 3.21 1.74 
29 23.16 1.50 9.43 23.05 38.40 3.85 0.51 0.13 0.00 
30 10.52 2.04 34.71 48.52 2.97 1.24 0.00 0.00 0.00 
31 0.78 0.05 0.16 26.77 63.29 8.15 0.70 0.10 0.00 
32 2.16 0.14 4.76 72.63 17.40 2.60 0.17 0.14 0.00 
33 2.70 0.39 3.00 20.30 36.39 15.55 6.71 4.38 10.59 
34 6.04 1.37 21.13 33.55 26.48 10.69 0.73 0.00 0.00 
35 9.61 1.67 5.33 61.78 18.59 3.02 0.00 0.00 0.00 
36 35.68 2.80 10.77 35.17 13.75 1.80 0.00 0.03 0.00 
37 11.02 0.76 2.52 9.73 47.78 22.21 3.89 2.08 0.00 
38 10.18 1.06 5.58 10.22 47.09 20.91 3.42 1.20 0.34 
39 31.29 9.24 15.37 4.16 38.46 1.30 0.10 0.08 0.00 
40 56.46 2.57 10.85 24.23 4.99 0.67 0.09 0.14 0.00 
41 63.63 16.62 10.97 2.38 2.20 4.03 0.18 0.00 0.00 
42 26.48 1.13 3.18 8.45 46.61 13.55 0.58 0.00 0.00 
43 8.16 1.94 37.83 40.34 9.73 1.96 0.03 0.00 0.00 
44 20.40 3.45 26.02 25.73 21.03 3.36 0.02 0.00 0.00 
45 26.13 1.59 6.20 21.11 23.81 17.00 3.85 0.31 0.00 
46 3.32 0.71 14.09 26.08 37.68 16.13 1.56 0.42 0.00 
47 1.84 0.11 2.87 25.33 44.05 24.13 0.88 0.00 0.78 
48 1.32 0.08 0.65 31.26 42.76 21.75 2.09 0.09 0.00 
49 1.89 0.14 0.63 25.06 51.98 17.73 2.40 0.15 0.00 
50 19.12 2.75 44.63 21.48 10.25 1.74 0.02 0.00 0.00 
51 56.02 17.18 8.12 9.25 6.57 2.52 0.34 0.00 0.00 
52 52.04 12.11 11.86 6.13 11.90 5.30 0.53 0.13 0.00 
53 41.37 2.14 11.13 19.30 19.59 5.78 0.70 0.00 0.00 
54 29.27 1.48 12.81 16.59 30.43 7.46 1.53 0.44 0.00 
55 37.64 1.36 5.97 10.75 33.08 10.58 0.61 0.00 0.00 
56 26.64 4.94 17.67 32.80 15.40 2.39 0.15 0.00 0.00 
57 83.91 10.22 4.75 0.53 0.26 0.32 0.00 0.00 0.00 
58 93.93 3.44 0.86 0.83 0.58 0.31 0.05 0.00 0.00 
59 45.65 2.16 11.96 14.69 19.98 5.36 0.19 0.00 0.00 
60 41.64 6.24 33.02 8.68 7.27 3.12 0.02 0.00 0.00 
61 87.92 5.51 3.12 2.64 0.48 0.29 0.04 0.00 0.00 
62 89.15 7.66 2.71 0.26 0.12 0.11 0.00 0.00 0.00 
63 80.89 4.58 6.96 3.50 2.68 1.30 0.08 0.00 0.00 
64 40.39 9.45 17.68 18.45 11.27 2.66 0.11 0.00 0.00 
65 78.95 5.53 8.48 3.08 2.39 1.05 0.51 0.00 0.00 

Table IV. 1. Sado estuary. Granulometric data, expressed as a percentage of the dry 

weight of the total sample. 
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Granulometric Fractions 
Stations >4 40 30 20 10 00 (-l)o (-2) o (-3) o 

< 63 gm 
- 

63 am 125 ým 250 gm 500 ým 1000 ým 2000 ým 4000 ým 8000 am 4J. 4 1 2.1-ý V. 68 Z1.34 18 57 4 6/ U 1 ý 
67 3.14 0.24 0.96 22-55 . 49-30 . 20.45 . , 3.18 

U. uu 
0.17 

u. uu 
0 00 

68 0.60 0.04 0.46 14-37 80.88 3.64 0.01 0.00 . 0.00 
69 24.68 1.04 12-26 42.30 16.06 3.42 0.16 0.08 0.00 70 31.43 0.83 9.54 29.83 22.27 6.00 0.11 0.00 0 00 71 11-53 1.33 10.70 34.42 30.10 10.01 1.42 0.49 . 0.00 72 63.43 5.13 9.34 16.42 4.38 1.25 0.05 0.00 0.00 
73 -75-23 20.81 3.46 0.32 0.14 0.05 0.00 0.00 0.00 74 29.32 1.85 6.40 21.43 24.26 12.57 3.49 0.67 0.00 
75 9.85 0.97 3.09 22.26 40.04 18: 71 4.20 0.88 0.00 
76 62.35 2.92 7.02 12.92 11.18 3.53 0.08 0.00 0.00 
77 49.50 4.55 10.95 15.48 '14.14 4.74 0.55 0.10 0.00 
78 72.47 15.59 8.80 0.97 1.04 1.01 0.00 0.13 0.00 
79 16.22 2.64 11.58 30.27 28.66 10.05 0.44 0.13 0.00 
80 52.70 2.43 15.16 11.23 13.04 4.51 0.85 0.08 0.00 
81 6.29 0.86 5.57 35.51 40.11 10.88 0.77 0.00 0.00 
82 35.78 1.64 4.74 23.22 27.51 6.61 0.50 0.00 0.00 
83 7.56 0.58 5.12 44.52 28.37 13.61 0.24 0.00 0.00 
84 12.42 1.05 30.20 38.87 13.56 3.65 0.24 0.00 0.00 
85 37.33 1.80 15.16 25.64 12.16 6.28 1.40 0.22 0.00 
86 12.91 0.66 11.44 45.02 25.32 4.61 0.03 0.00 0.00 
87 28.92 0.84 11.5 24.51 22.27 9.14 2.20 0.61 0.00 
88 17.55 3.32 11.56 26.79 26.65 10.92 2.47 0.73 0.00 
89 12.96 1.73 7.42 30.01 32.09 12.42 2.43 0.94 0.00 
90 73.58 4.71 9.34 4.68 4.93 2.54 0.22 0.00 0.00 
91 17.45 1.91 13.24 31.8 27.5 7.49 0.52 0.09 0.00 
92 96.28 2.56 0.69 0.22 0.18 0.06 0.00 0.00 0.00 
94 42.75 3.83 21.84 18.24 10.08 2.51 0.22 0.00 0.53 
95 93.41 4.21 1.23 0.58 0.24 0.27 0.06 0.00 0.00 
96 3.62 0.51 7.62 33.68 36.24 16.9 1.39 0.04 0.00 
97 22.63 2.42 28.05 21.51 16.30 7.70 1.40 0.00 0.00 
98 13.67 1.25 4.49 21.77 34.25 16.48 4.79 1.84 1.47 
99 7.57 0.75 25.16 28.75 25.16 9.97 2.37 0.27 0.00 
100 28.72 2.31 10.17 21.31 23.47 12.27 1.68 0.07 0.00 
101 30.40 1.20 10.06 29.76 22.42 6.14 0.01 0.00 0.00 
102 93.75 4.49 0.99 0.42 0.21 0.14 0.00 0.00 0.00 
103 22.33 0.57 2.95 28.97 40.11 4.96 0.11 0.00 0.00 
104 2.77 0.29 8.25 41.5 37.32 9.36 0.45 0.06 0.00 
105 19.92 1.40 5.34 24.96 28.89 13.79 3.75 1.94 0.00 
106 95.99 1.79 1.79 0.33 0.07 0.02 0.00 0.00 0.00 
107 89.93 3.55 4.01 2.11 0.36 0.04 0.00 0.00 0.00 
108 6.83 0.79 38.11 33.04 14.65 6.10 0.47 0.00 0.00 
109 27.72 1.01 7.38 42.87 16.54 4.37 0.11 0.00 0.00 
110 26.28 0.86 2.14 31.01 33.24 6.10 0.37 0.00 0.00 
111 27.54 4.30 5.98 23.06 32.65 6.42 0.06 0.00 0.00 
112 22.23 4.18 16.11 35.30 18.56 3.50 0.11 0.00 0.00 
113 29.09 1.84 9.56 30.02 24.42 4.74 0.20 0.13 0.00 
114 22.60 1.02 18.24 45.14 7.99 4.25 0.56 0.19 0.00 
115 1.70 0.10 1.05 36.55 48.38 11.48 0.74 0.00 0.00 
116 12.00 0.77 5.13 38.64 30.90 7.90 3.02 1.11 0.53 
117 62.75 0.95 1.63 11.77 18.91 3.55 0.43 0.00 0.00 
118 8.20 0.94 4.87 31.64 36.51 11-88 3.17 2.55 0.23 
119 1.59 0.18 3.34 41.50 40.79 7.89 1.53 1.16 2.01 
120 93.48 2.41 1.47 1.21 1.11 0.32 0.00 0.00 0.00 
121 13.12 0.27 2.77 16.75 33.37 22.28 8.37 3.08 0.00 
122 32.9 1.45 2.81 26 73 27.63 7.18 1.21 0.08 0.00 
123 2.41 0.24 9.38 60 53 25-27 2.18 0.00 0.00 0.00 
124 26.23 0.74 8.81 40 . 85 17.17 4.16 1.17 0.88 0.00 
125 9.60 0.32 6.42 52 . 13 25.65 4.98 0.91 0.00 0.00 
126 16.36 1.27 19.67 41 . 07 13.06 5.49 1.69 1.38 0.00 
127 1.93 0.09 0.33 '23 . 27 69.29 5.04 0.05 0.00 0.00 
128 7.86 0.55 6.72 45-91 33.18 5.34 0.40 0.03 0.00 
129 24.01 2.56 11.94 36.16 21.94 3.32 0.07 0.00 0.00 
130 47.07 2.84 7.46 28.12 10.71 3.51 0.29 0.00 0.00 
131 5.38 0.44 9.62 51.65 20.25 7.18 3.38 2.10 0.00 
132 48.07 1.79 10.11 25.45 9.07 5.02 0.35 0.14 0.00 
133 84.02 7.34 3.30 1.47 1.65 17.11 0.00 0.00 0.00 

Table IV. 1. (Continued) 
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Sediments with a lower percentages of fines (less than 5%) 
correspond essentially to the estuarine entrance and the beginning of 
the nor-them and southern channels. These sediments were also 
detected in 4 locations in the upper part of the outer estuary, in front 
of Setenave/Eurominas. The spatial distribution of fines also shows 
that the cleaner sediments tend to extend to the inside the estuary 
essentially through the southern channel. 
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Figure 4.3. Sado estuary. Spatial distribution of fine particules (< 63 pm) in the 
subtidal superficial se. dim*ents. 

The Sado estuary subtidal sediments show several increasing 

gradients of fines content. The most important one follows the 
longitudinal axis of the estuary with an increasing proportion of the 

Silt+clay fractions from the estuarine entrance towards inward 

regions. In the vicinity of the intertidal sandbanks, this gradient 

splits into two major components, one directed towards the 

nor-them channel and the other towards the southern channel. 

In the northern channel, the high proportion of fines in the 

sediments located close to the margin, establishes a clear lateral 
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decreasing gradient of the silt+clay fraction, in the direction from 
the margin toward the sandbanks. 

The spatial pattern of fines content clearly distinguishes the 
northern and the southern channel subtidal sediments, the former 
with a much higher proportion of the silt+clay fraction. 

A second group of silty sediments appears in the upper part of 
the estuary, from the Comporta. entrance to the Alcdcer channel, thus 
distinguishing the northern from the southern part of this region (cf. 
figure 4.3). 

For the majority of the samples, the fines and the sand fraction 

are almost complementary, which is shown in figure 4.4. The few 

cases that contradict this relation consist of samples with high gravel 
content, which in most of the cases also corresponds to samples with 
low fines content. These few cases correspond to samples taken in 
the vicinity of the estuarine entrance and locally in the southern 
channel. 
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Figure 4.4. Sado estuary. Relation between the fines and the sand 
fraction in the subtidal superficial sediments. 

The distribution of fines, and the almost complementary 
distribution of the sand fraction, agree remarkably well with the 
hydrodynamical. characteristics of the Sado estuary which can be 

assessed in particular through the ma. Nimum and the residual shear 
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stress pattem illustrated in figures 4.1 and 4.2, and the transient and 
residual flow presented in figures 2.3 to 2.5. 

In fact, the cleaner sediment path connecting the mouth of the 
estuary to the entrance of Marateca, through the southern margin of 
the intertidal sandbanks (figure 4.3), clearly corresponds to the sites 
where the hydrodynamic variables also show the highest values. 

The southern channel region where the two main vortices 
meet, near California (figures 2.5 and 4.2), also corresponds to the 
innermost distribution limit of the cleaner sediments which extend 
inward from the estuarine entrance. These two main vortices roughly 
correspond to the split of the subtidal sediments into the groups 
which have more and less than 5% fines content (cf. figure 4.3). 

The northern channel region where sediments contain more 
than 25% of fines also agrees with the wide gap between the two 
vortices in this channel. and with the low mwcimum shear stress 
values observed in this region (cf. figures 2.5 and 4.1 to 4.3). 

The Setenave vortex could also explain the fact that the siltier 
sediments in the upper part of the estuary tend to be located closer 
to the southern margin, where both the maximum and the residual 
shear stress are weaker, and also the fact that the cleaner sediments 
tend to border the southern margin of the intertidal sandbanks, 
where they are stronger (cf. figures 4.2 and 4.3). 

Also, the region in front of Setenave, where sediments present 
less than 5% of the fines content, corresponds to the meeting place 
of the main Setenave vortex with a smaller one (cf. also figure 2-5). 
The fact that the water flows in the same direction when the two 

vortices meet, could account for the washing of the superficial 
sediment and thus the coarser and less siltier sediments near 
Setenave. 

Finally, the smaller vortices near the upper southern margin of 
the estuary, in the vicinity of the entrance of Comporta. and between 
this place and the Alcacer channel, could account for the deposition 
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of fine particles near the entrance of Comporta and thus the small 
patch of very silty sediments found there and for the erosion in some 
small patches in the southern margin in the vicinity of the entrance 
of the Alcacer channel and the corresponding cleaner sediments of 
this area. This particular aspect is well represented by the residual 
shear stress pattern (see figures 4.2 and 4.3). 

This close qualitative relation between the hydrodynamic 

variables and the fines and sand content of superficial sediments was 
quantitatively confirmed by the significant statistical relation between 
the two sets of variables. Both the fines and the sand content are 
however more strongly related to the shear stress than to the current 
velocity or the flow, which agrees with the theoretical stronger 
relation of this variable with the superficial sediments. 
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Figure 4.5. Sado estuary. Violation between shear stress type values and the fines 

and sand content of the superficial sediments. Linear regression lines 

and equations are shown with the R2 adjusted value. 
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A linear regression analysis between [shear stress - fines] and 
[shear stress - sand], shows that the hydrodynamic variable explains 
24% of the variation of both sedimentary variables. In both cases, the 
fines and the sand content are significantly related to shear stress 
(P< 0.001, F test, figure 4.5). 

4.4 - SUPERFICLAL SEDIMENTS CILARACTERIZATION 

The estuarine superficial sediments characterization was 
adapted from the Wentworth median scale (cf. Doeglas, 1968) and 
the Larsonneur (1977) criteria, regarding the sediments fines 
content (cf. Chapter 3). A simplified chart for the spatial distribution 
of the estuarine subtidal sediments is presented in figure 4.6. The 
construction of this figure and the classification of the sediments was 
based solely on the Wentworth median sca-le. 
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Figure 4.6. Sado estuary. Classification and spatial distribution of the subtidal 
superficial sediments. 
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The majority of the subtidal bottom of the Sado estuary is 
covered by medium sand, median between 10 - 20 (500 - 250ýLm). 
This sediment occupies almost exclusively the inner half of the 
southern channel and the whole upper basin of the outer estuary. 

In these two regions, medium sand is only absent from the 
southern margin of the intertidal sandbanks, the entrance of 
Comporta, the beginning of the Alcdcer channel, a few locations close 
to the northern margin, near Setenave and Eurominas, and in front of 
Setenave (cf. figure 4.6). Medium sand also covers an important area 
between the estuarine entrance and the beginning of the north and 
south channels. 

IMe mouth of the estuary is characterized by a large extent of 
coarser sediments, the majority of which is coarse sand, median 
between 00 - 10 (1000 - 500gm), with patches of very coarse sand, 
closer to the northern margin and in deeper bottoms, median 
between (- 10) - 00 (2000 -1 OOOgm). 

Coarse sand extends to the inside of the estuary both through 
the northern and the southern channel. In the latter this sediment 
covers the majority of the bottom up to the California region, inwards 
of which it occupies mainly the southern margin of the intertidal 
sandbanks. Further inwards, in the upper estuary, coarse sand is 
present in patches in front of Setenave and Eurominas, and close to 
the northern margin. at the entrance of Marateca. This sediment is 

also present in a very few locations of the northern channel (cf. 
figure 4.6). 

Fine sand, median between 20 - 30 (250 - 125gm), covers an 
important area in the northern channel, especially in the vicinity of 
the intertidal sandbanks. This sediment is also present in a few 

locations of the southern channel, either close to the sandbanks or 

upwards, close to the southern margin, near Comporta. Otherwise, 
fine sand is mainly distributed along a narrow path, more or less in 

contact with the northern margin, from the estuarine entrance up to 

the beginning of the northern channel, and also in the beginning of 
the Alcdcer channel. the inner estuary Jqf. figure 4.6). 
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Very fine sand, median between 30 - 
470 

(125 - 634m), is a rare 
sediment in the estuary. It is present only in a very few locations, of 
which the most important is a very sheltered beach on the northern 
margin, in the vicinity of the mouth of the estuary (cf. figure 4.6). 

Muds, median > 40 (< 63gm), are almost exclusively found in 
the northern channel, mainly near the margin. This sediment is also 
present at the entrance of Comporta, southern channel, and upwards, 
in the beginning of the inner estuary, the Alcdcer channel (cf. figure 
4.6). 

The characterization and the spatial distribution of the subtidal 
superficial sediments emphasizes the distinction between the two 
channels, the northern one with much finer and muddier sediments. 

Some of the remarks presented earlier in respect to the fines 
distribution, become more clear with the median spatial pattern, 
inherent to the sediments represented in figure 4.6. 

The northern channel sediments inward from the beginning of 
the industrial complex are finer overall, which agrees with the gap 
between the two main vortices of the residual shear stress (cf. figure 
4.2). Also, the sediments close to the southern margin of the 
intertidal sandbanks tend to show a coarser median value than those 
in the northern margin of the same banks and in the centre of the 
south channel. This agrees with Neves (1985a) conclusion in respect 
to the fact that the intertidal sandbanks tend to grow from the north 
and erode from the south. 

A more detailed representation of the subtidal superficial 
sediments of the Sado estuary is given in figure 4.7. This figure 

combines the Wentworth median scale with an adapted classification 
of Larsonneur's criteria, regarding the fines content of each sediment 
type identified. 
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In this representation it is clear that the subtidal sediments of 
the estuary, though dominated by medium sand, present variable 
fines content, which allows the distinction, within each major 
sediment type, of a clean facies, with less than 5% of the silt+clay 
fraction, a silty facies, with 5 to 25% of that fraction, and finally a 
very silty facies, with 25 to 50% of the sflt+clay fraction. 

The distribution of the major sediment types and their various 
silty facies show a close relationship to the hydrodynamic variables. 

The clean coarse sand which extends to the beginning of the 
northern channel gradually includes an increasing degree of fines, 
and so does the medium sand, both sediments ending up by showing 
very silty facies in the vicinity of the entrance of this channel. Along 
an axis from the estuarine entrance to the beginning of the northern 
channel, it is clear the passage of clean to silty and to very silty 
coarse sand, then to very silty medium sand, to very silty fine sand 
and finally to muds, bordering the northern margin of the first 
intertidal sandbank (cf. figure 4.7). 

This sucession corresponds to a gradual diminuition in the 

strength of the residual shear stresses in the same direction (cf. 
figure 4.2). The muds deposited closer to the northern margin of this 
intertidal sandbank are thus most probably washed from the 

estuarine margin and settle out in this region. 

On the contrary, the coarse sand which extends inside the 

southern channel, only begins to present siltier facies in the vicinity 
of the southern margin of the last landward intertidal sand-banks. 
Also, the landward large extention of medium sand shows less siltier 
facies in the vicinity of the southern margin of the intertidal 

sandbanks and the northern part of the upper estuary basin, where 
higher hydrodynamic factors also persist, and a major pathway for 

sediments may be observed from the residual shear stress diagram 
(Cf. figure 4.2). 

From these considerations it may conclude that: 
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1- the physical characterization and the distribution of the 
subtidal. superficial sediments of the Sado estuary are well explained 
by the prevailing hydrophysical conditions in the estuary, 

2- the outer residual shear stress field of the estuary agrees 
with the group of sediments dominated by clean coarse sand with 
clean and silty medium sand, 

3- the inner residual shear stress field of the estuary agrees 
with the group of sediments dominated by silty to very silty medium 
sand, 

4- very silty fine sand and muds clearly dominate the subtidal 
bottoms of the northern channel, in the deposition region between 
the two main vortices, and 

5- smaller vortices in the upper estuary may account for some 
detailed sediment distributions, namely muds at the entrance of 
Comporta, and coarse sands in front of Setenave, at the entrance of 
Marateca and in some locations in the southern margin before the 
Alcacer channel, 

6- the distribution of superficial sediments suggests three 
main origins for the estuarine sediments: 

a) marine sediments entering through the mouth and 
extending mainly through the southern channel, 

b) river sediments which after leaving the inner estuary 
find setting conditions only in the central and southern part of the 

upper estuary, and 
c) sediments coming from the disposal systems along the 

northern margin, which should considerably enhance the naturally 
muddy sediments deposited there. 

4.5 - TOTAL ORGANIC MATTER CONTENT OF THE 
SEDIMENT 

Total organic matter was analysed by weight loss on ignition, 
according to the methods presented earlier (Chapter 3). In some of 
the samples, the total carbon, the organic and the inorganic carbon 
was also measured, using a CHN analyser. Tables IV. 2 and IV-3 

present the results obtained by both methods. 
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Stations Fines (%) 
- 

TOM (%) 
I T. r4 0.76' 
3 1.52 0.54 
4 2.56 0.60 
5 6.31 0.84 
6 3.89 0.46 
7 0.99 0.33 
8 1.52 0.45 
9 3.83 0.51 
10 1.92 0.47 
11 0.94 0.44 
12 1.93 0.79 
13 33.48 6.40 
14 43.38 4.59 
15 1.66 0.57 
16 6.82 1.88 
17 3.82 0.62 
18 8.10 2.18 
19 4.04 1.09 
20 7.81 1.70 
21 3.19 0.51 
22 10.00 1.34 
23 18.65 3.18 
24 64.69 8.58 
25 37.06 3.99 
26 36.54 9.58 
27 67.47 6.78 
28 14.77 2.63 
29 23.16 2.15 
30 10.52 1.97 
31 0.78 0.45 
32 2.16 0.65 
33 2.70 0.86 
34 6.05 1.00 
35 9.61 1.52 
36 35.68 3.00 
37 11.02 2.03 
38 10.18 2.14 
39 31.29 6.34 
40 56.46 7.43 
41 63.63 7.67 
42 26.48 2.85 
43 8.16 2.35 
44 20.4 2.18 
45 26.13 2.88 
46 3.32 0.60 
47 1.84 0.61 
49 1.89 0.46 
51 56.02 7.63 
52 52.04 4.84 
53 41.37 5.38 
54 29.27 4.80 
55 37.64 4.07 
56 26.64 5.22 
57 83.91 8.31 
58 93.93 10.55 
59 45.65 4.74 
60 41.64 4.93 
61 87.92 7.69 
62 89.15 12.06 
63 80.89 10.25 
64 40.39 4.76 
65 78.95 6.93 
66 43.47 3.43 
67 1 3.14 1 0.64 

Stations Fines (%) TOM (%) 
68 --77-67 -57-3 
69 24.68 1.93 
70 31.43 2.87 
72 63.43 7.07 
73 75.23 12.16 
74 29.32 2.50 
75 9.84 1.33 
76 62.35 4.25 
77 49.50 5.24 
78 72.47 10.31 
79 16.22 1.48 
80 52.70 3.75 
81 6.29 1.34 
82 35.78 3.48 
83 7.56 1.97 
84 12.42 1.32 
85 37.33 2.87 
86 12.91 1.33 
89 12.96 1.51 
90 73.58 4.35 
91 17.45 1.91 
92 96-28 12.39 
93 95.00 6.82 
94 42.75 1.72 
95 93.41 14.88 
96 3.62 0.94 
97 22.63 3.58 
98 13.67 1.95 
99 7.57 1.54 
100 28.72 4.89 
101 30.40 3.33 
102 93.75 11.37 
103 22.33 2.52 
104 1.77 0.77 
105 19.92 0.80 
106 95.99 14.10 
107 89.93 9.67 
108 6.83 0.87 
109 27.72 2.82 
110 26.28 3.52 
ill 27.54 2.12 
112 22.23 1.87 
113 29.09 1.86 
114 22.60 1.62 
115 1.70 0.60 
116 12.01 1.39 
117 62.75 8.76 
118 8.20 1.44 
119 1.59 0.71 
120 93.48 8.05 
121 13.12 0.61 
122 32.90 2.63 
123 2.41 1.04 
124 26.22 2.76 
125 9.60 2.24 
126 16.36 1.95 
127 1.93 0.52 
128 7.86 0.98 
129 24.01 2.53 
130 47.07 5.49 
131 5.38 1.18 
132 48.07 3.34 
133 1 84.02 1 6.041 

Table IV. 2. Sado estuary. Total organic matter (TOM) and fines content. expressed as a 
Percentage of the dry weight of the total sediment sample. 
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Stations TC Oc Ic TOM Fines 
1 
4 

/6 
2.21 

U. 13, 
0.26 

2 
1.95 

U. 76 
0.60 

5.7T 
2.56 

5 1.76 0.46 1.30 0.84 6.31 
9 0.71 0.05 0.66 0.51 3.83 
13 4.35 2.10 2.25 6.40 33.48 
16 2.46 0.49 1.97 1.88 6.82 
18 2.85 0.36 2.49 2.18 8.10 
20 1.66 0.42 1.24 1.70 7.81 
21 0.76 0.05 0.71 0.51 3.19 
24 3.39 2.39 1.00 8.58 64.69 
26 4.50 3.68 0.82 938 36.54 
27 4.40 1.76 2.64 6.78 67.47 
29 1.50 0.78 0.72 2.15 23.16 
30 1.86 0.52 1.34 1.97 10.52 
33 0.62 0.08 0.54 0.86 2.70 
35 1.31 0.35 0.96 1.52 9.61 
38 2.19 0.26 1.93 2.14 10.18 
39 3.66 1.86 1.80 6.34 31.29 
40 2.52 2.10 0.42 7.43 56.46 
41 4.84 2.58 2.26 7.67 63.63 
42 1.46 0.98 0.48 2.85 26.48 
44 1.25 0.21 1.04 2.18 20.40 
46 0.73 0.24 0.49 0.60 3.32 
47 0.24 0.14 0.10 0.61 1.84 
51 2.95 2.34 0.61 7.63 56.02 
53 2.76 0.91 1.85 5.38 41.37 
55 2.30 1.14 1.16 4.07 37.64 
56 2.19 1.51 0.68 5.22 26.64 
58 3.09 2.54 0.55 10.55 93.93 
59 2.14 1.46 0.68 4.74 45.65 
61 3.26 2.75 0.51 7.69 87.92 
62 3.78 3.35 0.43 12.06 89.15 
64 1.60 0.79 0.81 4.76 40.39 
65 2.62 2.38 0.24 6.93 78.95 
68 0.21 0.09 0.12 0.53 0.60 
70 1.12 0.80 0.32 2.87 31.43 
75 0.39 0.30 0.09 1.33 9.84 
78 5.22 4.12 1.05 10.31 72.47 
79 0.80 0.37 0.43 1.48 16.2 -) 80 1.95 1.26 0.69 3.75 52.70 
81 1.33 0.26 1.07 1.34 6.29 
83 2.50 0.41 2.09 1.97 7.56 
85 1.05 0.66 0.39 2.87 37.33 
90 1.81 1.27 0.54 4.35 73.58 
91 1.38 0.72 0.66 1.91 17.45 
92 4.59 4.45 0.14 12.39 96.28 
93 3.79 2.38 1.41 6.82 95.00 
94 1.53 0.37 1.16 1.72 42.75 
95 3.47 3.12 0.35 14.88 93.41 
96 1.18 0.36 0.82 0.94 3.62 
97 3.18 1.24 1.94 3.58 22.63 
98 1.34 0.52 0.82 1.95 13.67 
99 1.38 0.38 1.00 1.54 7.57 
100 4.75 0.75 4.00 4.89 28.72 
102 3.11 2.86 0.25 11.37 93.75 
103 2.11 0.34 1.77 2.52 22.33 
107 2.94 2.80 0.14 9.67 89.93 
108 0.72 0.24 0.48 0.87 6.83 
ill 0.70 0.43 0.27 2.12 27.54 
113 0.94 0.36 0.58 1.86 29.09 
116 0.49 0.25 0.24 1.39 12.01 
117 1.94 1.82 0.12 8.76 62.75 
118 1.41 0.63 0.78 1.44 8.20 
119 0.73 0.52 0.21 0.71 1.59 
121 1.11 0.47 0.64 0.61 13.12 
124 1.53 0.40 1.13 2.76 26.22 
128 1.47 0.20 1.27 0.98 7.86 
132 4.75 0.85 3.90 3.34 

1 
48.07 

133 4.07 
. 

1.55 
. 

2.52 6.04 
. 

84.02 

Table IV. 3. Sado estuary. Total carbon (TC), organic carbon (OC). 
inorganic carbon (10. total organic matter (TOM) and fines content, 
expressed as a percentage of the dry weight of the total sediment sample. 
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The spatial distribution of the total organic matter in the 
superficial sediments of the Sado estuary is shown in figure 4.8. The 
highest values correspond to the subtidal sediments of the northern 
margin and northern channel. The Alcdcer channel and sediments 
near Comporta, in the southern margin, also show high percentages 
of total organic matter. 

The regions with lower organic content, less than 1% and 
between 1.01% and 3.00%, predominate in the estuary and they 
occupy respectively 20.6 and 52.9% of the total analysed area. The 
regions with the lowest sedimentary carbon content correspond to 
the estuarine entrance and to the beginning of the southern channel, 
up to the California region. 
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Figure 4.8. Sado estuary. Spatial distribution of the total organic matter content 

of superficial sediments. 

The spatial pattern of total organic matter is very similar to the 

one obtained for the distribution of the fines fraction and the median 
Of superficial sediments (see also figs. 4.3,4.6 and 4-7). The close 

agreement between total organic matter in the superficial sediments 
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and the fines content is clearly demonstrated by the significant 
statistical relation between both variables, according to which, 83% 
of the variation of total organic matter is explained by the fines 
content of sediments (P << 0.001, F test, figure 4.9). 
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Figure 4.9 - Sado estuary. Linear regression between the fines content and 
total organic matter (TOM) of the superficial sediments. 

The principal gradient of organic enrichment in the estuary 
occurs along its longitudinal axis, from the entrance towards the 

inner regions but a transverse reduction in organic content directed 

from the margins toward the intertidal sandbanks is also noticeable 
in the northern channel. 

The distribution of organic matter in the sediments emphasizes 
the differences between the two channels of the Sado estuary already 
noted in the granulometric study. It also agrees with the general 
hydrodynamical characteristics of the estuary, with the major organic 

enrichment located in the deposition areas of the northern channel. 
The fact that these areas also receive urban and industrial effluent 

Outfalls, some with high organic loading (cf. Chapter 2), accounts for 

the marked difference between the organic enrichment of their 

subtidal sediments and that of the rest of the estuary. 

The total organic matter measured by incineration of the 

sediment and the organic carbon determined using the CHN 

analyser, show a strong statistical relation (P << 0.001, F test, figure 
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4.10), which is not the case between total organic matter and the 
inorganic carbon (P = 0.478, F test, figure 4.10). 

This suggests that, in these samples, there is a negligible 
influence of inorganic carbon on the measurements of total organic 
matter by incineration at 450 'C. The values of total organic matter 
determined in this way are thus considered a reliable approach to the 
organic content of sediments, even though it is known that above 400 
OC the inorganic carbon may vaporise. According to Byers et al. 
(1978) and to Kristensen & Anderson (1987), this is a negligible risk 
up to temperatures of 500 IC. 

These conclusions, together with the fact that it was not always 
possible to undertake CHN analyses, underlay the decision to use the 
total organic matter data in the characterization of the sediments and 
in the direct gradient ordination analysis, in Chapter 6. 

13 0Cy=-0.050 + 0.293x RA2adj = 0.89 
+ IC y=1.139 - 0.02 lx RA2adj = -0.0073 

5 

1-4 

1 

0 

Figure 4.10 - Sado estuary. Linear regression between the total organic matter (TOM) 
of superficial sediments determined by loss on ignition and the organic 
(00 and inorganic carbon (IQ measured with the CHN analyser. 

4.6 - SEDIMENT TEMPERATURE 

The temperature of the superficial sediments was measured on 
boardship as soon as the samples were collected. The spatial pattern 
presented by this variable, shown in figure 4.11, suggests a general 
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tendency for increasing sediment temperatures with increasing 
distance from the estuarine entrance. 

This agrees with the annual mean water temperature 
distribution in the estuary (Chapter 2). but it should also reflect the 
fact that samples were taken during the summer season, thus 
accounting for the high sediment temperatures throughout the 
estuary, but in particular in the upper part. 

As expected, the observed sedimentary temperature range, 
from 170C near the mouth and up to 21 IC at the beginning of the 
inner estuary, is much lower than that observed in the water column 
at a comparable time of season, when the water temperature may 
reach 26'C and upwards (cf. Chapter 2). 
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Figure 4.11. Sado estuary. Superficial sediments temperature. 

The temperature data is presented in Table IVA. This table also 
gives the full set of the environmental data to be used in the 

macrobenthic -environment relationship analysis (Chapter 6). 
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Stations 
1 

Fines 
3 Y4 

Sand Gravel TOM Shear s. Flow Veloc. Depth Tem 
2 . 1.09 

1 38. YY 
77.20 

33. ug 
21.71 

U. /6 
0.47 

13.1 
15.2 

1. J 
8.8 

U. UY 
0.10 

4.. ) 
35.0 

15. ý 
18 1 3 1.52 97.78 0.69 0.54 59.0 4.7 0.47 4.5 . 18 1 4 2.56 83.93 13.51 0.60 65.4 21.9 0.60 15.3 . 19 5 5 6.31 63.73 29.95 0.84 37.6 4.2 0.35 42.5 . 18 0 6 3.89 95.76 0.35 0.46 27.4 0.8 0.25 2.0 . 18 8 7 0.99 98.63 0.38 0.33 31.6 7.5 0.38 21.0 . 17 9 8 1.52 86.22 12.27 0.45 60.6 9.3 0.52 13.6 . 17 9 9 3.83 86.44 9.73 0.51 50.8 5.3 0.44 7.5 . 18.0 10 1.92 97.93 0.15 0.47 39.6 2.6 0.36 4.5 18.0 11 0.94 96.90 2.16 0.44 42.2 7.6 0.43 13.0 18.0 12 1.93 97.88 0.18 0.79 21.0 9.3 0.32 25.0 18.9 

13 33.48 66.45 0.07 6.40 5.1 0.6 0.08 2.5 19.0 
14 43.38 56.46 0.16 4.59 8.9 0.8 0.04 18.7 19.0 
15 1.66 98.22 0.12 0.57 10.9 8.8 0.24 29.7 18.5 
16 6.82 93.09 0.09 1.88 19.9 6.2 0.30 9.4 19.0 
17 27.46 47.62 24.91 0.62 41.7 8.2 0.43 17.3 19.5 
18 8.10 91.83 0.06 2.18 15.2 1.2 0.20 5.0 18.6 
19 4.04 84.32 11.64 1.09 46.6 8.4 0.46 17.0 20.3 
20 7.81 92.19 0.01 1.70 31.6 3.2 0.34 4.0 19.0 
21 3.19 96.07 0.74 0.51 14.2 4.8 0.25 14.7 19.3 
22 10.00 84.13 5.87 1.34 11.0 3.1 0.22 13.5 20.0 
23 18.65 66.10 15.25 3.18 2.2 0.5 0.07 4.3 19.8 
24 64.69 35.31 0.01 8.58 3.3 0.6 0.08 5.0 19.8 
25 37.06 62.07 0.88 3.99 7.2 1.8 0.16 8.7 18.5 
26 36.54 58.38 5.08 9.58 3.6 0.4 0.08 4.5 19.0 
27 67.47 32.10 0.43 6.78 3.6 0.4 0.08 6.5 18.9 
28 14.77 73.29 11.93 2.63 14.1 2.3 0.22 9.0 18.8 
29 23.16 76.20 0.64 2.15 18.1 3.8 0.27 8.5 18.8 
30 10.52 89.48 0.01 1.97 30.5 1.9 0.31 3.0 19.8 
31 0.78 98.42 0.80 0.45 45.2 9.5 0.46 19.5 19.0 
32 2.16 97.52 0.31 0.65 11.5 2.0 0.13 4.5 19.2 
33 2.70 75.63 21.68 0.86 10.5 0.7 0.17 16.0 20.0 
34 6.05 93.22 0.73 1.00 40.3 7.5 0.42 16.9 19.1 
35 9.61 90.38 0.01 1.52 35.6 4.0 0.37 5.0 19.0 
36 35.68 64.29 0.03 3.00 25.4 2.1 0.29 4.6 18.8 
37 11.02 83.01 5.97 2.03 26.2 2.4 0.30 5.5 18.6 
38 10.18 84.86 4.96 2.14 15.6 2.9 0.24 12.0 18.5 
39 31.29 68.53 0.18 6.34 4.9 1.5 0.14 5.0 18.4 
40 56.46 43.32 0.23 7.43 9.2 3.0 0.21 11.5 18.3 
41 63.63 36.19 0.18 7.67 8.2 1.4 0.19 4.5 18.3 
42 26.48 72.93 0.58 2.85 16.4 3.6 0.26 14.5 18.2 
43 8.16 91.81 0.03 2.35 33.8 1.6 0.32 2.7 18.8 
44 20.40 79.59 0.02 2.18 24.4 1.6 0.28 5.0 20.5 
45 26.13 69.71 4.16 2.88 47.0 7.9 0.45 15.8 20.4 
46 3.32 94.70 1.98 0.60 12.8 0.3 0.12 5.0 19.0 
47 1.84 96.50 1.66 0.61 49.1 3.3 0.41 4.5 19.2 
48 1.32 96.50 2.18 0.49 52.5 11.6 0.50 21.0 18.5 
49 1.89 95.55 2.55 0.46 60.6 8.4 0.51 12.0 18.0 
50 19.12 80.86 0.02 2.38 42.7 1.0 0.33 3.4 19.0 
51 56.02 43.65 0.34 7.63 9.6 1.0 0.17 5.5 18.1 
52 52.04 47.31 0.66 4.84 16.3 0.9 0.21 3.5 18.0 
53 41.37 57.93 0.70 5.38 13.7 1.5 0.21 3.3 19.0 
54 29.27 68.77 1.97 4.80 15.0 3.4 0.24 11.5 18.1 
55 37.64 61.75 0.61 4.07 16.7 3.2 0.25 7.5 19.2 
56 26.64 73.21 0.15 5.22 12.2 0.7 0.21 4.0 18.7 
57 83.91 16.09 0.01 8.31 4.9 0.4 0.14 4.0 19.1 
58 93.93 6.02 0.05 10.55 8.2 1.6 0.19 6.5 19.5 
59 45.65 54.16 0.19 4.74 20.4 2.5 0.27 6.6 18.0 
60 41.64 58.34 0.02 4.93 22.0 1.7 0.27 2.0 18.5 
61 87.92 12.04 0.04 7.69 4.7 0.7 0.12 5.0 18.7 
62 89.15 10.85 0.01 12.06 7.5 1.0 0.16 4.5 19.5 
63 80 89 19.03 0.08 10.25 24.6 2.4 0.28 7.7 19.5 
64 . 40.39 59.51 0.11 4.76 18.0 1.4 0.24 4.5 19.5 
65 78 95 20.53 0.51 6.93 12.6 2.1 0.21 7.9 19.6 
66 . 

1 43.47 , 56.41 1 0.12 , 3.43 , 21.2 . 1.6 . 
0.26 

. 
6.2 

1 
18.9 

Table IVA Sado estuary. Environmental data. Fines, sand, gravel and total organic 

matter (TOM), are percentages of the dry-weight of the total sediment, Shear stress in 

N. M-2, flow in M2. s- 1, velocity in m. s- 1. depth in meters and temperature in OC. 
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Stations Fines Sand Gravel TOM Shear s. Flow Veloc. Depth Tem 
68 

3.14 
0.60 

1 93. -)U 99.39 
1 3.33 

0.01 
0.64 
0.53 

49.7 
43.4 

3.9 
8.5 

- U-47 
0.44 

J. -I 16.0 1uý, 69 24.68 75.08 0.24 1.93 13.2 3.8 0.23 5.5 19.0 70 31.43 68.47 0.11 2.87 13.7 3.7 0.23 4.5 19.0 71 11.53 86.56 1.91 1.57 37.4 2.0 0.34 4.0 19.0 72 63.43 36.52 0.05 7.07 21.7 2.7 0.28 10.5 19.2 73 75.23 24.77 0.01 12.16 3.8 0.4 0.07 3.4 19. - 74 29.32 66.52 4.16 2.50 4.8 0.4 0.06 4.5 19.7 
75 9.84 85.07 5.08 1.33 28.3 1.6 0.31 5.5 20.0 
76 62.35 37.57 0.08 4.25 28.3 2.9 0.32 9.5 19.5 
77 49.5 49.85 0.65 5.24 28.7 2.3 0.31 3.0 19.3 
78 72.47 27.41 0.13 10.31 14.5 1.3 0.23 4.7 19.5 
79 16.22 83.21 0.57 1.48 28.4 1.8 0.31 3.4 19.5 
80 52.7 46.37 0.93 3.75 16.2 2.5 0.24 8.3 19. - 
81 6.29 92.94 0.77 1.34 28.6 1.0 0.28 2.8 20. 
82 35.78 63.72 0.50 3.48 49.3 5.2 0.44 10.5 20.1 
83 7.56 92.20 0.24 1.97 31.9 5.1 0.36 10.8 19.9 
84 12.42 87.34 0.24 1.32 9.2 1.1 0.17 2.5 20.0 
85 37.33 61.04 1.62 2.87 11.6 0.5 0.17 3.1 20.5 
86 12.91 87.06 0.03 1.33 45.4 3.8 0.40 7.3 19.2 
87 28.92 68.27 2.81 3.42 38.6 4.6 0.39 9.8 19.8 
88 17.55 79.25 3.20 2.21 19.6 0.6 0.22 5.0 20.4 
89 12.96 83.68 3.37 1.51 13.2 0.1 0.04 8.2 20.0 
90 73.58 26.20 0.22 4.35 23.5 2.5 0.29 6.9 20.4 
91 17.45 81.94 0.61 1.91 20.5 0.5 0.20 2.0 20.0 
92 96.28 3.72 0.01 12.39 0.1 0.0 0.10 4.5 21.0 
93 95.00 5.00 0.01 6.82 0.1 0.0 0.10 3.4 21.0 
94 42.75 56.51 0.75 1.72 9.6 1.7 0.20 6.9 21.0 
96 3.62 94.95 1.43 0.94 11.5 1.2 0.19 2.1 20.0 
97 22.63 75.98 1.40 3.58 36.7 1.6 0.33 9.9 19.5 
98 13.67 78.23 8.10 1.95 34.7 1.1 0.31 3.5 21.5 
99 7.57 89.79 2.64 1.54 35.3 3.0 0.35 7.5 19.5 
100 28.72 69.54 1.75 4.89 38.8 3.2 0.37 6.5 19.5 
101 30.40 69.59 0.01 3.33 24.9 2.5 0.29 7.8 19.8 
102 93.75 6.25 0.01 11.37 13.3 1.8 0.22 3.8 20.0 
103 22.33 77.56 0.11 2.52 13.6 1.2 0.21 4.0 20.0 
104 2.77 96.72 0.51 0.77 37.6 3.3 0.36 8.5 19.5 
105 19.92 74.39 5.69 0.80 30.0 0.6 0.25 3.4 18.7 
106 95.99 4.01 0.01 14.1 0.0 0.1 0.15 2.0 19.8 
107 89.93 10.07 0.01 9.67 27.2 1.9 0.29 6.0 20.0 
108 6.83 92.69 0.47 0.87 38.1 3.3 0.37 7.5 21.0 
109 27.72 72.18 0.11 2.82 34.2 3.9 0.36 8.5 20.5 
110 26.28 73.35 0.37 3.52 30.4 3.1 0.33 7.7 20.5 
111 27.54 72.40 0.06 2.12 27.3 2.4 0.31 1.9 20.0 
112 22.23 77.65 0.11 1.87 25.3 2.0 0.29 1.5 20.9 
113 29.09 70.58 0.33 1.86 26.0 2.8 0.30 5.7 20.9 

114 22.60 76.65 0.75 1.62 32.7 3.1 0.34 8.5 20.5 
115 1.70 97.56 0.74 0.60 21.9 4.3 0.30 10.1 20.0 
116 12.01 83.34 4.66 1.39 0.4 0.1 0.13 11.9 20.0 
117 62.75 36.81 0.43 8.76 2.3 0.0 0.10 7.5 19.5 
118 8.20 85.84 5.95 1.44 4.3 0.9 0.08 12.0 20.0 
119 1.59 93.71 4.70 0.71 27.6 4.3 0.33 10.6 21.5 
121 13.12 75.43 11.45 0.61 24.7 3.8 0.31 11.6 20.2 
122 32.90 65.81 1.29 2.63 30.5 1.3 0.30 6.5 20.0 
123 2.41 97.59 0.01 1.04 29.9 1.7 0.31 2.5 20.5 
124 26.22 71.73 2.05 2.76 33.8 2.4 0.34 4.7 20.5 
125 9.60 89.49 0.91 2.24 30.6 3.1 0.33 12.5 19.5 
126 16.36 80.57 3.07 1.95 13.6 2.2 0.22 9.5 19.5 
127 1.93 98.02 0.05 0.52 25.1 0.4 0.24 1.1 10.5 ; 
128 7.86 91.71 0.43 0.98 52.5 1.8 0.40 6.5 0.1 
129 24.01 75.91 0.07 2.53 37.4 2.6 0.35 3.0 11.0 ; 
130 47.07 52.64 0.29 5.49 22.4 1.3 0.26 3.1 1.1 
131 5.38 89.15 5.48 1.18 24.4 2.7 0.29 7.5 20.2 
132 48.07 51.44 0.49 3.34 23.2 2.1 0.28 6.0 21.2 
133 84.02 , 15.98 , 0.01 , 6.04 , 23.2 . 

0.9 
. 

0.25 
. 

1.4 22.0 

Table IVA (continued) 
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CILAPTER 5 

MACROFAUNA CELARACTERIZATION 

5.1 - INTRODUCTION 

Studies on Sado macrozoobenthos were. first made as part of an 
pluridisciplinary work designed to assess the effects on the estuary of 
a thermal power plant (Peneda, 1980,1981, Pinto, 1982, Monteiro 
Marques, 1982, Peneda et al., 1982a, 1982b, Rodrigues, 1982, 
Marques & Bellan, 1985, Cancela da Fonseca et al., 1987, Marques, 
1989). Some aspects of the intertidal communities have also been 
studied (Gamito 1983, Costa et al., 1984,1990, Costa, 1988, Dexter, 
pers. comn-L, Rodrigues et al., in press). 

These previous investigations however were concerned with 
small scale spatial or temporal variability (Rodrigues, 1982). or with 
intertidal communities (Costa. 1988, Rodrigues et aL, in press) or, 
although general, were less comprehensively designed for 

assessment of the complexity of the gradients and the spatial 
heterogeneity of the estuary (Pinto, 1982, Cancela da Fonseca et al., 
1987). These latter authors sampled after a major flood and stormy 
winter which occured during 1978/79 and which may have well have 

caused the collection of impoverished and heterogeneous samples. 

The previous chapters have presented the most relevant and 
presently available environmental data influencing the benthic 

communities from the Sado estuary, either obtained during this work 
or by other workers. This chapter presents the data of the subtidal 
benthic macrofauna survey. The data consists of faunal lists from each 
sampling station, in which each species is identified and represented 
by its quantitative abundance and biomass. To assess the spatial 
variability, the data per sampling station will be presented almost 
exclusively in the form of distribution maps of the study area. The 

analysis will focus on the primary biological variables of species 

richness (S), abundance (A) and biomass (B), together with various 
diversity indices, e. g. species diversity (H') and eveness (J), and also 
the abundance ratio (A/S) and the size ratio (B/A). In every case the 
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data from the total macrofauna. will be considered. Where relevant 
each of the variability in the most important estuarine taxonomic 
groups, Annelids, Arthropods and Molluscs will be examined and 
appropriate individual species distribution will be charted. 

In order to assess the amount of food potentially available to 
predatory populations from the macrofauna in the estuary, the 
secondary production was estimated. 

An assessment of the presence of simple gradients of 
community disturbance, the spatial variability of the values obtained 
for the different variables in each station were compared to what is 
known from the SAB model and the variation of A/S and B/A through 
a gradient of increasing/ decreasing organic input (Pearson et al., 
1982, Pearson & Rosenberg, 1978). 

Finally, the analysis of benthic data will also consider the 

classification of species into trophic groups in order to assess the 
trophic structure of the estuary (Pearson, 1971a). The simultaneous 
analysis of environmental and biological data is the subject of the next 
chapter. 

5.2 - PRIMARY AND DERIVED BIOLOGICAL VARIABLES 

5.2.1. - Species richness (S), Abundance (A) and Biomass (B) 

5.2.1.1. - Total Macrofauna 

The benthic survey conducted in the Sado estuary identified 

the presence of 362 species, represented by 80218 specimens with 
the total biomass of 2852.35 g (blotted wet-weight). The raw data is 

presented in a separate appendix, lodged at the Library of the 

University of Stirling and LNETI. 

The fauna at each of the sampling stations is mainly made up of 
Annelids, Arthropods and Molluscs. Together, these groups comprise 
approximately 93% of total species richness and total biomass, and 
98% of total abundance. Annelids were the most abundant and 
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species rich group and also the only one present in all the sampling 
stations with macrofauna. Molluscs contributed the highest total 
biomass. 

In addition to these major taxonomic groups, total macrofauna 
also included less well represented groups, namely echinoderms, 
anthozoans, nemerteans, sipunculids, ascidians, phoronids, and 
others. Table V-1 summarizes the distribution of species richness, 
abundance and biomass among the different taxonomic groups. The 
full species list with taxonomic authorities and the respective 
number of presences in the estuary, total abundance and biomass, is 
presented in Annex II. Annex III presents the species codes used in 
the data treatment developed in Chapter 6. 

Table V. 2 gives for each of the sampling stations, the total 
species richness, the total abundance and the total biomass 
expressed as wet-weight, and ash-free dry weight. 

8 A B 
AWNELIDA LU 53843 501.30 
Polychaeta 131 52347 491.27 
011gochaeta 3 1296 0.82 
fragments 9.30 

MOLLUSCA SIL 4054 2054.62 
Polyplacophora 4 99 187.53 

Scaphopoda 1 1 0.32 
Nudibranchia 1 6 0.03 
Gasteropoda 21 625 157.21 

Blvalvta 54 4203 1709.53 
ARTHROPODA 123 20121 ICK. 48 

Pycnogonida 1 2 0.001 
Insecta 1 5 0.01 

Ostracoda 3 313 1.10 
Malacostraca 118 19801 103.37 

ECHINODEIRMATA 7 115 &24 
Holothurtoidea 2 18 3.36 

Ophiuroidea 3 91 

1 

0.94 
Echinoidea 2 6 1.94 

VARIAO 17 1406 186.62 
TOTAL 332 802181 . 36 

0 includs phoronids, stpunculids. anthozoans, nernerteans, 
ascidians, cephalochordata, platyhelminthes and fishes. 

Table V. 1- Total number of species (S), individuals (A) and 
biomass (B) - g, wet-weight - of the different 
taxonomic groups identified in the Sado estuary. 
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A S A B1 B2 
---- 

St. S A B1 B2 1 
2 52 

385 
317 

6 
2.51 

T-= 
0.232 68 

Is 
7 

6 9' 
7 0.44 0.043 

3 17 119 1.09 0.143 69 36 186 10.45 307 1 4 43 725 1.68 0.231 70 64 858 49.49 . 5.379 
5 70 1123 38.62 3.915 71 46 319 5.50 1 096 6 46 990 15.82 1.758 72 46 702 20.00 . 1.959 7 16 76 0.36 0.038 73 13 31 0.56 0.065 
8 20 94 0.61 0.055 74 33 499 14.63 1.901 9 42 198 1.04 0.118 75 46 281 19.36 2.103 

10 22 88 3.19 0.277 76 39 618 7.96 0.941 
11 38 206 0.53 0.076 77 60 1269 56.70 4.091 
12 62 1994 3.87 0.427 78 15 44 0.22 0.027 
13 91 807 71.87 6.931 79 62 939 79.28 7.312 
14 72 1084 85.97 10.277 80 39 513 49.95 3.098 
15 49 1230 6.41 0.846 81 58 1130 29,08 4.171 
16 89 1218 46.89 5.221 82 38 920 11.13 1.118 
17 60 589 9.42 2.570 83 61 617 16.71 3.580 
18 62 739 42.62 5.652 84 50 965 71.63 4.180 
19 84 989 39.40 4.127 85 49 537 86.96 5.796 
20 68 699 11.50 2.034 86 24 123 11.13 0.765 
21 73 1279 6.68 0.776 87 28 556 11.53 1.595 
22 67 1079 134.51 10.870 88 29 323 6.96 0.854 
23 59 710 13.87 1.775 89 38 403 8.97 1.099 
24 24 155 3.51 0.320 90 18 113 3.66 0.436 
25 71 966 14.25 3.720 91 48 665 17.40 1,469 
26 17 14731 73.75 6.458 92 14 27 0.22 0.033 
27 52 758 33.13 7.803 93 7 1204 4.12 0.494 
28 83 986 39.22 4.454 94 30 86 11.18 0.827 
29 73 668 14.03 1.686 96 40 413 3.47 0.431 
30 59 643 14.09 1.668 97 53 1548 24.70 3.430 
31 6 13 0.56 0.052 98 47 501 35.13 3.696 
32 15 22 8.60 1.008 99 29 376 5.25 0.660 
33 38 126 177.21 13.899 100 50 1163 39.44 3.800 
34 31 282 9.28 1.203 101 58 796 7.40 2.948 
35 45 468 8.93 1.324 102 16 80 5.31 0.389 
36 63 868 90.51 9.107 103 34 356 5.78 0.629 
37 67 670 8.83 1.220 104 11 85 3.80 0.341 
38 55 543 13.66 2.022 105 51 477 34.36 3.144 
39 63 1108 60.56 8.206 106 19 333 3.41 0.422 
40 63 1638 75.23 7.114 107 21 63 2.89 0.400 
41 46 764 89.07 5.793 108 24 254 6.78 0.770 
42 35 527 10.23 1.039 109 29 280 14.73 1.554 
43 76 623 5.60 1.014 110 33 296 6.14 1.010 
44 61 607 14.67 1.501 111 50 517 46.12 3.384 
45 60 765 10.18 1.996 112 29 406 40.33 2.947 
46 42 370 10.17 1.131 113 34 963 13.87 1.685 
47 73 954 37.18 3.288 114 21 138 8.91 1.046 
48 35 93 0.68 0.167 115 14 56 1.00 0.126 
49 29 253 0.50 0.192 116 28 141 20.86 2.861 
so 43 408 15.00 1.068 117 10 22 0.37 0.051 
51 45 287 43.65 3.668 118 11 118 1.83 0.220 
52 52 343 44.96 4.350 119 24 55 4.50 0.360 
53 49 499 23.12 2.252 121 6 15 0.24 0.032 
54 50 873 16.32 3.352 122 33 396 17.68 1.421 
55 52 982 73.86 4.644 123 15 70 3.74 0.435 
56 33 228 12.68 1.033 124 38 479 11.78 1.492 
S7 22 258 18.58 1.026 125 4 60 3.24 0.417 
58 28 201 9.56 1.121 126 5 14 1.32 0.126 
S9 44 678 38.89 3.071 127 15 77 0.67 0,094 
60 56 1321 41.67 3.333 128 13 61 0.82 0.114 
61 17 266 6.13 0.479 129 44 362 19.46 1.991 
62 8 10 2.98 0.346 130 34 267 9.94 0.975 
63 37 487 48.38 3.630 131 20 115 6.25 0.446 
64 47 587 26.48 1.874 132 19 92 1.31 0.167 
65 15 55 1.27 0.158 133 25 93 21.54 1.629 
66 1 511 6551 15.36 1 0.967 , 1 1 1- 

-- 
I 

Table V. 2 - Total number of species (S - sp/0. jm2). abundance (A - ind/O. Im2), wet - 
weight (Bl) and ash-free dry weight biomass (B2 - g/O. jm2), in each sampling station. 
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Of the 362 species identified 87 were taken once and 36 twice. 
and 229 species were present in 10 or less stations (sampling 
frequency of 13%). These low frequency species represent 63% of 
the total number of species sampled. 

On the other hand 15 species were present in 67 or more 
stations (sampling frequency higher than 50%). Nine of these 
belonged to the polychaete Annelids, 4 to the Arthropods, I to the 
bivalve Molluscs, the other being a nemertean. Figure 5.1 illustrates 
the partitioning of species as a function of their occurence in the 
sampling stations. It is clear that the majority of species (209 out of 
362) show a sampling frequency below 5% (present at up to 7 
sampling stations). 

9 

8 

7 

; -4 c) 
.0 

2 

1 

0 

1) 
v r- %j It vvvuVIvvI r- v 

5% 10% 25% 50% 75% 

Di. n4n n n', ' n rn r"i rz, m 

Number of occurences 

Figure 5.1 - Histogram showing the frequency of occurence of species in the sampling 
stations. Vertical lines and percentages represent sampling frequencies. 

The most common species (sampling frequency higher than 
60%) were the polychaetes, Caufferiella sp, Cirriformia sp, Aonides 
OxYcephala, Tharyx sp and Spiochaetopterus costarum with 
respectively 103,100,91,90 and 89 occurences, and the 
crustaceans Corophium annulatum-and lphin6e tenella which 
appeared in 88 and 84 stations. 
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The spatial pattern shown by the distribution of the total 
species richness is presented in figure 5.2. Only two out of the 133 
sampling stations were afaunal. These stations, 95 and 120, are 
located in the northern channel, near the margin of the estuary. 

An analysis of figure 5.2 shows clearly that the group which 
comprises the highest number of sampling stations (66 - 50% of the 
total), includes those stations having between 33 and 64 species. 
Sampling stations with fewer species are mainly located in the 
vicinity of the urban effluent outfall (stations 24 and 26), in the 
northern channel along the margin from Propam to Eurominas and 
also in the upper region of the estuary, in front of Boliden, Setenave 
and Eurominas. On the other hand the richest stations, with more 
than 64 species, are located closer to the estuarine entrance, in a 
region between the mouth of the estuary and the beginning of the 
intertidal sandbanks. 

In general, the spatial variability of species richness follows the 
longitudinal aNis of the estuary. The total number of species increased 
from the entrance inwards, up to the beginning of the intertidal 
sandbanks and then decreased in the direction of the upper and 
inner regions. In the northern channel this gradient showed some 
local modifications as a result of the impoverishment close to the 

margin (cf. figure 5.2). 

As with the total species number, total abundance also showed 
very heterogeneous values, with a majority of species represented by 
few individuals. Only 79 species (22%) were represented by more 
than a total of 100 individuals. Of the remaining 283 species, 179 

were in fact represented by a maidmum of 10 specimens. These 

species, which represent almost 50% of the total number identified 

in the estuary, comprise only- 686 specimens, e. g. less than 1% of 
the total abundance. 

The 79 species represented by more than 100 individuals 

correspond to 37 Annelids, 27 Arthropods, 11 Molluscs and 4 

species from other groups (nemerteans, phoronids and anthozoans). 
Of these, a total of 17 species were present with more than 1000 
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Figure 5.2 - Sado Estuary. Spatial distribution of total species richness 
(sp. /O. jm2). General (upper graph) and detailed view (lower 
graph). 
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specimens. They included 10 Annelids, 6 Arthropods and 1 Mollusc. 
Together, they comprise almost 70% of the total abundance. 

The polychaetes Capitella capitata, Spiochaetopterus costaruni, 
Tharyx sp, Cirriformia sp and Caulleriella sp were the 5 most 
abundant species, comprising 34159 individuals representing almost 
43% of the total abundance. The amphipods Corophium annulatum 
and Photis longipes were the most abundant crustaceans with 2611 
and 2417 individuals and Abra alba the most abundant Mollusc with 
1652 individuals. 

The spatial distribution of abundance classes in the estuary is 
presented in figure 5.3. 

This suggests that a major group of sampling stations with 
higher densities (401-800 and > 800 ind. /O. 1 M2) occupies the 
region between the estuarine entrance and the beginning of the 
intertidal sandbanks. Usually, the highest densities result from the 
marked dominance of one or two species in those particular stations, 
for example the maximum value was found at station 26, located in 
the vicinity of the urban sewage (14731 individuals/0.1 M2), where C. 

capitata was found in high numbers (14496 ind. /O. lM2), 

corresponding in fact to 92% of the total abundance of this species in 
the estuary. 

The lowest densities, 0-200 and 201-400 ind. /0.1 M2 shown in 
figure 5.3, correspond to sampling stations located along the 

northern margin, in the upper and inner regions of the estuary and 
finally in the entrance of the estuary, and the southern channel 

where coarse sediments exist. 

Changes in relative dominance are shown in figure 5.4, which 
plots the abundance of the first ranked species at each of the 

Sampling stations. The highest values of relative abundance (>50%) 

correspond to stations located along the northern margin and in the 

upper region of the estuary. At 66 sampling stations (= 50%) the first 

rank species comprises 25% or less of the total abundance. 
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Figure 5.3 - Sado Estuary. Spatial distribution of total faunal 
abundances (ind. /O. Im2). General (upper graph) and 
detailed view (lower graph). 
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Figure 5.4 - Sado estuary. Relative abundance represented by the first rank species. 

The most abundant species at those sampling stations having 
higher densities, and located between the entrance and the 
beginning of the sandbanks, change as distance from the entrance 
increases. In stations 5,6,12,15, and 21, closer to the entrance, 
dominance is due to the amphipods, Photis longipes, Corophium 
annulatum and Parianibus typicus and a tanaid, Apseudes latreilIL In 
station 13, the amphipod Corophium annulatum and the bivalve Abra 
alba, dominate, and in station 16, dominance is due to the polychaete 
Spiochatopterus costarum and the tanaid Apseudes latreilli. At 
sampling stations 14,25,28,39 and 40, inwards of the latter, 
dominance is due to the polychaetes Tharyx sp, Caulleriella sp, 
Mediomastus capensis and Melinna palmata or to the oligochaete 
Tubiftcoides benedeni. These last species occur commonly in 
organical. ly enriched areas (Pearson & Rosenberg, 1978) and changes 
in the dominant species at these stations, located in the vicinity of 
the urban sewage, could be related to the influence of this input. This 
is also indicated by the fact that station 26, the closest to the outfall, 
is strongly dominated by the opportunist Capitella capitata 

At the stations with highest densities along the northern 
channel (stations 54, 55,60,77,79 and 93) the dominant species 

109 



are all polychaetes, Tharyx sp, Cirriformia sp, Melinna palmata, 
Spiochaetopterus costarum and Capitella capitata. At stations 97 and 
81, respectively in the northern and in the southern channel, but 
both located near the intertidal sandbanks, the dominants are the 
amphipods Corophium annulatum and Corophium runcicorne. The 
other sampling stations with the highest abundances are located in 
the southern channel and dominance is mostly due to the polychaete 
Spiochaetopterus costarum. 

Globally, the spatial pattern shown by abundance classes 
resembles the distribution of species richness, particularly in those 
regions with the highest and lowest values. The former corresponds 
essentially to a group of stations located inwards of the entrance and 
before the beginning of the sandbanks, while the latter corresponds 
to locations with coarser and unstable sands in the vicinity of the 
mouth and along the southern channel and the sampling stations 
closer to the northern margin of the estuary, extending inwards of 
Etermar up to Eurominas. This latter region is influenced by the 
industrial complex in the Sado estuary. 

Biomass was measured as a wet-weight, dry weight and ash-free 
dry weight. A full description of the methods used to obtain and 
convert the various measures of biomass is presented in chapter 3. 
The conversion factors calculated for each species are presented in 
Annex IV. 

As expected, total biomass per species is very unevenly 
distributed. The total biomass for each major taxonomic group also 
shows strong differences, with Arthropods clearly comprising the 
greater part of total biomass. Expressed as blotted wet-weight, 
Molluscs, Annelids and Arthropods comprise 93% of total biomass, 
whilst Molluscs alone represent 72% (cf. table V. 1). 

Individual biomass also shows a clear dominance by Molluscs 
species. Considering wet-weight biomass, 38 species (10.5%) are 
represented by more than 10.0g, comprising 91.3% of total biomass. 
Of these species, 19 are Molluscs (50%), 14 Annelids, 1 is an 
Arthropod and 4 belong to other groups. The six dominant species, 
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which all contribute more than 100.0 g and comprise 55.4% of total 
wet-weight biomass, are also Molluscs, Cardium paucicostatum, 
Venerupis pullastra, Chaetopleura angulata, Solen marginatus, 
Nassarftý reticulatus and Abra afficL 

If expressed as undecalcified dry weight, Molluscs biomass 
dominance becomes even more explicit. In fact, 29 species (8.0%) 
are represented globally by more than 5.0 g and comprise 93.3% of 
total dry weight biomass. Of these, 21 are Molluscs (72%), 4 
Annelids, I is an Arthropod and 3 species belong to other groups. 
Three species are represented by more than 100.0 g and comprise 
55.2% of total biomass, the Molluscs Cardium paucicostatum, 
Venerupis pullastra and Chaetopleura angulata. 

Considering ash-free dry weight measurements, which 
eliminates the contribution of shells and other non-soft parts, 34 
species (9.4%) are represented by a total biomass higher than 1.0 g, 
of which 15 are Molluscs (44.1%), 15 Annelids, I an Arthropod and 3 
belong to minor groups. These 34 species comprise 90.1% of total 
ash-free dry weight biomass. Seven species weighed more than 10.0 
g and comprise 54.9% of total biomass. Five of these species are 
Molluscs, Nucula nucleus, Venerupis pullastra, Cardium 

paucicostatum, Chaetopleura angulata and Solen marginatus, one is a 
polychaete, Notomastus latericeus and the other an undetermined 
anthozoan species. 

The spatial distribution of total wet-weight biomass per 
sampling station, shown in figure 5.5, presents a clear pattern. The 
highest biomass, 177.21 g/0. IM2, was found in station 33, dominated 
by the bivalve Venerupis pullastra. Other high values (ý: 32.01g/0.1M2) 

were found mainly along the estuarine margins, in the northern, from 

the mouth of the estuary until Etermar, and in the southern inwards 

of Instalag6es Navais. Other areas of high values are located closer to 
the margins of the intertidal sandbanks and comprise two to four 

sampling stations. With the exception of sampling stations 16 and 79, 

where the biomass dominance is due to an anthozoan and a 
polychaete species, all the others correspond to Mollusc species. 
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Figure 5.5 - Sado Estuary. Spatial distribution of total wet-weight 
biomass (g/O. Im2). General (upper graph) and detailed view 
(lower graph). 
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The areas with the lowest biomass are also clearly delineated 
spatial regions in the estuary, namely the entrance (excluding the 
region nearest to the northern margin), the northern margin inwards 
from the EDP outfall and extending up to an area located in front of 
Boliden, Setenave and Eurominas, in the upper region, and a patch in 
the southern channel which comprises sampling stations 48.49,67 
and 68. In general, all these low biomass areas also showed low 
abundances and some of them low species richness (cf. figures 5.2. 
5.3,5.5). 

The relative proportion of wet-weight biomass contributed by 
the first ranked species at each of the sampling stations is presented 
in figure 5.6. The class encompassing the highest number of stations 
(65, = 49%) consists of those in which the relative biomass of the 
first ranked species lies between 25 and 50% of total biomass, 
suggesting that biomass is more enevenly distributed than is species 
abundance (cf. figure 5.5). Also the distribution of sampling stations 
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Figure 5.6 - Sado estuary. Relative wet-weight biomass represented by the first rank 

species. 
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belonging to the classes with higher hierarchical partition of biomass. 
is not so clearly locahsed as in the case of abundances, as there are 
more stations in the entrance region and in the south channel where 
the first ranked species biomass value lies in the higher percentage 
classes. 

Figure 5.7 presents the spatial distribution of total ash-free dry 
weight biomass per sampling station. This map shows, in general, the 
same low and high value areas as the wet-weight biomass, but the 
grouping of stations is clearer and appears less scattered than in 
figure 5.5. 
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Figure 5.7 - Sado estuary. Spatial distribution of the total ash-free dry weight 
biomass (g/0. I m2). 

5.2.1.2. - Annelids, Arthropods and Molluscs 

Tables V. 3, V. 4 and V-5 give for each of the sampling stations, 
the species richness (V. 3) abundances (V. 4) and biomasses expressed 
as wet-weight and ash-free dry weight (V. 5), of the most important 
taxonomic groups identified in the estuary, Annelids, Arthropods and 
Molluscs. 
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St. Ann. Moll. 
ý 

Arth. 
- 

St. Ann. Moll. Arth 1 27 16 26 67 -= 3 0 . 4 2 27 8 16 68 3 2 
3 8 1 7 69 18 6 
4 19 2 17 70 30 14 18 5 25 18 21 71 24 4 14 6 16 10 20 72 20 10 15 7 8 2 6 73 4 1 8 8 13 1 5 74 18 3 9 9 23 5 11 75 21 9 1 10 10 3 8 76 17 6 1 

11 20 1 17 77 26 9 2. 12 31 10 15 78 11 0 4 
13 32 21 29 79 29 9 20 
14 34 12 20 80 17 7 13 
15 22 4 21 81 28 5 )1 
16 40 20 24 82 19 7 10 
17 28 9 18 83 33 11 14 
18 32 13 14 84 20 10 17 
19 42 14 22 85 22 12 11 
20 30 10 22 86 15 4 4 
21 32 7 25 87 18 4 5 
22 26 7 28 88 15 5 7 
23 34 9 11 89 18 4 14 
24 15 4 4 90 10 4 4 
25 30 8 25 91 25 5 14 
26 9 4 4 92 10 0 4 
27 26 8 16 93 6 0 1 
28 40 9 27 94 15 5 8 
29 36 11 21 96 20 3 13 
30 26 7 22 97 26 5 18 
31 3 0 3 98 19 8 18 
32 9 3 3 99 18 3 7 
33 21 7 8 100 22 13 13 
34 19 4 7 101 29 9 17 
35 27 3 13 102 5 4 6 
36 28 8 24 103 16 4 13 
37 32 10 20 104 9 1 1 
38 26 6 21 105 25 8 13 
39 27 9 21 106 11 3 5 
40 27 13 17 107 11 3 6 
41 20 9 14 108 14 2 7 
42 21 4 9 109 15 4 7 
43 32 11 29 110 19 5 8 
44 26 12 21 111 23 9 15 
45 27 7 19 1 12 13 7 7 
46 18 6 16 113 18 5 9 
47 31 18 21 1 14 13 4 3 
48 23 2 9 115 11 1 2 
49 20 1 7 116 12 4 10 
50 18 6 16 117 4 0 5 
51 16 9 17 118 3 3 4 
52 22 10 18 119 13 3 8 
53 21 11 15 121 5 1 0 
54 24 8 18 122 17 6 10 
55 22 9 18 123 7 4 3 
56 17 6 8 124 20 6 10 
57 12 2 7 125 2 0 2 
58 12 1 15 126 2 2 0 
59 20 6 15 127 13 0 
60 28 7 18 128 8 1 4 
61 9 2 5 129 19 6 15 
62 5 1 2 130 17 3 12 
63 19 7 10 131 9 6 
64 23 9 12 132 9 3 6 
65 9 0 5 133 10 2 1- 
66 1 22, 71 19, 1 1 1 

Table V. 3 - Species richness (species/0. im7-) for each of the sampling 
stations of the most important taxonomic groups: Ann. - 
Annelids, Moll. - Molluscs and Arth. - Arthropods. 
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St. Ann. Moll. Arth. St. 
- ' 

Ann. Moll. Arth. 
1 
2 155 17 

2 
140 

T 7- 
68 3 

0 

2 
T 

3 75 6 36 69 115 40 4 87 6 618 70 695 86 68 5 249 127 688 71 226 6 66 6 102 28 860 72 499 58 138 7 37 3 36 73 21 1 9 8 61 1 29 74 405 26 62 9 127 38 27 75 206 10 52 
10 20 10 57 76 471 7 21 69 
11 156 3 47 77 1049 54 153 12 209 53 1603 78 40 0 4 
13 300 154 314 79 719 28 165 
14 671 77 316 80 309 37 165 
15 140 18 1055 81 590 14 477 
16 744 112 331 82 765 130 23 
17 427 25 106 83 460 39 94 
18 397 214 117 84 468 32 432 
19 837 35 78 85 347 35 135 
20 438 61 189 86 110 5 6 
21 391 100 739 87 465 79 11 
22 547 93 420 88 251 35 24 
23 488 105 85 89 361 5 35 
24 110 37 7 90 99 8 6 
25 665 48 220 91 403 6 246 
26 14680 43 8 92 21 0 6 
27 363 119 273 93 1199 0 5 
28 576 64 275 94 63 6 9 
29 475 18 153 96 303 20 86 
30 463 47 120 97 363 17 1136 
31 6 0 7 98 315 38 141 
32 12 5 5 99 351 4 12 
33 65 51 8 100 1048 45 65 
34 246 22 9 101 430 67 287 
35 365 32 50 102 23 20 27 
36 333 91 434 103 281 5 67 
37 402 44 182 104 83 1 1 
38 223 22 282 105 334 21 113 
39 812 136 138 106 310 16 7 
40 1061 124 435 107 43 3 16 
41 489 132 124 108 225 6 2" 
42 431 34 57 109 182 70 17 
43 302 25 263 110 241 34 19 
44 356 23 212 111 306 41 155 
45 280 20 410 112 345 19 14 
46 172 15 181 113 911 29 18 
47 339 112 491 114 126 5 4 
48 74 2 16 115 53 1 
49 241 1 10 116 80 35 8 
50 253 19 131 117 8 0 13 
51 62 70 150 118 58 51 6 
52 212 30 89 119 40 4 11 
53 206 19 264 121 14 1 0 
54 470 119 284 122 298 67 31 
55 773 32 173 123 55 8 5 
56 107 11 104 124 321 80 73 
57 134 38 85 125 57 0 3 
58 131 68 126 3 9 0 
59 459 18 190 127 71 6 0 
60 892 28 388 128 56 1 4 
61 88 3 170 129 192 10 151 
62 6 1 3 130 173 27 63 
63 359 56 71 131 85 15 7 
64 428 '917 124 132 45 11 33 
65 27 0 27 133 20 18 54 
66 404, 135. 1 3, 

-1 -- I -- --I Table VA - Abundances (ind/O. 1m2) of the most important taxonomic groups in each 
sampling station. Ann. - Annelids, Moll. - Molluscs. Arth. - Arthropods. 
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A nn. M oll Ar th. b 1. A nn. M oll. A rlri. 81 B2 B1 B2 
- 

B1 E3-2 91 B2 B1 B2 B1 82 
2 

u. 
0.54 . 69 

ü 0)61 
8.97 
1.69 

T. = 
0.112 

U. 66 
0.27 0.026 68 0.02 

U. 044 
0.003 

UM, 
0.05 

o. Uoo 
0.005 

1773 
0.3 U 3 0.52 ý 0.076 0.51 0.061 0.06 0.005 69 2.44 0.254 6.19 0.421 1.1 -, 0. lý 4 0.73 0.091 0.10 0.006 0.69 0.065 70 6.52 0.690 40.20 2.139 2.73 - 0.331 5 2.31 0.220 28.92 2.146 1.76 0.187 71 2.38 0.280 0.94 0.042 0.19 0.0"- 

6 1.57 0.161 13.39 1.059 0.87 0.111 72 3.67 0.462 14.05 0.811 2.18 0.269 
7 0.14 0.020 0.05 0.003 0.16 0.015 73 0.45 0.05 3 0.001 0.0003 0.10 0.01-1 
8 0.03 0.003 0.001 0.000 0.57 0.047 74 7.99 0.982 0. -40 0.027 0.16 0.023 
9 0.27 0.029 0.60 0.038 0.15 0.013 75 4.13 0.509 7.47 0.516 1.88 0.332 
10 0.51 0.074 2.28 0.156 0.40 0.041 76 6.20 0.778 1.13 0.074 0.60 0.0-1 , 11 0.35 0.046 0.02 0.001 0.16 0.017 77 13.81 1.437 38.93 1.911 2.52 0.314 
12 1.55 0.215 0.97 0.060 1.07 0.112 78 0.19 0.025 0.00 0.000 0.03 0.004 
13 2.92 0.366 66.18 4.339 0.66 0.074 79 24.54 2.798 39.88 2.354 'JO 0.315 
14 4.26 0.516 79.92 6.251 1.03 0.113 80 3.83 0.508 45.83 2.472 0.27 0.036 
is 1.51 0.201 0.31 0.024 0.97 0.095 81 15.04 1.660 8.32 0.646 0.40 0.03- 
16 5.63 0.603 22.80 1.686 0.75 0.070 82 6.53 0.611 2.42 0.139 2.14 0. -' 58 
17 4.02 0.316 4.79 0.343 0.46 0.040 83 5.46 0.550 10.97 0.744 0.23 0.02S 
18 21.15 0.232 31.02 1.928 0.18 0.019 84 3.78 0.369 65.73 3.425 0.34 0.03- 
19 3.79 0.396 13.03 1.667 1.34 0.094 85 3.02 0.311 81.19 4.747 0.12 0.01 

- 20 6.42 0.674 1.17 0.071 0.30 0.031 86 0.74 0.097 10.36 0.652 0.03 0. ()()' 
21 2.45 0.274 3.29 0.272 0.55 0.062 87 3.16 0.370 3.42 0.210 4.95 0.599 
22 2.48 0.310 130.91 10.252 1.06 0.085 88 2.63 0.330 0.70 0.042 2.21 0.270 
23 8.50 0.971 3.65 0.234 0.24 0.032 89 7.08 0.850 0.21 0.013 0.06 0.007 
24 0.99 0.133 1.73 0.092 0.005 0-001 90 3.36 0. -111 0.14 0.007 0.16 0.019 
25 3.68 0.475 6.28 0.513 0.41 0.044 91 5.50 0.575 10.56 0.515 0.52 0.073 
26 21.98 2.618 51.59 3.599 0.18 0.021 92 0.20 0.026 0.00 0.000 0.02 0.002 
27 3.35 0.379 29.27 2.095 0.51 0.062 93 4.10 0.492 0.00 0.000 0.01 0.002 
28 5.97 0.062 28.72 2.212 1.43 0.154 94 1.42 0.178 8.44 0.473 0.26 0.030 
29 5.14 0.622 7.87 0.578 0.36 0.044 96 2.81 0.360 0.23 0.020 0.10 0.010 
30 3.13 0.320 9.01 0.611 0.15 0.017 97 20.75 2.498 1.74 0.121 1.12 0.135 
31 0.11 0.016 0.00 0.000 0.44 0.036 98 15.82 1.838 14.15 0.954 4.11 0.508 
32 4.88 0.721 3.70 0.267 0.02 0.002 99 3.33 0.342 0.16 0.009 0.18 0.020 
33 0.73 0.097 176.13 13.680 0.11 0.010 100 10.20 1.058 27.96 1.787 1.27 0.154 
34 2.76 0.336 3.63 0.262 0.02 0.001 101 3.02 0.347 3.15 0.266 0.85 0.111 
35 3.04 0.326 2.47 0.143 0.10 0.010 102 0.26 0.037 5.02 0.349 0.02 0.002 
36 3.66 0.426 83.26 5.013 0.47 0.051 103 3.02 0.401 2.61 0.146 0.13 0.016 
37 4.67 0.521 2.76 0.208 0.24 0.026 104 1.58 0.209 2.03 0.107 0.18 0.020 
38 2.21 0.234 4.83 0.304 0.60 0.071 105 6.68 0.800 27.13 1.425 0.28 0.038 
39 4.98 0.622 44.96 2.552 4.32 0.502 106 2.22 0.296 1.17 0.124 0.02 0.002 
40 18.19 2.000 46.11 2.488 0.66 0.079 107 2.82 0.387 0.05 0.002 0.02 0.002 
41 6.42 0.828 31.84 1.931 0.28 0.036 108 1.92 0,199 4.58 0.241 0.11 0.010 
42 5.08 0.628 5.03 0.296 0.10 0.014 109 1.93 0.219 7.19 0.380 3.92 0.472 
43 2.25 0.223 2.76 0.189 0.34 0.034 110 4.03 0.501 2.01 0.146 0.10 0.011 
44 8.78 0.919 5.37 0.340 0.26 0.031 111 2.82 0.273 40.14 2.186 1.22 0.1-13 
45 3.57 0.030 4.38 0.304 0.81 0.081 112 4.61 0.505 32.53 1.933 0.03 0.004 
46 2.30 0.235 7.51 0.555 0.21 0.026 113 7.85 0.788 3.04 0.216 2.28 0.276 
47 6.91 0.790 29.55 2.045 0.44 0.046 114 2.59 0.266 0.95 0.051 2.82 0.346 
48 0.35 0.035 0.09 0-011 0.24 0.027 115 0.60 0.081 0.03 0.004 0.37 0.04, 
49 0.45 0.042 0.002 0.0001 0.03 0.003 116 1.27 0.177 0.50 0.023 0.26 0.031 
50 2.56 0.299 12.13 0.608 0.27 0.030 117 0.18 0.026 0.00 0. ()()() 0-01 0- ()() 1 
51 1.23 0.154 41.72 2.145 0.17 0.017 118 0.40 0.058 0.27 0.015 0.64 0.076 
52 2.40 0.301 41.86 2.552 (). 15 (). ()19 119 0.35 0.045 3.04 0.168 1.13 0.126 
53 5.22 0.609 16.33 1.184 0.50 0.061 121 0.24 0.032 0.003 0.001 0.00 0.000 
54 5.22 0.694 10.35 0.714 0.74 0.092 122 1.69 0.171 11.33 1.563 4.65 0.562 
55 11.07 1.219 61.85 2.936 0.52 0.073 123 1.62 0.214 1.75 0.171 0.01 0.001 
56 1.20 0.149 11.03 0.529 0.28 0.042 124 2.05 0.267 0.58 0.036 8.62 1.042 
57 1.69 0.233 16.79 0.798 O. ()q 0.009 125 1.25 0.185 0.00 0.000 1.99 0.241 
58 5.41 0.646 0.02 0.001 4.13 0.475 126 0.27 0.040 0.70 0.037 0.00 0.000 
59 6.32 0.878 31.78 1.766 0.39 0.049 127 0.64 0.092 0.03 0.002 0.00 0-000 
60 7.90 0.835 31.18 1.762 0.56 0.067 128 0.76 0.105 0.06 0.007 0.01 0.001 
61 2.46 0.306 3.44 0.157 0.20 0.019 129 4.11 0.475 12.06 0.748 0.48 0.054 
62 2.91 0.342 0.07 0.004 0.003 0.0003 130 (). 95 0.129 5.15 0.325 3.47 0.412, 
63 3.53 0.476 44.48 2.278 0.19 0.025 131 0.74 0.095 5.13 0.286 0.02 

- 
0.002 

64 3.70 0.422 22.03 1.273 0.23 0.029 132 0.25 0.027 0.48 0.030 0.5 7 0.062 
65 0.86 0.112 (). oo (). 000 0.41 0.045 133 2.18 0.246 19.30 1.223 0.05 0.006 
66 2.61 1 0.291 1 12.31 , 0.573 0.34 . 0.046 . m - - - 

Table V. 5 - Wet-weight (Bi) and ash-free dry weight (B2) biomass (g/0. Im2) for each of 
the sampling stations of the most irpportant taxonomic groups: Ann. - 
Annelids. Moll. -Molluscs and Arth. - Arthropods. 
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AnneUds 

Annelids were the only taxonomic group present in all the 
sampling stations (excepting stations 95 and 120 with no 
macrofauna). 

A total of 53643 Annelids were collected, 52347 polychaetes 
from 131 species and 1296 oligochaetes from 3 species. 

The most abundant species were the capitellid Capitella 
capitata, the chaetopterid Spiochaetopterus costarum, the 
cirratullids Tharyx sp., Cirriformia sp. and Caulleriella sp., and the 
ampharetid Melinna palmata. These 6 species comprised 36380 
individuals, corresponding to 67.8% and 69.5% of, respectively, the 
total number of Annelids and of polychaetes. 60 species (48%) were 
represented by a total of 10 or less individuals. 

The highest densities of Capitella capitata, 15720 specimens, 
occurred at station 26, near of the Setfibal sewage outfall, and at 
station 93 located near the pulp mill effluent outfall. These stations 
showed, respectively, densities of 14680 and 1199 Annelids per 
O. JM2, of which 14496 (92%) and 1104 (92%) were contributed by 
C. capitatm 

The most frequent by occurring species were the cirratulids 
Caulleriella sp, Cirriformia sp and Tharyx sp, the spionid Aonides 

oxycephala the chaetopterid Spiochaetopterus costarum, and the 
glycerid Glycera tridactyla. Eighty one species (60%) were sampled 
in 13 or less stations (sampling frequency: 5 10%). 

Total wet-weight biomass indicates 14 species contributed 
more than 10.0 g, of which- 78% were Annelids. The polychaets 
Lygdamis murata, Spiochaetopterus costarum, Melinna palmata. 
Cirriformia sp and Capitella capitata, all had values higher than 
25.0g. 
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Figures 5.8 to 5.18 show the spatial distribution and local 
density of several annelid species, chosen either because the species 
are very frequent and/or abundant or because they tend to show 
particular distribution areas. These distribution maps also introduce 
some general features useful to the interpretation of data treatment 
which will be presented in the next chapter. 

Cirratulids are one of the most widespread families in the 
estuary. The three species identified, Tharyx sp, Cirriformia sp and 
Caulteriella sp tend to occupy almost every area in the estuary, with 
the exception of the entrance region. This is particularly clear with 
Tharyx sp. Local density strongly varies for the three species, which 
clearly tend to show the highest abundances in the northern channel 
(figure 5.8). 

Capitella capitata and Malacoceros fUliginosus are particularly 
abundant in the vicinity of the urban sewage and the pulp mill outfall 
and Tubificoides benedeni is present almost exclusively along the 
northern margin (Fig. 5.9). 

The spionid Aonides oxycephala, is distributed throughout the 
estuary, but tends to show higher densities in the northern channel. 
This is also the case with Melinna palmata, which is nearly absent 
from the sampling locations near the entrance, the southern channel 
and the upper estuary, where the species tends to settle only in the 

vicinity of the margin (figure 5.10). 

Other species with a wide distribution are Spiochaetopterus 
costarum, Glycera tridactyla and Polydora caeca (figure 5.11), which 
have higher densities in both the northern and southern channels. 
Spiochaetopterus costarum also has higher densities at some 
sampling stations in the upper estuary. 

The phyllodocids Anaitides mucosa and Anaitides lineata also 
tend to occupy both channels and the entrance region but are almost 
absent from the upper estuary (figure 5.12), while Scalibregma 
inflatum clearly shows higher abundances in the inner part of the 

southern channel and the upper region of the estuary. This species is 
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totally absent from the entrance region and the sampling stations 
near the industrial belt along the northern margin (figure 5.12), 
where some of the carnivores seem to find favourable conditions (e. g. 
Dippatra neapolitana and Marphysa sanguinea, figure 5.12). 

The Capitellid species occupy different distributions in the 
estuary. Capitella capitata, is almost entirely confined to the vicinity 
of the Setfibal sewage and pulp mill outfalls, Mediomastus capensis, 
Notomastus latericeus and Heteromastus filiformis (figure 5.13) tend 
to settle successively from the outer to the inner regions. 
Mediomastus capensis appears near the entrance and in the northern 
and southern channels, with higher densities mainly between the 
mouth of the estuary and the intertidal sandbanks, but is totally 
absent in the upper region. The distribution of Notomastus latericeus 
ranges from the mouth of the estuary up to the inner estuary, while it 
occurs in higher densities along the southern channel and is absent 
through most of the northern channel. Heteromastus filiformis is 
totally absent near the estuarine entrance and in most of the 
southern channel and occurs at its highest densities in the northern 
channel, though extending throughout the upper and inner estuary 
(figure 5.13). 

Terebellids also occupy more or less specific regions, namely 
close to the margin of the estuary and on the intertidal sandbanks 
(figure 5.14). This is clearly the case of Lanice conchilega and 
Lygdamis murata, whilst Pista cristata appears to be more widely 
distributed in the northern channel. All three species are absent 
from the entrance region and the majority of the middle stations 
along the southern channel and the upper estuary. Polycirrus sp, on 
the contrary, is mainly settled near the entrance at the beginning of 
the northern and southern channels, in which the species shows 
higher abundances but extends up to some locations in the upper 
estuary (figure 5.14). 

SvIlids, namely Syllis hyalina and Parapionosyllis elegans also 
.1 

have discrete distributions (fig. 5.15). Both species are present near 
the entrance but while Syllis hyalina extends through the northern 

channel and part of the southern channel, Parapionosyllis elegans 
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occurs throughout the southern channel, especially along the 
southern margin of the intertidal sandbanks, and extends into the 
upper region in the region of median to coarse sand. 

Similar distributions to Parapionosyllis elegans are shown by 
Goniadella * galaica, Scoloplos armiger and Nepthys cirrosa, which all 
occupy principally the southern channel. Another nepthyid, Nepthys 
hombergii tends to be more frequent along the northern channel, 
though also settles in the southern channel margin (figure 5.16). 

The dorvilleids Schistomeringos rudolphi, Schistomeringos 
neglecta and Protodorvillea kefersteini, are all absent from the upper 
region and inner estuary and only occasionally occur in the northern 
channel. They are mainly settled in the entrance region on the 
southern margin of the intertidal sandbanks (Protodorvillea 
kefersteini and Schistomeringos neglecta) or close to sources of 
organic enrichment, namely the pulp mill and sewage outfalls (mainly 
Schistomeringos rudolphi) (figure 5.17). 

Finally, a few other Annelids are mainly distributed near the 

estuarine mouth or in a few sampling stations with coarser sediments 
along the southern channel and the upper region of the estuary. This 

is the case with Pisione remota, Saccocirus papillocercus, Glycera 

capitata, Polygordius appendiculatus and undetermined serpulids 
(figure 5.18). 

Biomass distribution maps from the different species are not 
shown. However, abundance and biomass per species tend to be 
highly significantly correlated, as shown by the results presented in 
table V-6. Both descriptions should thus present similar spatial 
patterns for each of the species. 
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Species DE r level sIgW. 

Cirrifomta sp 98 0.880 
Caulleriella sp 101 0.744 
Tharyx sp 88 0.744 
Dtopatra neapolitana 19 0.553 
Marphysa sanguinea 8 0.678 
Scalibregma inflatum 49 0.985 
Anaitides lineata 45 0.524 
A. mucosa 69 0.740 
Polydora caeca 73 0.963 
Spiochaetopterus costarum 87 0.963 
Glycera tridactyla 78 0.668 
Melinna palTnata 64 0.979 
Aonides oxycephala 89 0.978 
Nephlys hombergii 47 0.309 
N. cirrosa 38 0.390 
Scoloplos anniger 60 0.928 
GoniadeUa gaLaica 30 0.987 
Parapionosyllis elegans 27 0.881 
Sphaerosyffis butbosa 16 0.768 
Syllis hyalina 47 0.999 
Lygdamis murata 28 0.988 
Lanice conchilega 48 0.586 
Pis ta cris ta ta 53 0.759 
Polycirrus sp 32 0.393 
Notomastus latericeus 76 0.679 
Mediomastus capensis 70 0.504 
Heteromastus fil(formis 56 0.511 
Serpulids 17 0.891 
Polygordius appendiculatus 6 0.980 
Glycera capitata 17 0.830 

Ptsione remota 15 0.905 
Saccoctrrus papillocercus 9 0.645 

Protodorvillea kefersteini 29 0.720 

Schistomeringos neglecta 1 1.000 
S. rudolphi 9 1 1.000 1 

Table V. 6 - Abundance and wet-weight biomass correlation 
coefficients for annelid species represented in ftgures 5.8 to 
5.18. df=degrees of freedom; levels of significance < 0.05; 
00 < 0.02; *** << 0.001. 
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Figure 5.8 - Sado Estuary. Spatial distribution and local density 
(ind. /0. jm2) of the Cirratulids. Tharyx sp. CauUerieLla sp. 
and Cirrýormia sp. 
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Arthn3pods 

Arthropods were found in 128 of the 133 sampling stations. At 
stations 95 and 120 (with no macrofauna) and 121,126 and 127 no 
Arthropoda species were sampled. These sampling stations are all 
located close to the northern margin and with exception of station 
95 adjacent to the pulp mill, all lie in the innermost part of the 
upper region of the estuary, in front of Eurominas. 

A total of 20121 individuals and 123 species were collected. 
The distribution of species numbers, abundance and biomass among 
major taxonomic groups is shown in table V. 7. 

S A B 
Arthropods 123 20121 1 04.4i 
Pycnogonids 1 2 0.001 
Insect larvae 1 5 0.01 

Ostracods 3 313 1.10 
Leptostraceans 1 9 0.02 

Mysids 2 147 0.83 
Cumaceans 4 1365 1.23 

Tanaids 3 2174 4.59 
Isopods 13 1046 7.49 

Amphipods 72 14897 14.02 
Decapods 23, 163, 75.19, 

Table V. 7 - Distribution of the Arthropods total number of species (S), 
abundance (A) and wet-weight Biomass (B) among the major 
taxonomic groups. 

Amphipods were the most important group with 72 species 
and 14897 individuals, thus representing 59% and 74% of the total 
number of arthropod species and individuals. Decapods comprise the 
highest partial wet-weight biomass with 75.19 g (72%). 

The most frequent species were the amphipods Corophium 
annulatum, Ampelisca tenuicornis, Microdeutopus versiculatus and 
Phtisica marina, sampled in, respectively, 88,74,54, and 60 
locations. The cumacean Iphin6e tenella occured at 84 stations and 
the isopod Cyathura carinata was present in 63 sampling stations. 
Appro. -dmately 67% of the arthropod spýcies identified in the estuary 
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showed a sampling frequency of :5 10% (present in no more than 13 
stations). Twenty six species were collected only once and 14 twice. 

Analysis of total abundances, shows the species Corophium 
annulatum, Photis longipes, Pariambus typicus, Iphin6e tenella, 
Ampelisca tenuicornis and Apseudes latreilli, to have the highest 
values, with, respectively, 2611,2417,2014,1335,1323 and 1282 
individuals. They comprise 48% of the total arthropod abundance. 

A total of 55 species (45%) were represented by 10 or less 
individuals. 

Only one species was collected with a total wet-weight biomass 
higher than 10.0 g. This species, Upogebia cf. typica, contributed 
52.8 g, corresponding alone to 50.5% of total arthropod biomass. 

Arthropod total species richness. abundance and wet-weight 
biomass distribution per sampling station generally shows a close 
relationship to the spatial pattern derived from total macrofauna data. 
Arthropod total species richness and total abundance, however, tend 
to distinguish part of the entrance region and the northern channel 
(with the exception of sampling stations close to the margin), 
characterized by the highest values. Total wet-weight biomass pattern 
differs and shows some of the highest values in the southern channel 
and inner estuary, which is a significant difference in relation to the 
pattern obtained with total macrofauna data. This particular 
distribution shown by arthropod biomass results mainly from the 
preferential spatial distribution of Upogebia cf. typica, in the 
innermost part of the southern channel and upper region (figure 
5.19). 

The distribution and local density of Arthropods varies from 

species to species. As with the Annelids. some Arthropods are 
confined to particular areas and many have higher densities along the 
northern channel. This is the case with the anthurid Cyathura 

carinata, the cumacean lphin6e tenella (figure 5.20) and the tanaid 
Apseudes talpa (figure 5.21). Nevertheless the two latter species also 
have high densities in the region between the entrance and the 
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beginning of the intertidal sandbanks. The cumaceans Bodotria 
scorpioides and DiastYlis rugosa (cf. figure 5.20) are mainly confined 
to the intermediate region, but the former is also found along the 
northern channel. Neither species was found in the southern 
channel. The tanaid Apseudes latreilli (figure 5.21) tends mainly to 
settle in the outer region of the estuary and at locations along the 
southern margin. All these species tend to be rare in the vicinity of 
the entrance, and in the upper region of the estuary with the 
exception of Apseudes latreilli. 
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Figure 5.19- Sado Estuary. Spatial distribution and local density 
(ind. /0. jm2) of Upogebia cf. typim 

The amphipod. Corophium annulatum is generally distributed 
throughout the estuary but has its highest densities in the 
intermediate area and on the edges of the sandbanks (figure 5.22). 
Other Corophium species, namely Corophium runcicorne, and 
Corophium sextonae are also widely distributed (figure 5.22) but 

Corophium runcicome is almost absent near the entrance and in the 

northern channel, while Corophium sextonae is more frequent in this 

channel, though occurring in higher densities at occasional stations 

near the mouth, in the beginning of the northern channel, in the 

innermost part of the intertidal sandbanks, and the inner estuary. 
Another Corophiidae species Corophium "complex" (Rodrigues & 

Dauvin, 1987) is confined to the upper region and to the inner 
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estuary (figure 5.22). This isolated distribution was confirmed in a 
later survey conducted during August 1990 in the Marateca channel 
(inwards of Eurominas) (Rodrigues & Quintino, 1991). 

Ampelisca species also show higher frequency and densities in 
sampling stations along the northern channel (figure 5.23). This is 
the case with Ampelisca tenuicomis Ampelisca remora (absent near 
the entrance, upper region and inner estuary and very rare in the 
southern channel), Ampelisca diadema, Anipelisca brevicornis and 
Ampelisca spinimana (all almost absent from the entrance, southern 
channel, upper region and inner estuary). 

Similar distributions are shown by Microdeutopus versiculatus, 
Photis longipes (although with higher densities near the entrance), 
Phtisica marina and Pariambus typicus (figure 5.24). 

Other arthropod genera show complementary species 
distributions in the estuary. Thus Melita obtusata is more abundant 
and frequent near the entrance and in the southern channel, while 
Melita palmata is clearly confined to the inner estuary. Melita 
gladiosa, although much less frequent than Melita obtusata tends to 
show similar distribution (figure 5.25). 

The species HaTpinia antennaria and HaTpinia laevis, although 
relatively rare, tend to settle near the entrance, while Harpinia 

pectinata, which is much more frequent, extends mainly throught 
the northern channel (figure 5.26). Atylus vedlomensis is almost 
absent inwards of the beginning of the intertidal sandbanks. while 
Atylus guttatus on the contrary is rather rare outwards of these 

sandbanks (figure 5.27). The mysids Gastrossaccus spinifer and 
Heteromysis microps also show these characteristics, with 
Gastrossaccus spinifer more frequent and abundant near the entrance 
while Heteromysis microps occurs at the end of both channels and in 
the upper region of the estuary (figure 5.27). 

A few other species are only very rarely present inwards of the 

intertidal sandbanks. This is the case of the isopods Cirolana sp and 
Euridyce pulchra, of the amphipods Uroth6e brevicornis and Maera 
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othonis (figure 5.28). Uroth6e grimaldii, Uroth6e elegans (figure 
5.28), Gammaropsis maculata and Gammarela fucicola (figure 5.29). 
although being rare in the same regions as the latter species, were 
also found in some locations in the southern channel (mainly the 
ones with coarser sediments) and at the entrance to the northern 
channel (Gammaropsis maculata and Uroth6e elegans). 

Finally, the burowing decapod Upogebia cf. typica, the largest 

arthropod collected in the estuary by grab samples, clearly tends to 
occupy the innermost region of both northern and southern channel, 
the upper region and the inner estuary (cf. figure 5.19). 

Given the fact that the majority of the arthropod wet-weight 
biomass was determined through the use of conversion factors, 

obtained by weighing combined samples of several specimens of a 
given species from several sampling locations, biomass distribution 

maps would essentially show the same characteristics as the 

abundance maps. 

For Upogebia cf. typica and Cyathura carinata specimens, it was 

possible to measure the separate weight per sampling station, given 
their individual and/or sample size. Correlation coefficients between 

abundance and wet-weight biomass for these two species are 

respectively 0.74 and 0.998, both significantly different from zero at 

p<<0.001, thus suggesting that these species also present very 

similar abundance and biomass spatial patterns. 
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Figure 5.29 - Sado Estuary. Spatial distribution and local density 
(Ind. /0. jm2) of the amphipods Ganunaropsis maculata and 
Gamareffa fucicola. 

148 



Molluscs 

Molluscs were not found at 10 of the sampling stations, namely 
95 and 120 (with no macrofauna) and at 31,65,67,78,92,93,117 
and 125. These stations, with the exception of 31 and 67 in the 
southern channel, are situated in the northern channel, close to the 
margin, within the area of the industrial complex. 

A total of 4934 individuals, with 2054.62 g wet-weight biomass. 
distributed among 81 species were analysed from the whole study 
area. They belong mainly to the Polyplacophora, Gasteropoda and 
Bivalvia classes (cf. table V. 1) - 

Bivalves were the most important group with 54 species (67%), 
4203 individuals (85%) and 1709.53 wet-weight biomass (83%). 

The most frequent species were the bivalves Abra alba, Corbula 
gibba, Hemilepton nitidum and Cardium paucicostatum (present in, 
respectively, 77,60,37, and 35 sampling stations), the gastropod 
Calyptraea chinensis and the polyplacophoran Chaetopleura angulata 
(sampled in, respectively, 44 and 39 stations). Fifty four species 
(79%) were sampled at 13 or less stations (sampling frequency < 
100/6), of which 25 were found once and 8 twice. 

The most abundant species were Abra alba (1652 specimens), 
Hemilepton nitidum (971), Calyptraea chinensis (346), Venerupts 

pullastra (275), Nucula nucleus (196) and Corbula gibba (187). 
Together, they comprise 3627 individuals, representing 74% of the 
total number of Molluscs. On the other hand there were 35 species 
(43%) represented by a total number of 10 or less individuals. 

Nineteen mollusc species are represented by a total wet-weight 
biomass higher than 10.0 g. These species comprise 96% of Mollusc 
total biomass. Cardium paucicostatum, venerupis pullastra, 
Chaetopleura angulata, Solen marginatus, Nassarius reticulatus and 
Abra alba, are the six species with higher total biomass, both for 
Molluscs and total macrofauna. They are all represented by more than 
100.0 g, wet-weight. 
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Both the number and the abundance of Mollusc species and 
abundance per sampling station show distinct and uniform Patterns, 
with the general tendency towards higher values mainly in a region 
between the entrance and the beginning of the sandbanks, the 
northern channel and near the southern margin of the estuary. The 
mouth of the estuary, the sampling stations closer to the industrial 
belt, along the northern margin, the middle part of the southern 
channel and the northern part of the upper region in the vicinity of 
industrial facilities (petrolear shipyard), all have low species richness 
and low abundance. Biomass distribution areas, as expected, show a 
pattern very similar to the one obtained with total macrofauna data. 

Only a few Mollusc species have wide distribution areas. 
Nevertheless Abra alba and Corbula gibba, tend to occupy both the 
northern and southern channels and the upper region (figure 5.30). 
Both species are very rare near the entrance. Abra alba is present at 
higher densities in the outer parts of its distribution range, while 
Corbula gibba tends to be more abundant in the inner regions of the 
northern channel. Abra nitida, though much less frequent and 
abundant than Abra alba settles mainly in the innermost part of both 
channels and in the upper region of the outer estuary. 

Other Molluscs are more commonly found in the northern 
channel and when extending to the southern channel tend to occur 
in the inner part and in the vicinity of the margin. This is the case 
which Chaetopleura angulata, Cardium paucicostatum and Nucula 

nucleus, although this latter species clearly occupies more outer 
areas than the other two (figure 5.31). 

Calyptraea chinensis also extends from the entrance to the 
inner estuary (figure 5.32), though very rare in the northern channel 
and upper region. On the contrary, Hemilepton nitidum (figure 5.32) 
is almost absent from the mouth up to half the length of the northern 
and southern channels. Spisula solida, Venempis pullastra and Ervilia 

castanea, occupy almost complementary distribution areas in the 

vicinity of the entrance and beginning of both channels (figure 5-33). 
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As, with Annelids and Arthropods, Molluscs show very high 

correlation coefficients between abundance and biomass (Table V. 8). 
The only exception is Spisula solida, which, as a result of the 
thickness of the shell of occasional large specimens, has a very high 
biomass. 

Species Df. r level signif. 
=ra aLba 7! 3 U. 8b7 
A. nitida 5 0.937 
CalYPtraea chinensis 42 0.659 
Cardium paucicostatum 33 0.802 
Chaetopleura angulata 37 0.737 
Corbula gibba 58 0.956 
Ervilia castanea 9 0.993 
Hemilepton nitidum 35 0.991 
Nucula nucleus 32 0.816 
Spisula solida 24 0.084 n. s. 
Venerupis pullastra 23 0.606 

Table V. 8 - Abundance and wet-weight biomass correlation coefficients for 
Molluscs species represented in figures 5.30 to 5.33. df=degrees of freedom; 
levels of significance: n. s. = not significant, *<0.01 , ** << 0.001. 

Comparative Importance in the Estuary 

A general appreciation of the comparative importance of the 
major taxonomic groups may be obtained by plotting in a map which 
of the three taxonomic groups is dominant, for each sampling station 
and each biological variable (cf. also tables V. 2, V. 3, VA and V. 5). This 
is shown in figure 5.34. 

Annelids comprise more than 50% of species richness in 63 

sampling stations, occupying the majority of the entrance region, 
southern channel, northern margin and the upper region of the outer 
estuary. In the remaining sampling stations, Annelids are the group 
with highest species richness, excepting a few locations near the 

entrance or close to the margins. 

Almost every location has a taxonomic group comprising more 
than 50% of the total value of abundance. Arthropods tend to 
dominate near the estuarine entrance, while Annelids dominate 

almost entirely in the remaining locations. 

Biomass in each sampling station is clearly dominated by 
Molluscs. The most important exception to this is seen in the 

sampling locations close to the industrial complex in the northern 
margin, where Annelids represent more than 50% of total biomass. 
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Other taxonomic groups 

The subtidal macrofauna of the Sado estuary is principally made 
up of Annelids, Arthropods and Molluscs (cf. table V. 1). The other 
taxonomic groups represent 6.6% of the total species richness, 6.7% 
of the biomass (wet-weight) and only 1.9% of total abundance. 

Echinoderms are rare comprising only 1.9%, 0.1% and 0.2% of 
respectively the total number of species, abundance and biomass 
(wet-weight). The ophiurid Aniphipholis squamata and the holothurid 
Leptosynapta inharens were the most frequent species, present in 
18 and 9 stations, and comprised a total of 106 individuals, which 
represents 92% of the total Echinoderms abundance. 

The remaining taxonomic groups, Phoronids, Sipunculids, 

Anthozoans, Nemerteans, Ascidians, Cephalocordates, 
Platyhelminthes and Fishes (included in Varia, cf. table V. 1), 

represent 4,7% of the total number of species, 1.8% of the 

abundances and 6.5% of the total wet-weight biomass. 

The species with sampling frequency > 10% were the 

Anthozoan spA, Nemertean spC, Phoronis sp, Nemertean spA, 
Virgularia mirabilis and the Nemertean spB, present respectively in 

18,23,25,35,53 and 71 sampling stations. 

In terms of total abundance the Nemer-teans spA and spB, 
Virgularia mirabilis and Phoronis sp, represented respectively by 

464,288,299 and 110 individuals, comprise 83% of the total 

abundances of the Varia. Of these species, V. mirabilis presents a 

particular distribution in the estuary as shown in figure 5.35. 

Considering the wet-weight biomass, the most important 

species were the Anthozoan spA (86.4 g), Virgularia mirabilis (52.2 

g), the Nemertean spC (27.3 g) and the Sipunculids (11.9 g). 
Together they represent 96% of the total Varia wet-weight biomass. 
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Figure 5.35 - Sado Estuary. Spatial distribution and local density 
(ind. /O. Im2) of Virgularia mirabilis. 

5.2.2. - Species Diversity (H) and Eveness (J) 

5.2.2.1. - Total Macrofauna 

Species diversity (H') and eveness W) were calculated for each 
of the sampling stations both with the abundance and wet-weight 
biomass values (table V. 9). 

The values of H', based on abundances, were in the range from 
0.15 to 4.98 and 44% of the sampling stations (=58) showed values 
between 3.5 to 4.5. 

The spatial distribution of this parameter is shown in figure 
5.36. In general, H' decreases along the longitudinal axis seawards- 
inwards and horizontally in the northern channel, from the 
sandbanks towards the margins, and in the southern channel, from 
the sandbanks and the south margin towards the deeper regions. 
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12 2.75 0.46 3.43 0.58 56 3.64 0.72 1.41 0.28 101 4.06 0.69 3.72 0.64 
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18 4.38 0.74 2.26 0.38 62 2.92 0.97 0.25 0.08 107 3.79 0.86 1.43 0.33 
19 4.63 0.72 3.18 0.50 63 4.00 0.77 1.93 0.37 108 3.40 0.74 1.86 0.41 
20 4.96 0.81 3.73 0.61 64 3.52 0.63 2.67 0.48 109 3.74 0.77 2.31 0.48 
21 4.32 0.70 3.96 0.64 65 3.00 0.77 2.07 0.53 110 3.55 0.70 2.54 0.50 
22 4.04 0.67 0.59 0.10 66 3.79 0.67 1.77 0.31 111 4.37 0.77 2.21 0.39 
23 4.64 0.79 4.19 0.71 67 3.44 0.82 1.43 0.34 112 2.56 0.53 2.51 0.52 
24 3.29 0.72 2.01 0.44 68 2.81 1.00 1.74 0.62 113 2.02 0.40 2.74 0.54 
25 4.11 0.67 3.51 0.57 69 4.18 0.81 3.04 0.59 114 1.93 0.44 2.74 0.62 
26 0.15 0.04 1.31 0.32 70 3.85 0.64 2.66 0.44 115 2.57 0.68 1.82 0.48 
27 4.46 0.78 2.45 0.43 71 4.42 0.80 3.36 0.61 116 3.52 0.73 0.90 0.19 
28 4.98 0.78 3.06 0.48 72 3.79 0.69 3.29 0.60 117 2.99 0.90 1.73 0.52 
29 4.61 0.74 4.10 0.66 73 2.58 0.70 1.33 0.36 118 2.38 0.69 2.59 0.75 
30 4.34 0.74 3.47 0.59 74 3.30 0.65 2.77 0.55 119 4.24 0.92 1.63 0.35 
31 2.41 0.93 1.19 0.46 75 4.32 0.78 3.51 0.63 121 1.99 0.77 1.24 0.48 
32 3.75 0.96 1.41 0.36 76 3.43 0.65 2.32 0.44 122 3.76 0.75 2.47 0.49 
33 4.28 0.82 0.67 0.13 77 2.99 0.51 2.90 0.49 123 2.29 0.59 2.44 0.63 
34 3.13 0.63 2.88 0.58 78 3.34 0.85 2.09 0.53 124 3.90 0.74 1.80 0.34 
35 4.12 0.75 3.08 0.56 79 4.12 0.69 3.59 0.60 125 0.45 0.23 0.99 0.49 
36 4.50 0.75 2.07 0.35 80 4.08 0.77 1.84 0.35 126 1.81 0.78 1.58 0.68 
37 4.87 0.80 4.17 0.69 81 4.16 0.71 2.63 0.45 127 3.28 0.84 1.28 0.33 
38 4.21 0.73 2.59 0.45 82 2.43 0.46 2.84 0.54 128 2.18 0.59 1.98 0.54 
39 3.46 0.58 3.11 0.52 83 4.70 0.79 3.88 0.65 129 4.04 0.74 2.37 0.43 
40 3.86 0.65 3.48 0.58 84 3.48 0.62 1.97 0.35 130 4.01 0.79 2.26 0.44 
41 3.85 0.70 3.25 0.59 85 4.24 0.76 2.36 0.42 131 3.36 0.78 2.03 0.47 
42 3.47 0.68 2.94 0.57 86 2.80 0.61 0.68 0.15 132 3.57 0.84 2.84 0.67 
43 4.89 0.78 4.06 0.65 87 3.48 0.72 2.79 0.58 133 4.02 0.87 0.64 0.14 

1 44 1 4.68 0.79, 3.47 0.58, 88 1 3.71 0.76, 2.82 0.58, 1 1 1 

Table V. 9 - Species diversity (H) and eveness (J) for each of the sampling stations. 
based on their abundance (a) and wet-weight biomass (b). 

The highest values (H'>4.50) correspond mainly to stations 
between the entrance and the sandbanks, though extending inwards 
through the southern channel. The lowest values (H: 52-50) are 
concentrated in the upper region of the estuary but are also scattered 
along the northern margin. 

The spatial distribution of eveness is shown in figure 5.37. The 
J index varied between 0.04 to 1.00, with most stations having values 
between 0.6 and 0.8. 
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Figure 5.36 - Sado Estuary. Spatial distribution of species diversity (H') 
based on abundances. General (upper graph) and detailed 

view (lower graph). 
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ESTUARY 

Figure 5.37 - Sado Estuary. Spatial distribution of Eveness (J) based on 
abundances. 

The lowest values of J were obtained at sites 26 (urban sewage 
effluent) and 93 (pulp mill effluent), which also have the lowest 
diversity value. At these stations more than 50% of the total 

abundance is contributed by a single species (Capitella capitata). 

The values of H' based on the total wet-weight biomass of the 
macrofauna show in general, lower values than the ones obtained with 
the abundance values. 

The spatial distribution of this descriptor is shown in figure 
5.38. The inner and upper region of the estuary (with the diversity 

values between 0 and 3) are clearly separated from the other 
estuarine areas with higher diversity values (> 3). Low values are also 
found in the northern channel, between Etermar and Sapec. 

The longitudinal gradients defined previously on the basis of 
abundance data (cf. figure 5.36) are also evident here: thus values 
increase initially from the entrance towards the sandbanks and then, 
in general, the decrease towards the inner areas. However, the 
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transverse gradients are not so clear as the ones derived from the 
abundance data. 

The calculation of eveness based on biomass showed that 56% 

of the values are in the range of 0.4-0.6, i. e. lower values than the 
ones obtained with abundances, where most of the stations were in 
the range of 0.6-0.8. Together with the lower diversity values 
calculated with biomass these results support the previous 

observations suggesting that biomass is more unevenly distributed 

than abundance (cf. 5.2.1.1. Total Macrofauna). 
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Figure 5.38 - Sado Estuary. Spatial distribution of species diversity (H') 

based on bionlass data. 

The spatial distribution of eveness based on biomass shown in 

figure 5.39. clearly separates the northern and southern channels of 

the estuary. The lowest values in both channels are found mainly near 

the margin. 
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Figure 5.39 - Sado Estuary. Spatial distribution of Eveness (J) based on 
biomass data. 

5.2.2.2. - Annelids, Molluscs and Arthropods 

The spatial distribution of the diversity index values based on 
the abundances, of Annelids, Molluscs and Arthropods presented in 
table V. 10, show in general, very similar close longitudinal and 
horizontal gradients, to the ones defined for the global macrofauna, 
with the values for the Annelids showing the closest similarities in 

spatial distribution. 

Molluscs show a decreasing gradient from the margins towards 
the deeper areas of the entrance region, in the northern and 
southern channels. The area with the highest values extends further 
inside the two channels than the one obtained with global 
macrofauna. The stations with the lowest values are located mainly in 
the deeper region near the entrance, along the northern margin 
industrial belt, in deeper areas of the southern channel and near the 
beginning of Comporta channel. 
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H' J H' J H' J H' I J H' J H' T i 1 3.23 U. 69 2-46 U. 62. 3.46 U. i4 67 3 -U2 U zs u uu U UU 1 154 U 9-2 2 3.10 0.65 2.59 0.86 2.36 0.59 68 1.58 . 1.00 . 1.00 - ". 00 . 

i 00 . 1 00 3 1.83 0.61 0.00 0.00 1.20 0.43 69 3.41 0.82 0.83 0.3-1 . 3.16 . 0 91 4 3.58 0.84 0.92 0.92 1.00 0.25 70 2.96 0.60 2.38 0.63 3.33 . 0 80 
5 3.37 0.73 2.71 0.65 1.97 0.45 71 3.43 0.75 1.79 0.90 3.20 . 0 84 6 3.15 0.79 2.97 0.89 1.20 0.28 72 2.60 0.60 2.17 0.65 2.97 . 0.76 
7 2.20 0.73 0.92 0.92 1.49 0.58 73 0.99 0.49 0.00 0.00 2.95 0.98 8 2.42 0.65 0.00 0.00 1.38 0.59 74 2.58 0.62 0.85 0.53 1.83 0-58 
9 3.58 0.79 1.19 0.51 3.17 0.92 75 3.31 0.75 3.12 0.98 2.97 0.83 
10 2.78 0.84 1.16 0.73 1.84 0.61 76 2.53 0.62 0.89 0.35 2.80 0.73 
I1 2.74 0.63 0.00 0.00 3.21 0.79 77 1.97 0.42 2.55 0.77 3.24 0.73 
12 4.18 0.84 2.36 0.71 1.53 0.39 78 2.99 0.86 0.00 0.00 2.00 1.00 
13 3.34 0.67 2.34 0.53 3.43 0.71 79 3.21 0.66 2.90 0.92 2.96 0.68 
14 3.05 0.60 2.77 0.77 3.03 0.70 80 2.84 0.69 2.15 0.77 2.93 0.79 
15 3.71 0.83 1.63 0.82 1.68 0.38 81 3.53 0.73 1.43 0.62 2.35 0.41, 
16 3.78 0.71 2.73 0.63 3.49 0.76 82 1.74 0.41 0.94 0.33 2.94 0.89 
17 3.81 0.79 2.19 0.69 3.59 0.86 83 3.87 0.77 2.79 0.81 2.79 0.71 
18 3.81 0.76 1.21 0.33 2.87 0.75 84 2.58 0.60 2.67 0.80 1.72 0,12 
19 3.90 0.72 3.06 0.80 3.85 0.86 85 3.18 0.71 3.06 0.85 2.40 0.69 
20 3.95 0.81 2.10 0.63 3.43 0.77 86 2.22 0.57 1.92 0.96 1.92 0.96 
21 4.18 0.84 1.62 0.58 2.40 0.52 87 3.13 0.75 0.55 0.28 2.16 0.93 
22 2.47 0.53 1.96 0.70 2.94 0.61 88 3.00 0.77 0.87 0.37 2.10 0.75 
23 3.86 0.76 1.74 0.55 2.56 0.74 89 2.16 0.52 1.92 0.96 3.43 0.90 
24 2.80 0.72 0.53 0.27 1.84 0.92 90 1.48 0.44 1.91 0.95 1.79 0.90 
25 2.81 0.57 1.96 0.65 3.35 0.72 91 2.80 0.60 2.25 0.97 2.65 0.70 
26 0.11 0.04 0.59 0.29 1.55 0.77 92 3.06 0.92 0.00 0.00 1.92 0.96 
27 3.18 0.68 1.67 0.56 3.29 0.82 93 0.47 0.18 0.00 0.00 0.00 0.00 
28 3.73 0.70 2.18 0.69 3.56 0.75 94 3.14 0.80 2.25 0.97 2.95 0.98 
29 3.51 0.68 3.09 0.89 3.61 0.82 96 2.19 0.51 0.88 0.56 2.60 0.70 
30 3.34 0.71 1.45 0.52 3.26 0.73 97 3.02 0.64 1.99 0.86 1.79 0.43 
31 1.46 0.92 0.00 0.00 1.38 0.87 98 3.14 0.74 1.53 0.51 2.84 0.68 
32 3.02 0.95 1.37 0.86 1.52 0.96 99 1.80 0.43 1.50 0.95 2.69 0.96 
33 3.95 0.90 1.66 0.59 3.00 1.00 100 1.98 0.44 2.38 0.64 2.29 0.62 
34 2.60 0.61 0.79 0.40 2.73 0.97 101 3.36 0.69 2.18 0.69 1.77 0.43 
35 3.36 0.71 0.53 0.34 3.27 0.88 102 1.90 0.82 1.02 0.51 1.65 0.64 
36 3.60 0.75 1.88 0.63 2.93 0.64 103 2.63 0.66 1.92 0.96 3.25 0.88 
37 3.91 0.78 2.63 0.79 2.86 0.66 104 1.29 0.41 0.00 0.00 0.00 0.00 
38 3.34 0.71 1.96 0.76 2.66 0.61 105 3.45 0.74 2.64 0.83 2.83 0.77 
39 2.24 0.47 0.97 0.31 3.83 0.87 106 1.37 0.40 0.67 0.42 2.24 0.96 
40 2.65 0.56 1.50 0.41 2.80 0.69 107 2.89 0.83 1.58 1.00 2.22 0.86 
41 2.77 0.64 1.15 0.36 2.76 0.72 108 2.89 0.76 0.92 0.92 2.29 0.82 
42 2.72 0.62 0.70 0.35 2.79 0.88 109 3.26 0.83 0.40 0.20 2.61 0.93 
43 3.74 0.75 2.96 0.86 3.44 0.71 110 2.82 0.66 1.49 0.64 2.78 0.93 
44 3.35 0.71 2.91 0.81 3.66 0.83 111 3.44 0.76 2.54 0.80 2.31 0.59 
45 4.02 0.85 2.45 0.87 3.02 0.71 112 1.78 0.48 2.29 0.81 2.41 0.86 
46 2.51 0.60 2.28 0.88 1.51 0.38 113 1.63 0.39 1.38 0.59 2.93 0.92 
47 3.87 0.78 3.12 0.75 2.73 0.62 114 1.37 0.37 1.92 0.96 1.50 0.95 
48 4.03 0.89 1.00 1.00 2.65 0.83 115 2.31 0.67 0.00 0.00 1.00 1.00 
49 3.18 0.74 0.00 0.00 2.72 0.97 116 2.45 0.68 0.56 0.28 2.86 0.86 
50 2.91 0.70 1.89 0.73 2.94 0.73 117 1.91 0.95 0.00 0.00 1.89 0.81 
51 3.39 0.85 2.45 0.77 2.71 0.66 118 1.10 0.70 0.83 0.53 1.92 0.96 
52 3.19 0.71 3.13 0.94 3.02 0.72 119 3.42 0.92 1.50 0.95 2.85 0.95 
53 3.37 0.77 3.08 0.89 2.35 0.60 12 1 1.75 0.76 0.00 0.00 0.00 0.00 
54 2.65 0.58 1.27 0.42 2.63 0.63 122 3.19 0.78 0.56 0.22 3.06 0.92 
55 2.21 0.49 2.54 0.80 3.06 0.73 123 1.22 0.43 1.55 0.77 1.52 0.96 
56 3.16 0.77 2.22 0.86 1.42 0.47 124 3.18 0.74 0.48 0.19 2.50 0.75 
57 2.65 0.74 0.40 0.40 1.69 0.60 125 0.13 0.13 0.00 0.00 0.92 0.92 
58 1.18 0.33 0.00 0.00 3.03 0.78 126 0.92 0.92 0.50 0.50 0.00 0.00 
59 2.42 0.56 2.39 0.93 2.35 0.60 127 3.07 0.83 0.65 0.65 0.00 0.00 
60 2.70 0.56 2.55 0.91 2.82 0.68 128 1.72 0.57 0.00 0.00 2.00 1.00 
61 2.05 0.65 0.92 0.92 0.25 0.11 129 3.49 0.82 2.37 0.92 1.92 0.49 
62 2.25 0.97 0.00 0.00 0.92 0.92 130 3.09 0.76 0.61 0.38 2.58 0.72 
63 3.03 0.71 2.15 0.77 2.86 0.86 131 2.36 0.74 1.99 0.77 0.59 0.59 
64 2.40 0.53 2.45 0.77 2.58 0.72 132 2.42 0.76 1.10 0.69 1.92 0.74 
65 2.65 0.84 0.00 0.00 1.19 0.51 133 3.05 0.92 0.31 0.31 3.17 0.88 
66 

1 2.93 0.66 1 0.47 0.17 2.93 0.69 

Table V. 10 - Species diversity (H') and eveness (J) values, based on the abundance data 

of Annelids, Arthropods and Molluscs, for each sampling station. St. - 
Stations, Ann. -Annelids. Moll. -Molluscs, Arth. -Arthropods. 
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Arthropods showed lowest values near the entrance. along the 
northem margin industrial belt, in the upper region, at the beginning 
of Alcdcer channel and in some patches in the southern channel. 
Highest values were mainly found between the entrance and the 
beginning of the intertidal sandbanks. 

Eveness based on the abundance of the three groups didn't 
show clear areas of similar values in the estuary. Both Annelids and 
Arthropods showed higher and lower values in both channels, near 
the entrance and in the upper region. Molluscs are the only group 
which show a distinction between the region near the southern and 
northern margins, the latter with the lowest values. In addition a 
patch of very low values (stations 117,120,121,125 and 128) was 
presented in the upper region. 

Species diversity indices based on the biomass values of each 
the three groups (table V. 11) show that the Annelids had lowest 
values in the northern channel, mainly near the margin, and in the 
upper region of the estuary in front of Boliden/Setenave/Eurominas. 
Higher values were found in the region between the entrance and the 
beginning of the sandbanks and along the southern margin. 

Molluscs did not show a clear distinction between northern 
and southern channels and most of the highest values are 
concentrated near the entrance region (stations 16,19,21,29,37, 
39,40 and 41). 

Arthropods most clearly showed a distinction between the 
region from the estuarine entrance to the end of the sandbanks of 
Campandrio e Cabra, with the highest values, and the remaining 
landward region of the estuary. This is in fact very similar to the 
spatial distribution of Arthropods biomass, being mainly determined 
by the high proportion of U. cf. typica biomass in the upper region of 
the estuary. This group also delineates clearly the proldmal region of 
the northern channel with very low values. 

The spatial distribution of the H' values of the global macrofauna 
based in biomass seems thus to be mostly a result of the diversity of 
all the different groups and not as in the case of H' values based on 
abundance, a result mainly due to Annelids. 
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-St. 
Ann. Moll. Arth. St. Ann. Moll. Arth. 

H H' I J H' J H' LJ H' E:: J H' I i 
I J. 1ý 3 U. /U 1.16 U. 3" -5. () 3 U. /1 67 I. b_) U. 4: ) U UU _ U UU 2 3.21 0.68 1.38 0.46 2.42 0* '6 1 68 0.89 0.56 i 

. 0.86 . 0.86 0.99 0.99 
3 0.50 0.17 0.00 0.00 1.93 0.69 69 2.88 0.69 1.38 0.53 0.27 0.08 4 1.42 0.32 0.79 0.79 1.65 0.40 70 3.10 0.63 1.67 0.44 0.40 0.10 
5 2.99 0.64 2.50 0.60 2.61 0.59 71 3.34 0.73 0.61 0.30 2.14 0.56 6 1.93 0.48 1.90 0.57 1.35 0.31 72 2.58 0.60 2.15 0.65 1.08 0. A 
7 0.42 0.14 0.84 0.84 0.62 0.24 73 0.44 0.22 0.00 0.00 1.40 0.47 
8 2.50 0.68 0.00 0.00 1.06 0.46 74 2.66 0.64 1.04 0.66 1.23 0.39 
9 3.43 0.76 1.37 0.59 2.45 0.71 7S 2.83 0.64 2.03 0.64 0.50 0.14 

10 0.66 0.20 0.56 0.35 0.76 0.25 76 1.23 0.30 1.76 0.68 1.59 0.4 
-, 11 2.57 0.60 0.00 0.00 2.59 0.63 7.7 2.92 0.62 1.36 0.43 1.12 0.2 ý, 

12 1.71 0.35 1.04 0.31 2.03 0.52 78 1.55 0.45 0.00 0.00 1-_'O 0.60 
13 3.09 0.62 3.68 0.84 3.26 0.67 79 2.00 0.41 2.36 0.74 1.17 0.27 
14 2.73 0.54 1.29 0.36 2.91 0.67 80 1.94 0.47 1.3.4 0.48 2-27 0.61 
15 2.50 0.56 1.74 0.87 2.11 0.48 81 1.56 0.32 0.59 0.25 3.17 0.72 
16 3.93 0.74 2.25 0.52 2.92 0.64 82 1.69 0.40 1.70 0.61 0.28 0.08 
17 2.60 0.54 1.78 0.56 2.56 0.61 83 3.70 0.73 2.47 0.71 1.94 0.51 
18 3.12 0.62 1.40 0.38 2.79 0.73 84 2.36 0.55 1.42 0.43 2.49 0.61 
19 4.12 0.76 2.13 0.56 0.69 0.15 85 3.34 0.75 1.95 0.54 2.72 0.79 
20 3.42 0.70 1.85 0.56 3.36 0.75 86 1.58 0.41 0.20 0.10 1.40 0.70 
21 3.40 0.68 1.59 0.57 3.05 0.66 87 2.91 0.70 1.48 0.74 0.05 0.02 
22 3.04 0.65 0.33 0.12 1.95 0.41 88 1.96 0.50 0.66 0.28 0.47 0.17 
23 3.37 0.66 2.15 0.68 2.33 0.65 89 1.65 0.39 1.11 0.56 3.25 0.85 
24 1.63 0.42 0.06 0.03 1.70 0.85 90 2.11 0.64 1.60 0.80 0.41 0.20 
25 3.02 0.62 1.88 0.63 2.97 0.64 91 2.70 0.58 0.88 0.38 1.68 0.44 
26 0.07 0.02 0.56 0.28 0.44 0.22 92 1.74 0.52 0.00 0.00 0.97 0.48 
27 2.10 0.45 1.81 0.60 2.86 0.72 93 0.32 0.13 0.00 0.00 0.00 0.00 
28 3.26 0.61 1.64 0.52 2.18 0.46 94 2.69 0.69 1.61 0.69 0.30 0.10 
29 3.91 0.76 2.17 0.63 2.62 0.60 96 1.97 0.45 1.11 0.7 2.53 0.68 
30 3.45 0.73 1.93 0.69 3.54 0.79 97 1.06 0.23 2.12 0.91 1.94 0.47 
31 0.94 0.59 0.00 0.00 0.33 0.21 98 1.26 0.30 1.65 0.55 0.80 0.19 
32 0.38 0.12 0.42 0.27 1.04 0.66 99 1.80 0.43 0.87 0.55 0.90 0.32 
33 3.02 0.69 0.60 0.22 1.82 0.61 100 2.08 0.47 1.64 0.44 1.23 0.33 
34 1.89 0.45 1.90 0.95 2.27 0.81 101 3.51 0.72 1.30 0.41 0.74 0.18 
35 3.86 0.81 0.40 0.25 2.80 0.76 102 1.43 0.62 0.71 0.35 1.81 0.70 
36 2.89 0.60 1.58 0.53 3.49 0.76 103 2.50 0.62 1.29 0.64 2.83 0.77 
37 3.15 0.63 2.41 0.73 3.13 0.72 104 0.90 0.29 0.00 0.00 0.00 0.00 
38 3.32 0.71 0.74 0.29 2.31 0.53 105 3.07 0.66 2.09 0.70 1.60 0.43 
39 3.46 0.73 2.05 0.65 0.51 0.12 106 1.03 0.30 0.85 0.54 1.94 0.83 
40 2.39 0.50 2.22 0.60 2.72 0.67 107 1.26 0.36 1.10 0.69 2.12 0.76 
41 2.57 0.60 2.45 0.77 2.21 0.58 108 2.44 0.64 0.02 0.02 1.52 0.54 
42 2.65 0.60 1.06 0.53 2.08 0.66 109 2.99 0.76 0.19 0.09 0.15 0.05 
43 3.78 0.76 1.59 0.46 3.79 0.78 110 2.03 0.48 0.51 0.22 1.36 0.45 
44 2.86 0.61 1.40 0.39 3.23 0.73 111 3.40 0.75 1.41 0.45 1.15 0.29 
45 2.93 0.62 0.83 0.30 3.11 0.73 112 1.71 0.46 1.67 0.59 2.26 0.81 
46 1.89 0.45 1.60 0.62 2.00 0.50 113 1.58 0.38 1.05 0.45 0.15 0.05 
47 2.92 0.59 0.91 0.22 3.32 0.76 114 2.26 0.61 1.34 0.67 0.10 0.06 
48 3.44 0.76 0.07 0.07 0.51 0.16 115 1.10 0.32 0.00 0.00 0.12 0.12 
49 2.72 0.63 0.00 0.00 1.82 0.65 116 2.02 0.56 0.38 0.19 1.32 0.40 
50 2.74 0.66 0.88 0.34 2.41 0.60 117 1.02 0.51 0.00 0.00 1.97 0.85 
51 2.57 0.64 1.38 0.44 2.67 0.65 118 0.31 0.19 1.49 0.94 1.08 0.54 
52 3.11 0.70 2.13 0.64 3.03 0.73 119 2.87 0.78 0.25 0.16 0.26 0.09 
53 2.47 0.56 1.20 0.35 1.88 0.48 121 1.17 0.50 0.00 0.00 0-00 0.00 
54 2.41 0.53 2.16 0.72 2.13 0.51 122 3.15 0.77 1.41 0.54 0.10 0.03 
55 1.25 0.28 0.61 0.19 1.95 0.47 123 1.32 0.47 1.04 0.52 0.91 0.57 
56 2.82 0.69 0.51 0.2 1.05 0.35 124 2.48 0.57 1.80 0.70 0.11 0.03 
57 1.37 0.38 0.88 0.88 1.74 0.62 125 0.04 0.04 0.00 0.00 0.02 0.02 
58 0.48 0.13 0.00 0.00 0.18 0.05 126 0.22 0.22 0.15 0.15 0.00 0.00 
59 1.62 0.38 1.57 0.61 1.80 0.46 127 1.03 0.28 0.45 0.45 0.00 0.00 
60 3.67 0.76 1.83 0.65 2.59 0.62 128 1.69 0.56 0.00 0.00 1.63 0.81 
61 1.80 0.57 0.28 0.28 0.34 0.14 129 3.06 0.72 0.50 0.19 1.51 0.39 
62 0.09 0.04 0.00 0.00 0.67 0.67 130 3.16 0.77 0.32 0.20 0.78 0.22 
63 2.16 0.51 1.45 0.52 2.01 0.61 131 2.14 0.67 1.08 0.42 1.00 1.00 
64 2.80 0.62 1.77 0.56 2.07 0.58 132 2.18 0.69 1.12 0.70 1.09 0.42 
65 1.48 0.47 0.00 0.00 0.41 0.18 133 0.73 0.22 0.07 0.07 3.10 0.87 

L 
66 

. 2.63 0.59 1 0.54 0.19 . 2.12 0.50 

Table V. 11 - Species diversity (H') and eveness (J) values, based on the biomass data of 
Annelids, Arthropods and Molluscs. for each sampling station. St. - 
Stations; Ann. -Annelids; Moll. -Molluscs; Arth. -Arthropods. 
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Eveness values based on the biomass of Annelids clearly 
separate the northern channel and the upper region, with lower 
values, in the entrance area and southern channel of the estuary. With 
the Arthropods and mainly with the Molluscs this distincton is not so 
clear. It is nevertheless evident in the spatial distribution of eveness 
derived from Arthropods biomass that most of the stations located 
near the northern margin and upper region have low values. 

5.2.3 - SAB model, Abundance ratio (A/S) and Size ratio (B/A) 

The abundance ratio and the size ratio were calculated for all 
the sampling stations (table V. 12). Groups of stations of low A/S 
values appeared in the entrance region, in the northern channel 
(mainly along the margin), in the southern channel (in areas of coarse 
sediments), in the upper region of the estuary (in front of Boliden 
Setenave and Eurominas), and in the Alcdcer channel. Some of these 
regions also presented the lowest B/A ratio: stations 2,3.7 to 9 and 
11 near the entrance region, 73 and 92 in the northern channel, 71 
and 48 in the southern channel, stations 107,114 to 117,119,121 
and 126 to 128 in the upper region, and stations 123, and 131 to 
133 in the Alcdcer channel. 

The succession of the size ratio and the abundance ratio 
together with species richness, abundance, and biomass were 
analysed along some sets of stations. The objective was to identify if 
in the estuary there were gradients of organic enrichment, able to 
induce in the benthic community parameters the changes suggested 
by the SAB model (Pearson & Rosenberg, 1978) and by the A/S and 
B/A sucession (Pearson et aL, 1982). 
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Stations A/S 
-- 

B/A 
- 

Stations 
- 

A/S B/A Stations A/S B/A 1 77 TM 4.5 1 =1 99 10. 22 2 6.1 7.9 46 8.8 27.5 90 6.3 . 4 32 
3 7.0 9.2 47 13.1 39.0 91 13.9 . 2 26 
4 16.9 2.3 48 2.7 7.3 92 1.9 . 8.2 5 26.1 34.4 49 8.7 2.0 93 172.0 3.4 
6 21.5 16.0 50 9.5 36.8 94 2.9 130.0 7 4.8 4.7 51 6.4 152.1 96 10.3 8.4 
8 4.7 6.4 52 6.6 131.1 97 29.2 16.0 9 4.7 5.2 53 10.2 46.3 98 10.7 70.1 
10 4.0 36.3 54 17.5 18.7 99 13.0 14.0 
11 5.4 2.6 55 18.9 75.2 100 23.3 33.9 
12 32.2 1.9 56 6.9 55.6 101 13.7 9.3 
13 8.9 89.1 57 11.7 72.0 102 5.0 66.4 
14 15.1 79.3 58 7.2 47.6 103 10.5 16.2 
15 21.1 5.2 59 15.4 57.4 104 7.7 44.7 
16 13.7 38.5 60 23.6 31.5 105 9.4 72.0 
17 9.8 16.0 61 15.6 23.0 106 17.5 10.3 
18 11.9 57.7 62 1.3 298.0 107 3.0 45.8 
19 11.8 39.8 63 13.2 99.3 108 10.6 26.7 
20 10.3 16.5 64 12.5 45.1 109 9.7 52.6 
21 17.5 5.2 65 3.7 23.0 110 9.0 20.7 
22 16.1 124.7 66 12.8 23.4 111 10.3 89.2 
23 12.0 19.5 67 3.8 20.1 112 14.0 99.3 
24 6.5 22.6 68 1.0 63.4 113 28.3 14.4 
25 12.9 14.8 69 5.2 56.2 114 6.6 64.5 
26 866.5 5.0 70 13.4 57.7 115 4.0 17.9 
27, 14.6 43.7 71 6.9 17.2 116 5.0 148.0 
28 11.9 39.9 72 15.3 28.5 117 2.2 16.8 
29 9.2 21.0 73 2.4 17.9 118 10.7 15.5 
30 10.9 21.9 74 15.1 29.3 119 2.3 82.0 
31 2.2 42.9 75 6.1 68.9 121 2.5 16.0 
32 1.5 390.9 76 15.8 12.9 122 12.0 44.6 
33 3.3 1406.4 77 21.2 44.7 123 4.7 53.4 
34 9.1 32.9 78 2.9 4.9 124 12.6 24.6 
35 10.4 19.1 79 15.1 84.4 125 15.0 54.0 
36 13.8 104.3 80 13.2 97.4 126 2.8 94.5 
37 10.0 13.2 81 19.5 25.7 127 5.1 8.7 
38 9.9 25.1 82 24.2 12.1 128 4.7 13.4 
39 17.6 54.7 83 10.1 27.1 129 8.2 53.8 
40 26.0 45.9 84 19.3 74.2 130 7.9 37.2 
41 16.6 116.6 85 11.0 161.9 131 5.8 54.4 
42 15.1 19.4 86 5.1 90.5 132 4.8 14.2 
43 8.2 9.0 87 19.9 20.7 133 3.7 231.6 
44 10.1 1 24.2 t 88 11.1 1 21.6 1- 

Table V. 12 - Abundance (A/S) and size ratios (B/A) for each of the sampling 
stations. 

A list of the cases tested is presented in table V. 13. The 

sequence of the sites was searched having in mind the potential 
sources of anthropogenic and 

' 
natural organic inputs (the effluents 

along the northern margin, Marateca, Comporta and Alcdcer channel) 
and also the general hydrodynamics of the estuary. 

In only two sets of stations did the sucession of S, A and B 
follow that suggested by the SAB model. These gradients were 
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established from station 26, the urban outfall. to 25,21.16 and 8, 
and from 95 to 93 (pulp mill outfall) to 96,97, 105,108 and 104. 

Entrance North Channel Upper Region 
26-25-21-16 -8 41-42-43 107-105-98-81-71 
26-25-21-20-8 41-54-53-51-64 116-107-105-98-82 
26-25-22 41-54-53-52-64 116-107-105-99-82 
26-25-22-22-15 56-54-51 117-118-119 
26-27-37-36-30/31 56-55-52-64 120-118-115-108 
26-27-38-42 57-53-52-64 120-126-128-125 
26-27-39-40-41-56 57-55-53-51-64 120-126-128-125-121-119 
26-28-37-43 57-55-53-52-64 120-126-128-129 
26-28-29-30 58-59-53-51 

58-59-60-52 Alceicer Channel 
South Channel 

1 7 
58-59-60-64 132-131-122-114 

167 7-11-6 1 - 10 0-86 61-59-53-51 132-131-124 
102-101-100-87-98 61-59-60-64 132-131-124-113-110 
102-101-100-87-99 61-63-60-52/64 133-130-121 
102-101-100-99 62-63-60-52 133-130-122-114-108 
102-101-100-104 62-63-60-64 133-132-131 
102-101-100-109 62-63-66/64 
102-111-110-113 65-72-76-77-80 
102-111-112-123 70-68-67 

78-79-80 
84-83-82-81 
88-79-77-76 
88-79-80 
89-90-91 
92-90-79-77-76 
92-94-96-97-105 
93-94-91 
93-94-96-97-105 
95-93-92-89-90-94-96-97-105-104 
95-93-92-90-94-96-97-105-104 
95-93-92-94-96-97-105-108-104 
95-93-92-96-105-108-104 
95-93-96-97-105-108-104 
95-93-96-97- 10 5- 10 8- 104 -82 /9 8 
95-94-96-97-105-108-104 

1106-97-105-99/98 

Table V. 13 - Sets of stations where the sucession of S. A, B, A/ S and B /A was 
analysed. 

Tables V. 14 and V. 15 show the variation of S, A, B, A/ S and B /A 

in these two sets of stations. In table V. 14 it is clear that there is a 

peak of abundance and biomass (peak of opportunists) at station 26, a 
decr&ase of abundance along the sets of stations and the opposite 

variation sense of the A/S ratio and the B/A ratio. 
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S TATION S 
26 25 21 16 8- 

S 17 71 
+ 

73 
+ 

89 
+ 

20 

A 14731 966 1279 1218 94 

B (w W) 73.75 14.25 6.68 46.89 0.61 

AIS 866.5 12.9 17.5 
;t 

13.7 
- 

4.7 
+ BIA 

1 
5.0 

1 
14.8 

+ 
- 5.2 

-I 
38.5 

+ 
6.4 
-I 

Table V. 14 - Variation of the species richness (S), abundance (A), biomass (B), 
abundance ratio (A/S) and stie ratio (B/A) along stations near the 
urban outfall. The signs + and - indicates in a certain station the 
variability of a parameter in relation to the one of the station before. 

The second gradient presented in table V. 15, begins at station 
95, where no macrofauna was found (grossly polluted area), towards 
93 where the opportunists appear in high numbers. Then it was 
possible to identify a transition zone and an area disturbed in a lesser 
extent, by the input of organic material from the pulp mill (sites 108 
and 104). Along this gradient B/A has a continuous increase which 
agrees with a decreasing disturbance, but A/S did not show the 
expected variation. 

STA TIONS 
95 93 96 97 105 108 104 

s 0 7 40 53 51 24 11 

A 0 1204 413 1548 477 254 85 
+ + I- 

-- 
B(ww 0 4.12 3.47 24.7 1 34.36 6.78 3.80 

+ + + 
AIS 0 172.0 10.3 29.2 9.4 10.6 7.7 

+ + 

I 
-I +-I 

BIA 
1 

0 
1 

3.4 
I 

8.4 16.0 72.0 1 26.7 44. 1 
+ + + + - 

Table V. 15 - Variation of the species richness (S), abundance (A), biomass (B), 
abundance ratio (A/S) and size ratio (B/A) along stations near the 
pulp mill. 'Me signs + and - indicates in a certain station the 
variability of a parameter in relation to the one of the anterior 
station. 

The sets of stations situated in the region of EDP inflow and 
outflow, and also near the outfall. of the abattoir effluent presented in 
table V. 16 also show some similarities with the expected variations of 
S, A. B, A/S and B/A. 
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STAM OMS 
so 531 5 

s 17 44 49 45 

A 266 - 678 499 287 

B(ww) 6.13 38.89 23.12 43.65 

Als 15.6 15,4 10.2 6.4 

BIA 23.0 
1 

57.4 

ý+ 
46.3 

1-1 
152.1 

+ 

STA ONS 
58 59 53 51 

s 28 44 49 45 

A 201 678 499 287 

B (w w) 9.56 1 38.89 23.12 43.65' 
+ + 

Als 7.2 1 15.4 10.2 6.4 

BIA 47.6 1 57.4 46.3 152.1 
+1 -I + 

Table V. 16 - Variation of the species richness (S). abundance (A). biomass (B), 
abundance ratio (A/S) and size ratio (B/A) along stations near EDP 
and the abbattoir. The signs + and - indicates in a certain station the 
variability of a parameter in relation to the one of the anterior 
station. 

With most of the other station sets of the north channel an 
increase in at least 2 at the 3 primary biological variables, is 
apparent, when moving from the site nearest to margin, out towards 
the sandbanks. 

For the southern channel some sets of sampling stations 
beginning at station 102 were analysed (cf. table V. 13). This station is 
located in the region of this channel which showed sediments with 
the highest organic content. In most of these gradients the peak of 
species richness appears first (station 101) and only then the 
maximum of abundance together with the peak of biomass (station 
100). A/S initially increases towards station 100 then decreases and 
B/A decreases towards station 101, increases from 101 to 100 and 
then decreases. 

After analysing all the sets of stations presented in table V. 13 it 

seems that it is not generally possible to establish spatial gradients in 
the Sado estuary by analysing individual stations, which match well 
with the SAB model and with the expected variation of A/S and B/A 

ratios along an organic gradient. The only two situations where this 
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was possible were the most extreme cases identified in the estuan,: 
the urban sewage and the pulp mill effluent. 

The Sado estuary has heterogeneous sediments marked bv 
I different grades relatively close to each other, complex 

hydrodynamics and a complex mixture of anthropogenic inputs 
affecting the northern channel, in particular. These inputs could be 
responsible not only for disturbance due to organic enrichment but 
also, for example, toxicity due to heavy metals or other persistent 
chemicals. This could be the reason why sediments with similar 
granulometry and organic content show very different values for the 
same biological variables, sometimes within a short distance. In 
combination, all these interactive characteristics together with the 
variability introduced by sampling procedures, make it difficult to 
show "clear" effects and to identify and trace any one source of 
pollution (disturbance) or to assess its specific effect on the 
communities. This could also be the reason for the identification of 
only two clear gradients: these correspond to particular "hot spots" in 
the estuary but also, spatially, they are located at the two extremities 
of the northern channel. 

These analyses will be developed in chapter 6 by modifying the 
spatial scale of analysis and by combining the individual values of 
stations in affinity groups. 

5.3. - PRODUCTION 

5.3.1. Introduction 

Spatial analysis of the biomass values at each sampling station 
has allowed the identification of different areas in the estuary where 
the standing crop of benthic organisms differs widely. The 

production estimations which will be presented give some idea of the 
turnover rates of the benthic organisms within any particular area, 
taking into consideration that the single biomass measurement 
obtained could correspond to a mean value observed over certain 
period of time, namely one year (see Wthods, Chapter 3) 
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5.3.2 - Results 

The production estimations and the P/B ratio obtained for each 
of the sampling stations are presented in table V. 17. The values 
ranged from a maximum of 218.15 g afdW/M2/year, in station 26 
(urban effluent), to a minimum of 0.26 g afdW/M2/year, in station 115 
and the turnover ratio from 0.63 in station 33 to 7.63 in station 73. 

The production estimation for the Sado estuary, derived from 
allometric considerations, tends to show production increasing with 
increasing biomass, though dependant on the relative size of the 
organism. In the Sado estuary high total biomass at any station has 
two main causes: either high abundance of small specimens, namely 
opportunistic polychaetes, or the presence of larger organisms, 
namely Molluscs. As a result, in stations with similar biomass, 
production will be higher in the one with the lowest mean individual 
weight, which means with the highest number of small organisms. 
The following examples illustrate this effect: 

Stations Biomass(O. 1 m2) Total Nb. Ind. Production(O. 1 m2 
2 0.2322 317 0.671 
4 0.2309 725 0.86 
8 0.0551 94 0.17 

31 0.052 13 0.09 
32 1.0012 22 0.824 
50 1.007 408 2.011 
46 1.1312 370 2.117 
58 1.1228 201 1.749 
48 0.1579 93 0.353 
65 0.1579 55 0.301 
54 2.965 873 5.374 
60 2.9461 1321 6.068 
62 0.3463 10 0.31 

104 0.3409 85 0.589 
82 1.0263 920 2.609 
114 1.0329 138 1.472 
97 3.4158 1548 7.058 
98 3.4608 501 5.055 

101 2.9197 796 5.169 
112 2.909 406 4.202 
109 1.3787 280 2.232 
113 1.363 963 3.223 
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Stations Total Nb- Total Biomass Mean Biomass P: B -p Individuals (g. w/O. I m2) Kcal (2. afd%-/m" 1 585 4. 0-0 3-97' -- 1 ý4i 1 -61 9 0" 2 317 0.232 0.0037 2.890 . 7 6 3 119 0.143 0.0060 2.488 . 55 3 4 725 0.231 0.0016 3.723 . 8 60 5 1123 3.902 0.0174 1.800 . -0 4 6 990 1.759 0.0089 2.207 . 38-82 7 76 0.039 0.0025 3.233 1 20 8 94 0.055 0.0029 3.092 . 1 _0 9 198 0.116 0.0029 3.095 3.58 10 88 0.278 0.0158 1.852 5.15 
11 206 0.076 0.0018 3.562 2.70 12 1 994 0.420 0.0010 4.221 1 -7. 

13 807 6.877 0.0426 1.370 94.23 
14 1084 10.255 0.0473 1.327 136.12 
15 1230 0.843 0.0034 2.949 24-84 
16 1218 5.063 0.2078 1.704 86.29 
17 589 2.542 0.0216 1.685 42.84 
18 739 5.527 0.0374 1.426 78.80 
19 989 3.875 0.1959 1.735 67.25 
20 699 1.985 0.0142 1.914 37.99 
21 1279 0.745 0.0029 3.098 23.07 
22 1079 10.819 0.0501 1.304 141.09 
23 710 1.583 0.0112 2.060 32.60 
24 155 0.320 0.0103 2.109 6.75 
25 966 3.676 0.0190 1.751 64.36 
26 14731 6.458 0.0022 3.378 218.15 
27 758 7.697 0.0508 1.300 99.99 
28 986 4.123 0.0209 1.701 70.15 
29 668 1.391 0.0104 2.103 29.26 
30 643 1.525 0.0119 2.021 30.83 
31 13 0.0 52 0.0200 1.724 0.90 
32 1.001 0.2276 0.823 8.24 
33 1 13.853 0.5497 0.630 87.24 
34 282 1.042 0.0185 1.767 18.40 
35 468 1.084 0.0116 2.036 22.08 
36 868 9.044 0.0521 1.289 116.58 
37 670 0.912 0.0062 2.393 21.81 
38 543 1.776 0.0164 1.833 32.56 
39 1108 8.050 0.0363 1.438 115.78 
40 1638 7.008 0.0214 1.690 118.40 
41 764 5.600 0.0366 1.434 80.33 
42 527 0.938 0.0089 2.206 20.68 
43 623 0.959 0.0077 2.305 21.61 
44 607 1.407 0.0116 2.035 28.65 
45 765 1.978 0.0129 1.969 38.95 
46 370 1.131 0.0153 1.871 21.17 
47 954 3.178 0.0167 1.823 57.93 
48 93 0.158 0.0085 2.238 3.53 
49 253 0.188 0.0037 2.878 5.40 
50 408 1.007 0.0123 1.997 20.11 
51 287 3.663 0.0638 1.212 44.39 
52 343 4.267 0.0622 1.221 52.11 
53 499 2.004 0.0201 1.722 34.51 
54 873 2.965 0.0170 1.812 53.74 
55 982 4.571 0.0233 1.647 75.27 
56 228 1.029 0.0226 1.662 17.11 
57 258 1.041 0.0202 1.720 17.90 
58 201 1.123 0.0279 1.558 17.49 
59 678 2.712 0.0200 1.724 46.77 
60 1321 2.946 0.0112 2.060 60.68 
61 21 66 0.479 0.0090 2.198 10.54 
62 to 0.346 0.1732 0.895 3.10 
63 487 3.575 0.0367 1.434 5 1.26 
64 587 1.758 0.0150 1.883 33.10 
65 1 551 0.1581 0.01441 1.9081 3.011 
rable V. 17 - Production estimations for each of the sampling station. 
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St. Total N. 21nd, Total Biomass Mean Biomass P: B p 66 
67 68 

0- 9-17 
0.163 

0.0077 
0.0120 

2.37 
2.014 

2 1.7 7/ 
3.29 

68 7 0.043 0.0306 1.515 0.6 5 
69 186 1.284 0.03-15 1.461 18.76 
70 858 5.208 0.0304 1.519 79.1 " 
71 319 1.045 0.0164 1.832 19.15 
72 702 1.946 0.0139 1.928 Y. 51 
73 31 0.065 0.0104 7.628 4.93 
74 499 1.861 0.0186 1.761 32.79 
75 281 2.085 0.0371 1.429 29.79 
76 618 0.918 0.0074 2.331 21.39 
77 1269 3.856 0.0152 1.875 72.29 
78 44 0.028 0.0031 3.033 0.83 
79 939 7.192 0.3830 1.415 101.80 
80 513 2.994 0.0292 1.537 . 46.02 
81 1130 4.121 0.0182 1.774 73.08 
82 920 1.026 0.0056 2.542 26.09 
83 617 3.501 0.028.4 1.550 54.29 
84 965 4.177 0.0216 1.684 70.33 
85 537 5.648 0.0526 1.285 72.60 
86 123 0.765 0.0311 1.508 11.54 
87 556 1.180 0.0106 2.091 24.67 
88 323 0.836 0.0129 1.969 16.45 
89 403 1.090 0.0135 1.942 21.17 
90 113 0.436 0.0193 1.743 7.60 
91 665 1.298 0.0098 2.145 27.84 
92 27 0.029 0.0053 2.577 0.74 
93 1204 0.494 0.0020 3.447 17.03 
94 86 0.827 0.0481 1.321 10.92 
96 413 0.431 0.0052 2.596 11.18 
97 1548 3.416 0.0110 2.066 70.58 
98 501 3.461 0.0345 1.461 50.55 
99 376 0.637 0.0085 2.239 1-1.27 
100 1163 3.650 0.0157 1.856 67.76 
101 796 2.920 0.0183 1.770 51.69 
102 80 0.389 0.0243 1.625 6.32 
103 356 0.574 0.0080 2.274 13.04 
104 85 0.341 0.0201 1.723 5.89 
105 477 2.670 0.0280 1.557 41.57 
106 333 0.422 0.0063 2.446 10.31 
107 63 0.391 0.0310 1.509 5.90 
108 254 0.687 0.0135 1.942 13.35 
109 280 1.379 0.0246 1.619 22.32 
110 296 0.971 0.0164 1.831 17.79 
1 11 517 3.315 0.0321 1.494 49.53 
112 406 2.909 0.0358 1.444 42.02 
1 13 963 1.363 0.0071 2.365 32.23 
1 14 138 1.033 0.0374 1.425 14.72 
115 56 0.126 0.0112 2.055 0.26 
1 16 141 2.852 0.1011 1.054 30.04 
117 1) 1) 0.052 0.0117 2.029 1.05 
118 118 0.220 0.0093 2.174 4.79 
119 55 0.351 0.0319 1.497 5.25 
121 15 0.032 0.0106 2.089 0.67 
122 396 1.329 0.0168 1.819 24.17 
123 70 0.435 0.0311 1.508 6.56 
124 479 1.469 0.0153 1.870 27.46 
125 60 0.417 0.0348 1.458 6.08 
126 14 0.126 0.0451 2.565 3.24 
127 77 0.094 0.0061 2.475 2.32 
128 61 0.120 0.0090 2.199 2.41 
129 362 1.903 0.0263 1.587 30.20 
130 267 0.924 0.0173 1.802 16-66 
131 115 0.446 0.0194 1.7-41 7.76 
132 92 0.162 0.0088 2.212 3.59 
133 1 93 1 1.6 29 0.08 76 1 1.101 111 93 

fable V. 17 - Production estimations for each of-the sampling stations (cont). 
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The spatial distribution of the production estimations are 
presented in figure 5.40. The highest values appear in the region 
between the entrance and the beginning of the sand banks, mainly 
close to the northern margin. The lowest values were found in the 
estuarine entrance, along the northern margin in the vicinity of the 
industrial complex, in the upper estuary, occupying almost all the 
region in front of Boliden/Setenave/Eurominas, in the beginning of 
the inner estuary (Alcdcer channel) and also in some of the sampling 
stations of the southern channel, namely in sites of coarser 
sediments. 

SADO ESTUARY SETUBAL 

ETEWIRR 
q 2.5 Km 

EDP 

c 30*- 
'MR 30' ý 
X PO TUCEL 

FIR 
SECIL LIQUIDO 

Rol PAREL 

IDEN 

... UROMI 

0 

Ix .... 

56' 54' 52- 8* 1w 

w -.. % 
0 01 - 20.00 20.01 -40.00 

(0 40.01 - 80.00 
080.01 

-160.00 
0> 160.00 

Figure 5.40 - Sado Estuary. Spatial distribution of production estimation 
per sampling station (gafdw/m2 /year). 

most of the low production areas correspond well with the low 

ash-free dry weight biomass areas, and in general, a good agreement 
was found between the spatial gradients of biomass (afdw) and 

production, shown respectivelly in figures 5.7 and 5.40. 

A close comparison of both figures suggests a good 

correspondence between the areas of 0-10 g afdw/M2 and 0 -20 g 
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afdw/m2/year, 10-20 g afdW/M2 and 20-40 g afdw/M2/year, and 20- 
40 g afdw/M2 and 40-80 g afdw/M2 /year. A less good 
correspondence is obtained between the highest biomass and the 
highest production areas. Some of the estuarine regions with high 
biomass (> 40 g afdw/M2) also show high production estimates (> 80 

g afdw/m2/year), while others tend to show lower values (40-80 g 

afdw/M2/year). This difference was essentially due to the presence of 
larger animals (mainly Molluscs), together with a lower number of 
individuals and so a high mean individual biomass. 

Figure 5.41 shows the relation between ash free dry weight 
biomass and production estimates in the Sado estuary. A linear 

regression was used considering biomass as the independent variable 

and without data transformation. The correlation coefficient is highly 

significant (r=0.90). 

In this figure the two extreme cases identified, sites 26 and 33, 

correspond to the two situations with a high biomass and, in this 

case, high production values. 

In sampling station 26 (urban effluent), C. capitata strongly 
dominates, giving a relatively high biomass with one of the lowest 

mean individual weights in the estuary and the result is the highest 

production value. 

In sampling station 33, the highest biomass was found and 
dominance was due to the bivalve V. pullastra, both in number and 

weight. The result is the highest mean individual weight found in the 

estuary, and a clearly lower production value than the one expected 
from a linear relation between biomass and production. Nevertheless, 
because of its high biomass the production value at this station is 

among the highest values considered. 
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y=7.112 + 1.289x r=0.90 *** 

Figure 5.41 - Linear regression plot between biomass (B) and production (P) in the 
Sado estuary. The two extreme cases, sites 26 and 33 are clearly apart 
from the remaining sampling stations. *** P<< 0.001. 

5.4. - TROPMC GROUPS 

5.4.1. - Introduction 

The analysis of the trophic structure of the Sado estuary 
benthic macrofauna was based on the classification of species into 
eight different trophic groups, as presented in Chapter 3-Methods, 

namely, filter feeders (FF), surface deposit feeders (SDF), sub-surface 
deposit feeders (SSDF), filter feeders/surface deposit feeders 
(FF/SDF), carnivores (C), carnivores/ deposit feeders (C/DF), 
herbivores (H) and herbivores /deposit feeders (H/DF). All the species 
considered in each group are mutually exclusive with the exception 
of the cirratulid Tharyx sp. and the Sipunculids classified as surface 
and sub-surface deposit feeders. In these two cases the abundance 
and the biomass in each sampling station was partitioned and 
included in each of the trophic groups mentioned before. 

The data for the trophic groups analysis did not consider the 
entire set of species sampled in the estuary but only the top ten most 
abundant species in each sampling station. In some situations, the 
top ten species represent the whole set of species in a given station, 
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sometimes they only omit species represented by one or two 
individuals. This choice was taken mainly for two reasons: 

- The set of species omitted is essentially made up of rare 
species which inevitably increases the uncertainty of classification 
into trophic groups, and 

- The most abundant species per site should represent well the 
major feeding strategies in each sampling location. 

5.4.2. - Results 

The data file considered for the trophic group analysis includes 
a total of 164 species (46% of the total number of taxa sampled), 
comprising 67930 specimens (85% of total abundance). In terms of 
wet-weight biomass, these specimens represent 39.6% of total 
biomass (1129.9 g). In each station, the abundance of the top ten 
species always represents more than 60% of the total abundance at 
that station, corresponding to 1000/6 in 23 sampling sites. 

Table V. 18 shows the distribution of the set of species 
considered among the eight trophic groups, while table V. 19 
presents the total number of individuals and biomass (wet-weight in 
mg) for each of the trophic groups. Table V. 20 gives the full set of 
data per sampling station, namely the number of species, individuals 
and biomass of each trophic group. 

AIS shown in table V. 18, the majority of the species belong to 
the surface and sub-surface deposit feeders (34 and 32 species 
respectively). Filter feeders/surface deposit feeders and carnivores 
are represented by 25 species each, filter feeders by 2 1. 
herbivore/ deposit feeders by 15, carnivores /deposit feeders by 10 

and the herbivores by 4 species. 

In respect of the total abundance and biomass, the deposit 
feeders are clearly the most important group in the estuary: the 

surface deposit feeders had the highest total abundance, comprising 
27272 specimens (40.2%) while the sub-surface deposit feeders had 
the highest total biomass, almost 900 g, wet weight (46.4%). 
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Trophic Group Abund nce J Biomass w. - , W* Presences 
Number % Number % 

J § 

umber % 
FF 2152 3.2 603426 ý 3 Lýl 58 44.3 

FF/SDF 7631 11.2 14399 0.7 99 75.6 
SDF 27272 40.2 307667 15.9 127 96.9 

SSDF 25605 37.7 898633 46.4 126 96.2 
C 1225 1.8 87412 4.5 73 55.7 

C/DF 2385 3.5 11697 0.6 39 29.8 
H 433 0.6 9244 0.5 23 17.6 

H/DF 1 1222 1 1.8 1 6081 1 0.3 1 63 48.1 

Table V. 19- Total abundance, wet-weight biomass (mg) and species present, of each of 
the trophic groups considered in the Sado estuary. 

Surface and sub-surface deposit feeders were present in almost 
all the sampling stations, i. e. in 127 and 126 respectively. Herbivores 

and carnivores/ deposit feeders were the least frequent groups, 
present only in 23 and 39 sampling stations, respectively. 

The number of trophic groups per sampling location is shown 
in figure 5.42. At stations 95 and 120 no fauna was found. In 63 sites, 
3 to 4 trophic groups were present, while in 57 sampling stations, 5 

or 6 groups were identified. Only 11 sites were represented by 7 or 8 

trophic groups. 
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0 1-203-405-6107-8 

Figure 5.42 - Sado Estuary. Total number of trophic groups in each 

sampling station. 
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TROPHIC GROUP5 STATIONS 

sool 
- 

S0021 S003 S004 S005 S006 S007 S008 S009 Solo Sol, f 1 2 2 3 1 1 FF A 40 7 115 3 51 9 3 (WW) 36717.7 106.0 14606.1 54.7 331.81 253.2 15.1 S 2 2 2 1 
FF/SDF A 88 88 6 163 38 2 

B(ww) 117.0 133.11 505.2 225.0 50.0 1.0 
S 3 2 1 4 3 3 3 1 1 4 

SDF A 92 23 29 
1 

577 471 7501 7 5 1 26 

- 
(WW) 4 

, 
192.7 748.1 26.1 558.3 2234.4 733.6 8.8 48.5 0.9 40.0 

- s 1 3 1 1 3 3 3 6 3 
SSDF A 65 90 3 11 77 63 6 10 13 54 48 

B(ww) 98.8 36.01 0.3 50.9 2405.0 791.0 2.5 5.2 34.4 382.21 9.3 
S 1 3 3 3 5 4 7 11 

C A 8 52 36 40 30 55 18 7 
B (ww) 26.4 508.3 632.6 1 282.2 142.3 145.21 '215 2 7.6 38 .9 S I 1 1 2 1 3 _ ' 1 

C/DF A 17 9 11 45 3 3 9 

_LPH 
11.9 

1 
6.3 5.5 31.5 1.5 13.81 4.5 

1 1 2 1 1 1 1 1, 1 1 
H A 84 18 16 10 57 13 32 12 1 72 

B(ww) 786.9 10.4 3.2 0.7 1358.9 1 1.9 8.9 14.2 1.1 40.3 
S 3 3 2 1 2 1 

H/DF A 7 4 11 11 2 10 
BWW 1 1 24.0 

1 
6.9 418.5 15.3 

1 
0.2 1 .0 

TROPHIC GROUPS STATIONS 
S012 S013 S014 S015 S016 S017 S018 S019 S020 S021 S022 

S 1 1 3 3 1 1 
FF A 27 19 184 342 57 44 

B(ww) 812.8 63540.2 222.0 156.2 1935.8 24542.8 
S 3 , 1 3 2 1 1 1 3 2 2 

FF/SDF A 223 93 75 
1 

97 134 18 30 76 83 202 150 
B(ww) 160.6 46.5 37.5 113.1 249.7 26.5 15.0 112.6 64.6 129.0 99.7 

S 4 6 6 2 5 3 4 4 5 4 5 
SDF A 596 268 

1 
430 622 458 81 259 117 213 254 241 

B 560.0 6825.8 2704.2 617.7 3123.2 179.1 23579.8 417.8 1 1953.2 1291.9 1087.3 
3 2 1 3 2 4 3 3 1 

SSOF A 149 212 15 158 66 215 143 134 83 261 
B(ww) 499.6 234.6 18.1 878.5 1893.6 

1 
1103.7 485.1 816.0 262.1 

1 
471.1 

S 3 1 1 1 1 1 
C A 136 27 27 19 24 63 

B a 197.0 1 76.5 151.6 28.5 27.9 81.3 
- 

p 
I I I I I 

C/DF A 847 60 329 322 157 
B(ww) 400.1 30 164.5 161 78.5 

S 
H A 23 

E3(WW) 961.0 
S 

H/DF A 27 
B(ww) 3.6 1 1 7.4 

Table V. 20 - Species richness (S), Abundance (A) and wet-weight biomass (Bww/mg) for the 
trophic groups present in each sampling station. 

. 
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TROPHIC GROUPS STATIONS 

S023 S024 S025 S026 S027 S028 1 S029 S030 S031 S032 
I I T 1 

FF A 50 72 27 13 
B(ww) 35.9 64.8 417.8 11.7 

s 4 1 5 2 2 1 
FF/SDF A 2 306 4 229 109 48 18 

B(ww) 1.2 379.5 0.4 274.0 76.1 40.2 9.0 208.1 
s 6 6 3 5 6 4 4 6 2 

SDF A 335 
1 

60 246 159 269 239 253 316 2 
B(ww) 4962.2 1752.2 898.8 123.3 2935.0 1216.1 841.0 3181.0 1ý .5 4 4 2 2 2 3 2 

1 

4 - 1 1 
SSDF A 144 65 135 14498 41 205 91 158 3 

B(ww) 1953.9 48.0 
1 

2997.4 21837.2 45.8 350.0 369.5 1135.6 44.4 
s 2 1 1 1 4 8, 

c A 16 15 39 20 8 13 
515.01 42.1 45151.7 

1 
1010.3 130.4 8338.8 

2 
C/DF A 16 

B(ww) 23.2 
s 

H A 29 3 
726.1 9.6 

1 
H/DF A 8 40 1 

1 B(ww) 0.8 1 192.6 1 417.61 0.9 

TROPHIC GROUPS STATIONS 
S033 S034 S035 S036 S037 S038 S039 S040 S041 S04'- 

s 3 I I 
FF A 41 5 19 10 

B(ww) 169013.4 2874.8 3317.4 5985.0 
s 1 2 2 

FF/SDF A 13 219 106 43 255 16 10 
B(ww) 18.2 144.6 56.5 40.5 260.6 11.2 7.0 

s 2 5 5 5 4 7 9 7 8 7 
SDF A 20 72 235 220 168 307 325 1033 571 385 

B 70.0 1687.0 3301.0 
1 

1309.5 2383.7 1000.6 21446.6 23862.4 18993.3 1 6042.9 
2 5 4 3 2 1 3 2 1 

SSDF A 8 175 Ill 106 73 27 593 103 58 49 
B(ww) 36.9 1970.4 1 693.4 984.5 317.6 98.6 934.0 869.4 279.3 308.2 

s 4 2 
c A 16 44 

B(ww) 6828.0 810.4 
s-- 

C/DF A 79 36 15 
B ww 39.5 18 7.5 

s 
H A 5 

B(ww) 432.5 1 
s I I I I 

H/DF A 4 4 37 9 
B(ww) 3.6 3.6 33.3 60.3 

Table V-20 (continued). 
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TROPHIC GROUPS STATIONS 
S043 S044 S045 S046 S047 S048 S049 S050 S051 S052 

1 1 1 1 FF A 23 7 10 18 
3270.6 21.0 31694.8 16.2 3 3 2 2 2 3 

FF/SDF A 
1 

132 66 113 287 75 102 
B(ww) 153.9 54.1 146.7 183.8 156.0 107.7 

3 6 3 4 2 1 5 5 6 
SDF A 103 264 188 157 63 3 182 73 178 

B(ww) 467.5 3875.7 1245.3 323.7 377.41 5.7 1501.7 1412.4 961.0 
s 5 2 2 3 4 3 6 4 .I 

SSDF A 162 51 
1 

88 137 174 25 92 55 21 28 
B (ww) 788.7 880.0 1145.5 1799.3 766.2 112.8 192.61 172.1 611.7 112.0 

s 1 1 4 2 1 i 
c A 23 35 18 10 5 7 

B(ww) 34.5 52.5 3136.4 48 61 3.5 30.1 
s 1 2 1 1 1 2 

C/DF A 48 43 16 97 7 11 20 
B(ww) 30 29.6 1 10 66 4.9 1 7.7 11.8 

s 1 2 
H A 3 25 

1 0.61 4.4 
3 2 

H/DF A 
:l 

22 11 103 8 

1 B(wwL 72.6 
1 

3.51 
1 

15.9 1 1 53.6 

TROPHIC GROUPS 
. 

STATIONS 
S053 S054 S055 S056 S057 S058 S059 S060 S061 S062 

s I 1 1) 
FF A 25 12 - 25.6 10.8 3279. 6 

3 2 2 1 5 1 1 2 
FF/SDF A 185 112 61 3 57 

1 
20 102 228 166 3 

B(ww) 237.6 156.8 74.9 3.3 58.5 16.4 142.8 240.9 190.1 3.4 
s 5 7 5 7 5 6 7 7 3 

SDF A 127 579 675 138 102 30 418 709 77 3 
B(ww) 832.4 7840.9 9991.6 849.6 5511.9 53.6 5760.8 4121.4 1918.7 88.8 

s 1 1) 1 2 2 3 1 1 2 
SSDF A 18 27 30 21 63 112 8 155 10 

B(ww) 13.0 29.1 16.6 1 15.0 44.1 51.3 5.6 451.6 42.2 
s 1 2 4 

c A 15 15 8 14 2 9 3 
B(ww) 721.5 1 9.5 78.4 1075.8 266.3 1 689.9 4.51 

s 
C/DF A 25 

B(ww) 5022 0.5 2881.8 
s I 

H A 13 
B(ww) 358.4 1 1 

H/DF A 33 50 32 29 23 1 
B(ww) 221.1 335.01 211.4 1 194.3 154.1 6.7 

Table V. 20 (continued) 
- 
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rROPHIC GROUPS STATIONS 

S063 S064 S065 S066 S067 S068 S069 S070 S071 S07- 
2 1 2 

FF A 69 39 30 
B(ww) 5869.9. 63.8 1933.9 

s 2 2 2 3 
FF/SDF A 24 68 22 35 1 7 17 26 22 

B(ww) 37.2 81.7 23.7 49.0 32.9 4.2 23.8 255.6 10 
7 6 6 7 3 2 6 7 4 7 

SDF A 255 356 
1 

13 335 6 2 86 541 
1 

103 367/ 
B(ww) 6020.2 2865.0 41.4 1917.0 31.6 29.7 805.0 5506.5 899.3 1381.6 

s 2 1 2 2 4 4 3 1 2 
SSDF A 51 18 

1 
11 161 28 45 142 48 141 

B(ww) 67.2 13.6 8.6 344.4 160.9 430.2 458.2 495.1 26 2.0 
s 5 2 2 

c A 8 20 2 
B(ww) 739.1 1 139.4 171.1 

s 
C/DF A 

B(ww) 420.5 
s I 

H A 3 
0.6 

1 2 
H/DF A 16 30 3 2 18 31 

1 B(ww) 107.2 1 201.0 0.61 208.91 1 1 120.6 207.7 

TROPHIC GROUPS STATIONS 
S073 S074 S075 S076 S077 S078 S079 S080 S081 S082 

s 3 1 1 
FF A 143 223 6 

B(ww) 19986.1 11740.1 1271,4 
s 3 2 4 

FF/SDF A 3 17 46 76 408 
B(ww) 3.7 23.8 299.4 73.1 286.0 

s 5 7 7 6 7 7 6 7 1 4 
SDF A 7 401 156 367 940 21 426 283 79 613 

B(ww) 21.0 4969.4 1886.6 6060.8 8323.6 168.0 4580.9 3098.0 213.3 5466.8 
s 1 3 2 3 1 6 1 1 1 5 

SSDF A 17 43 23 149 47 17 67 19 39 133 
B(ww) 11.9 134.4 20.0 127.4 154.7 

1 
13.2 46.9 16.6 1 1054.3 5212.6 

s 2 1 2 1 1 
c A 2 14 5 45 7 

P B(ww) 98.0 9.2 '75.0 42.9 35.7 

s C/DF A 33 
B(ww) 421.2 23.1 

H 
s 
A 

B(ww) 

H/DF A 17 15 21 46 1 60 
1 

21 74 
B(ww) 113.9 100.5 147.4 308.2 6.7 402.0 66.6 

Table V. 20 (continued). 
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rROPHIC GROUPS STATIONS 
S083 S084 S085 S086 S087 S088 S089 S090 S091 S092 

S 1 
-1 FF A 29 7 

4 B(ww 1222.0 96.5 

-- s 2 3 2 2 2 
FF/SDF A 17 337 112 11 12 5 30 

B (w W) 8.5 193.2 83.5 2.8 110.0 68.4 195.6 22.6 1.6 
s 5 4 6 4 4 5 5 5 6 1ý 

SDF A 174 327 233 20 2-64 181 305 92 403 12 
B (w W) 510.9 2068.61 1955.2 155.6 2036.4 2222.2 5696.8 1787.6 2196.2 45.2 

s 4 4 2 3 7 4 1 1 1 4 

SSDF A 187 102 68 74 253 76 9 1 23 7 
B(ww) 1330.91 980.3 425.3 525.4 917.9 135.8 6.3 3.11 38.2 8'. 5 

1 --a"s 1 4 1) 5 1 2 
c A 17 11 31 6 11 2 

B(ww) 992.6 1 178.5 98.7 1152.8 11.0 119.8 
s I I I I 

C/DF A 5 1 43 2 
B(ww) 1 3.5 420.5 30.1 1.41 

H 
s 
A 

B(ww) 
s 

H/DF A 27 4 13 1 52 2 
B(ww) 24.3 87.1 6.71 348.4 1 13.4 

rROPHIC GROUPS STATIONS 

S093 S094 S096 S097 S098 S099 sloo siol S102 S103 
s 3 1 1 1 1 1 

FF A 10 16 98 61 9 10 
B(ww) 1141.4 108.7 17137.2 12925.9 1571.4 7.4 

s 2 1 2 2 1 1 1 3 
FF/SDF A 7 24 969 51 4 55 3 35 

B(ww) 92.4 36.0 820.5 42.3 6.8 27.5 1.5 35.4 
s 2 5 3 3 5 5 6 5 4 4 

SDF A 14 
1 

42 74 187 189 291 1 928 390 34 138 1 
B(ww) 26.8 567.8 104.1 1053.2 1367.1 2883.8 1 75 6.4 8ý 1557.9 138.4 1809.6 

s 2 1 2 1 2 3 5 6 2 3 
SSDF A 1183 1) 197 23 56 44 152 211 18 122 

B(ww) 3962.0 1.4 1717.1 21.2 285.4 
1 

238.0 554.2 2964.2 1 966.3 316.2 
s 3 1 1 1 

c A 7 9 9 6 
B(ww) 113.4 238.4 1 137.7 432.9 1 126.1 

.s 2 1 
C/DF A 45 

B(ww) 27.3 
s-- 

H A 
B(ww) 4060.2 

s 2 1 1 
H/DF A 

1 
34 26 z ý9 1 7 

B(ww) 0.2 0.4 11.4 174.2 1 328.3 46.9 

rable V. 20 (continued) - 
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TROPHIC GROUPS STATIONS 

---- 
S104 S105 1 

S106 S107 S108 slog silo Sill S112 Sill 7g 1 1 
FF A 19 9 5 36 B(ww) 17.1 1571.4 22.8 19071.6 1073.2 3 2 2 4 3 

FF/SDF A 47 1 16 16 5 127 
B(ww) 2034.9 377.9 866.7 59.5 3.0 87.9 

6 2 5 6 4 5 4 5 5 
SDF A 4 

1 
233 6 13 145 104 145 

1 
159 299 A40 

B(ww) 33.4 2122.4 27.4 43.8 1400.2 941.6 2614.0 
1 

735.15 3949.5 71'" 
4 2 2 5 6 5 3 - 4 

SSDF A 69 18 249 8 80 126 100 75 34 7Q 

B (ww) 1379.3 12.2 1768.3 42-51 524.4 456.1 549.8 495.2 88.7 300. 
s 3 4 1 1 

c A 6 19 16 13 3 
B (ww)_ 35 .7 422 91 1842.5 308.31 46.2 

C/DF 
b 
A 

I 
1) 

B(ww) 841 

H 
s 
A 

2 3 
H/DF A 5 30 37 

1 B(ww) 0.5 201.0 1 4.5 

TROPHIC GROUPS STATIONS 
S114 S115 S116 S117 S118 S119 S121 S122 S123 S 124 

-s 3 
FF A 5 1 40 1 12 2 1 3 

B(ww) 3223.9 0.9 19296.5 174.6 665.9 4.8 2.6 363.6 
s 1 1 2 3 1 1 

FF/SDF A 1 1 4 11 
1 

5 32 
I B(ww) 485.5 28.0 3.8 8.4 1 1053.4 16.01 

s 6 2 5 4 3 7 1 5 3 4 
SDF A 116 2 67 8 42 28 3 148 5 153 

B(ww) 1726.2 7.8 572-0 1 39.3 389.0 183.5 91.2 898.6 15.5 1370.4 
s 6 3 1 3 1) 1) 6 4 6 

SSDF A 10 32 1 59 6 9 191 
1 

48 213 
I B(ww) 2864.0 446.4 6.2 521.65 56.4 143.7 536.05 2158.9 523.85 

s 3 5 2 1 3 1 1 3 
c A 4 8 7 1 5 5 6 

B(ww) 154.2 515.8 456.6 143.3 257.1 
. 

1135.3 2.0 144.2 
s 

C/DF A 
B(ww) 431.4 0.7 

s 1 
H A I 

B(ww 0.2 1.2 
s 1 1 1 

H/DF A 11 7 3 
B(ww) 22.3 1.1 46.9 1 0.3 1 0.6 1 

Table V-20 (continued). 
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TROPHIC GROUPS STATIONS 

S125 S126 S127 S128 S129 S130 S131 S132 S133 
s 2 2 - F 

FF A 3 6 17 B 364.6 30.2 19133.0 
1 3 4 2 5 

FF/SDF A 1 3 174 40 4 26 
B(ww) 3.0 1.7 56.4 681.3 29.0 2.8 

s 1 1 1 5 7 4 3 1 
SDF A 56 1 1 19 54 97 37 27 

B (ww) 1242.4 9.6 1.9 309.4 703.8 378.3 260.51 131.2 
s 2 1 5 2 4 4 4 5 2 

SSDF A 2 8 33 35 57 74 49 28 7 
B(ww) 1994.3 689.4 105.7 364.1 390.9 168.7 377.0 44.2 14.9 

s 1 3 1 1 2 
c A 2 18 3 7 3 7 

_B(ww) 1 260.0 528.8 85.7 1 63.1 1 4.5 1983.7 
s 

C/DF A 20 
B(ww) 14 

5 1 1 
H A 8 2 

B(ww) 175.1 1 287.4 
s 3 1 

H/DF A 18 1 
B(ww) 4.7 2.8 163.8 

Table V. 20 (continued). 
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The spatial distribution of the dominant trophic group at each 
of the sampling stations, in terms of number of species, abundance 
and biomass, is shown in figure 5.43. The clearest pattern is seen in 
the trophic groups based on species richness where SDF is the most 
frequent group. This spatial distribution clearly distinguishes the 
northern channel, in which surface deposit feeders dominate almost 
exclusively from the rest of the estuary. The entrance, the southern 
channel and the upper region of the estuary show more diverse local 
dominance, while the entrance to the inner estuary, is characterised 
by the dominance of sub-surface deposit feeders and filter/surface 
deposit feeders. 

The distinction between the northern and the southern 
channel is not so obviously shown by the spatial distribution of the 
trophic groups based on the abundance (figure 5.43). In the northern 
channel, some of the locations closer to the margins are dominated 
by sub-surface and filter/surface deposit feeders and carnivores. Also, 
sub-surface deposit feeders are more frequently dominant in terms of 
abundance, namely in the upper region of the estuary, Marateca and 
the Alcdcer channel. Herbivores, filter feeders and 
carnivores /deposit feeders are exclusively dominant in stations 
located between the entrance and the beginning of the sand banks. 

Dominance in terms of wet-weight biomass (figure 5.43), still 
shows the surface deposit feeders as the most frequently dominant 
group in the estuary, but mainly in the northern channel. As before, 

some of the stations nearest to the north margin are dominated by 

other groups namely carnivores/ deposit feeders, by carnivores and 
occasionally by filter feeders. 

Sub-surface deposit feeders dominate mainly in the southern 
channel, Marateca and Alcdcer channel while herbivores and 
herbivores /deposit feeders rarely dominate, and only in stations 
located near the estuarine entrance and in the southern channel. As 

expected, filter feeders dominate in a relative important number of 
sampling location, namely near the entrance and in the southern 
margin of the estuary and the intertidal sandbanks. 
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FF 0 FFISDF @C Is SDF I* SSOF 
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Figure 5.43 - Sado Estuary. Dominant trophic group per sampling station 
in terms of species richness (S), abundance (A) and wet-weigth 
biomass (B). The stations not marked have different trophic groups 
with the same percentage. FF - filter feeders, FF/SDF - filter/surface 
deposit feeders, SDF - surface deposit feeders, SSDF - sub-surface 
deposit feeders, C- carnivores, C/DF - carnivores/ deposit feeders. H- 
herbivores, H/DF - herbivores/ deposit feeders. 
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The spatial distribution in the estuary of the number of species, 
abundance and biomass of each of the eight trophic groups is 
presented in respectively figures 5.44 to 5.51. 

*FUter feeders 

The species and biomass spatial distribution of this trophic 
group (figure 5.44) did not individualise particular areas in the 
estuary, showing sites with high and low values equally scattered in 
the whole studied area. From the abundance distribution, the most 
important patch is the one located in the upper region of the estuary, 
which comprises stations of low values. Apparently distributed in the 

whole estuary, this trophic group is less frequent in the northern 
channel. 

* Filter feeder/Surface deposit feeders 

This trophic group presents a much wider distribution in the 

estuary than the filter feeders (figure 5.45). Species richness tends to 

show the highest values in the northern part of the estuary, around 
the sandbanks and in inner stations. Abundance presents a rather 
clear pattern, with the highest values in the northern part of the 

estuary, between the entrance and the beginning of the sandbanks, 
along the northern and southern margin of the intertidal sandbanks 
and part of the southern margin of the estuary. Biomass presents a 
close distribution to abundance. 

* Surface deposit feeders 

Surface deposit feeders were found in almost every sampling 
station (figure 5.46). The distribution of species richness clearly 
shows the predominance of this group along the northern channel. 

The highest values were found along the northern margin from 

Comenda inwards, occupying almost all the north channel until 
Mague. In the south channel only few sites, mostly located close to 
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the margin, present similar high values. The lowest values, extend 
from the estuarine entrance towards the southern channel until the 
Instalaig6es Navais, showing another patch in front of Eurominas and 
in the innermost stations of Alcdcer channel. Most of these locations 
show coarse instable sand. 

The highest abundance and biomass distribution don't exactly 
correspond to the region with higher species richness. In fact, this 
group presented the lowest values of abundance in general along the 
northern margin, in stations 24 and 26 (urban sewage) and from 
Etermar inwards. Also, in the upper region of the estuary (in front of 
Boliden, Setenave and Eurominas), in Marateca and Alcdcer channel 
and from the southern part of the estuarine entrance extending along 
most of the southern channel. 

In general the areas with lowest biomass values are more or 
less the same as the ones with low abundance. 

* Sub-surface deposit feeders 

This widely distributed trophic group also distinguishes the 
northern and the southern part of the estuary. This distinction is 
mainly shown by the distribution of the number of species, abundance 
and of the biomass per sampling locations (figure 5.47). In opposition 
to the surface deposit feeders, this trophic group is more important 
in the southern than in the northern channel, particulary in respect 
to species richness. 

The location in the estuary of the most important areas with 
high abundance is almost the same as the one found for the species 
number. However, there is a patch of high abundance values in the 

northern channel, close to the sandbanks, and it is along the 

northern margin that are located the 3 stations with the highest 

abundance values: stations 26,39 and 93 (urban and pulp mill 
effluents). 
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Biomass distribution isolates the regions with the lowest values, 
namely the entrance and most of all the sampling station closer to 
the industrial belt along the northern margin. It shows clearly the 
difference between the stations closest to the margins in the 
southern and northern channel, the former with higher values than 
the latter. 

* Camivores 

Carnivores were present in every part of the estuary (figure 
5.48). The species distribution of this trophic group distinguishes 3 
main patches of high values: one in the estuarine entrance, other at 
the beginning of southern channel (near Caldeira. de Tr6ia) and 
another one inwards occupying the upper region of the estuary and 
the end of the southern channel. 

Abundance distribution however showed in general that the 
main region with high values correspond to the area from the 
entrance up to the beginning of the sandbanks, while biomass 

presents patches of high values equally near the entrance, the upper 
region of the estuary and the northern channel. 

* Carnivores/Deposit feeders 

This trophic group is not so spread in the estuary as the strict 
carnivores (figure 5.49). It is almost absent in the inner part of the 

southern channel, the upper region and the inner estuary. In the 

northern channel, the group is more frequent close to the margins. 
The higher abundances were found mainly closer to the entrance, 
between Comenda and SeWbal harbour. Biomass, on the contrary, 
showed the highest values essentially in the inner part of the 

northern channel, along the margin inwards of the thermal power 
Plant (EDP). 
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* Herbivores 

Strict herbivores tend to occupy almost only the entrance 
region and the beginning of the southern channel. They are very rare 
in the northern channel, while in the inner part of the southern 
channel, in the upper region and in the inner estuary, this group is 
almost exclusively found closer to the southern margin (figure 5.50). 

* Herbivores/Deposit feeders 

This trophic group clearly presents a much wider distribution 

than strict herbivores, extending namely throughout the whole 
northern channel (figure 5.51). Species richest locations however, 
tend to concentrate closer to the entrance and in the southern 
channel. On the contrary, abundance and particularly biomass, tend 
to present the highest values mostly in the northern channel, 
inwards of Etermar. 

In the next chapter, the distribution of the species number, 
abundances and biomass of these trophic groups will be analysed in 

relation to environmental data namely: fines, sand and total organic 
matter content of the sediment, sheer stress, residual flow and 
residual current velocity of the water column. 
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5.5. GENERAL REMARKS 

The subtidal macrofaunal survey undertaken in the Sado outer 
estuary showed that the species richness, abundance and biomass 
classes with the higher number of sampling stations in the Sado were 
in the range of 33-64 species/O. JM2 (50%). 0-200 ind/O. JM2 (31%) 
for abundance and 0-4g/O. JM2 ww (28%) and O-lg/O. JM2 afdw for 
biomass (49%). which could be considered high values when 
compared with e. g. the results presented by Jaramil-lo et aL (1984) 
for a Chilean estuary and by Mott & Kingston (1987) for the Estuary 

and Firth of Forth. 

The fauna sampled in the survey clearly suggests prevailing 
marine conditions in the Sado outer estuary. with few contributions 
of species accounting for the influence of freshwater conditions 
(oligochaetes and insect larvae, namely) and is characteristic of 
European estuaries and also reflects the proximity of the 
Mediterranean sea (e. g. Fauvel, 1923,1927, Katzmann et aL, 1974, 
Ramos, 1976, Tebble, 1976, Lincoln, 1979, Bellan-Santini et al. 
1982, O'Connor, 1987, Pleijel, 1988, Quintino, 1988, Marques, 
1989, Rodrigues & Quintino, 1991b). 

The benthic fauna of the Sado estuary is mainly made up of 
Annelids (the most abundant and the species rich group), Arthropods 

and Molluscs (which comprises the greater part of total biomass). 
Together, these groups represent 93% of total species richness and 
total biomass, and 98% of total abundance. 

Of the 362 species, 229 were present in 10 or less stations 
(sampling frequency F: 57%), 120 (33%) were sampled in 13 or more 
stations (F ý: 10%)q 87 (24.0%) were sampled once, and 15 (4.1%) 

were present in 67 or more stations -(F>50%). 

The subtidal survey undertaken in the Sado estuary by Cancela 
da Fonseca and co-workers in February 1979 (Cancela da Fonseca et 
al., 1987) presented a total of 250 taxa (considering not only the 
taxonomic groups of the present work but also Foraminifera, Porifera, 
Cephalopada, Cirripedia, Diptera, Bryozoa), from which Annelids. 
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Arthropods and Molluscs comprise 83% of the total number of 
species (Table V. 21 ). 

According to their data, only 30 species (12%) were present in 
7 or more stations (F>-10%), with the most frequent species being 
present in 21 sampling stations (F=30%) Welinna palmata and 
Sphaeroma monodi). On the other hand almost 57% of the species, 
142, were present once (cf. table V. 21 ). These results like the ones 
obtained in the present study, also indicate the predominance in the 
estuary of Annelids, Arthropods and Molluscs but they suggest not 
only a poorer fauna but also much more heterogeneous samples 
which could be the result of a major flood and stormy winter, in 
1978/79, just before their sampling period. 

Most of the species were present in few stations, for example 
of the 74 Arthropod species mentioned by the authors, 47 were 
sampled once and 10 twice, comprising 77% of the group total 
species, while in the present study from the 123 Arthropod species 
collected, 26 were sampled once and 14 twice representing together 
only 24% of the total. 

The high number of low frequency species and the relative low 
sampling frequency of the most frequent species in Cancela da 
Fonseca's et aL (1987) made it difficult to globally characterize the 
Sado subtidal macrofauna. The authors don't present quantitative data 
(abundance and biomass), making it impossible to compare ours with 
their results. 

Number of 9 ecies Freq ency Sp. present 
Ann. Arthr. Moll. Fý10% F>50% once 

Present study 
[Cancela da Fonseca et al. 1 

134 (37%) 

93 (37%) 

123 (% 

74 (305c) 

1 22%) 

40 (16%)1 

120 (33%) 

30 (12%)l 

15 (4%) 

01 

87(24%) 

142(57%) 

Table V. 21 - Comparison of some results obtained in the present study and the ones 
presented by Cancela. da Fonseca et aL, (1987). 

In the present study, the majority of species were represented 
by few animals: 179 species (almost 50%) were represented by a 
maximum of 10 individuals, comprising 686 specimens, less than 1% 
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of the total abundance. On the other hand 17 species were collected 
with more than 1000 specimens and they comprise almost 70% of 
the total abundance. The most frequent and abundant species belong 
mainly to the polychaets cirratulids: CaullerieM sp., Tharyx sp. and 
Cirriformia sp. 

From the 133 sampling stations only two appear defaunated. 
Annelids were present in all the remaining locations, Arthropods in 
128 locals and Molluscs in 123. The stations without Annelids and 
Molluscs were mainly located close to the nor-them margin within 
the area of the industrial complex. 

Biomass values were very unevenly distributed by the different 

species, with 38 taxa (considering wet-weight biomass values) 
represented by more than 10.0 g, and representing globally 91.3 % of 
total biomass. Molluscs dominate, either attending to wet weight, dry 

weight or ash-free dry weight measurements. 

Some regions in the estuary presented, in general, low values 
for each the three biological variables: the estuarine entrance, the 
region near to the urban sewage outfall, the region closest to the 
margin in the northern channel corresponding to the industrial belt 
(from Etermar inwards), the upper region of the estuary (in front of 
Boliden/Setenave and Eurominas) and the innermost region of 
Alcdcer channel. Generally, in these areas 50% or more of the total 
location abundance is attained by 1 or 2 species. This suggests that 
these areas present disturbance characteristics. 

In fact, Elliott (1983) mentioned that in a clean, coastal 
sublittoral area at which the community is not stressed, the top ten 

species (by abundance) account for approx. 50-60% of the total. This 

number could be greatly reduced in an estuary (naturally stressed) or 
in a polluted area (stressed unnaturally). Despite this fact the author 
found in his study of the Forth estuary between I to 8 numerically 
dominant species, while only 1 or 2 in the stations located in areas 
disturbed by industrial wastes (Skinflats, Kinneil Bay, Bo'ness). These 

regions also presented the lowest values for species richness, 
abundance, biomass and diversity (H). 
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In the Sado estuary the region which presented the highest 
values for the three primary biological variables was found between 
the estuarine entrance and the beginning of the intertidal sandbanks. 

For the species richness and abundance a longitudinal gradient 
could be defined (more clear, nevertheless, for species richness) 
with increasing values from the estuarine entrance towards the 
beginning of the sand banks and then decreasing landward in the 
direction of the upper and inner regions. In the northern channel, 
from Etermar inwards, transverse gradients are also noticeable with 
increasing species richness from the margin towards the sand banks. 
Biomass values are more scattered in the estuary and depended 
mainly on the presence of Molluscs and the high densities of 
particular species, namely opportunistic polychaetes. 

The transverse gradients obtained in the Sado estuary show 
different characteristics: in the south channel they may be due to an 
impoverishment in the deeper regions most probably related to an 
increasing sediment instability, while in the northern channel the 
decreasing of the species richness, abundance and biomass towards 
the margins seems to indicate a disturbance induced by the industrial 
outfalls. Examples of biological variables gradients as a result of 
anthropogenic inputs are numerous in the benthic literature (e. g. 
Leppdkoski, 1975, Landner et al., 1977, Pearson & Rosenberg, 1978, 
McLusky, 1982, Elliott & Kingston, 1987). 

The general longitudinal and transverse gradients found in 
Sado estuary, were also defined in other systems of the Portuguese 
coast, namely in the lagoons of Obidos and Albufeira and Santo Andr6 
(western coast) (Quintino, 1988, Quintino et at., 1989, Cancela da 
Fonseca, 1989), Mira estuary (Andrade, 1986) and the Ria de Alvor 
(southern coast) (Quintino & Rodrigues, 1989). These gradients are 
commonly known from estuarine systems, where a mixture of 
freshwater and marine conditions tends to result in more or less 

clear horizontal gradients (McLusky, 1989) eventually shaped by 

other driving environmental conditions, able to induce local 
gradients (e. g. Pearson & Rosenberg, 1978). 
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The macrofauna species sampled in the Sado showed individual 
distribution areas and local densities more or less specific to a 
particular region of the estuary and only very rarely tend to be 
ubiquitous. Most of the species clearly avoid the region along the 
northern margin, inwards of the industrial belt and the one in front 
of Boliden/Setenave/Eurominas. 

Species diversity values calculated with the abundances were in 
the range of 0.15 to 4.98 bits/ind., with 44% of the sampling stations 
showing values between 3.5 and 4.5. 'Mis range of values is somewhat 
lower but close to the ones found in the Firth of Forth, ranging from 
0.71 to 5.24 bits/ind. (Elliott & Kingston, 1987). 

In general, this variable shows spatial gradients similar to the 
ones defined with the primary variables: it decreases along the 
longitudinal axis seawards -inwards and transversely in the northern 
channel, from the sandbanks towards the margins, and in the 
southern channel, from the sandbanks and the margins towards the 
deeper regions. The lowest value areas (<2.5bits/ind. ) are essentially 
concentrated in the upper region and also scattered along the 
northern margin. The highest values appeared in stations between 
the entrance and the beginning of the intertidal sandbanks, and 
extending to the most seaward region of the southern channel. 

Diversity calculated on the basis of wet-weight biomass was in 
general lower but the global gradients were similar. 

Eveness did not present a clear spatial pattern. Nevertheless, 
the values obtained with the biomass data separate well the northern 
from the southern channel, the last one with the highest values. 
Eveness based on the abundance data varied from 0.04 to 1.00, with 
the lowest values in the nearest stations to the urban sewage and the 
PuIP mill outfalls, which also presented the lowest diversity values. 

lAke the diversity based on the biomass data, eveness values 
were in general lower than the ones obtained with the abundance 
data. Together with the lower diversity values these results seem also 
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to point that biomass would be more unevenly distributed than 
abundance. 

The spatial variability shown by the primary variables S, A, and 
B and the abundance ratio and the size ratio, along sets of sampling 
stations located in increasing distance from possible organic 
enrichment sources, showed that only in two cases was the 
succession of these variables the same as suggested by the SAB model 
and the expected variation of the two ratios in a gradient of organic 
enrichment (Pearson & Rosenberg, 1978, Pearson et al., 1982). 

The gradients established, corresponding to a decrease of 
organic enrichment, had their source points near the urban sewage 
and pulp mill outfall and were directed in the former to the estuarine 
entrance and in the latter to the southern channel. The two 
situations identified correspond to the "hot spots" in the estuary and 
the potential sources are located in the extremities of the industrial 
belt. The difficulties in establishing clear gradients could be due to 
particular characteristics of the Sado estuary, namely complex 
hydrodynamics, heterogeneous sediments relatively close to each 
other, as well as a complex mixture of anthropogenic sources 
affecting the northern channel. 

The production estimations in the Sado estuary presented 
values ranging from 218.15 g afdw/m2/year, in station 26 (urban 

effluent outfall) to 0.26 g afdw/m2/year, in local 115 (in the upper 
region). The production spatial pattern was shown to be very similar 
to the afdw biomass, the main differences concerning the locations in 

which macrofauna was mainly made up either of very small or very 
large specimens. Similarities between the spatial distribution of 
production estimates and biomass afdw were also found in the Forth 

estuary, where the production was calculated using the more 
elaborate method of Crisp (1984), for populations with recruitment 
and size classes separable (Elliott, 1983, Elliott & Kingston, 1987, 
Elliott & Taylor, 1989). 

In the Sado estuary the higher production estimates were 
found in the region between the entrance and the beginning of the 
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sandbanks, mainly close to the northern margin, while the lowest 
ones correspond to the estuarine entrance, the part of the northern 
margin accompanying the industrial complex, the region in front of 
Boliden/Setenave and Eurominas, the beginning of Alcdcer channel 
and in some stations of the southern channel with coarse sediments. 

Trophic group analysis shows that the Sado estuary is 
dominated by both surface and sub-surface deposit feeders, sampled 
in almost every location, either in terms of species richness, 
abundance or biomass. 

The spatial distribution of these two trophic groups shows, 
both in terms of species richness and biomass (wet-weight), clear 
differences between the two channels, being the surface deposit 
feeders preferentially distributed in the northern and the sub-surface 
in the southern channel. 

Finally, the analysis of the primary and the derived variables 
together with the individual species and trophic groups distribution 
suggests that the Sado outer estuary presents 4 distinct regions: 1) 
the entrance, 2) a region located between the entrance and the 
beginning of the intertidal sandbanks, 3) the northern channel, in 
which the distinction of the nearest stations to the margin along the 
area occupied by the industrial belt should be made, and finally 4) the 
southern channel with the upper region, this latter with a distinct 
group of stations located closer to Boliden/Setenave/Eurominas, in 
the northern margin. 

A more detailed analysis of the regions and the underlying 
ecological gradients will be the objective of the next chapter. in 
which the biological and the environmental data will be treated 
together. 
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CHAPTER 6 

MACROBENTHOS-ENVIRONMENT 
RELATIONSHEPS 

6.1 - INTRODUCTION 

Several numerical data treatment methods have been used to 
assess the relationship between global species data and 
environmental data, to define, characterize and chart the spatial 
distribution of the Sado estuary subtidal benthic communities, and to 
define their relationship with the prevailing hydrophysical and 
sedimentary aspects of the estuary. The state of disturbance of these 
communities was assessed through the analytical study of community 
structure properties. 

Regression analysis techniques (linear and the second order 
polynomial) were used to obtain initial information on the 
relationship between both the trophic structure of the estuary and 
the total primary biological variables distribution, and the 
sedimentary and hydrodynamic data. 

A classification method (TWINSPAN) was used to identify 
affinity groups among sampling locations, validated on the basis of 
their species constancy and fidelity. These groups were also 
characterized by means of the most abundant and frequent species, 
and on the basis of sedimentary and hydrodynamic characteristics of 
the sampling sites. 

Canonical correspondence analysis was further used to estimate 
the relationship between the TWINSPAN groups and the 
environmental data, giving insight into the driving environmental 
Parameters in the Sado estuary. 

* 
By changing the spatial scale of observation, and considering in 

a single set the biological data of the sampling locations of each 
affinity group of stations, the global structure and state of disturbance 
Of Sado estuary subtidal benthic communities was assessed by means 

210 



of K-dominance curves and ABC-curves, the SAB model and the 
rarefaction measure of diversity. 

6.2 - REGRESSION ANALYSIS 

Both the trophic groups data and the species data (richness, 
abundance and biomass per sampling location), were submitted to a 
regression analysis against several environmental variables (depth, 
hydrodynamic and sedimentary variables). 

Given the marked asymmetry observed in the biological data, a 
logarithmic transformation was imposed, y' = In (y+1) (see Chapter 
3). In each case, both linear and polynomial regressions were used. 
The results obtained between each pair of biological and 
environmental variables is summarized in Tables VI. 1 and VI. 2. 

In general, the sedimentary parameters, mainly fines. sand and 
total organic matter (TOM), account for a higher percentage of the 
variation in the biological data than do the hydrodynamic variables, 
the best fits being obtained through the polynomial regression. 

In the case of the trophic groups analysis however, a caution 
should be exercised in accepting the results as they are, since, with 
the exception of the surface and the sub-surface deposit feeders, 

present in almost all sites, these analyses had to deal with many 
zeros. In these cases, a logit regression could be more appropriate 
(ter Braak & Looman, 1987), but the method was not available in our 
data treatment software. 

The distribution of filter feeders, was best explained by the 
gravel content of the sediment through linear regression. The best fit 

concerns the abundances of the group, for which gravel explains 
11.3% of the variation. 

The group filter feeders/surface deposit feeders presented 
better fits with current velocities in a polynomial regression, showing 
higher values at intermediate current speeds. The highest R2adj value 
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Table VI. 2 - Sado, estuary. Linear and polynomial regression coefficients and probability tests. S-SPecies richness: 
A-Abundance: B-Biomass. ns- non significant; R2adj. - adjusted coefficient of determination'. *-the 

polynomial regression does not improve the fit over the straight line. 
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(0.117) was obtained with the number of species of the group per 
site - 

Surface deposit feeders distribution is better explained by 
fines, TOM and sand. This group had the highest values of species 
number, abundance and biomass, at values close to 35% of fines, 4 to 
5% of TOM and 40 to 45% of sand, in a second order polynomial 
regression. The species richness and the biomass of this group are 
also significantly related to shear stress and current velocities, with 
maximum values at intermediate values of the explanatory variables. 

On the contrary, sub-surface deposit feeders had little relation 
to the environmental data. In the case of species richness, the only 
significantly related parameter was shear stress, explaining 3% 
(linear regression) of the groups distribution in the estuary. 
Abundance -showed a significative relation in a polynomial regression 
mainly with fines and sand, both explaining 4% of its variation. The 
biomass showed no significant relation with the environmental 
parameters. 

The global results obtained with the deposit feeders show 
clearly a stronger influence of fines and TOM in the surface deposit 
feeders distribution than in the sub-surface deposit feeders. The 
former strongly dominate in the northern channel where the two 

environmental variables present their highest values. The latter are 

predominantly distributed along the southern channel, where the 
hydrodynamic parameters are more important. 

Carnivores and carnivore/ deposit feeders showed better fits 

through polynomial regression, mainly with fines and sand. In this 

case however, both groups showed minimum values with 
intermediate values of the explanatory variables. These results are not 
in disagreement with the distribution of those trophic groups (cf. 

figures 5.48 and 5.49 in Chapter 5), which in fact occur 

predominantly in stations where sediments show either the lowest or 
the highest silt and sand content. Nevertheless an analysis of the 

graphics generated by the regressions, suggests that the fits obtained 
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could be mostly the result of many zeros in the data (see e. g. figure 
6-1). 
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Figure 6.1 - Polynomial regression (degree 2) showing the fit between the 
species richness and abundance of carnivores and the ftnes 
content of the sediment. 

Herbivore species richness and abundance are better explained 
(31% and 26%) by maximum values of shear stress in a polynomial 
regression, while the biomass variation is more related to the gravel 
content of the sediment, in a linear regression (23%). The results of 
this group also suggest a strong influence of the zeros in the data. 
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Finally the species richness distribution of the 
herbivores/ deposit feeders appears to be related mainly to sand and 
TOM, which explain respectively 8% and 7% of the biological data 
variation. The abundance and the biomass didn't show any significant 
relation with the environmental variables. 

Regression analysis was also used to assess the relationship 
between the number of trophic groups in each station and the 
environmental variables, and also between both the total and the 
individual taxonomic groups species richness, abundance and 
biomass, and the environmental data (Table VI. 2). 

With few exceptions the second order polynomial regression 
gave better fits and the strongest explanatory environmental variables 
were the fines in the case of trophic richness, and the fines, sand 
and TOM content of sediments for total species richness, abundance 
and biomass (cf. table VI. 2). Total species richness and abundance 
didn't show significant relations with the hydrodynamical 

parameters, but biomass appeared significantly related with current 
velocity, shear stress and flow. 

Sediment fines content explains 13% of the variation of the 
distribution of trophic richness in the estuary. The fitted parabola 
suggests that this biological variable tends to present minimum values 
with intermediate values of the fines content. 

Sand, fines and total organic matter explain respectively 21%, 
18% and 13% of the variation in total species richness distribution in 
the estuary. The same variables account for 16% of the variation of 
total abundance and 24%, 23% and 22%. respectively, of the 

variation of total biomass. The fitted parabola suggests that the 
biological parameters tend to show the highest values at more or less 
30 to 40% of fines, 4 to 5% of TOM and 50 to 60%, of sand (e. g. 
figures 6.2 and 6.3). 

Total biomass distribution is also significantly related to the 
hydrodynamic variables. Current velocities and shear stress account 
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for 13% of the variation of this variable and flow for 9%. Higher 
biomass values are found at intermediate values of these variables. 
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Figure 6.2 - Polynomial regression (degree 2) showing the variation of the 
biological variables, total species richness and total abundance, in 
relation to the total organic content of the sediment. 

The individual taxonomic groups data has more significant 
relation to the hydrodynamic environmental variables, than the global 
macrofauna data. However, these relationships are always weaker 
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than those obtained with the sedimentary parameters (Table VI. 2). 
The highest values concern Annelid biomass, and Mollusc species 
richness and biomass, with shear stress and current velocities, 
through the second order polynomial regression. 
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Figure 6.3 - Polynomial regression (degree 2) showing the variation of the total 
abundance. in relation to the sand content of the sediment. 

The exploratory results obtained through regression analysis 
clearly point out predominant non-linear and non-monotonic 
relationships between the biological and the environmental data. 
Ordination analysis was thus based on methods which assume 
unimodal rather than linear response models (see ter Braak & 
Prentice, 1988), namely correspondence and canonical 
correspondence analysis. 

6.3 - CLUSTER ANALYSIS 

6.3.1 - TWINSPAN classification 

The classification method IVVINSPAN (Hill, 1979, see Chapter 
3, Methodology), was used to search for affinity groups among the 
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sampling locations, and to define, characterize and chart the Sado 
estuary subtidal benthic communities. The affinity groups obtained 
were further validated using species constancy and fidelity criteria, 
according to the scale proposed by Retiýre, 1979 (see Chapter 3). 

The divisions emphasized by TWINSPAN, and considered in 
this work, are indicated in figure 6.4. 

Estuary 
(131#) 

A (21#) B (110#) 

AI(13#) A2 (8#) BI (31#) B2 (79#) 

B2a B2b 
(43#) (36#) 

B2b' B2b" 
(32#) (4#) 

IU 
(19#) (13#) 

I st level 

2nd level 

3rd level 

4th level 

5th level 

Figure 6.4 - Sado estuary. IWINSPAN affinity groups among the 
sampling locations (see text for explanation). 

I-st level dimistiort 

The first level division separates a group of 21 stations (group 
A) from the remaining 110 tgroup B), clearly distinguishing the 

mouth of the estuary together with some locations of the southern 
channel (group A), from the rest of the estuary (group B) (figure 6-5). 

The group A of sites comprise 174 species of which 25 were 

present only here (exclusive species). Eighty one species were 

present once and 10 were found in 50% or more of the stations. 
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These latter species are presented in Table VI. 3. The representation 
of their sampling frequencies in group A (R value, see Chapter 3), 
indicates as the most important species the annelids S. 
papillocercus, exclusive, and P. remota, which shows 82% of its 

presence in this group. 
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Figure 6.5 - Locallsation of the affinity groups among sampling stations 
emphasized by TWINSPAN at the first level division. 

p F(%) RN P F (%) R(%) 

P. elegans 18 85.7 6Z1 P. kefersteini 13 61.9 41.9 

N. cirrosa 18 85.7 45.0 S. papillocercus 11 52.4 100.0 

G. gakzica 16 76.2 50.0 P. longipes 11 52.4 25.0 

P. reinota 14 66.7 82.4 OHgochaet spA 11 52.4 6" 

G. spinifer 14 66.7 5a0 G. trydactyla 11 52.4 13.8 

Table VI. 3 - Sado estuary. Species number of presences (P), sampling frequency (F) and 
the respective representation, in group A sampling locations defined by 

IWINSPAN (21 stations). Species with R values ý! 50% are in bold. 

Group B, which comprises the majority of the studied area, 

presented a total of 337 species, of which 189 were exclusive, and 
86 present in only one of the stations. The most frequent species, 

present in 50% or more of the stations are shown in Table VIA. 
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Caullertella sp. 
Cirrfformia sp. 
Tharyx sp. 
A. oxycephata 
S. cos tarum 
C. annulatum 
I. tenella 
A. alba 
A. tenuicomis 
Nemertean spB 

P FM) R(%) P F(%) R(%) 
95 86.4 92.2 G. trydactyla 69 62.7 86.2 
94 85.5 94.0 P. caeca 68 61.8 90.7 
88 80.0 97.8 N. latericeus 68 61.8 87.2 
87 79.1 95.6 AL palnutta 66 60.0 100.0 
84 76.4 94.4 A. mucosa 66 60.0 93.0 
84 76.4 95.4 L. latreilli 64 58.2 98.5 
80 72.7 95.2 M. capens is 63 57.3 87.5 
75 68.2 97.4 C c£u*utta 63 57.3 100.0 
72 65.5 97.3 C gffiba 60 54.5 100.0 
70 63.6 98.6 H. filffiorTnis 57 51.8 98.3 

Table VIA - Sado estuary. Species number of presences (P), sampling frequency (F) and the respective representation, in group B of sampling locations defined by 
TWINSPAN R 10 stations). Species sampled only in this group of stations (R= 1000/6) are in bold. 

From this set of species, 3 were captured only in this area, M. 
palniata, C. carinata and C. gibba. They all show R values higher than 
50%, and the majority have more than 90% of their total presences 
in the estuary (see Table VIA). 

By applying species constancy and fidelity criteria (see Chapter 
3), it is clear that the groups A and B of locations are well 
characterized by distinct sets of species. Table VI. 5 gives the 
constant and common, elective and preferential species of both 
groups. 

Socies 
Constant 

elective Rreferenti 

AR papillocercus P. elegans 
Oligochaete spA N. cirr-osa 
P. rwnota G. gakdm 
G. spin(fer 
P. kefersteini 

elective 
Common 

U. grimaldi 
P. appendiculatus 

Rreferential 

G. capitata 
T. tenuis 
S. monodi 
Cirolanidae sp. 

---------------- B M. palmata 
-------------- CaulLoriella sp. 

---------------- P. cristata 
-------------- M. versiculatus 

C car*Wa Cirr(for7nia sp. S. inflaturn V. mirabilis 
C gff)ba 71kar-yx sp. L. conchilega P. antennata 
H. filifor-mis A. oxymphata A. talpa N. hombergi 
L latreilli S. costarum H. pectinata C. sundevalli 
Nemertea spB C. annulatwn C. angulata C. chinensis 

L tenella H. nitidum L. pectinatus 
A. alba C. paucicostatum H. impar 
A. tenuicornis E. patermitana N. nucleus 
A. mucosa S. boa C. sextonae 

C. runcicorne 
N. incrassatus 
L. murata 
Ostracoda spB 
A. remora 

Table VI. 5 - Sado estuary. Constant and common, elective and preferential species, to 
the A and B groups of stations defined byIWINSPAN. 
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The set of species of each group shows clearly the 
predominance in group A of interstitial annelids, usually found in 
clean coarse or medium sand and of polychaetes and crustaceans 
with preferences for sandy sediments. Most of these species are 
commonly found in the exposed Portuguese coastal region or at the 
mouth of lagoon or estuarine areas, influenced by marine conditions 
namely wave energy or strong tidal currents (Rodrigues & Dauvin, 
1987, Rodrigues & Quintino, 1986, -1988, Quintino & Gentil, 1987: 
Quintino, 1988). 

Group B is mainly characterized by species showing more 
estuarine requirements, namely finer and siltier sediments (cf. 
namely Thorson, 1957, Muus, 1967, Cabioch, 1968, Wolff, 1973). 
Most of them are common in Portuguese estuaries and lagoons in 
more confined areas (cf. Rodrigues & Quintino, 1986). Some of the 
species are-widely mentioned as indicators of organic enrichment of 
sediments (Pearson & Rosenberg, 1978). 

In terms of species abundances, group B clearly presents much 
higher densities. Group A showed a total of 3898 specimens 186 
ind/O. JM2) and group Ba total of 76320 individuals 694 
ind/O. JM2). The most abundant species in groups A and B, 
comprising 1% or more of the total abundance, are presented in 
Tables VI. 6 and VI. 7. 

P. 1ongipes 
S. armiger 
P. rernota 
P. elqgm 
G. galkdm 
G. maculatus 
P. appendicukut-to 
C. chinensis 
G. Apbtifer 
OUgochaete spA 

A F (%) R(%) A F (%) R(%) 

636 16.3 26.3 P. kefersteini 71 1.8 40.6 
603 15.5 46.2 N. cirrosa 71 1.8 52.2 
196 5.0 95.2 Capitella 67 1.7 0.4 
M 5.0 87.4 P. Lyra 66 1.7 28.7 
144 3.7 62.9 A. vecUomensts 58 1.5 47.5 
138 3.5 34.3 Serpulids spp 55 1.4 22.5 
105 2.7 91.3 S papillocericus 55 1.4 100.0 
86 2.2 24.9 N. latericeus 51 1.3 4.8 
80 2.1 84.2 CaullerieUa sp. 46 1.2 1.6 
77 2.0 76.2 C. sextonae 39 1.0 4.2 

Table VI. 6 - Sado estuary. Species total abundance W, abundance frequency (F) and 
the respective representation. in group A of sampling locations defined by 

TWINSPAN (21 stations). Species with R values ý! 50% are in bold. 
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A A F(%) R(%) 
Capitella 15653 20.5 99.6 L teneUa 1330 1.7 99.6 
S. cos tarum 7180 9.4 99.9 A. tenuicornis 1321 1.7 99.8 
71iaryx sp. 4793 6.3 99.9 A. latreilli 1276 1.7 99.5 
c irrJorm ia sp. 3658 4.8 99.6 N. latericeus 1015 1.3 95.2 
CauUerteM sp. 2737 3.6 98.4 P. caeca 983 1.3 98.4 
C. annulatum 2601 3.4 99.6 IL nitidwn 971 1.3 100.0 
AL palmata 2221 2.9 100.0 C. sextonae 886 1.2 95.8 
A. oxycephala 2061 2.7 99.8 T. benedeni 865 1.1 99.0 
P. typicus 1985 2.6 98.6 C carbuna 846 1.1 100.0 
P. tongipes 1781 2.3 73.7 A talpa 805 1.1 100.0 
A. aLba 1650 2.2 99.9 P. antennata 776 1.0 99.7 
M. capensis 1636 2.1 97.8 

Table VI. 7 - Sado estuary. Species total abundance (A). abundance frequency (F) and 
the respective representation, in group B of sampling locations defined by 
TWINSPAN (110 stations). Species sampled only in this group of stations 
(R= 1000/6) are in bold. 

In group A, the species which are important in terms of 
presence are also important in terms of abundances (only G. 
trydactyla is not included in the group of species representing 1% or 
more of the total abundances). From this set of species S. 
papillocercus, P. remota and P. appendiculatus, present more than 
90% of their total abundance in group A of locations, while 5 others 
show R values higher than 50%. 

Group B is characterized by an important group of species, all 
with R values higher than 50%, and the majority with more than 95% 
of their total abundance in this group. 

2nd level divt*m*on 

The second level division of IWINSPAN separated groups A and 
B into groups Al. A2, Bl and B2, with respectively 13,8,31 and 79 
locations (figures 6.4 and 6.6). 

The division of group A separates a core of sites located at the 
estuarine entrance and a few others at the beginning of the southern 
channel (group Al), from the innermost stations, scattered on the 

'coarse sediments in the upper part of the estuary (group A2). 
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Figure 6.6 - Localisation of the affinity groups among sampling stations 
emphasized by TMNSPAN at the second level division. 

Group Al comprises 149 species, of which 101 do not exist in 

group A2. From the global set of species, 71 were present at only one 
station and 16 in at least 50% of the stations (Table VI. 8). 

P. reffwta 
P. elegans 
N. cirrosa 
G. spinffer 
P. kefers te in i 
OUgochaete spA 
S. papilLocercus 
P. longipes 

P F(%) R(%) P F (%) R(%) 

13 100 76.5 N. latericeus 9 69 11.5 
12 92 41.4 G. galaica 9 69 34.6 
11 85 27.5 S. hyalina 8 62 16.3 
11 85 44.0 Nemertean spA 8 62 22.9 

10 77 32.3 G. capitata 8 62 42.0 
10 77 62.5 S. monodi 7 54 46.7 
9 69 81.8 P. marina 7 54 11.7 

9 69 20.4 M. capens is 7 54 9.7 

Table VI. 8 - Sado estuary. Species number of presences (P), sampling frequency (F) and 
the respective representation, in group Al of sampling locations (13 

stations). Species with R values ý! 5W16 are in bold. 

From these species, G. capitata, Nemertea spA and S. monodi, 
do not exist in the stations of group A2. 

Group Al included a total of 2835 individuals 
218ind/O. jM2)' Photis longipes being the most abundant, with 604 

individuals (= 21% of the total). The species which represent more 
than 1% of the total abundance of this group are shown in table VI-9- 
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The species marked in bold had more than 50% of their total 
abundance in group Al of locations. 

A F(%)R(%) A F(%)R(%) 
P. longipes 604 21.3 25.0 Serpulids sp. 55 1.9 22.5 
P. remota 195 6A 94.7 N. latericeus 50 1.8 4.7 
G. maculatus 138 4.9 34.3 & papilkxxwcus 44 1.6 80.0 
G. galaim lm 4.5 55.9 C. sextonae 39 1.4 4.2 
P. elegam 114 4.0 51.4 N, emertean spA 38 1.3 8.2 
P. cq7pouummlus 105 &7 91.3 G. capitata 38 1.3 44.7 
C. chinensis 85 3.0 24.6 N. cirrosa 34 1.2 25.0 
G. spinifer 76 2.7 80.0 M. capensis 34 1.2 2.0 
OUgochaete spA 73 2.6 72.3 AL gladiosa 32 1.1 68.0 
P. tyra 66 2.3 28.7 F. castanea 31 1.1 75.6 
C. capitata 65 2.3 0.4 S. solida 29 1.0 28.2 
P. kefersteini 64 2.6 36.6 M. obtusata 29 1.0 9.6 
A. vedlomensis 58 2.0 47.5 

Table VI. 9 - Sado estuary. Species total abundance (A), abundance frequency (F) and 
the respective representation, in group Al of sampling locations (13 
stations). Species with R values ý! 50% are in bold. 

Group A2 included a total of 73 species, 25 of which do not 
occur in Al. However, apart from Ophelia neglecta and 
Parapionosyllis labronica (with one presence in the whole estuary), 
the remaining species are also present in group B of locations. Forty 

eight species (66%), were present once in group A2, and the most 
frequent, present in 50% or more of the stations are given in Table 
VI-10. Of these species, only Tellina tenuis had an R value equal or 
superior to 50%. 

In terms of abundances, group A2 included a total of 1063 
individuals (=133ind/O. lM2), of which S. armiger comprised 55%. 
The species having 1% or more of the total abundance of this group 
are shown in Table VI. 11, of which only T. tenuis had at least 50% of 
its total abundance in the group A2 locations. 

P F(%) R(%) P F(%) RM 
S. arm4er 7 88 11.3 G. trydactyla 5 62 6.2 
N. cirrosa 7 88 17.5 CaullerteLla sp 5 62 4.8 
G. galaica 7 88 21.9 Cirrifortnia sp 4 50 3.9 
T. tenuis 6 75 5a0 C. edulf 4 50 12.9 
P. eiegans 6 75 20.7 

Table VT. 10 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group A2 of sampling locations (8 
stations). Species with R values 'a 50% are in bold. 
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S. armiger 
P. elegans 
CauUeriella sp 
N. cirrosa 
P. longipes 

T. tenuis 
L. pectinatus 

A F (%) R(%) 
587 55.2 45.0 

80 7.5 36.0 
38 3.6 1.4 
37 3.5 27.2 
32 3.0 23.5 
27 " 61.4 
24 2.3 8.5 

C. edule 
G. trydactyla 
G. aalaica 
Cirriformia sp 
S. hyalina 
S. papUlocercus 
Ostracod spA 

A F (%) R(%) 
23 2.2 22.3 
20 1.9 7.5 
16 1.5 7.0 
13 1.2 0.4 
11 1.0 3.3 
11 1.0 20.0 
11 1.0 14.3 

Table VI. 11 - Sado estuary. Species total abundance (A). abundance frequency (F) and 
the respective representation. in group A2 of sampling locations (8 
stations). Species with R values ý: 500/6 are in bold. 

Analysing both the listings of the most frequent and most 
abundant species of groups Al and A2, it is clear that group Al 
comprises the most characteristic species of group A. while group A2 
includes a set of species related with group A but also with group B. 
These results and the spatial distribution of A2, scattered in the 
upper part of the estuary, suggests a clear impoverishment of the 
more typical marine assemblage represented by group Al of 
locations. 

The second level division of group B separates a region located 
between the mouth of the estuary, inwards of Al, and the beginning 

of the sand banks (group B1), from the remaining area of the estuary 
(group B2) (cf. figure 6.6. page 224). 

Group B1 comprises 291 species from which 68 were only 
found in this group. If only the species present in groups B1 and B2 

are considered, the number of species exclusive to group B1 
increases to 97. Eight two species were present once in BI and 41 

were sampled in 50% or more of the stations of this group. Among 
these however, it should be noted that only 9 species had at least 
50% of their presences in the estuary in the group BI of locations 
(Table VI. 12). 
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p F(%)R(%) p F (%) R(%) 
CauUeriella sp 30 97 29.1 POIW&rus spA 2D 64 5&8 
N. latericeus 29 94 37.2 P. longipes 20 64 45.4 
M. capens is 29 94 40.3 F. palerfnitana 20 64 6Q6 
A. oxycephala 29 94 31.9 A. lineata 20 64 42.6 
C. annulatum 27 87 30.7 S. hyalina 19 61 38.8 
A. alba 27 87 35.1 S. arm4er 19 61 30.6 
Nemertean spB 26 84 36.6 P. typicus 19 61 40.4 
I. tenella 26 84 31.0 M. versiculatus 19 61 35.2 
G. trydactyla 26 84 32.5 V. pWIas&a IS 58 72.0 
7liaryx sp. 25 81 27.8 S. inflatum 18 58 35.3 
P. caeca 25 81 33.3 P. marina 18 58 30.0 
A. mucosa 25 81 35.2 R soUda 17 55 6&4 
S. costanun 24 77 27.0 M. palmata 17 55 25.8 
Lumbrinereis latreilli 24 77 36.9 P. cristata 16 52 29.1 
Cirr(formia sp. 24 77 24.0 P. longbnanus 16 52 57.1 
P. antennata 23 74 43.4 OstrwA)d spB 16 52 5&2 
L F... --- 

23 74 5&1 N. cirTosa 16 52 40.0 
C. chinertsis 22 71 5MO M. obtusata 16 52 44.4 
A. talpa 22 71 45.8 H. impar 16 52 47.1 
A. tenuicornis 22 71 29.7 C. gibba 16 52 26.7 
Nemertean spA 21 68 60.0 

Table VI. 12 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group B1 of sampling locations (31 
stations). Species with R values 2: 50% are in bold. 

A F(%) R(%) A FM) Rffl 
C. 2M 7.5 79.5 P. antennata 681 2.4 87.5 
P. twicus 1902 &8 94.4 N. 673 2.4 6&1 
P. wngipm 1754 (L3 72.6 F. caeca 6w 2.3 64.0 
Tharyx sp 1680 6.0 35.0 A. oxycephala 606 2.2 29.3 
x. eapensis 1328 4.8 M4 A tcdpa 489 lig 6a8 
CauUerieUa sp 1281 4.6 46.0 1. teneUa 471 1.7 35.3 

A. latreUli 1268 4.6 9&9 F. palermitana 421 1.5 M5 
S. costarum 844 3.0 11.7 Nemertean spA 410 1.5 8&4 
Abra alba 776 2.8 47.0 CirriforTnia sp 392 1.4 10.7 
C. s«mmw 767 M 82.9 C. runcicorne 3w 1.3 54.3 

Table VI. 13 - Sado estuary. Species total abundance (A), abundance frequency (F) and 
the respective representation, in group Blof sampling locations (31 

stations). Species with R values ýt 50% are in bold. 

Group B1 comprised a total of 27816 specimens (= 897 
ind. /O. JM2), with 20 species representing at least 1% of the group's 
total abundance. None of these species is particulary dominant in the 

group, but 13 of them had here more than 50% of their total 
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abundance in the estuary, of which 7 belong to the crustaceans (Table 
VI. 13). 

Group B2 included a total of 239 species, 55 of which were not 
present in group B 1, while 39 are exclusive to group B2. Fifty two 
species were present in only one station and 19 had a sampling 
frequency of at least 50%. They all show R values higher than 50%, 
and 7 species had a minimum of 70% of their total occurrences in 
group B2 (Table VI. 14). 

Cirr(forTnia sp 
Caulleriella sp 
77twVx. rp 
S. costarum 
A. oxycephala 
C. annulatum 
I. teneUa 
H. fil(fonnis 
A. tenutcornis 
AL pahnata 

P F(%)R(%) 
70 88.6 7QO 
65 82.3 63.1 
63 79.7 7MO 
60 75.9 67.4 
58 73.4 63.7 
57 72.2 64.8 
54 68.4 64.3 
50 63.3 86.2 
50 63.3 67.6 
49 62.0 74.2 

c carinata 
A. aLba 
Nemertean spB 
C gibba 
P. caeca 
G. trydactyla 
V. mirabilis 
A. mucosa 
L. latreilli 

P F(%) R(%) 
48 ENO. 8 7EL2 
48 60.8 62.3 
44 55.7 62.0 
44 55.7 73.3 
43 54.4 57.3 
43 54.4 53.8 
42 53.2 79.2 
41 51.9 57.8 
40 50.6 61.5 

Table VI. 14 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group B2 of sampling locations (79 
stations). Species with R values ýt 50% are in bold. 

With the exception of H. filifonnis, C. carinata and V. mirabilis, 
all the species listed for group B2 are also among the most common 
of group B 1, however with much lower R values (cf. Table VI. 12). 

C ccwitata 
a costarum 
C*r(formia sp. 
77taryx sip. 
AL pahmata 
Caulleriella sp. 
At oxycephala 
A. tenuicomis 

A F(%) R(%) A F(%) R(%) 
15m 32.2 99.4 H. nitidwn 921 1.9 94.8 
6336 13.1 88.2 A. alba 874 1.8 5Z9 
3266 EL7 88.9 L teneUa SW 1.8 84.3 
3113 6.4 84.9 T. benedeni 823 1.7 94.2 
1995 4.1 89.8 C carinata 749 1.5 s" 
1456 3.0 52.3 S. arm4er 526 1.1 40.3 
1455 3.0 7Q4 C. annutatum 526 1.1 20.1 
1053 2.2 m6 S. üplatum 501 1.0 M9 

Table VI. 15 - Sado estuary. Species total abundance (A), abundance frequency (F) and 
the respective representation. in group B2 of sampling locations (79 

stations). Species with R values ý! 50% are in bold. 

More than 48500 specimens were captured in group B2 (=614 
ind/O. 1 M2) , of which almost 33% belong to Capitella. Sixteen species 
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contribute at least 1% of the group's total abundance, the majority of 
which are also represented by more than 50% of the species total 
number of individuals (Table VI-. 15). 

Groups Al, A2, B1 and B2 emphasized by TWINSPAN at the 
second level, were also analysed according to the constancy and 
fidelity concepts. The main results are presented in Table VI. 16. 

SMIes 
Common 

-tive Rreferential 
Al P. remota U. grimaldi Rappendiculaftis 

G. spirttfer P. phasma Cirolanidae sp. 
OUgochaete 9pA 
S. PqPiIICxU! rmm 
S. monodi 

W2 
T. tenuis Q edim P. labronica C. crangon 

A. foetida 

---------- B1 --------------------- Rantennata ------------ A. squamata* ---------- Phoronis sp. 
L. 1: Pr i Ostracod spC N. unicomis 
C. chinensis N. reticulatus 
A. talpa M. pectinatus 
P04P&rUS'Sp. A. vedlomensis* 
E. pcdemdtana Nemertea spC 
A. Uneata C. acan thifera 
V. pullastra L. lutrarta 
P. longimanus P. cin-ifera* 
Ostmeod spB S. decoratus* 
H. &npar P. serpens 

V. s&iatulus 
L. picta* 
H. bilineata* 
A. unded tatus 
E. vitatta 
Sipunculid sp. 
P. aperta 
0. fustformis 
E. sanguinea 

preferential species in relation to group A 

-------- ---- H-. - -I -------------- ft (fiormis U. typ ica ----- ----- H. nitidum ---------- 
C. paucicostatum 

Table VI. 16 - Sado estuary. Constant and common, elective and preferential species. to 
the groups A 1, A2, B1 and B2 of stations defined by IWINSPAN - 

A comparison between the results of the constancy and fidelity 

Of species in groups'A and B (cf. Table VI. 5, page 221), and in groups 
Al. A2, B1 and B2, shows that the latter are less well characterized. 
Only group A2 presents a constant and elective species, and only 
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group B1 shows a considerable number of constant preferential. and 
common elective and preferential species. 

These results suggest that only groups A and B could be 
considered as two distinct benthic communities, A comprises a set of 
species indicative of prevailing marine conditions, where the 
interstitial polychaets Saccocirrus papfflocercus and Pisione remota 
are important species, and B includes. a set of species more typical of 
the estuarine environment, characterized mainly by Melinna paLmata, 
Cyathura carinata, Corbula gibba, Heteromastus filiformis, and a 
nemertean species. 

The division of group A separates the richest and more 
characteristic marine affinity group of sites, located at the estuarine 
entrance, group Al, from the impoverished areas settled in a few 

upper locations of the outer estuary, group A2. 

The division of group B suggests important differences in the 
benthic community structure of groups BI and B2. 

Group B1 contains a larger group of preferential species, 
constant or common, either in relation to group A or to group B2. 
Apart from these species, this group also includes taxa which have 

their maidmum abundance either in the seaward group A (Ervilia 

castanea, G. spinifer, M. gladiosa, N. cirrosa, Oligochaete spA, P. 

elegans, P. renwta, P. appendiculatus, U. brevicomis, U. grimaldi), or 
in the landward group B2 (Ampelisca species, A. mucosa, A. 

oxycephala, Cirratulid species, C. carinata, H. nitidum, H. filiformis, I. 

tenella, L. conchilega, M. palmata, S. inflatum, S. armiger, S. 

costarun T. benedeni, V. mirabilis). 

This suggests that the area defined by the group B1 might 

correspond to a transition region between the typical marine and 

estuarine communities, including species from both but also species 

whic4 find their preferential habitat in this area. 

Group B2 shows a more uneven distribution of abundances. 
with a clear dominance of Capitella capitata and Spiochaetopterus 
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costarum, comprising respectively more than 30% and 13% of the 
group's total abundance. It is also the estuarine region of preferential 
distribution of species commonly mentioned as indicating organic 
enrichment, (among others, Capitella, Cirriformia, Caulleriella, 
Tharyx, Melinna, Tubificoides ... ), thus presenting, in relation to group 
BI, a lower species richness but higher densities. 

3rd level divm*'on 

At the third level division, TWINSPAN splits group B2 into 
groups B2a and B2b, comprising respectively 43 and 36 sampling 
locations (cf. figure 6.4, page 219). B2a corresponds mainly to the 

southern channel and the upper region of the estuary, while B2b 

comprises almost all the northern channel and a few other locations 

close to the northern margin, either in the upper estuary or near the 

city of Setubal (the group also includes station 133, at the entrance of 
the Alcdcer channel) (figure 6.7). 
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Figure 6.7 - Localisation of the affinity groups among sampling stations 
emphasized by TMNSPAN at the third level division. 

These two groups contain almost the same total number of 
species, 199 and 195 respectively, of which, 40 were not present in 
group B2a and 44 in group B2b. They also include a very similar 
number of species sampled once, 58 in group B2a and 64 in group 
B2b. However, they differ strongly in terms of abundances, group B2a 
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having a total of 17307 specimens (= 402ind/O. JM2) and group B2b a 
total of 31197 (= 8671nd/o. JM2). 

in group B2a, comprising the major part of the southern 
channel and the upper region of the estuary, 23 species showed a 
sampling frequency of at least 50%. These species, together with 
those which have more than 40% of their total presences in this 
group of locations, are marked in bold in Table VI. 17. Table VI. 18 
gives the taxa comprising more than 1% of the group's total 
abundance with a special reference to species which present more 
than 50% of their abundance in group B2a. 

P F(%) R(%) P F(%) R(%) 
CirriforTnia sp. 41 95.3 41.0 H. filtformis 29 67.4 50.0 
A. oxycMhala 37 86.0 40.7 C gibba 27 62.8 4&0 
Tharyx sp. 35 81.4 38.9 S. irplatum 213 6Q5 51.0 
S. costarum 35 81.4 39.3 1. tenella 26 60.5 31.0 
Caulleriella sp. 35 81.4 34.0 Nemertean spB 24 55.8 33.8 
C. annutatum 33 76.7 37.5 P. caeca 23 53.5 30.7 
V. mirabilis 31 72.1 5" M. paLmata 22 51.2 33.3 
N. latericeus 30 69.8 38.5 L. latreillt 22 51.2 33.8 
H. nitidum 30 69.8 81.1 1. 22 51.2 44.0 
G. trydactyla 30 69.8 37.5 C. carinata 22 51.2 34.9 
A. tenuicornis 30 EI9J3 40A A. alba 22 51.2 28.6 
S. annigw 29 67.4 46A 

Table VI. 17 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group B2a of sampling locations (43 
stations). Species with R values ý: 40% are in bold. 

S. costanun 
Tharyx sp. 
Cin-iformia sp. 
If. nftWwn 
A. oxycephala 
CaulleileUa sp. 
S. armiger 
S. inflatum 
M. palmata 

A F(%) Rffl A F(%) R(%) 
4236 24.5 5&9 C. carinata 377 2.2 44.6 
1907 11.0 39.8 1. tenella 301 1.7 22.6 
1710 9.9 46.6 N. latericeus 300 1.7 28.1 
9D4 5.2 93.1 A. tenuicomis 265 1.5 20.0 

829 4.8 40.1 C. runcicome 260 1.5 39.2 

752 4.3 27.0 C. annulatum 252 1.5 9.6 

519 3.0 39.8 H. filtfonnis 226 1.3 60.4 

490 2J3 72.7 V. mirabilis 192 1.1 84.2 

442 2.6 19.9 L "wratus 178 1.0 5a0 

Table VI. 18 - Sado estuary. Species total abundance (A). abundance frequency (F) and 
the respective representation. in group B2a of sampling locations (43 

stations). Species with R values 2! 50% are in bold. 
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The most frequent species in group B2b (F ý! 50%), which 
includes almost all the northern channel, are shown in Table VI. 19. 
Four of these, M. palmata, C. carinata, N. hombergi and C. 
paucicostatum show R values higher than 40%. In terms of 
abundances, 12 species comprise 1% or more of the group's total 
abundance. Capitella capitata strongly dominates this group. This 
species, T. benedeni, M. palmata and A. tenuicomis show more than 
50% of their total abundances in group B2b. 

Neither C. capitata nor T. benedeni are included in the most 
abundant species of group B2a, where they are represented by 
respectively 2 and 19 individuals. 

P F(%) R(%) P F(%) R(%) 
Caullerieffa sp. 30 83.3 29.1 N. honUmrgi 21 56.3 42.9 
CirTfformia sp. 29 80.6 29.0 H. fil(formis 21 58.3 36.2 
Tharyx sp. 28 77.8 31.1 A. oxycephala 21 58.3 23.1 
I. tenella 28 77.8 33.3 P. caeca 20 55.6 26.7 
M. pabnata 27 75.0 40.9 Nemertea n spB 20 55.6 28.2 
C. carktwa 26 72.2 41.3 A. tenuicornis 20 55.6 27.0 
A. alba 26 72.2 33.8 M. versiculatus 19 52.8 35.2 
S. costarum 25 69.4 28.1 C jxzlicicosta 19 52.8 54.3 
C. annulatum. 24 66.7 27.3 P. cris tata 18 50.0 32.7 
A. mucosa 23 63.9 32.4 L. latreilli 18 50.0 27.7 
P. marina 22 61.1 36.7 A. talpa 18 50.0 37.5 

Table VI. 19 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group B2b of sampling locations (36 
stations). Species with R values ý! 40% are in bold. 

A F(%) R(%) A F(%) R(%) 
a cqpüclta 1,9w 50.1 99.4 A. tenuicornis 788 2.5 5a6 
S. costarum 2100 6.7 29.2 A. aLba 707 2.3 42.8 
Cirriformia sp. 1556 5.0 42.4 Cautteriella sp. 704 2.3 25.3 
IK pabnata 15w &0 69.9 A. oxycephala 626 2.0 30.3 
riaryx sp 1206 3.9 2 5.2 1. teneUa 558 1.8 41.8 
T. benedeni 804 2.6 92.0 C. carinata 327 1.2 38.6 

Table VI. 20 - Sado estuary. Species total abundance (A). abundance frequency (F) and 
the respective representation, in group B2b of sampling locations (36 
stations). Species with R values ý: 50% are in bold. 
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4th level divimion 

At the 4th level division of TWINSPAN, the northern channel 
group of locations (B2b) is divided into sub-groups B2b' and B2b", of 
respectively 32 and 4 sites (cf. fig. 6.4, page 219). The latter group 
corresponds to stations located near the northern margin, namely 
the sites 26, the urban outfall, 78, and 92 and 93, both at the pulp 
Inill outfall (figure 6.8). 
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Figure 6.8 - Localisation of the affinity groups among sampling stations 
emphasized by TWINSPAN at the fourth level division. 

These four sites show a very strong hierarchical structure, 
emphasized in the lists of their most frequent and abundant species 
(Table V1.21). The group comprises 32 species, of which 12 were 
sampled once and the remaining in 2 or more stations. Three 
species, the insect larvae, N. caudata and Ophyotrocha sp. are 
exclusive to this group. 

In terms of abundance, this group included 16006 individuals, 
of which C. capitata and M. fuliginosus comprised 98.5%. These 
species were the only ones to represent 1% or more of the total 
abundance: C. capitata - 15602 (97.5%); M. fuliginosus - 163 (1.0%), 
which, in terms of their global densities in the estuary, represent 
respectively, 99.3% and 95.9%. 
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9 
P F M) R(%) P Fft R(%) 

M.. m 0 igtnosus 4 100 80.0 CaullerielLq sp 3 75 2.9 
Capitella 4 100 20.0 P. marina 2 50 3.3 
Tharyx sp. 3 75 3.3 N. hombergi 2 50 4.1 
S. costarum 3 75 3.4 1. teneLLa 2 50 2.4 
oligochaete spB 3 75 9.1 H. filifor-mLs 2 50 3.4 
C. carinata 3 75 4.8 Cirriformia sp 2 50 2.0 

Table VI. 21 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group B2b" of sampling locations (4 
stations). Species with the highest R value is in bold. 

5th level dium'on 

The remaining 32 stations of the northern channel (group B2b' 

of Twinspan) are divided at the 5th level into groups I and II, 

comprising respectively 19 and 13 locations (cf. fig. 6.4, page 219). 
Group I comprises the majority of the sampling locations of the 

northern channel, excluding those near the margin (figure 6.9). The 

stations of group II are all located along the northern margin, 
inwards from the beginning of the industrial complex, and also 
include station 133, at the beginning of the Alcdcer channel (cf. 
figure 6.9). 
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Figure 6.9 - Localisation of the affinity groups among sampling stations 
emphasized by IWINSPAN at the fifth level division. 

The 19 sampling stations of group I comprise 177 species, 59 

Of which occured once. This group includes a large number of species 
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with a sampling frequency in excess of 50%, of which 1/ 5 were 
sampled at all of the locations. However, they showed low R values. 
Only H. pectinata, C. Paucicostatum, A. remora and A. diadenjcL in this 
group show more than 40% of their total presences in the estuary 
(Table V1.22). 

P F(%) R(%) P F(%) R(%) 
Tharyx sp 19 100 21.1 A. tenuicornis 16 84.2 21.6 
M. palmata 19 100 28.8 P. cristata 15 78.9 27.3 
C. carinata 19 100 33.2 P. marina 15 78.9 25.0 
Cirriformia 19 100 19.0 C. gibba 15 78.9 25.0 
Caulleriella sp. 19 100 18.4 a idCoaahim 15 78.9 42.7 
A. oxycephala 19 100 20.9 A. mucosa 15 78.9 21.1 
A. alba 19 100 24.7 A. remora 13 68.4 4fL4 
S. costarum, 18 94.7 20.2 S. boa 12 63.2 37.5 
1. tenella 18 94.7 21.4 P. antennata 12 63.2 16.0 
C. annulatum 18 94.7 20.4 C. angulata 12 63.2 30.8 
L. latreilli 17 89.5 26.2 M. capensis 11 57.9 15.3 
P. caeca 16 84.2 21.3 H. impar 11 57.9 32.4 
Nemertean spB 16 84.2 22.5 C. sundevalli 11 57.9 22.4 
M. versiculatus 16 84.2 29.6 A. lineata 11 57.9 23.4 
H. f1l(formis 16 84.2 27.6 A diadema 11 57.9 44IL7 
M pectinata 16 84.2 41.0 N. nucleus 10 52.6 29.4 
A. talpa 16 84.2 33.3 L. conchilega 10 52.6 20.0 

Table VI. 22 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group I of sampling locations (19 
stations). Species with R values ý! 40% are in bold. 

Group I abundances correspond to a total of 13824 individuals 
(=728 ind/O. 1M2). Sixteen species contributes 1% or more of the 
group's total abundance, while Melinna palmata, Ampelica renwra, A. 
tenuicornis and Tubiftcoides benedeni, showed in this region more 
than 50% of their total abundances in the estuary (Table VI. 23) 

A F(%) Rffl A F(%) RM 
S. costarurn 2084 15.1 29.0 T. benedeni 576 4.2 6&9 
Cirriformia sp 1463 10.6 39.8 1. tenella 505 3.7 37.8 
IL pabn&a 1421 1Q3 64.0 C. carinata 363 2.6 42.9 
naryx sp 1147 8.3 23.9 A. talpa 261 1.9 32.4 
A. tenuicornis 781 &6 5a0 C. annulatum 259 1.9 9.9 
CauUeriella sp. 639 4.6 23.0 A. remora 217 1.6 74L3 
A. aiba 631 4.6 38.2 P. caeca 206 1.5 20.6 
A. oxycephala 623 4.5 30.2 A. diad ma 190 1.4 14.4 

Table VI. 23 - Sado estuary. Species total abundance W. abundance frequency M and 
the respective representation, in group I of sampling locations (19 

stations) - Species with R values ý! 50% are in bold. 
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Group II, located almost exclusively close to the industrial 
outfalls and harbours along the northern margin. contained a total 
number of 93 species, of which 3 were exclusive, and almost 50% 
were sampled only once. Only 8 species were sampled in 50% or 
more of the locations, and none in this group attained 40% of their 
total presences in the estuary. The highest representative values of 
the sampling frequencies belong to two carnivorous polychates, D. 
neapolitana and N. hombergii (Table VI. 24). 

p FM) Rffl p F(%) R(%) 
N. hond)ergi 10 76.9 20.4 Caulleriella sp 8 61.5 7.8 
I. tenella 8 61.5 9.5 M. patmata 7 53.8 10.6 
D. neapolitana 8 61.5 38.1 A. mucosa 7 53.8 9.9 
Cirriformia sp. 8 61.5 8.0 A. aLba 7 53.8 9.1 

Table VI. 24 - Sado estuary. Species number of presences (P), sampling frequency (F) 
and the respective representation, in group II of sampling locations (13 
stations). Species with the highest R values are in bold. 

Eighteen species showed 1% or more of the total abundances 
of this group, of which Ampelisca spinimana and Lopha stentina 
showed high R values (Table VI. 25). L. stentina, a small oyster 
species, was only sampled in the Alcacer channel location, the most 
inward of this group. 

A. spinimana 
T-benedeni 
M. paLTnata 
Cin-iformia sp. 
A. alba 
Caullertella sp. 
N. hombergi 
1. tenella 
Tharyx sp. 

A F(%) Rffl A F(%) RN 
243 17J3 90.0 P. martna 36 2.6 7.9 
227 16.6 26.0 C. capitata 20 1.5 0.1 

131 9.6 5.9 IL stentina 17 1.2 87.0 
81 5.9 2.2 E. puntatcus 17 1.2 10.4 
76 5.6 4.6 L. conchilega 16 1.2 6.6 

57 4.2 1.9 A. rnucosa 16 1.2 4.1 

52 3.8 26.0 Oligochaete spA 15 1.1 14.8 

47 3.4 3.5 C. sextonae 15 1.1 1.6 

45 3.3- 0.9 C. annutatum 15 1.1 0.6 

Table VI-25 - Sado estuary. Species total abundance (A), abundance frequency (F) and 
the respective representation. in group II of sampling locations (13 

stations). Species with highest R values are in bold. 
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6.3.2 - Commimity characterization and spatial distribution 

The affinity groups obtained through TWINSPAN and the most 
characteristic species of each, suggest the existence in the outer 
Sado estuary of two distinct benthic communities, marine and 
estuarine, separated by a transition region. The estuarine community 
however, shows several important and very coherent spatial 
subdivisions, designated as type, enriched, impoverished, highly 
disturbed and defaunated areas. The number of presences, 
abundances and biomasses (wet-weight) of each species, in these 
affinity groups are shown in annexes V, VI, and VII (for species codes 
see annex III). 

The spatial pattern of these communities and their major 
subdivisions agrees well with the major sedimentary and 
hydrodynamic characteristics of the estuary, and suggests the effects 
of both natural and anthropogenic factors. 

The type marine community together with the transition 
region ocupy the area of the seaward main velocity gyre, while the 
type estuarine community extends landwards, in the region of the 
other main vortice. The meeting point of these two vortices in the 
California region of the southern channel, corresponds well to the 
innermost extention of the type marine community and the 
transition region (cf. figs. 2.5, page 19 and 4.2, page 78). 

The enrichment areas of the estuarine community in the 
northern channel also agrees with the gap between the two main 
residual vortices, where the hydrodynamic energy tends to be the 
lowest of all the studied area. 

The impoverishment areas, the highly disturbed areas, and the 
defauned sites suggest the prevalence of anthropogenic factors over 
the natural conditions of the estuary, some clearly related to organic 
enrichment, while others point out stronger toxicity and inhibiting 
effects over the benthic community. 
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Marine Community 

The marine affinity community, group A of Twinspan, is mainly 
located in the estuarine entrance and the southern channel, but also 
including a few scattered locations along the upper estuary (cf. fig. 
6.5, page 220). The most characteristic species are small interstitial 
annelids, namely Saccocirrus papillocercus, Pisione remota, 
Polygordius appendiculatus and a non determined oligochaete. Other 
important species comprise the polychaetes Parapionosillys elegans, 
Nephtys cirrosa and Goniadella galaica, the crustaceans Gastrosaccus 

spinifer and Melita gladiosa, and the bivalve Ervilia castanea. 

The type region of this community (group Al of Twinspan) 

occurs in the estuarine entrance and along a few locations of the 

southern channel (stations: 1 to 4,7 to 11,31,48,49 and 67 - cf. 
fig. 6.6, page 224), corresponding essentially to the clean coarse 
sands of the mouth of the estuary. 

The impoverished areas of this community (group A2 of 
Twinspan) is found at several scattered sampling sites, mainly located 

in the upper estuary (stations: 32,68,96,104,106,115,123 and 
127 - cf. fig. 6.6, page 224), and corresponds to a clear increase in 
fines and total organic matter, in relation to the type community. It is 

characterized by a strong hierarchical structure, being Scoloplos 

armiger the most abundant species, comprising 55% of the total 

abundance. Tellina tenuis is, however, the most important species 
both in relative frequency and abundance. 

Both the type and the impoverished areas have a high number 

Of species sampled only once, respectively 47.7% and 65.8%. 

HOWever, mean species richness, abundance and wet-weight biomass 

per site, are much higher in the type community. 

Transition region 

The transition region, group B1 of Twin span, extends, as with 
the marine community, further inside the estuary through the 
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southern channel (stations: 5,6, 12 to 22,25,27 to 30.33,36 to 38. 
43,45 to 47,81, 83,84,97 and 101 - cf. fig. 6.6. page 224). 

It is characterized by species of both the marine and the 
estuarine community, together with an important proportion of 
exclusive species sampled once in the whole estuary. 

The transition region is the region of the estuary with the 
highest total species richness and the lowest proportion of species 
sampled once in each of the affinity groups (28.2%). It also contained 
the highest number of species with a sampling frequency higher than 
50%, and the highest values of mean species richness and species 
diversity per site of the whole estuary, while showing the lowest 
relative abundance represented by the first ranked species. 

The most characteristic species are the crustaceans, namely 
Corophium sextonae, C. annulaturm C. runcicome, PariaTnbus typicus, 
Photis longipes, Apseudes latreilli, A. talpa, Leptocheirus pectinatus, 
Perioculodes longimanus and a non determined ostracod species. 
Also important are the annelids Mediomastus capensis, Euclymene 

palermitana, Polycirrus sp. Pseudopolydora antennata, Polydora caeca 
and Notomastus latericeus, the moUuscs Venerupis pullastra, Spisula 

solida and Calyptraea chinensis, and also a non determined 

nemertean. 

Estuarine Community 

The estuarine community, group B2 of Twinspan, is located 
inwards of all the previous groups (cf. fig. 6.6, page 224). It is 
characterized by an important number of species with high 

representative values of both sampling frequency and abundance, in 
which annelids clearly predominate. 

The most important species for the whole community are the 
annelid polychaetes Heteromastus filiformis, Melinna palmata, 
Cirriformia sp., Tharyx sp., Caulleriella sp., Aonides oxycephala, 
Spiochaetopterus costarum Scalibregma inflaturm Glycera tridactyla, 
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Anaitides mucosa, Lumbrinereis latreilli and Capitela capitata, the 
oligochaet Tub(ftcoides benedený the molluscs Abra alba, HemiLepton 
nitidurn and Corbula gibbct, the crustaceans Cyathura carinata, Iphin6e 
tenella and Ampelisca tenuicornis, and the anthozoan Virgularia 
mirabilis. 

This community contains several important subgroups. the 
spatial distribution of which suggest the influence of both natural 
environmental gradients and anthropogenic factors. 

IjApe areas 

The estuarine community type areas, group B2a of Twinspan, 
comprises the majority of the southern channel and the upper part of 
estuary (stations: 34,35,50,66,69 to 72,74 to 76,79,82,85 to 
88,91,98 to 100,102,103,105,108 to 114,116,118,119,12 1, 
122,124,125,128 to 132 - cf. fig. 6.7, page 23 1). It occurs in the 
large extension of silty to very silty medium sand of the upper part of 
the estuary. The mean species richness, abundance and biomass are 
all lower than the observed in the transition region, but all higher 
than the obtained in the type marine community. 

The most characteristic species of the type community are the 

annelid polychaets Heteromastus filiformis, Scalibregma inflatum, 
Spiochaetopterus costarurrL Lygdamis muratus, Lanice conchilega and 
Aonides oxycephala, the molluscs Hemilepton nitidum and Corbula 

gibbc4 and the anthozoan Virgularia mirabilis. 

Enrichment areas of the estuarine community, group I of 
Twinspan, are located in the northern channel (stations: 23,39 to 
42,44,51 to 56,59,60,63,64,77,80,89 - cf. fig 6.9, page 235). 

Mainly over very silty medium sand and the large extention of very 
silty fine sand which borders the northern margin of the intertidal 
sand-banks. The mean fines. sand, gravel and total organic matter 
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content of this region clearly indicates an increasing fines and 
organic content in relation to the typical areas. 

In relation to the type areas, this region showed a lower total 
species richness, but much higher mean values for species richness. 
abundance and biomass per sampling location. Also, it is the region of 
the estuary with the highest mean wet-weight biomass per site and 
the highest proportion of species with sampling frequency superior 
to 50% (19.2%). Within the estuarine community, it shows the 
higher species diversity. 

Tharyx sp., Cirriformia sp., Caufferiella sp., Melinna palmata, 
Aonides oxycephala, Abra aLba and Cyathura carinata, all important 

species to the whole estuarine community, are present in all the 

sampling stations of the enrichment areas. The most important 
species to these areas are, however, the annelids Melinna palmata 
and Tubiftcoides benedenL the mollusc Cardium paucicostaturm and 
the crustaceans Ampelisca renwra, A. tenuicomis, A. diadema and 
HaTpinia pectinatcL 

Inyxwerishment areas 

Impoverishment areas of the estuarine community, group II of 
Twinspan, are located close to the northern margin, in the vicinity of 
the industrial complex and the urban sewage outfall (stations: 24,57, 
58.61,62,65,73,90,94,107,117,126,133 - cf. fig. 6.9, page 
235). The sampling sites of this region are characterized by a clear 
organic and fines enrichment in relation to the previous regions. 

The 13 sites comprising this region showed the lowest mean 
abundance and biomass per sampling station within the estuarine 
community. Also, almost 50% of the species were only sampled once 
in the stations of this group. 

The most important species were the carnivorous annelids 
Nephtys hombergi and Diopatra neapolitana, and the crustacean 
Ampelisca spinimana. 
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Ifighly disturbed areas 

A total of four sampling stations (stations: 26,78,92 and 93) 
comprise the most disturbed areas of the estuarine community 
(group B2b" of Twinspan - cf. fig. 6.9, page 235). These sites are 
mainly located in the proximity of the sewage outfall and the pulp 
mill outfall. The mean fines, sand, gravel and total organic content 
indicate a strong organic enrichment. 

The annelids Malacoceros fuliginosus and Capitella capitata are 
the only characteristic species of this region, with abundances of 
respectively 96% and over 99% of the species total abundances in 
the estuary. 

Defaunated areas 

Finally, two defaunated locations, stations 95 and 120, 
complete the total group of sites sampled in the estuary. These 
locations are positioned close to the northern margin (figure 6.10), 
in the vicinity of the most disturbed areas. They showed the highest 
mean total organic matter content in the estuary. 

The spatial distribution of the Sado estuary subtidal benthic 
communities and their major subdivisions is presented in figure 6.10 
and a summary of the biological and the environmental data of the 
major affinity groups is shown in table V1.26. 

In the next section, these ma or gradients will be analysed j 
through an ordination method in which the major pattern of variation 
of the biological variables is defined, a priorý as a function of the 
environmental variables. 
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Gruip Ckxmp Gkoup Grow GroW Group Gruup Site@ 
Al A2 B1 B2a B2b'q 96 and 

ffwine marine transition ' estuarine esuarine ind. north. sewage, st. 78 120 
commun. 1 (impov. ) I region I (type) I (enrich. ) I marvin puln III m (defaunaLed) 

No. of sites 13 8 31 43 19 13 4 2 
Biological 
data 

S 149 73 291 199 177 93 32 0 
8 32 17 64 34 49 18 12 0 
81 71 48 82 58 59 45 20 0 
S1 18 1 44 9 9 3 3 0 
A 2385 1063 27816 17307 13824 1367 16006 0 
a 218 133 897 402 728 105 4002 0 
B 74393 25135 1131318 760418 699253 83534 78304 0 
b 5722.6 3141.9 36494.0 17684.0 36803.0 6425.7 19576.0 0 

H' 5.24 3.16 5.84 4.26 4.74 4.58 0.25 0 
1 1 0.73 0.51 0.71 0.56 0.63 0.70 0.05 0 

Environment 
data 

Pines 2.11 13.9 15.79 24.68 41.24 72.55 75.07 93.44 
Sand 89.85 85.72 79.98 73.46 57.38 27.06 23.63 6.52 

Gravel 8.04 0.38 4.23 1.86 1.38 0.39 1.31 0.003 
TOM 0.51 2.39 2.15 2.55 5.09 7.60 9.78 11.46 

Shear stress 45.04 22.61 23.11 27.72 15.36 11.11 4.58 - 
Water flow 7.88 2.69 3.30 2.47 1.85 1.23 0.43 - 

Velocity 0.41 0.27 0.27 0.30 0.22 0.18 0.13 - 
Depth 13.43 5.85 10.87 6.57 6.34 5.73 4.28 - 

rfýMýý 18.46 20.00 19.22 19.99 18.90 19.87 20.13 

Table VI. 26 - Sado estuary. Biological and environmental data in the major affinity 
groups among locations defined by TWINSPAN. S- total species richness; s- mean 
species richness per site (sp /0.1m2), s1- number of species present once; SI- species 
sampled once in the whole estuary: A- total abundance: a- mean abundance per site 
(ind/O. 1m2); B- total biomass (mg wet-weight): b- mean biomass per site 
(mg/0.1m2); H' - species diversity: J- eveness. Fines. sand, gravel and total organic 
matter (TOM), as percentages of the dry weight of total sediment; shear stress in 
N/m2: water flow in m2/s; velocity in m/s. depth in meters, temperature in *C. 

6.4 - ORDINATION ANALYSIS 

.A direct gradient ordination method was used to analyse which 
pattern of variation of the biological data is best explained by the 
particular set of environmental variables available. The results 
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obtained and the main conclusions were then compared with those 
obtained from the IVINSPAN analysis, which made use only of the 
abundance and species composition data. 

The ordination method employed was canonical 
correspondence analysis (CCA). described in Chapter 3. Simple 
correspondence analysis (CA) was also used with the same data, to 
check if comparable results would be obtained without the imposed 
variability of the environmental data. 

CA and CCA were performed with the program CANOCO, 

version 3.1 (see Chapter 3, Methodology), with the same abundance 
data file as used in TWINSPAN, but considering location 26 as a 
supplementary station, because of the distorting effect of its 

extremely high abundance. The [In (y+1)] transformation was 
imposed on the biological data and nine environmental variables were 
considered (cf. data set in Chapter 4, Table IV. 4, page 98): fines. 

sand, gravel, total organic matter, shear stress, water flow, current 
velocity, depth and sediment temperature. 

CA and CCA were also run with the biomass data (wet-weight 

and ash-free dry weight), to check for major differences in relation to 
the abundance data. Several locations showed very high biomass 

values, essentially due to the bivalve Venerupis pullastra, which for 

that reason was introduced as a supplementary species. 

Abundance data 

CCA was first run considering all the nine environmental 
variables. The total variance, or total inertia, in the species data was 
5.477, of which the nine environmental variables account for 0.837, 
i. e. 15.3%. Species composition data is often very noisy. With large 
data matrixes such as these, it is common that the first axes of CA (or 
CCA). will comprise what may seem to be a relative low proportion of 
the total variance, which however may be very informative (cf. Gauch. 
1982). 
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CCA extractes first the canonical, or constrained, axes and only 
afterwards the unconstrained ones, which comprise the amount of 
variance unexplained by the environmental data. In this case, the 
loth axis will be the first, and the strongest, unconstrained axis. 

Table VI. 27 summarizes the ordination results obtained. The 
two first canonical axes explain 7.9% of the total variation in the 
species data, and comprise 51.7% of the variance explained by the 
environmental variables, while the first four canonical axes account 
for 75.7% of that variance. 

Axes 

Eigenvalues, 
Species-environment correlations 
Cumulative percentage variance 

of species data 
of species-environment relation 

Sum of all unconstruined eigenvalues 
Sum of all canonical eigenvalues 

1 2 3 4 Total inertia 

. 291 . 142 . 122 . 079 5.477 

. 869 . 833 . 861 . 765 

5.3 7.9 10.1 11.6 
34.8 51.7 66.3 75.7 

4.640 

. 837 

Table VI. 27 - Sado estuary. Ordination summary for the canonical correspondence 
analysis with the nine environmental variables. 

The species -environment correlations, a measure of the 
strength of the relationship between species and environment for a 
given axis, are all higher than 0.76. It should be noticed however that 
the fourth canonical axis only adds 1.5% to the amount of total 
variance already explained by the three first axes, meaning that the 
eigenvalues, more than the species-environment correlations, should 
be used to check the discriminant power of a given axis (cf. ter 
Braak, 1987a). 

The set of the environmental variables which best explain the 
species data was searched with the 'forward selection of 
environmental variables??, an option allowed by this version of 
CANOCO. For this, the environmental variables were added one by 
one to the analysis and their statistical significance was tested. 
allowing the inclusion as passive variables of those which no longer 
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add a significant part to the already explained variance in the 
biological data (see Chapter 3, Methodology). 

The forward selection of environmental variables permited the 
exclusion from the analysis of total organic matter and sand. Total 
organic matter is very strongly related with fines, as shown in 
Chapter 4, and so both tend to explain the same global variability in 
the biological data. Sand content is complementary of fines and 
gravel, and for that reason the analysis suggests its introduction as a 
passive variable. The ordination summary of CCA with the seven 
retained environmental variables is presented in Table VI. 28. 

Axes 

Eigenvalues 
Species-environment correlations 
Cumulative percentage variance 

of species data 
of species-environment relation 

Sum of all unconstrained eigenvalues 
Sum of all canonical eigenvalues 

1 2 3 4 Total inertia 

. 291 . 141 . 122 . 078 5.477 

. 868 . 833 . 859 . 775 

5.3 7.9 10.1 11.5 
36.6 54.4 69.7 79.5 

4.683 

. 794 

Table VI. 28 - Sado estuary. Ordination summary for the canonical correspondence 
analysis, after the forward selection of the (seven) environmental 
variables which best explain the biological data. 

Compared to the first analysis, with all the environmental data, 
it may be seen that the first four canonical axes present almost the 
same 1) eigenvalues, 2) cumulative percentage variance of the species 
data, and 3) species- environment correlations (cf. Table V1.27), thus 
confirming the non- significance of the excluded variables. 

The total variance explained by the canonical axes is now lower 
(0.794, = 14.5%), since total organic matter and sand are no longer 

active variables. The cumulative percentage variance of the species- 
environment relation of the first four axes tends to be higher simply 
because the canonical eigenvalues are almost the same, and the total 

'canonical variance is lower than before (cf. Table V1.27). 
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Finally, the first unconstrained eigenvalue in both analyses was 
0.30, indicating that the first and strongest non-environmental axis 
comprises the same amount of variance, with or without the two 
excluded environmental variables. 

The interpretation of the ordination axes in CCA makes use of 
the intraset correlations (cf. ter Braak, 1986), obtained between the 
environmental variables and the canonical axes. These correlations 
are given in Table VI. 29, and they indicate which variables are more 
strongly correlated to each axis. 

Axes 1 2 3 4 
Fines -. 6561 

. 4740 -. 1550 . 3820 
Gravel 

. 6881 
. 5911 

. 3397 
. 0195 

Shear strew . 4336 -. 5121 
. 5338 

. 2732 
Water flow 

. 6986 -. 3325 -. 0079 1299 
Current velocity . 3684 -. 5541 

. 4215 . 1130 
Depth 

. 
6889 

. 
2573 -. 0500 -. 3709 

Temperature -. 3831 -. 1690 . 7585 -. 1244 

Table VI. 29 - Correlations between the environmental 
variables and the canonical axes. 

Axis one is mainly defined by the opposition of depth, gravel 
and water flow, on the positive side, to fines content and 
temperature, on the negative side, and wds 2, by the opposition of 
gravel and fines on the positive side, to shear stress and current 
velocity on the negative side. 

While axis 1 may be seen essentially as a mixture of 
hydrodynamic and sedimentary conditions, opposing seaward to 
landward conditions, aids 2 would represent a detailed granulometric 
partition between the more heterogeneous sediments (positive side), 
and the more strictly sandy_ sediments, determined by the higher 

values of shear stress and current velocity. 

Temperature is the most important environmental variable for 

axJs 3. in opposition to fines content. suggesting a detailed partition 
within the landward group defined by axis 1. Axis 4 presents the 
lowest correlation values with the environmental data. which agrees 
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with the minor proportion of the total variance accounted for by this 
wds, as seen before. It opposes fines to depth. 

The statistical significance of canonical axis 1, the strongest 
constrained axis, was confirmed using the Monte Carlo permutation 
test (see Chapter 3. Methodology). The real data F-ratio for axis 1 was 
6.84, while the highest F-ratio obtained after 19 random 
permutations (P=0.05) was no higher than 2.63. 

The representation of the sampling sites in plane 1-2 of CCA is 
given in figure 6.11, in which the locations are represented by 
symbols, according to the partitions established by TWINSPAN. The 
environmental variables are represented by vectors, and they are 
distributed in all the 4 quadrants defined by axes 1 and 2. Total 
organic matter and sand, introduced as passive variables, are 
represented by dashed lines. 

The ordination diagram clearly represents the data presented 
in Table VI. 29. Axis 1 opposes fines, TOM and temperature to the 
other environmental variables, while axis 2 opposes fines, TOM. 
gravel and depth to the remaining variables. Total organic matter and 
fines content are highly positively correlated, while negatively 
correlated with flow, shear stress. velocity and sand, which are all 
positively correlated with each other. Depth and temperature present 
a clear negative correlation. Temperature appears as the weakest 
environmental factor, judged by the length of the vector. 

The distribution of the sampling stations in the ordination 
diagram of figure 6.11 clearly resembles the results obtained by 
TWINSPAN. 

The positive side of axis 1 contains all the locations from the 
marine community and the majority of the locations from the 
transition region, while only very few from the type estuarine 
cOMýnunity appear on this side. The negative side of this axis 
contains all the locations from the enriched, the impoverished and 
the highly disturbed facies of the estuarine community, and almost all 
the locations from the estuarine type community. Axis 1 thus clearly 
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represents the opposition of marine, or seaward, to estuarine, or 
landward, conditions. 

The relative distribution of the sampling sites in plane 1-2 of 
CCA also agrees with the detailed partitions established by 
TWINSPAN. 

Along the gradients presented in fig. 6.11, the opposition of the 
locations from the type marine community (quadrant +-) to the 
highly disturbed areas of the estuarine community (quadrant - +) is 
clear. The first are essentially related to high values of flow, current 
velocity, shear stress and sand, while the second are very strongly 
related to organic matter content and fines. 

The transition between both groups is quite comparable to the 
classification results. The impoverished areas of the marine 
community (quadrant +-) approaches the locations corresponding to 
the estuarine type community (quadrant - -), for which temperature 
appears to be the strongest environmental factor, which agrees with 
the spatial distribution of this descriptor (cf. fig 4.11, page 97). 

A few locations of the type estuarine community make the 
transition to the first group of locations clearly aligned in the fines- 

organic content gradient (quadrant - +). These locations, closest to 
the centre of the representation, belong to the enriched areas of the 

estuarine community, corresponding to the northern channel core of 

sites. 

With an increasing content of organic matter and fines, the 
locations corresponding to the impoverished areas of the estuarine 
Community appear, located close to the northern industrial margin, 
and finally the highly disturbed areas, in which the two extreme 
points correspond to the sites located the closest to the urban 
sewage outfall. and the pulp mill outfall. 

In quadrant ++, determined by the highest values of gravel and 
depth, 3 sites are clearly distinguished, locations 1,2 and 5, 
belonging to the type marine community and to the transition region. 
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These sites correspond either to the deepest sampling locations 
(sites 2 and 5) and/or to the highest gravel content (site 1). 

The global and the detailed underlying gradients suggested by 
canonical correspondence analysis are thus very similar to those 
defined by the IWINSPAN results and its a posteriori interpretation. 

The ordination diagram of the species scores shown by the 
location of the species code number on the figure 6.12, emphasizes 
these same gradients. 

The species which appear isolated in quadrant ++ (P. milliaris - 
296, H. artica - 142, K. suborbicularis - 156, ProtomYstides sp. - 295, 
G. gracillis 126, A. lactea - 36, Amphipod spA - 24 and 0. 

massiliensis 243) are those most influenced by depth and are 
mainly abundant in the deepest stations 1,2 and 5. 

In quadrant + -, the species which are more positively related 
to sand content, water flow, shear stress and current velocity, while 
negatively related to fines and TOM, such as P. phasma (299) and M. 

aberrans ( 204), only appear in the stations of the type marine 
community, or are predominant in this group like the Nudibranch sp. 
(236), P. appendiculatus (280), U. grimaldii (356), H. elongata (138) 

and P. remota (273). Some of these species are also influenced by 
depth. 

In quadrant -- the species which begin to be more related to 
temperature but are still influenced to some extent by sand content 
and shear stress appear, e. g. 0. laubieri (239), P. monolifer (261) A. 
brevicornis (10) and E. pusillus (93). These are mainly abundant in 
the transition region and the southern channel. They make the 
transition to others predominantly present in areas of higher 
temperatures, such as S. bocqueti (319) J. marmorata (153), A. 
langerhansi (46) M. lanata (196), which are abundant in the 
impoverished part of the marine community (southern channel and 
upper estuary), the transition region and the enrichment areas of the 

northern channel. Melita palmata (202), only present in the type 

estuarine community, also appears in this quadrant. This species 
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shows one of the highest correlations with temperature, stronger 
than its relation with fines and TOM (the reason why the species is 
located in this quadrant), but a low correlation with sand and shear 
stress. 

The species which present the strongest correlation with fines 
and the total organic matter appear in quadrant - +, although some 
also show a high positive correlation with temperature. These species 
have their maximum abundances in the enrichment areas of the 
northern channel, the impoverished areas closest to the margin and 
the highly disturbed locations of the estuarine community, e. g. M. 
fuliginosus (192), A. spinimana (13), T. benedeni (351), A. nitida (3), 
C. maenas (57), C. capitata (55), S. togata (318), L. arcuatus (170) and 
L. stentina (177). 

These results suggest a very close relation between the 
conclusions drawn from the analysis of the biological data alone and 
those from the imposed variability of the measured environmental 
variables. 

The results obtained with a simple correspondence analysis, to 

which the environmental variables were added a posteriori as passive 
variables, suggest the same general conclusions, thus confirming the 

significance of the environmental data considered. Table VI. 30 

summarizes the ordination results from that analysis. 

Aw, m ALMUS 

Eigenvalues 
Species-environment correlations 
Cumulative percentage variance 

of species data 
of species-environment relation 

1 2 3 4 Total inertia 

. 443 . 271 . 227 . 200 5.477 

. 713 . 627 . 297 . 547 

8.1 13.1 17.2 20.9 
28.4 41.8 44.3 51.9 

Sum of all unconstrained eigenvalues 
Sum of all passive canonical eigenvalues 

5.477 

. 
794 

Table V1.30 - Sado estuary. Ordination summary for the correspondence analysis, 
introducing as passive variables the seven environmental variables 
which best explain the biological data in the CCA. 
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The relative variance accounted for by the first two axes now 
corresponds to 13.1%, while in canonical correspondence analysis 
the value was lower, 7.9%. The specie s- environment correlations are 
lower than in CCA, as expected, since in a normal CA there is no 
imposed variability of the environmental data over the biological data. 
However, the values are also high, 0.71 and 0.63, respectively for the 
axes 1 and 2. For the same reason, the cumulative percentage 
variance of the species- environment relations is lower than in CCA. 
The first four axes now correspond to 51.9% of this variance, while 
in CCA, they accounted for 79.5% (cf. tables VI. 28 and V1.30). 

Table VI. 31 presents the correlations between the 
environmental variables and the axes determined by CA. When 
comparing these results with those from CCA, given in table VI. 29, 
we see that the correlations are similar to those obtained with the 
canonical analysis, especially when considering the results from a)ds 
1. In fact, as in CCA, this analysis also establishes the difference 
between landward and seaward conditions as the strongest partition 
in the data. 

Axes 1 2 3 4 
Fines -. 6902 . 2688 . 5341 . 0333 
Gravel . 

5475 -. 8361 . 
0437 . 5246 

Shear strew . 5481 . 1981 -. 7071 . 3865 
Water flow 

. 7622 -. 1922 -. 4813 . 1513 
Vek)city . 4767 . 2196 -. 7922 . 

3512 
Depth . 6185 -. 6433 -. 4679 . 3311 
Temperature -. 3544 . 4997 -. 0460 . 

6074 

Table VI. 31 - Correlations between the environmental 
variables and the ordinations axes, obtained a 
posteriori. 

This may be more clearly observed in figure 6.13, representing 
the distribution of the Twinspan groups in plane 1-2 of the 

correspondence analysis, to which the nine environmental variables 
were added a posteriorý as passive variables. 

All the locations from the marine community are again in the 

Positive side of axis 1, while almost all the locations from the 

estuarine community are in the negative side. The transition region is 

now less dispersed but is still the only group distributed in more 
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than 2 quadrants. The sampling locations from the estuarine 
community are also less dispersed than in CCA, and are almost 
entirely located in the quadrant - +. In consequence, the 
environmental variables which are more closely related to these 
samples, L e. fines, TOM and temperature, are now represented in a 
single quadrant (cf. figures 6.11 and 6.13). 

The sites distribution in plane 1-2 of CA and the relation 
between the three major groups of locations, the marine community. 
the transition region and the estuarine community, are thus very 
similar to those presented by plane 1-2 of CCA. The major difference 
concerns the more detailed partitioning of the locations belonging to 
the estuarine community. These results confirm the validity of the 
environmental variables considered. 

Biomandata 

The biomass data was run with CCA and CA to check for major 
differences from the results obtained using the abundance data. 

For both the wet-weight and the ash-free dry weight, the 
forward selection of environmental variables showed that besides 
total organic matter and sand, the shear stress should also be 
included as a passive variable, thus conducting the final analysis with 
six environmental variables. The ordination summary from this 
analysis with the wet-weight biomass data is presented in table V1.32. 

Axes 1 Total inertia 

Eigenvalues 
Species-environment correlations 
Cumulative percentage variance 

of species data 
of species-environment relation 

Sum of all unconstrained eigenvalues 
Sum of all canonical eigenvalues 

. 274 . 146 . 128 . 076 

. 877 . 820 . 842 . 837 

4.4 6.8 8.8 10.0 
36.1 55.3 72.1 82.1 

6.202 

5.443 

. 
759 

Table VI. 32 - Sado estuary. Ordination summary for the canonical correspondence 
analysis. after the forward selection of the (six) environmental variables 
which best explain the wet-weight biomass data. 
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Total inertia in the species biomass data is 6.202, of which the 
significant environmental variables explain 0.759, L e. 12.2%, which 
is slightly lower than the value obtained with the abundance data (cf. 
table VI. 28, page 248). Also, the first four canonical axes account for 
10.0% of the total variance in the species biomass data, while with 
the abundance data the first four axes accounted for 11.5%. The 
results obtained show that with the biomass data (wet-weight), the 
environmental data considered has slightly lower explanatory power 
than with the abundance data. 

The correlations between the canonical axes and the 
environmental variables for this same analysis are presented in table 
vi. 33. 

Axes 1 2 34 
Fines -. 6194 

. 6207 
. 1509 . 0373 

Gravel 
. 7244 . 2117 . 5691 

. 2669 
Water flow 

. 6584 -. 3141 -. 1542 -. 0102 
Velocity . 2804 -. 7001 . 1121 . 1202 
Depth . 7425 . 1628 . 2155 -. 5577 
Temperature -. 3952 -. 5499 

. 5314 -. 1042 

Table VI. 33 - Correlations between the environmental variables 
and the canonical ordinations axes. 

Axis I opposes fines and temperature (negative pole) to the 
other variables, while axis 2 opposes water flow, current velocity and 
temperature (negative pole), to fines, gravel and depth. These 

relations are exactly the same as those obtained with the abundance 
data (cf. table VI. 29, page 249), suggesting that the analysis with both 
biological variables allows the same basic conclusions. 

Finally, the wet-weight biomass data was also run with CA, to 
which the environmental variables were then added a posteriori as 
passive variables. The ordination summary from this analysis is given 
in table VI. 34. As with the abundance data, the first four eigenvalues 
are stronger than those in the canonical analysis. The first two CA 
axes account for 11.4% of the total variance in the species biomass 
data (13.1% in the case of the abundance data, cf. table VI. 30), while 
the two first CCA axes comprised 6.8% (cf. table V1.32). However, the 
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species- environment relations are lower than in CCA. as expected. 
and as obtained with the abundance data. 

Axes 

Eigenvalues, 
Species-environment correlations 
Cumulative percentage variance 

of species data 
of specie s-environment relation 

Sum of alt unconstrained eigenvalues 
Sum of all canonical eigenvalues 

1 2 3 4 Total inertia 

. 407 . 298 . 247 . 210 6.202 

. 705 . 587 . 354 . 501 

6.6 11.4 15.4 18.8 
26.7 40.2 44.3 51.3 

6.202 

. 759 

Table VI. 34 - Sado estuary. Ordination summary for the correspondence analysis, 
introducing as passive variables the six environmental variables which 
best explain the wet-weight biomass data in the CCA_ 

The species -environment correlation obtained with axis I is, 
nevertheless, high, 0.705 (0.713 with the abundance data. cf table 
VI. 30, page 255). 

As with the abundance data, CA and CCA run with the wet- 
weight biomass data also allow the same basic conclusions and 
establish the opposition of landward to seaward conditions, 
determined by axis 1 as the strongest partition in the data. This is 
shown in table VI. 35, showing the correlation between the CA axes 
and the environmental variables. 

Ames 1 2 3 4 
Fines -. 7233 . 0660 . 4385 . 0529 
Gravel . 

5920 -. 7034 . 
0313 . 

5882 
Water fknv 

. 7473 -. 1910 -. 4299 . 0875 
Vek)city . 4229 . 

3042 -. 8603 . 
3145 

Depth . 
6756 -. 6086 -. 3366 . 

3460 

Temperature -. 3347 . 
6733 -. 2816 . 

5433 

Table V1.35 - Correlations between the envirorunental variables and 
the CA ordinations axes, obtained a posteriorL 

- Axis 1 opposes precisely the same variables as they did with the 
CCA run (cf. table VI. 33), while axis 2 opposes with the biomass data 

the same variables as the CA run with the abundance data W. table 
VI-31, page 256). 
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The results suggest that: 

1) CA and CCA show the same basic pattern in the data. and 
2) Abundance and wet-weight biomass data show precisely the 

same distinctions and similarities between the sampling sites. 

Finally, the ash-free dry weight biomass data was also analysed. 
The results obtained are in every aspect similar to those obtained 
from the wet-weight biomass analysis. The results from the CCA run 
are given in tables VI. 36 (ordination summary) and VI. 37 (correlation 
between the canonical axes and the environmental data), while the 
results with the CA run including the environmental data as passive 
variables, are given in tables VI. 38 and VI. 39. In this case, the 

significant environmental variables account for 12.0% of the total 

variance in the species ash-free dry weight biomass data, while with 
the wet-weight biomass, the value was 12.2%. 

Axes 

Eigenvalues 
Species-environment correlations 
Cumudative percentage variance 

of species data 
of species-environment relation 

1 2 3 4 

. 292 . 171 . 138 . 087 

. 883 . 819 . 823 . 790 

4.1 6.6 8.5 9.7 
34.6 54.8 71.1 81.3 

Total inertia 

7.067 

Sum of aU unconstrained eigenvalues 
Sum of all canonical eigenvalues 

6.221 

. 846 

Table VI. 36 - Sado estuary. Ordination summary for the canonical correspondence 
analysis, after the forward selection of the (six) environmental variables 
which best explain the ash-free dry weight biomass data. 

Axes 1 2 3 4 

Fines -. 6147 . 
6197 . 

2257 . 
3976 

Gravel . 7287 . 1798 . 
5496 -. 2493 

Water flow 
. 
6531 -. 2918 -. 1436 . 

6531 

Vekxity . 
2632 -. 7044 . 1292 . 

3512 

Depth . 7701 . 1580 . 
2451 . 

33M 

Temperature -. 3427 -. 5888 . 4793 . 1668 

Table VI. 37 - Correlations between the environmental variables and 
the CCA ordinations axes. ' 
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Axes 

Eigenvalues 
Species-environment correlations 
Cumulative percentage variance 

of species data 
of specie s-environ ment relation 

Sum of all unconstrained eigenvalues 
Sum of all canonical eigenvalues 

7.067 

. 
846 

Table VI. 38 - Sado estuary. Ordination summary for the correspondence analysis. 
introducing as passive variables the six environmental variables which 
best explain the ash-free dry weight biomass data in the CCA. 

Axes 1 2 3 4 
Fines -. 7560 

. 1953 . 5311 . 8520 
Gravel . 

5558 -. 7464 . 2383 -. 1725 
Water flow 

. 7653 -. 3196 -. 3959 
. 1394 

Velocity . 4579 . 1758 -. 7991 -. 1373 
Depth . 6649 -. 6914 -. 2106 . 0100 
Temperature -. 2277 

. 6277 -. 0860 -. 3139 

Table VI. 39 - Correlations between the envirommental variables and 
the CA ordinations axes, obtained a postertort 

6.5 - COMMUNITY DISTURBANCE 

The global structure of the major benthic affinity groups 
established by Twinspan, was also analysed using the diversity 

rarefaction method (Sanders, 1968), the K-dominance curves 
method (Lambshead et al., 1983) and the ABC curves method 
(Warwick, 1986). In addition changes in their species richness, 
abundance and biomass were analysed and compared with those 

suggested by the SAB model (Pearson & Rosenberg, 1978). 

The abundance data and the wet-weight biomass data of the 

several sites in each of the groups was combined in a single sample, 
thus modifying the spatial scale of the analysis. Since this scale 
modification is based on a grouping method, it permits a more 
general assessment of the structure of each of the major benthic 

1 2 3 4 Total inertia 

: . 435 . 350 . 318 . 269 7.067 
: . 649 . 621 . 312 . 308 

: 6.6 11.4 15.4 18.8 
: 26.7 40.2 44.3 51.3 
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biotopes in the estuary, eliminating the variability between sites 
within a group. 

6.5.1 - SAB model 

Total species richness and the mean species richness per site, 
present their highest values in the transition region. Mean abundance 
per sampling location is also maximal in the transition region, 
excepting the highly disturbed spots of the estuarine community. 
Mean wet-weight biomass per site has its highest values both in the 
transition region and the enrichment areas of the estuarine 

community. Total species diversity and eveness present values above 
5.0 and 0.7 respectively, only in the type marine community and the 

transition region. 

Along the axis defined by type marine community (mouth of the 

estuary) -> transition region -> type estuarine community (southern 

channel and upper part of the estuary) -> enrichment areas 
(northern channel) -> impoverishment areas (industrial northern 

margin) -> high disturbance areas (sewage and Pulp mill outfalls), and 

-> defaunated sampling sites, the mean fines and total organic matter 

content increase continually, while sand and flow decrease. Shear 

stress and velocity tend to show higher values in the type estuarine 

community than in the transition region, but thereafter decrease 

continually (Cf. table VI. 26, page 245). 

Figure 6.14 presents the sucessive changes, within the 

estuarine community, of the mean species richness (S), abundance 
(A) and wet-weight biomass (B) per sampling location, along the 

gradients of decreasing organic content and increasing hydrodynamic 

energy. 

Species richness increases continually from the defaunated 

stations until the enrichment areas of the northern channel core, 

where the maximum value is attained and decreasing thereafter in 

the type community. Abundance and biomass follow both the same 

pattern, with two maxima. However, while abundance clearly has its 
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highest values in the disturbed locations close to the sewage and pulp 
mill outfalls, biomass shows the highest values in the enrichment 
areas of the northern channel, at lower levels of organic enrichment. 

100) 

60 

40 

-20 

0 

defaunated sewage industrial estuarine estuarine 
sites and northern enriched type 

pulp mill channel 
outfalls 

decreasing organic and fines content 

increasing sand, gravel and hydrodynamic energy 

60 

50 

40 

30 

20 

10 

0 

Figure 6.14 - Sado estuary. Spatial evolution of mean species richness (S - sp. /0.1 m2). 
abundance (A - ind. /O. Im2) and wet-weight biomass (B - g/0.1m2) per 
location, following the gradients of decreasing organic content and 
increasing hydrodynamic energy, within the estuarine benthic 

community. 

This spatial gradient, as a whole aspect of the estuarine 
community, clearly. resembles the evolution of the primary biological 

variables proposed in the SAB model of benthic changes following 

sedimentary enrichment (Pearson & Rosenberg, 1978). The 
defaunated stations, the highly disturbed locations, the enrichment 
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areas and the type estuarine community would correspond 
respectively to the "grossly polluted areas", the "Opportunists peak". 
the "ecotone" and the "normal" areas defined in the model. In terms 
of the disturbance sucession in the Sado induced by anthropogenic 
inputs, "normal" areas were those less affected and are considered 
our reference areas (southern channel). 

The SAB model proposes a single maxima for the abundance 
curve, observed in the opportunists peak. The curve in fig. 6.14 
however. presents two abundance peaks, as a consequence of the 
impoverished areas which, along the organic gradient, are positioned 
between the opportunists and the enriched zones. This suggests that 
anthropogenic factors other than the organic enrichment might be 
influencing the impoverished areas close to the industrial northern 
margin of the estuary, inhibiting the settlement or the development 
of the benthic community. 

6.5.2 - Rarefaction curves 

The rarefaction curves obtained for each benthic group are 
presented in figure 6.15. These curves were constructed using the 
entire set of data and not just polychaetes and bivalves, as suggested 
in Sanders's original paper (1968). Also, the whole set of curves 
cannot be considered as belonging to the same habitat, since some 
curves include groups of locations with a high sand content while 
others have high silt and clay contents. However, the two curves from 
the marine community assemblage may be regarded as a within- 
habitat comparison, the same being true for the set of curves 
generated for the estuarine community. 

The transition region, or ecotone, located between the seaward 
marine community and the landward estuarine community, shows 
the rarefaction curve with the steepest slope, and also the highest 

species diversity (cf. Table VI. 26, page 245). The highly disturbed 

estuarine areas show the lowest species diversity and the flatest 

rarefaction curve. 
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The rarefaction curves with the steepest slope belong to the type benthic biotopes identified in the Sado estuary, namely, the 
ecotone, the type marine community and the type estuarine 
community. Their relative position indicates a decreasing diversity in this same sense, which agrees not only with the global Shannon- 
Wiener diversity values obtained for each of these assemblages (cf. 
table VI. 26, page 245), but also with the type spatial distribution and structure of benthic communities encountered in estuarine and lagoon coastal systems in the Portuguese coast (cf. Quintino & Rodrigues, 1989). 

Transition region 

S 
Marine - type 

200- Estuarine - type 
Estuarine - enriched 

Estuarine - impoverished 
00 

Marine - impoverished 

--------------------------- 
Estuarine - highly disturbed 

0T -7 
0 10000 

20000 30000 
A 

150- 

S Transition region 

100- 
Marine - type 

Estuarine - type 

Estuarine - enriched 

Estuarine - impoverish( 
50- 

&0,100100s 
.. - 

0 
Marine - impoverished 

0 roll 
Estuarine - highly disturbed 

- 
--------------------------- 01tII 

0 250 500 750 1000 A 

Figure 6.15 - Rarefaction diversity curves for the several benthic assemblages in 
the Sado estuary. The lower graph presents a detailed aspect of the 
initial part of the curves. S- species richness, A- Abundances. 
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The detailed divisions within both the marine and the estuarine 
communities also show very coherent results in terms of the 
rarefaction method of diversity analysis. 

The rarefaction curve for the impoverished marine community 
is flatter than the curve for the type community, which agrees with 
its lower species diversity and stronger hierarchical structure, as 
described in the classification analysis section (section 6.3). 
Corresponding to a within-habitat comparison, the two curves from 
the marine community indicate the stronger disturbance in the 
impoverished areas, represented by several scattered locations inside 
the estuary. 

Between the two curves from the marine community, appear 
the majority of the rarefaction curves belonging to the estuarine 
community, namely the type community, the enriched areas and the 
impoverished areas. Finally, the highly disturbed areas of the 
estuarine community correspond to the flattest rarefaction curve. 

The within-habitat comparison of the four rarefaction curves 
belonging to the estuarine community suggests a decreasing diversity 

and increasing disturbance state of the benthic assemblage in the 

order type community -> enriched areas -> impoverished areas -> 
highly disturbed areas. These results agree with the increasing 
disturbance within the estuarine community as previously suggested 
by the spatial change in species richness, abundance and biomass, 

along an increasing gradient of organic enrichment and decreasing 
hydrodynamic energy level, following the concepts of the SAB model 
represented above in fig. 6.14. 

However, it should be noticed that the global Shannon-Wiener 
diversity values for each of the benthic assemblages within the 
estuarine community, do not decrease along this same gradient. In 
fact, both the enriched and the impoverished areas show higher 
global diversity values and higher eveness values than the estuarine 
type community (cf. Table VI. 26). It is possible that the organic 
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enrichment in the northern channel of the estuary may be enhancing 
the initial phases of the response of benthic communities, resulting 
in an increase in diversity, as suggested by several authors (cf. Rees et 
al., 1990). 

This also indicates that care should be taken before assuming 
that higher species diversity results from higher levels of biological 
complexity, which may not be the case if the increased structural 
properties of the community (= species diversity) are not 
accompanied by increasing functioning complexity. This also suggests 
that these two synthethic descriptors of the structure of benthic 
communities should preferably be accompanied by analytical methods 
of diversity analysis, L e. the rarefaction method or others, which may 
be more informative on the general structure of the community than 
are the values of the index itself. 

6.5.3 - K- dominance curves 

A similar approach based on the K-dominance curves method 
(Lambshead et aL, 1983), presents comparable results. Figure 6.16 
shows the curves obtained for the type marine community, the 
transition region and the type estuarine community. 

100- 

80- 

. oo, 'o 

60- 
. 0, Marine - type 

40- eI ----------- Transition region 

-. .1 . 11 ------ Estuarine - type 

20- 

0 
10 100 1000 

Rank 

Figure 6.16 - Sado estuary. K-dominance curves for the type marine 
community, the transition region and the type estuarine 
community. 
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The starting points of the three curves are all below the 25% of 
the abundance frequency of the first rank species, and again, the type 
marine community curve lies between the transition region curve and 
the type estuarine community curve, suggesting the same conclusions 
as drawn from the rarefaction method above. 

The full set of K-dominance curves is presented in figure 6.17. 
While the curves from the impoverished marine community and the 
estuarine highly disturbed areas suggest disturbance states of the 
benthic community, with the first rank species comprising more 
than 500/6 of the total abundance in each case (more than 95% for the 
highly disturbed areas of the estuarine community), the remaining 
curves, namely the enriched and the impoverished areas of the 
estuarine community, do not show a clear partition as in the previous 
analysis. - 

100 --------------------------------------------- -------------------- 

80- 
Marine - type 

........... Transition region 60 
------ Estuarine - type 

------- ............. Marine - impoverished 40- 
Estuarine - enriched 

20 ------ Estuarine - impoverished 

----------- Estuarine - highly disturbed 

011 
10 100 

Rank 
1000 

Figure 6.17 - K-dominance curves for the main benthic biotopes in the Sado 
estuary. 

However, the majority of the curves lay above the type marine 
'Community curve and the transition region curve. Within the 

estuarine community, the three main regions have very similar 
curves, with the enrichment facies showing the most inner curve. 
Thus in assessing detailed aspects of the estuarine community, and 
apart from the almost monospecific type curve of the highly 
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disturbed areas, the K-dominance method does not lead to as clear a 
discrimination as the rarefaction method of diversity analysis. 

6.5.4 - Abundance and Biomass Comparison curves 

Finally, the ABC curves method (Warwick, 1986), was also used 
to characterize the main benthic biotopes in the Sado estuary. Figures 
6.18,6.19 and 6.20 present the results obtained for, respectively, the 
type marine community, the transition region and the type estuarine 
community. 
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Figure 6.18 - Abundance/ Biomass Comparison curves for the type 

marine community. 
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Figure 6.19 - Abundance /Biomass Comparison curves for the transition 

region. 
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Figure 6.20 - Abundance/ Biomass Comparison curves for the type 

estuarine community. 

While the curves for the type marine community (fig. 6.18) and 
the transition region (fig. 6.19) correspond to non disturbed areas, 
the curve for the type estuarine community (fig. 6.20) indicates a 
disturbed benthic structure, given the crossing between the 
abundance and the biomass curves (Warwick, 1986). 

Using this same criteria, the impoverished marine community 
presents also signs of a disturbance state (fig. 6.21), while the 
enriched and the impoverished regions of the estuarine community, 
represented in figures 6.22 and 6.23 respectively, would correspond 
to non disturbed benthic biotopes. The ABC curve for the highly 
disturbed areas in the estuarine community (fig. 6.24), corresponds 
to a strongly disturbed structure according to Warwick's concepts, 
with the abundance curve clearly overlaying the biomass curve. 
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Figure 6.21 - Abundance/ Biomass 'Comparison curves for the 

impoverished marine cor=unity. 
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Figure 6.22 - Abundance/ Biomass Comparison curves for the enriched 

areas of the estuarine community. 
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Figure 6.23 - Abundance/ Biomass Comparison curves for the 
impoverished areas of the estuarine community. 

100 

75 

50 

25 

0 

10 Rank 
100 

Figure 6.24 - Abundance /Biomass Comparison curves for the highly 
disturbed areas of the estuarine community. 
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Thus some of the results from the K-dominance curves method 
and the ABC curves method apparently contradict the results from 
the rarefaction method of diversity analysis and the SAB model. 

The four methods agree on the extreme situations, namely the 
most undisturbed biotopes, represented by the type marine 
assemblage and the transition region, and the most disturbed 
situations, namely the impoverished marine community and the 
highly disturbed areas of the estuarine community. Apart from the 
impoverished set of locations pertaining to the marine community, 
these extreme situations correspond in fact to the two poles in the 
global estuarine gradient identified in this analysis of the outer part of 
the Sado estuary, whether analysed in respect to the prevailing 
hydrophysical or sedimentary conditions. 

However the intermediate part of this gradient corresponds to 
the area occupied by the estuarine community, namely the typical 
areas, the enriched and the impoverished parts of this community. It 
is within this intermediate part of the gradient that the three 
methods tend to show some contradictions, in terms of the state of 
disturbance of the benthic communities. 

The SAB model and the rarefaction curves both agree, and 
together with the classification and ordinations analysis results, 
suggest that the primary biological variables of the benthic 

communities in the Sado estuary are in agreement with the 
prevailing hydrophysical and sedimentary conditions, with the 
exception of those areas located closer to the northern margin of the 
estuary, namely the urban and the industrial belt. 

The results from the K-dominance curves and the ABC curves, 
both based on the same computational principles, are either unable 
to discriminate between the states of disturbance within the 

estuarine community (the K-dominance curves), or suggest that some 
of these areas do not present disturbed community assemblages. 
namely the impoverished part of the estuarine community, while 
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suggesting a disturbed state for the type estuarine community (the 
ABC curves). 

This apparent contradiction (within a detailed aspect of the 
whole gradient analysed in this work) may result either from the fact 
that, 

1) the K-dominance curves and the ABC curves were mainly 
derived for marine regions, while estuaries may present benthic 

communities with naturally more disturbed structures, as presented 
by the original Sanders work (1968). and by the detailed spatial 
analysis of several coastal portuguese systems (Quintino, 1988; 
Quintino & Rodrigues., 1989), and other similar coastal lagoon 

regions (Amanieu et al., 1980, Blandin, 1980, Labourg, 1980), or, 

2) the non disturbed state judged by the ABC method of the 
enriched and the impoverished facies of the estuarine community, 
may in fact be the consequence of the preferential distribution of 
larger species (namely the bivalve Cardium paucicostatum, an 
important species in this part of the estuary), as a result of the initial 

stages of organic enrichment. 
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CILAPTER 7 

DISCUSSION 

General 

The bio-sedimentary survey undertaken in the Sado estuary 
showed that both the structure and composition of superficial 
sediments and also the benthic macrofauna clearly reflect the 
hydrophysical conditions prevailing in the estuary and organic 
enrichment of both natural and anthropogenic origin. 

The granulometric study revealed gradients of increasingly fine 

sediments from the estuarine entrance towards the inner areas along 
both the southern and the northern channels. However, while the 
gradient established along the southern channel shows clear 
influence of both oceanic and river inputs, thus emphasizing a natural 
and common gradient found in many estuaries (e. g. Guelorget & 
Michel, 1977, Andrade, 1986, Elliott & Kingston, 1987, Perthuisot 
& Guelorget, 1987, Quintino, 1988, Mclusky, 1989, Quintino & 
Rodrigues, 1989, Currds & Mora, 1991), the gradient defined along 
the northern channel reflects both the natural accumulation 
characteristics of this region and the effect of the industrial effluents 
in enhancing the muddier sediments. 

The organic content showed a good agreement with the fines 

content of the sediments. Along the northern margin, however, high 

organic content was found in both muds and sandier sediments (e. g. 

st. 26, st. 39). Low organic content was found in the estuarine 

entrance and in the majority of the southern channel and upper 

region (<l% and 1% - 3%). These areas are not directly affected by 

anthropogenic inputs and have levels of organic content comparable 

with Ria del Eo (NW Spain), 'where the highest values were found 

only in Zostera regions (7.4%) (Currds & Mora, 1991). The highest 

organic content values in the Sado estuary were found along the 

northern margin in the range of 10 - 14% (total sediment). Similar 

values have been found in the sediments of the Spanish rias Arosa (12 

- 14%) and Muros (14 - 16%) (L6pez-Jamar, 1982, L6pez-Jamar & 
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Mejuto, 1986), where sediments are enriched mainly by the faeces of 
niussels, intensively cultivated in these systems, and also in Ria de 
Pontevedra (21%) subject to the influence of pulp mill effluent and 
urban sewage (L6pez-damar, op. cit). Also, Hily (1984) mentioned 
values of 12 - 16% for the sediment of Rade de Brest, affected by 
urban sewage effluents, while Bachelet (1976, in: Hily) gave values for 
unpolluted muds in the range of 0.5 - 5% of total sediment. 

Dissolved oxygen and nutrient levels in the water column have 
shown an effect of anthropogenic inputs along the northern channel 
and near the urban sewage outfall. It seems that this effect can be also 
detected along the southern channel at times (Chapter 3). 

The fauna sampled in the survey clearly suggests that marine 
conditions prevail in the Sado outer estuary, with few species present 
which are associated with freshwater conditions (e. g. oligochaets, 
insect larvae). Thus the salinity gradient shows a mean annual salinity 
of about 33%o in the most landward locations covered by the present 
study. The fauna is composed mainly of Annelids, Arthropods and 
Molluscs, which together comprised 93% of the total number of 
species and biomass and 98% of abundance. Annelids were the most 
abundant and species rich group, while Molluscs have been shown to 
be dominant in all the stations in terms of biomass, with the 
exception of the stations in the vicinity of the industrial complex 
where biomass was dominated by Annelids. 

The Sado is inhabited by an abundant and diversified fauna with 
362 species and 80218 individuals sampled comprising a total 
biomass of 2852.35 g wet-weight. The fauna is comparable to that of 
similar systems namely the Mira estuary (Andrade, 1986) and the 
lagoons of 6bidos and Albufeira (Quintino, 1988), western coast of 
Portugal, the Ria de Alvor (Rodrigues & Quintino, 1986), southern 
r-oast of Portugal, the Ria de Arosa (Mora, 1982) and Pontevedra 
(Mora et al, 1982), Spanish western coast, the Firth of Forth (Elliott 
& Kingston, 1987), eastern coast of Scotland. Some of the species 
found were previously known from the Sado, but 192 are reported 
from this estuary for the first time (Rodrigues, 1982, Gamito 1983, 
Cancela da Fonseca et al, 1987, Costa, 1988, Marques, 1989). 
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The fauna is characteristic of European ecosystems but also 
reflects the proximity of the Mediterranean sea, whose influence 
becomes more pronounced along the southern Portuguese coast 
(Alvor). In fact, 32 species found are among the most characteristic 
species of confined Mediterranean systems (e. g. A. cirrosa, C. 
paucicostatum, B. candida, C. carinata, C. truncata, D. exoteta. E. 
oerstedi, G. fragilis, L. lacteus, M. versiculatus, S. plana, P. ciliata) 
(Guelorget & Perthuisot, 1983). 

A consideration of the amphipod fauna identified in the Sado 
estuary compared to those of the British Isles, the Roscoff region, the 
Portuguese coast (in general) and the Mediterranean (Marques. 
1989) shows that several species were recorded in all the 4 regions 
(e. g. A. diadema, A. brevicomis, A. spencebatei, A. guttatus, C. 
semisserratus, C. sundevalli, G. fucicola, L. pectinatus), while others 
are considered solely Mediterranean species (C. runcicorne, C. 
annulatuný. Ericthonius puntactus and J. marmorata, recorded in the 
present work, were known to the Roscoff fauna and Mediterranean 
(the former) or only to the B. Isles (the latter species) (Marques op. 
cit. ). Photis longipes and A. renwra have been recorded only along 
the Portuguese coast. The "C. orientale - C. volutator " complex, 
sampled for the first time in Ria de Alvor, southern Portuguese coast, 
seems to be an intermediate form between a meridional species (C. 

orientale) and a nordique species (C. volutatod (Rodrigues & Dauvin, 
1987). 

These comparisons emphasize that the Portuguese coast could 
constitutes a transition region between the Atlantic and the 
Mediterranean faunas, constituing for some species a limiting region 
for their zoogeographical distribution. 

Two major faunal associations have been defined in the Sado 

estuary: a marine and an estuarine community separated by a 
transition region. The estuarine community however, has been shown 
to include several coherent areas identified as type, enriched, 
imPoverished, highly disturbed and defaunated areas. 
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The Sado outer estuary has been shown to be a heterogeneous 
environment which makes a comparison of its faunal assemblages 
with the literature not a straightforward procedure. The Sado marine 
community, however showed some similarities with the communities 
identified in the lagoons of the western coast of Portugal and also 
with the biocenosis of the coarse sands and fine gravels under bottom 
currents (SGCF) defined by P6rýs & Picard (1964) and by Pýrýs 
(1967) for the Mediterranean Sea. The Sado estuarine community 
showed some similarities with the faunal associations defined by 
these authors for muddy sands, and the biocoenosis of the superficial 
muddy sands in sheltered areas (SVMC). It also had some common 
features with the Mcies of Melinna palmata defined by Cabioch (1968) 
for the fine sands of the English channel, enriched however with 
species of the Hyalinoecia bilineata fdcies also defined by this author 
in the same community. 

The faunal associations identified in the Sado show 
characteristics which indicate that the main structuring factors are 
hydrodynamic, coupled with sediment type, and organic matter of 
natural and anthropogenic origin. These environmental factors have 
been shown to significantly influence the major patterns of 
macrofaunal distribution in the estuary. They act together throughout 
the estuary but their degree of importance differs in the various areas 
identified. Organic enrichment effects have been noted in all the 
areas studied and in general the Sado outer estuary has been shown 
to be an eutrophic system. 

The most abundant and widely distributed species, present in 
all the regions defined, were the Cirratulids Cirriformia sp., Tharyx 

sp. and Caufferiella sp., the CapiteHid Capitella capitata, the Spionid 
Aonides oxycephala and the Spiochaetopterid SPiochaetopterus 

costaruni. These species are commonly associated with organically 
enriched areas and may even be present in anoxic conditions 
(Pearson & Rosenberg, 1978). They show, however, differential 
development in the various areas, thus pointing to different degrees 

Of organic enrichment. The analysis of both biological and 
environmental factors of the different regions identified indicates 
increasing disturbance due mainly to organic enrichment along an 
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axis marine community -> transition region -> estuarine community, 
type -> enriched -> impoverished -> disturbed -> defaunated areas. 

Along this axis it was noticed that the number of Peracarid and 
Echinoderm, species, after showing an increase in the transition 
region, decreased continously with Echinoderms disappearing in the 
impoverished and disturbed areas. These groups are in general 
considered very sensitive to environmental changes due either to 
natural causes (Quintino, 1988) or to pollution, being the first ones to 
disapear in highly organic enriched areas (Pearson, 1975,1976, 
Rosenberg, 1976, Cabioch et al., 1982, Gentil, 1982, Dauvin, 1984). 

It also was noticed that the transition region contained 44 
species present only once in the estuary, the larger proportion, 
whereas the marine community had 18, the estuarine type and the 
enriched, had 9 each and the estuarine impoverished and disturbed 

regio ns had 3 each. The systematic disappearance of rare species has 
been observed along gradients in which environmental conditions 
become more severe both by natural (Quintino, 1988) or 
anthropogenic causes (Gray et al., 1990) and changes in their 
presence and absence patterns as indicators of pollution has been 

proposed by Gray et al. (op. cit. ) 

Marine Community 

71pe co 

The marine community is established in a high energy area, 
mainly occupied by coarse clean sand. The fauna seems to be chiefly 
conditioned by hydrodynamism. It is mainly made up of interstitial 

Polychaetes and archiannelids (e. g. S. papillocercus, P. remota, P. 

elegans, S. bulbosa, P. appendiculatus) and of mobile and quickly 
burrowing organisms (e. g. N. cirrosa, G. galaica, U. grimaldi, B. 

guilliamsoniana) having diversified trophic modes: filter feeders, 

surface and sub-surface deposit feeders, carnivores, herbivores or 

mixed strategies, filter/deposit feeders and herbivore /deposit 
feeders. 
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Most of the species which showed preferences for this region of 
the estuary are usually found in other ecosystems associated with 
coarse or medium clean sands. G. spinifer was found by Wolff (1973) 
in well-sorted medium and fine sands in the Delta area of the 
Netherlands, B. guilliamsoniana, U. brevicomis and U. grimaldi were 
commonly found along the Portuguese coast in sandy bottoms by 
Marques (1989), S. solida is mentioned by Tebble (1976) as prefering 
sandy bottoms and G. capitata seems to prefer coarse deposits 
(Vanosmael et al., 1982). Nepthys cirrosa is known as a species 
prefering clean sands (Vanosmael et al., op. cit., Wolff, 1971,1973) 
and Alheit (1978, in: Vanosmael et al., op. cit. ) mentioned that the 
oxygen supply correlated with salinity could be important factors in 
the distribution of this species. Peracarid, mainly amphipods are 
strongly represented in this region of the estuary, whereas cirratulid 
or capitellid species are scarce. The presence of C. capitata in this 
region (found only in station 1), is probably associated with local 
sources of organic enrichment. 

Faunal associations with the same characteristics, as the ones 
found in the Sado marine community, are common in high energy 
environments, like sandbank areas (Vanosmael et aL, op. cit., Withers 
& Torp, 1978, Tyler & Shackley, 1980) or coastal waters stirred by 

waves (Nrýs, 1967, Rodrigues & Quintino, 1988). 

Impoverished ar-ea 

In the impoverished marine area the hydrodynamical factors are 
less intense, with the fines and the total organic matter content of 
the sediment higher than in the type area. The fauna reflects the 

effect of organic enrichment. The most characteristic species are 
Tellina tenuis and Scoloplos armiger, the latter being, the most 
abundant species, representing 55% of the total abundance of this 

area. 

Scoloplos armiger has been found in several bottom types but 

seems to prefer fine and muddy sands (Wolff, 1973, Rasmussen, 
1973). It is a species known to be resistant to low oxygen content 
and even moderately resistant to anoxic conditions (Henriksson. 
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1969, Schoettler & Grieshaber, 1988). Pearson (1975) includes it in 
phase 2 corresponding to moderately organic enrichment. It was 
considered indicative of organic enrichment in a variety of areas 
(Pearson et al., 1986) and was found by Henriksson (1969) with high 
densities near the sewage outlets of Copenhagen and Malmo in 
oxygen poor mud in the Baltic, and also in hard sand bottom in 
Danish waters (Muus, 1967). However Hily et al. (1986) include it in 
the group of poflution sensitive species. 

00 FAtuarine Coninturuty 

The Sado estuarine community includes most of the northern 
and the southern channels and all the upper region. It has been 
shown to be an hetrogeneous community in which it was possible to 
recognise several subgroups: type, enriched, impoverished, disturbed 
and defaunated areas. 

From the type to the defaunated areas the mean fines and total 
organic matter in the sediment increased continually, while sand and 
the hydrodynamical factors, flow, shear stress and current velocity 
decreased. The spatial variation of species richness, abundance and 
biomass have been shown, except for the abundance value of the 
disturbed areas, to be similar to the one proposed in the SAB model 
(Pearson & Rosenberg, 1978), thus indicating an increase in 
disturbance from the type areas towards the defaunated locations. 
The same general trend is shown by the analysis of the feeding 

modes of the species inhabiting the different regions. All the regions 
have species with various feeding strategies. which points to the 
availability of organic particles either in the water column and in the 
sediment. From the type areas towards the disturbed ones, however, 
the filter feeders decrease, disappearing in the disturbed regions, 
probably due to the concomitant increase of deposit feeders, a 
decrease in sediment stability, an increase in turbidity and changing 
quantities of organic matter (Pearson & Rosenberg, op. cit. ). 

From a consideration of the feeding modes of the most 
characteristic species it is evident that in the type areas they are 
mainly sub-surface deposit feeders and filter feeders, relying on the 
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transport of particles in the water column and re-suspension from 
the sediment surface. In the enriched regions they are mainly surface 
deposit feeders reflecting the high amout of organics in the sediment 
surface due to high organic inputs or low hydrodynamism. In the 
impoverished regions they are mainly carnivores probably reflecting 
the availability of prey. In disturbed areas the most characteristic 
species were a sub-surface and a surface deposit feeder indicating in 
general a high content of organic material at the surface and inside 
the sediment. 

This gradual change in the trophic strategies of the species 
observed in the Sado estuarine community could also correspond 
spatially, to what was found, in time, by Pearson et al. (1982) as a 
result of an increase of an organic input. These authors noticed that 
initially sub-surface deposit feeders appear to be favoured at the 
expense of -surface deposit feeders and when the populations attain 
high densities carnivores increase. This gradual change in the 
trophic modes of species along an increasing gradient of stress 
imposed by organic enrichment was considered one of the major 
species adjustments to environmental changes induced by organic 
enrichment (Pearson & Rosenberg, 1978). 

From the type areas towards the defaunated regions it seems 
that there exists a decreasing effect of hydrodynamic factors and an 
increasing effect due to organic enrichment in controlling the 
benthic macrofauna. According to the general circulation pattern in 
the estuary, in the type areas the organic material comes mainly from 

natural sources and in the other subgroups from anthropogenic 
inputs. 

TMpe ca-ea 

This region seems to be a moderately enriched area. It has 

species commonly found in organically enriched areas, like 
Cirratulids, Capitellids and Spionids, as well as species which are 
usually associated either with moderately enriched regions or even 
considered sensitive to organic pollution (Hoare & Wilson. 1977. 
Pearson & Rosenberg, 1978, Hily et al., 1986). 
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Hydrodynamical factors are still important and some of the 
characteristic species of this region are resistant to high current 
speeds. 

Lanice conchilega has been shown to be able to withstand 
current speeds higher than 1m/s (Buhr & Winter, 1977), by being 
able to rebuild its tube rapidly if necessary and if the tube is covered 
by sediment the species reacts by pulling itself across the sediment 
with the help of the tentacles (Pearson pers. comm., Fauchald & 
jumars, 1979). Virgularia mirabilis, also characteristic of this region, 
is a species which seems to avoid unstable sediment due to wave 
action, dredging or burrowing activities of other species but which 
however seems to be resistant to currents (Pearson pers. comm., 
Hoare & Wilson, 1977). Lygdamis muratus appear in the Sado area 
mainly around the sandbanks and when the species presents high 
densities, the tubes of several individuals cement together and form 
like reef constructions, which may contribute to withstand strong 
currents. Also the tube mats of Spiochaetopterus costarur7l, widely 
distributed in the Sado but specially abundant in the type estuarine 
region, could be effective as a protection to high current speeds. This 
species is commonly found in the Spanish Rias de Muros, Arosa and 
Pontevedra in very fluid muddy sediments in which its long tubes 
constitute a good mechanism for fixation to the sediment (Lopez- 
Jamar, 1985). 

Lanice conchilega was found to colonise Morlaix bay, affected by 
hydrocarbon pollution, following the development of opportunistic 
species and just before the establishment of the normal community 
(Ibanez & Dauvin, 1988). Pearson (1975), found it occupying the 
same successional place when studying the changes in the benthic 
fauna of Lochs Linnhe and Eil in response to organic enrichment due 
to a pulp mill effluent. He defined a macrofaunal succession of 4 

phases, L. conchilega being included in Phase 3, corresponding to a 
high organic input, just before the opportunistic species 
development. Bhur & Winter (1977). however, recorded a very dense 
L. conchilega population (20000ind/m2), in the Weser estuary. 
atributing the maintenance of so high populations to the ability of the 
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species of filter and surface deposit feeding and pointing as its main 
food source natural inputs: the particulate load coming from the 
river, the tidal flats and the sea. In the Sado L. conchilega has been 
sampled mainly along the southern margin. around the sandbanks 
and in the Alcdcer channel. It clearly avoids the northern margin in 
the vicinity of the industrial complex. The species has also been 
found in the intertidal region in the vicinity of discharges from the 
pulp mill, industry, however in that area the individuals showed clear 
signs of physiological stress (Picado, 1991, Rodrigues et aL, in press). 

Virgularia mirabilis is a species known to avoid regions of 
heavily organic pollution being very sensitive to oxygen depletion and 
hydrogen sulphide (Pearson, pers. comrm. Hoare & Wilson, 1977). 
Spiochaetopterus costarum is a species associated in the Spanish rias 
with a high content of organic material where it appears to play the 

role taken elsewhere by Capitella in a sucession of increasing 
disturbance (Lopez-Jamar, 1985). In the Sado the species is widely 
distributed, which could be associated with the general enrichment 
of the estuary. Although it is present in the locations showing the 
highest organic enrichment, i. e. near the urban sewage and pulp mill 
outfalls, it is there in very low densities, and Capitella is the most 
abundant species. 

Scalibregma inflatum is also important in the type area and has 

been found elsewhere in high numbers in areas enriched by 

predominantly labile carbon (Pearson et al., 1986). Rosenberg (1976) 

mentioned it as appearing In a succession following pollution 

abatment in Sweden, after a Capitella stage. In Loch Linnhe and Loch 

Ell, however, Pearson (1975) considered it as a species present in 

the normal community, disappearing even in moderately increased 

organic input. In the Sado S. inflatum presents its highest densities 

in regions of the Alcdcer channel, in the upper region and inner 

areas of the southern channel which seems to point to a relation 

either with organic material coming from the river or a preference 
for sediment with a higher percentage of fines. The species is also 

known to prefer muddy sand (Wolff. 1973, Pearson et al., 1986) and 

most of its preferential area in the Sado corresponds to the muddler 

medium sand. 
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Another important species of this region is Corbula gibba. it 
feeds by filtering suspended particles from the water overlying the 
sediment and its presence usually means organic enrichment of the 
surface sediment (Pearson, 1971b). It is commonly found in 
organically enriched environments (Pearson, 1975, Pearson & 
Stanley, 1977). Tulkki (1968, in: Pearson, 1971b) considered it an 
indifferent organism to organic pollution. Rosenberg (1972,1973, 
1976) found it important in a "less mature community", Kocatas & 
Geldiay (1980) identified it as the characteristic species of a serni- 
polluted region and Pearson (1972,1975) considered it a species 
characteristic of moderately increased organic input (phase 2), while 
Rosenberg (1980) states it as a tolerant species to hipoxia, surviving 
periodic oxygen depletion in several northern European qords. 

Emichad area 

The faunal composition of the enriched region seems to be 

mainly defined by organic enrichment mainly of anthropogenic 
origin.. 

Species like Cirriformia sp. Tharyx sp., Melinna palmata, Abra 

alba, are present in all the stations and have their maximum 
development in this region. Tubificoides benedeni, is also an 
important species and Spiochaetopterus costarum is the most 
abundant species comprising 15% of total abundance of this region. 

Most of these species are commonly, found in organically 
enriched regions (Pearson & Rosenberg, 1978). Cirriformia sp., 
Tharyx sp. and H. filiformis were included by Hily et al. (1986) in the 

group of opportunistic speci es, together with C. capitata and M. 
fuliginosus, whereas M. palmata and A. alba were included in the 
tolerant group of species. Cirriformia sp. and M. palmata were 
species found to persist after 3 months of the Amoco Cadiz pollution, 
with higher densities than before, and Tharyx sp. was one of the 

Opportunistic species to settle and rapidly develop in the affected 
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areas (Gentil, 1982). This latter species was mentioned by Fauchald 
& Jumars (1979) as very abundant in polluted regions. 

Pearson & Rosenberg in their review paper (1978) mentioned 
various works in which Cirriformia was an important species in areas 
of high organic content either together with C. capitata, M. 
fuliginosus and T. benedeni or being secondarily important in areas 
dominated by them. Cirriformia is known to have physiological 
adaptations to hypoxic conditions (Warren, 1981, Bestwick & 
Warren, 1984) and Bestwick et aL (1989) found in specimens living 
intertidally that the sediment around the burrow is often hydrogen- 
sulphide rich. 

Melinna palmata has been reported from various sewage sludge 
disposal grounds (Eagle et al., 1978, in: Bryan & Gibbs, 1987). A high 
M. palmata population was also found by Hily (1984), flourishing in a 
highly organic enriched area of the Brest harbour, in the vicinity of a 
Malacoceros-Capitella zone. 'Ibis population had the characteristic of 
having tubes 2 or 3 cm above the sediment, which according to Hily 
(op. cit. ) seems to be an adaptation to anoxic conditions of the 
sediment. He also noted that M. palmata showed a life cycle with 
different characteristics according to the environmental physico- 
chemical and granulometric factors. This again points to an 
adaptation of the species for successful survival in severe 
environmental conditions, namely enriched areas. 

Abra alba, although in a lesser degree, has the same 
characteristics as M. palmata of changing its growth, reproduction 
and life span, in relation to the environmental conditions (Hily, 1984, 
Dauvin, 1984). It is a species considered tolerant to organic pollution 
(Gldmarec, 1979, Hily, 1984, Hily et aL, 1986). It was dominant in 

enriched areas in Sullom. and Rona Voes (Pearson & Stanley, 1977). 
At Garroch Head sewage ground it was found at 1-2 Km beyond the 

centre (Pearson et al., 1986). L e. on the edge of the highly enriched 

areas. 

Tubificoides benedeni is another species important in the 

enriched regions. It is known to be very resistant to low oxygen 
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content and high hydrogen sulphide levels (Rasmussen, 1973. 
Pearson & Rosenberg, 1978). These latter authors mentioned several 
works which have recorded T. benedeni as being abundant in 
polluted localities, especially on the edge of abiotic zones. Also it was 
the most conspicous oligochaete in the polluted region of the 
Gothenburg estuary (Pearson & Rosenberg, op. cit. ). McLusky (1982) 
includes it in the area of severe pollution defined in the Forth estuary 
around an effluent of a petrochemical industry, after the defaunated 
region. The species is considered an opportunistic species by 
McLusky & McCrory (1989). 

Some species of amphipods belonging to the family 
Ampeliscidae, have shown a preferential development in this area. 
Among them A. tenuicornis is a species known to be particularly 
abundant in fine or muddy sand (Dauvin, 1984). In the Sado it seems 
to be associated with the fine sand of the northern channel. The 
other species are known either in muddy sand (A. remora) or from 
fine and coarse sediments (A. diadema) (Dauvin, op. cit, Myers & 
McGrath, 1991). Their development in this region could be due 

either to sediment preferences or to to the amount of food particles 
available. 

Intpoventshed area 

All the polychaete, oligochaete and bivalve species mentioned as 
the most characteristic species in the enriched area were also 
present here, however with lower densities and frequencies. 

The stations belonging to the impoverished area are located 

close to the northern margin (except station 133 in Alcdcer 

channel), in the vicinity of the industrial complex and the urban 
sewage outfall, and they are characterized by the lowest mean 
abundance and biomass per sampling station, within the estuarine 
COmmunity. The abundance value was lower than that expected by the 
SAB model, inducing in the abundance curve two maximum peaks 
instead of one. Almost 50% of the species present in this area were 
sampled only once. This suggests that factors other than organic 
enrichment might be acting and inhibiting the settlement or the 
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development of the benthic macrofauna. In view of what is known 
about the industrial effluents and the levels of heavy metals in the 
area it seems that in this estuarine region, organic enrichment may 
be coupled with sediment toxicity. 

Several species present in the northern channel seem to avoid 
the area in the vicinity of the industrial complex (e. g. A. oxycephala. 
S. costarum, A. remora, A. diadema, 

- C. gibba, C. paucicostaturn, C. 
angulata), while some of the species most important to this region 
like Cirriformia sp., Tharyx sp., M. palmata and N. hombergii are also 
frequently found in environments contaminated by high 
concentrations of heavy metals. They are known to be very resistant 
to heavy metal concentrations, either because they can accumulate 
metals in high concentrations or because they can regulate the heavy 
metal content in the tissues through detoxification mechanisms 
(Bryan & Gibbs, 1987). Tharyx, for example, is considered 
completely unsuitable as an indicator of heavy metals pollution in the 
sediments due to its ability to accumulate and regulate metal 
concentrations (Ag, Cu, Fe, Mn, Zn). Cirriformia is considered to 
regulate Fe, Mn, and Zn and in a lower extent Cd and Cu. Melinna is 
known to accumulate Cu, mainly in the branchiae, concentrations of 
Ag relate to Cu levels in the species and concentrations of Zn and 
possibly Mn did not respond to metal variations in the environment 
(Bryan & Gibbs, op. cit. ). 

Finally, N. hombergii is one of the commonest species in the 

vicinity of sewage-sludge areas and in estuaries draining metalliferous 
mining regions (Eagle et al., 1978,1979, in: Bryan & Gibbs, 1987, 
Norton et al., 1981, in : Bryan & Gibbs, 1987). It is a species 
considered to regulate Mn and Zn and possibly, but to a lesser extent. 
A9, Co, Pb and Fe (Bryan & Gibbs, op. cit. ). 

The high abundance of the amphipod A. spinimana in this 

region is not well understood and more knowledge of the biology of 
the species is necessary. Ampeliscidae species are known to be very 
sensitive to pollution effects (Dauvin, 1984, Gentil, 1982). However 
in experimental work of recolonization in Long Island Sound, a 

species of ATnpelisca, A. abdita, was shown to be an opportunistic 
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species appearing in high numbers with S. benedicti and C. capitata 
in the first successional stages (McCall, 1977). The presence of 
Ampelisca was attributed by the author to its capacity of rapidly 
finding suitable substratum to colonise and to the absence of infauna. 

The Sado disturbed area comprised 4 stations, located near the 
urban sewage outfall (st. 26), the pulp mill outfall (st. 92 and 93). and 
a ship painting and repairing industry (st. 78). These four sites have a 
very strong hierarchical structure with C. capitata and M. fiuliginosus, 
comprising 98,5% of the total abundance. 

These two species are known to be very common in areas of 
excessive organic input and appear together in European and 
Mediterranean ecosystems (Pearson & Rosenberg, 1978, Bellan et al., 
1980). Capitella capitata is recorded all over the world in salinities 
above 10%o and M. fuliginosus appears in waters normally down to = 
20'X-o (Pearson & Rosenberg, op. cit. ). Capitella capitata is considered 
an opportunistic species: it can grow rapidly, and have an almost 
continuous reproduction, producing both planktonic and benthic 
larvae (Grassle & Grassle, 1974, Dauvin, 1984, Chesney & Tenore. 
1985, Gr6mare et al., 1989). The life cycle of Capitella is driven by 
food availability and thus the species rapidly adjusts its growth and 
reproduction to the food available (Gr6mare et al., op. cit. ). In respect 
of its ability to withstand heavy metals it seems that the species is 
able to regulate Ni, but concentrations of Cd, Co. Cr, Hg, Zn and Sn 
tend to reflect its bioavailability in the sediment or in its detritus diet 
(Window et al., 1982, Bryan & Gibbs, 1987). Thus, in relation to 
species like Cirriformia sp, Tharyx sp, M. palmata and N. hombergii, 
C. capitata seems to be more susceptible to high environmental 
heavy metal concentrations. In the Sado it was found in very low 

number in areas presumably contaminated by heavy metals. 

Malacoceros f4liginosus is considered a species merely tolerant 
tO Pollution (Gray, , 1979). It is known to have large eggs and long- 
lived pelagic larvae which, according to Gray (1971, in: Wolff, 1973) 

seem to prefer the presence of certain kinds of bacteria on the 
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sediment particles for settlement. Based on studies in cultured 
populations, Pearson (pers. comrrL) suggested that there is biological 
interaction between M. fuliginosus and C. capitafti, with the former 
species being enhanced by the presence of the latter which might 
suggest that in highly organic areas M. fuliginosus is dependant on 
the occurence of C. capitata for settlement. 

The four stations included in the disturbed area show, however, 
different effects in their faunal composition. 

Station 26, the closest to the urban sewage outfall has a dense C. 
capitata population and M. fuliginosus has its highest density. This 
station is one of the locals with higher biomass and shows the highest 
production value. 

There -is a clear transition to moderately enriched adjacent 
areas. In general, M. fuluginosus disappears, C. capitata occurs at 
reduced density and T. benedeni populations develop. These species 
then disappear or the latter persists in very low numbers and 
Cirratulids, A. alba or M. palmata increase their densities and 
peracarid species appear in higher numbers. 

Station 78 is surrounded by stations included in the 
impoverished Sado area. This station is characterized by a very poor 
fauna. C. capitata and M. fuliginosus are represented in very low 

numbers together with a few Tharyx sp and Cirriforrnia sp. 

Stations 92 and 93, around the pulp mill effluent show 
intermediate characteristics between the two latter stations. The 
fauna present in site 92 is impoverished. C. capitata and M- 
fuliginosus are present in low numbers together with a few Tharyx 

sp., Caulleriella sp. and S. costarurrL In station 93, C. capitata and M. 
fuliginosus show higher abundances. Besides these two species only a 
few N. hombergiL S. costan-un and an oligochaete species were found. 

A gradient away from stations 92 and 93, as observed in the case of 
the urban sewage, was also seen. 
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From the evidence of the species composition and abundances 
it seems that, coupled with the organic enrichment, an increasing 
toxic effect occurs in the sense, station 26 -> 93 -> 92 -> 78, which 
prevents, in the case of the two latter stations, the development of 
even the opportunistic species. 

Transition region 

The transition region is characterized by species present either 
in the marine or estuarine communities, together with a set of 
unique species. Within the area covered by this work, this region 
presents the highest species richness and diversity values and the 
highest number of species with a frequency of occurence higher than 
50%. It is also the region which has shown the lowest relative 
abundance represented by the first ranked species. 

It is characterized by amphipod species commonly found along 
the Portuguese coast in several bottom types, Corophium sextonae 
and C. runcicome, or, associated preferentially with coarse sand, 
Photis longipes, Perioculodes longimanus, Leptocheirus pectinatus 
(Marques, 1989). Also. the Molluscs Spisula solida, Venerupis 
pullastra and Calyptraea chinensis are important species of this area. 
Spisula solida was found in high densities associated with clean 
coarse sand in the Portuguese lagoons of Obidos and Albufeira 
(Quintino, 1988) and Tebble (1976) states the species preference for 

sandy sediments. Venerupis pullastra and Calyptraea chinensis were 
also abundant in the lagoons of Obidos and Albufeira, in clean coarse 
or slightly silty medium sand (Quintino, 1988). Wolff (1973) and 
Rasmussen (1973) mentioned the occurence of V. puUastra mainly in 
hard sand or stony bottoms. 

These characteristics seem to point to this area as the least 
disturbed of the Sado estuary. However a detailed analysis of the fauna 

e, -dsting in each of the stations of this region shows clearly an organic 
enrichment effect in those located in the northern half of this region, 
including the ones of the northern channel. In those locations, 
Caulleriella sp, Tharyx sp, M. capensis or A. alba are either dominant 

291 



species or are within the top five. These species were commonly 
found in the type and enriched areas of the estuarine community, 
thus suggesting an organic enrichment of the northern part of the 
transition region, probably mainly due to the sewage outfall. 

The hydrodynamic factors in this region show lower values than 
in the marine and estuarine type areas. Normally this is translated 
into higher sediment stability, allowing species present in the 
estuarine entrance to develop here in higher densities (P. longipes, 
C. sextonae, U. elegans, S. hyallina ... ). Also it could provide the 
settlement conditions needed by other species e. g. A. neglectus, B. 
lanceolatum, H. laevis... The organic enrichment also permits the 
development of those species particularly associated with it or others 
which could benefit from an additional food source. 

Thus Ahe transition region seems to be mainly defined by 
sediment types but is also influenced by some organic enrichment of 
anthropogenic origin. 

The main driving factors controlling the macrofauna in the 
several regions identifyed in the Sado estuary are summarised in 
table VILL Other relevant information on these regions is given in 
Table VI. 26 (Chapter 6, page 245). 

MARINE TRANSITION 
Type Impoverished 

Mainly Hydrodynamical Hydrodynamical Organic enrichment + 
Defined by factors factors + organic Sediment types 

enrichment II 
ESTUARINE 

Type Enriched Impoverished Disturbed Defaunated 
Mainly Hydrodynamical organic Sediment toxicity + high organic Excessive organic 
Defined by factors + organic enrichment + high organic enrichment+ input + Sediment 

enrichment Sediment tvr)e enrichment Sediment toxicirA toxicity 

Table VII. 1- Main environmental factor's controlling the benthic assemblages of the 
Sado outer estuary. 

guality Assessment 

A0 
As discussed above, the different areas deftned in the Sado outer 

estuary have been shown to Pe controlled by several factors. Some of 
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them are controlled mainly by anthropogenic inputs while others 
reflect the effects of natural forces. 

A detailed analysis of the macrofauna present in the 
impoverished marine area and the transition region has shown a 
clear effect of organic enrichment. In the former it seems to be 
mainly of natural origin, as was also shown for the Sado Southern 
channel and upper region (estuarine type area). For the transition 
region it seems to be mainly due to anthropogenic inputs, probably 
the urban sewage. 

Considering also the effect on the macrofauna, the disturbed 
region of the estuarine community can be split according either to 
the degree of organic enrichment which allows the development of 
opportunistic species, or to a toidcity effect. 

Thus any definition of the disturbance areas in the Sado estuary 
has to take into account the distinctions shown by the analysis of the 
macrofauna species. These are defined in table VII. 2 and their spatial 
distribution is shown in figure 7.1 

Methods 

The methodological approach followed in this study has been 
shown to be effective in defining the major existing gradients and to 
effectively assess the quality status of the Sado outer estuary. Also, 
and as already recommended by several authors (Gray et al., 1988, 
Underwood & Peterson, 1988, Rees et al., 1990), to achieve this 
Purpose several data treatment techniques have been considered. 

All the data treatment methods were sensitive enough to detect 
the extreme pattern of the gradient identified in the Sado estuary, 
namely the less impacted region, represented by the type marine 
assemblage (Zone 1-Naturally impoverished) and the most disturbed 

one, namely the highly disturbed area of the estuarine community 
(Zone 6- Opportunistic). 
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However, K-dominance (Lambshead et at., 1983 ) and ABC 
curves (Warwick, 1986, Warwick et al., 1987) have been shown to be 
poor at discriminating between the states of disturbance within the 
estuarine community, or giving reliable disturbance patterns in some 
areas. Such methodological deficiencies of the K-dominance and 
especially the ABC curves have already been noticed in some other 
studies (Beukemaj, 1988, Meire & Dereu. 1990, Warwick & Clarke. 
1991) 

In the present study the ABC curves suggest a disturbed 
structure for the type estuarine community and an undisturbed one 
for the enrichment and impoverished estuarine areas, contradicting 
the results given by the rarefaction curves (Sanders, 1968), the SAB 
model (Pearson & Rosenberg, 1978) and by the analysis of the most 
important species of each group. 

The ABC method has been shown to give the same answer for 
either natural or pollution induced disturbance (Warwick et aL, 1987, 
Warwick & Ruswahyuni, 1987) and care has to be exercised when 
using it as a pollution assessment method in estuarine environments, 
which could feature naturally disturbed community structures. It is a 
method which relies heavily on the development of particular species 
and on the abundance of small individuals and it could be influenced 
by, for example, species recruitment (Beukema, 1988), by the natural 
aggregation patterns of species distribution, or by the screen mesh 
size used in the study (Meire & Dereu, 1990), to give disturbed 

structures for the natural features of species. In this study the 
disturbed structure given for the type estuarine area and the 
undisturbed one for the enriched area by the ABC method is the 
result of the presence, in the former, of small and abundant species 
(e. g. S. costarurn, Tharyx sp., A. oxycephala) and the presence of high 
biomass contributors, like C. paucicostatum and L. stentinct, in the 
latter area. 

Undisturbed structures could be produced by the ABC curves as 
the result of the analysis of a polluted area where organic enrichment 
is coupled with heavy metal toldcity effects, which is a common 
feature of estuaries under industrial development (McLusky. 1989). 
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thus preventing even the opportunistic species developing. This has 
been the case for the impoverished estuarine area which was 
suggested as undisturbed by the ABc curves. A similar situation was 
found by Meire & Dereu, (OP. cit. ) when analysing a heavily polluted 
region which had a very poor macrofaunal assemblage. 

Warwick & Clarke (1991) have shown that multivariate methods 
are very sensitive to community changes, retaining information which 
is lost by the univariate and graphical methods. In this work 
Twinspan and Canoco have been shown to be very useful methods. 
Canonical correspondence analysis, in particular, clearly proved to be 
a very sensitive method in detecting the gradation of the community 
changes, relating them with environmental characteristics and 
investigating which environmental variables best explained the 
community changes observed. 

Some of the analyses developed through this study on the basis 
of biomass have been shown to give similar macrofaunal distribution 

patterns to the ones based on abundance data, however with less 

accurate results. 

The organic enrichment effects in some areas, namely the 
transition region and the type estuarine area, have only been 
detected by a detailed analysis of the macrofauna species. 
emphasizing the need for knowledge of the basic biology of species. 

The present study has been based on analysis at the species 
level. It should be noted that Kingston (1987), Warwick (1988c), 
Kingston & Ridle (1989) and Ferrarro & Cole (1990), have su ggested 
that similar results can be achieved with less taxonomic detail or 
precision. It is likely that use of broader taxa (e. g. family level) will 
detect the extreme situations, but will be less sensitive to minor 
perturbations. This aspect will'be developed in future work. 

Future Work and Recommendations 

The results obtained in the present work have shown clearly 
that in areas of similar organic enrichment, the macrofaunal 
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assemblages presented different levels of disturbance. This fact could 
be related to different factors, such as the particular physico- 
chemical and biotic characteristics of the areas, the kind of organic 
inaterial (more or less labile), or the toxicity associated with the 
anthropogenic inputs. 

In order to analyse these questions a related research project, 
"Ecological Fate and Effects of Complex Organic Mixtures" has been 
started recently. The project will be developed through the following 
different successive phases to assess: 

- source and effect of detrital carbon, 
- effect of the different kinds and quantities of organic carbon 

on the macrofaunal succession, 
- sub-lethal toxicity associated with anthropogenic sources of 

carbon, and, 

- comparison of the results obtained, and preparation of 
descriptive models of the macrofaunal succession, in relation to the 
set of detrital carbon sources. 

The overall information obtained through the analysis of the 
quality status of the Sado outer estuary (present study), the insights 
given by the project mentioned (which includes the identification 
and degradability rates of organic material), and the existing 
hydrodynamic and dispersion models, may together constitute a 
realistic background knowledge for the establishment of 
Environmental Quality Standards (EQS's) for the Sado estuary. 

The Sado outer estuary has been shown to be a highly dynamic 
region, which is an important characteristic for the efficient dilution 
and dispersion of waste discharges (Wilson, 1988). It has also been 
shown however that all the industrial outfalls are located in the least 

suitable area, which has the lowest energy levels. The estuary has an 
abundant and diversified fauna and high biomass and production 
values (Jones 1974/75, Jaramillo et al., 1984, Jones et al., 1986, 
Andrade, 1986, Elliott & Kingston, 1987, Quintino, 1988, Quintino & 
Rodrigues, 1989) and if compared with eutrophic regions like the 
Baltic sea, the Kattegat and Skagerak (Bagge, 1969a, 1969b, 
Henriksson, 1969, Leppakoski, 1975, Rosenberg, 1985, Funen 
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County Council, 199 1) or with areas of Southern Californian waters 
affected by domestic wastes (Reish, 1980, Bascom, 1982, Swartz et 
al., 1986), the Sado could not be considered badly polluted. It does 
however have some defaunated and over-enriched areas which appear 
as a result of localised severe pollution . 

The directives for the control of pollution issued from the 
Commission of the European Community are currently based on the 
Uniform Emission Standards (UES) approach. This is in contrast to 
the policy approach which seeks to establish Environmental Quality 
Objectives (EQO) and Environmental Quality Standards (EQS), which 
is already followed by some European countries (e. g. Milne et al., 
1986, Wilson, 1988, McLusky, 1989). The EQO/EQS policy takes into 
account the assimilating capacity of the ecosystems, being the degree 
of treatment required to keep the load below the level at which 
damage will be caused. To maintain the EQO/EQS policy regular 
monitoring is required. 

A change in the EEC policy is reflected by the project proposal 
of a directive concerning the "Ecological Quality of Surface Waters" 
(XI/181/91-PT). In this proposal a high Ecological Quality (EQ) is 
defined according to nine environmental elements, which should 
reflect non disturbed structures. This document mentions that the 
structure and the quality of sediment should not be significantly 
disturbed by human activities and that the quality status of the 
benthic macroinvertebrates should represent an undisturbed state 
having key species/taxa, normally associated with the natural 
condition in the ecosystem. 

Ao has been shown by the present study the sediment and the 
macrofaunal communities of the Sado are affected by anthropogenic 
inputs, which indicates the necessity of reducing the discharges into 
the estuary. This will be partially achieved by the treatment 
improvements which are being made to the urban sewage and the 
Pulp mill effluents. Monitoring of the changes caused by these 
improvements will be partially analysed by the research project 
referred to above. Since other industrial projects are planned for the 
Sado estuary, some of them requiring dredging activities, a wider 
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monitoring programme should now be implemented in order to 
analyse any spatio-temporal changes as a response to natural and 
human impacts, in the different areas shown by the present study. 

The Sado, nowadays, is a multiple use system comprising both 
water quality dependent and independent uses (Chapter 2). Taking 
into account the new projects planned, Environmental Quality 
objectives should be defined, as well as the necessary Environmental 
Quality Standards, in order to prevent or diminish incompatibilities 
of use - 

The determination of assimilative capacity of the ecosystems 
and establishment of adequate EQS's is technically demanding and 
only possible if adequate resources are devoted to research in 

understanding the fate of effluents and their biological impact within 
the receiving ecosystems (Milne et al., 1986, Wilson, 1988, McLusky, 
1989). The response of ecosystems to pollutants is a very complex 
process and long term impact assessment requires a predictive 
capacity which is not yet available but which could be greatly assisted 
by future work. 
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ANNEXES 

Annex I- Minimum and maximum value, range. mean and standard deviation of the 
physico-chemical parameters considered: temperature, salinity, suspended 
solids, dissolved oxygen, BOD, ammonia, nitrates, nitrites and phosphates. 

TEMP ERATURE ('C) 
Sta tions Minimum 

--7 7- 
Month Maximum Mont th Ranze Wean ± St. Deviation 

-A Surface 17 96 Feb. 20.92 Ag. 7.96 - ----1718 ± 2.381 
Bottom 13.03 

-- 
Feb. 

- 
20.09 Ag. 7.06 16.83 ± 1.981 

Surface 11. §T re7. 21.49 Ag. 7= 17. ZG ± 2.934 
Bottom 12.44 Feb. 20.72 Ag. 8.28 16.75 ± 2.576 

C Surface 12.23 Feb. 22.62 Ag. 10.39 17.97 ± 3.324 

- 
Bottom 

- - - - 
12.26 Feb. 20.93 Ag. 8.67 17.27 ± 2.646 

D S u r ra ce 12.55 Feb. 22.98 -June 10.43 18.10 ± 3.688 
Bottom 12.51 Feb. 

-- - -- 
21.75 St 9.24 17.61 ± 3.309 

E Surface 12.69 r eF 22.77 10.08 18.68 ± 3.910 

- 
Bottom 

-7 - 
12.1 Feb. 22.65 July; Ag. 10.55 18.03 ± 3.585 

9 urTa ce 16.02 March 25.45 Sep. 9.43 20.60 ± 377-- 
Bottom 16.01 March 24.81 Sep. 8.8 19.9 ± 3.366 

G Surface 16.5 March 25.24 Sep. 8.74 20.75 ± 33-167- -1 

SALINITY (%c) 
Stations Minimum Month Maximum Month RanjZ %lean ± St. Deviation 

A Surface 35.04 April 37.29 July 2.25 36.13 ± 0.688 
Bottom 35.12 April 37.07 June 1.95 36.05 ± 0.513 

B Surface 31.67 Feb. 37.44 - -75-9-- 5.77 35.20 ± 1.608 
Bottom 34.21 March 37.02 July 2.82 35.62 ± 0.939 

C Surface 31.85 Feb. 37.01 June 5.16 35.16 ± 1.544 
Bottom 33.48 Feb. 

- 
37.37 

' 
Aug. 

' - 
3.89 35.49 ± 1.092 

D Surface 31.3 -FZF 36.82 June 5.52 34.75 ±1.626 
Bottom 31.6 Feb. 36.99 Aug. 3.39 34.97 ± 1.560 

E Surface 31.18 Feb. 38.02 Aug. 6.84 34.60 ± 1.880 
Bottom 31.39 Feb. 36.95 A 5.56 34.76 ± 1.608 

F Surface 29.64 ' -Pra r 37 34.34 4.71 32.36 ± 1.852 
Bottom 29.69 March 35.59 Sept. 5.9 33.40 ± 2.094 

GI Surface 28.96 1 March 33.9 W. 4.95 32.01 ± 1.723 

SS ( g/1) I 
Stations Minimum Month Maximum Mont Range Mean ± St. Deviation 

A Surface 12 Nov. 26.8 

T 

U 

ffl 

'ý 14.8 18.14 ± 4.791 
Bottom 1 10.6 ay 22.5 An r 1 April 11.9 15.84 ± 4.032 

B Surface 12.6 Nov. 23.7 Oct. 11.1 17.42 ± 3.079 
Bottom 12.2 Jul/No 38.7 April 26.5 20.44 ± 7.700 

C Surface 11.6 Sep. 25.4 -7ug. 13.8 16 ± 4.207 
Bottom 3.2 Jan. 24.2 June 21 16.47 7.277 

D Surface 11.2 Ov. 99.7 Aug. 88.5 32.65 25.989 
Bottom 14.5 Sep. 52.5 38 30.74 ±11.838 

E Surface 12.3 Sep. 40.2 April 27.9 19.74 8.031 
Bottom 12.9 ev/Nov 37.2 Aua. 24.3 22.4 9.552 

F Surface 18.2 arc 30.5 Aug. 12.3 24.39 3.795 
Bottom 12.1 Nov. 37.3 March 

- 
25.2 27.95 9.661 

-G 
Surface 17.2 Oct. 1 4 9.9 TLJ Q 32.7 29-64 19-17 
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Annex I (continued) 

OD ( g/1) I 
Sta tions Minimum Month Maximum :M ont Range "ean ± St. Deviation 

A Surface 7.37 May 9.53 
y 9 

2.16 8.24 ± 0.658 
Bottom 

- 
7.45 May 9.49 Od. 2.04 8.20 ± 0.682 

B Turface 6.47 Dec. 8.42 Feb. 1.95 7.87 ± 0.586 
Bottom 3.03 Feb. 8.41 5.38 7.37 ± 1.515 

C Surface 7.23 April 9.31 2.08 8.34 ± 0.650 
Bottom 6.66 

' 
Sep. 

- 
9.32 Oct 2.66 7.93 ± 0.702 

D Surface 5.32 Dec. 7.85 7CF7 2.53 6.93 ± 0.732 
Bottom 5.14 Dec. 7.63 Jan/Ocj 2.49 6.87 ± 0.822 

E urface 7.06 5, W. 9.29 -OF 2.23 7.77 ± 0.631 
Bottom 5.7 Sep. 8.79 Oct 3.09 7.56 ± 0.808 

F Surface 6.44 Aug. 9.1 W. 2.66 7.32 ± 0.786 

___ 
Bottom 6.34 §22- 8.9 

1 
Oct. 2.56 7.43 ± 0.965 

_G rSurface 6.12 Aug. 9.35 _73T_ 1 3.23 1-7.56 ± 1.097 

BOD (mg/1) 
Stations Minimum Month Maximum Month Ran e Mean ± St. Deviation 

A Surface 0.16 April 1.89 y 1.73 1.03 ± 0.529 
Bottom 0.31 A ril 2.36 June e 75 2.05 1.01 ± 0.651 

B Surface 0.35 April 3.88 Aug. 3.53 1.28 ± 0.978 
Bottom 0.64 Nov. 2.67 LJQ. 2.03 1.37 ± 0.693 

C Surface 0.13 April 3.06 Aug. 2.93 1.30 ± 0.791 
Bottom 0.45 May 1.67 June 1.22 0.98 ± 0.388 

D Surface 0.69 Oct. 5.75 Feb. 5.06 1.83 ± 1.421 
Bottom 0.1 Dec. 3.32 Feb. 

- 
3.22 1.46 ± 0.939 

E Surface 0.47 April 1.89 75F 1.42 1.05 ± 0.417 
Bottom 0.26 March 2.06 Aug. 1.8 0.95 ± 0.529 

F Surface 0.1 OF- 2.15 July 2.05 1.12 ± 0.672 
Bottom 0.86 April 2.46 June 1.6 

-- 
1.30 ± 0.508 

G Surface 0.24 April 2.96 March 2.7 2 T 1.41 ± 

AMMONIA (ptg/ll N) 
Stations Minimum Month Maximum Month 

7 
Range %lean ± St. Deviation 

A Surface 0.15 Feb. 2.35 ZTt- 2.2 1.01 ± 0.771 
Bottom 0.12 1 May 1.73 Od. 

-- - 
1.61 0.64 ± 0.528 

B Surface 0.97 r77p 'n 1 6.6 7- Sgp 5.64 2.93 ± 1.729 
Bottom 0.22 Mav 3.91 Sep. 3.69 1.77 ± 1.179 

C Surface 0.26 Sep. 4.28 OCL 4.02 1.41 ± 1.061 
Bottom 0.48 Jan/Sep 3.55 Oct. 

7 
3.07 1.32 ± 1.089 

Surface 0.78 -, Fp-l-r 11 84.42 - -755 83.64 14.83 ± 24.132 
Bottom 0.54 Mav 99.57 Feb. 99.03 13.20 ± 27.909 

E Surface 0.63 Sep. 4.47 Od. 3.84 1.90 ± 1.018 
Bottom 0.72 Jul 

:J 

UZI 4.28 Oct. 3.56 1.46 ± 1.040 
F Surface 0.16 4.84 4.68 1.41± 1.481 

- 
Bottom 0.26 Sep. 3.68 Od. 

1 
3.42 

1 
1.44 ± 1.314 

G---' hS 
ur fa ce 0.06 July 3.35 1 Oct. 3.2 9 1.42. ± 1.023 D 
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Annex I (continued) 

NITRA TES (4a g/I N) 
Sta tions Minimum Month Maximum MonLh Rang Mean ± St. Deviation 

A Surface 0.7 Aug. 7.05 Feb. 
. 35 2.20 2.061 

Bottom 0.41 Aua. 6.92 Feb. 0. 06 51 2.24 2.091 
B Surface 0.32 SW. 7.19 Feb. 6.87 3.075 2.390 

Bottom 0.41 Jul 7.69 OU 7.28 2.97 2.507 
C Surface 0.21 10.7 3 -rW- 10.52 3.18 3.180 

Bottom 0.27 July . 7.25 Oct 6.98 2.55 2.466 
D Surface 0.39 Sep. 24.64 Feb. 24.25 5.88 6.685 

Bottom 0.32 S64). 16.12 Feb. 15.8 4.40 4.760 
E Surface 0.62 SW. 7.82 Nov. 7.36 3.44 2.762 

Bottom 0.54 July 
- 

18.47 C)Ct. 17.93 5.12 5.794 
F Surface 0.3 , 

Mu Y 7.33 Oct. 7.03 2.70 2.636 
Bottom 0.52 May 7.3 Oct. 6.78 2.56 5.864 

G Surface 0.08 July 9.08 -ROK 3.19 3.254 

NITRITES (ýLat I N) 
Sta tions Minimum Month Maximum Month Range Mean ± St. Deviation 

A Surface 0.25 Nov 1.08 55F 0.83 0.40 ± 0.274 
Bottom 0.13 Ju 11Y * 0.47 Nov. 

- 
0.34 0.27 ± 0.104 

B Surface 0.13 
ý 

Pr ITI 0.48 -ITO-V 0.35 0.32 ± 0.115 
Bottom 0.11 JUIV 0.85 Jan. 0.74 0.34 ± 0.200 

C Surface 0.12 Sep. 1.11 July 0.99 0.42 ± 0.285 
Bottom 0.15 0.91 Nov. 0.76 0.34 ± 0.235 

D Surface 0.17 April 0.69 -99ý7 0.52 0.49 ± 0.153 
Bottom 0.12 Oct. 0.91 Jan/Nov 0.79 0.42 ± 0.304 

E Surface 0.01 Sep. 0.88 Oct. 0.87 0.42 ± 0.231 
Bottom 0.09 1 ý 0.73 Oct. 0.64 0.32 ± 0.175 

F Surface 0.22 -- ,u n/J u1 0.75 --70T 0.53 0.47 ± 0.181 
Bottom 0.08 ft. 0.75 Oct. 

' 
0.67 0.38 ± 0.212 

G Surface 1 0.17 1 June 0.72 Sep/No q 0.55 0.48 ± 0.216 

PHOS PHATES gatg/l P) 
Stations Minimum Month Maximum Month Range Mean ± St. Deviation 

A Surface 0.1 May 9.66 July 9.56 1.98 ± 2.897 
Bottom 0.06 5.99 Jul 1 5.93 1.74 ± 1.928 

B Surface 0.49 March 2.68 2.19 1.41 ± 0.643 
Bottom 0.12 Feb. 10.31 July 10.19 1.81 ± 2.764 

C -Surface 0.67 Jan. 14.01 July 13.34 2.66 ± 3.887 
Bottom 0.49 Jan. 11.44 JU Y ý4 1 10.95 2.27 ± 3.182 

D Surface 0.86 77p-r 7 46.29 eb. 45.43 9.48 14.496 
Bottom 0.67 March 38.98 Feb. 38.31 7.4 12.129 

E Surface 0.55 Sep. 9.58 Aug. 9.03 2.66 2.572 
Bottom 0.44 hl ! Prch 4.27 Aug. 

- 
3.83 1.83 1.256 

Surface 0.56 pr 1 r 5.66 Q. KL 5.1 2.13 1.543 
Bottom 0.74 Apr 9.73 June 8.99 3.21 2.944 

_G 
I Surface 0.45 May 5.56 Auq. 5.11 2.12 1.557 
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Annex H 

Macrobenthic fauna list, taxonomic remarks and main texts used. 

The faunal list has been organized mainly according to Bellan- 
Santini et al., 1982, Barnes, 1980, Campoy, 1982, Chambers, 1985, 
D'Angelo & Gargiullo, 1978, Fauvel, 1923,1927, Fage, 1951. 
Fauchald, 1977, George & Hartmann - Schr6 der, 1985, Holdich & 
Jones, 1983, Graham, 1971, Jones, 1976, Lejuez, 1966, Lincoln, 
1979, Makings, 1977, Naylor, 1972, Tattersall & Tattersall, 1951, 
Tebble, 1976, Tebble & Chambers, 1982, Tortonese, 1965. Besides 
these books, several papers dealing with specific species or genus 
have been used for the faunistic determinations. 

Despite the fact that the aim of this work is not of a detailed 
taxonomic study of the Sado macrofauna, some remarks appear 
interesting namely in what concerns the polychaets. Most of the 
Polynoidae species were identified with the help of Dra. S. Chambers 
from the Scottish Museum of Natural History and some differences 
appear on the Sado Harmoth6e species, H. imbricata, H. Yungmani 
and H. lunulata, in relation to what was described namely in 
Chambers (1985) and Fauvel (1923). H. imbricata from the Sado 
estuary presents elytra frindged with papillae almost all round and 
longer than the ones drawn by the authors mentioned; the elytra of 
most of the specimens of Sado H. Yungmani show on the surface a 
path of small papillae and, finally in some specimens of H. lunulata 
were found elytra with a patch of papillae on the surface (like the one 
described in Tebble & Susan, op. cit. ), and others in which the 
papillae were distributed more or less equally on all the elytra 
surface. 

Besides Harmoth6e species, another scale worm showed 
particular characteristics. It was identified as Acoetes sp. The single 
specimen sampled presented characteristics from Panthalis oerstedi 
Kinberg and Polyodontes maxillosus Ranzani. The head corresponds 
to the discription of P. maxillosus , though we did not find the 
branchiae described for this species, while the chaetae are similar to 
the ones described forP. oerstedi. The specimen was compared with 
P. maxillosus and P. oerstedi from the British Museum collection, 
and finnally it was seen by Drs. M. Pettibonne and K. Fauchauld who 
identified it as Acoetes sp., mentioning that it could be a new 
species, but more specimens would be needed to confirm this 
hypothesis. 

Another species found in the Sado, identifyed as Dyalichone cf. 
acustica, also caused some dificulties as it didn't match well with the 
known descriptions, the branchae being different. Nevertheless, after 
seeing the British Museum material and discussing with Dr. P. 
Knight-Jones, the specimens were named Dyakhone qf acusticcL 
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The cirratulids determination also caused some problems. The 
Tharyx and the Cirriformia species seem to be T. marioni and C. 
tentaculata. However considering the eidsting identification problems 
of this family and the available keys, their determination followed an 
unpublished key provided by Dr. J. D. George from the British 
Museum (Natural History), which allows the identification only to the 
genus level. 

The key used for the determination of the capitellids allows the 
classification of Capitella as C. capitata and this is the way it is refered 
in the text. It is likely though that our specimens may belong to a 
range of genotypes, as mentioned e. g. by Grassle & Grassle (1974). 

Other interesting polychaets found in the Sado were an 
OPheliidae, Ophelia laubieri, a species only known from the Sado 
estuary and firstly described by Bellan & Costa (1987), and a 
Chrysopettalid, however also represented by a single individual. 
which was sent to Dr. C. Watson-Russel of the Northern Territory 
Museum of Arts and Sciences, Australia, who identified it as Bahawnia 
cf. goodei. 

In respect to molluscs, the most interesting case concerns the 
gastropod Nassarius argenteus. The two specimens sampled in the 
course of this study were identified by Dr. J. J. van Aarsten, 
Netherlands, according to whom the species was only known from 
the west African coast. 

In respect to the amphipods, some of the species determined 
in this study are known only from the Mediterranean and the Black 
sea or their presence outside this area is reported only from the Sado 
estuary (Marques, 1989). This is the case of Corophium annulatum 
and C. runcicorne. Also Corophium "complex" is a designation for 
Corophidae specimens which have mixed characteristics of the 
species C. orientale Schellenberg, a mediterranean endemic species, 
and C. volutator (Pallas), an Atlantic species. Specimens of Corophim 
it complexil were firstly described for the "Ria de Alvor" (southern 
coast of Portugal) by Rodrigues & Dauvin (1987) and were also 
collected in the Sado estuary both in the course of this work and 
afterwards (Rodrigues & Quintino, 1991). These specimens were 
always found in the upper regions of both estuaries. 
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Pr. Ab. Biom. 
(mg) 

ANNELEDA 

POLYCHAETA 
_ orbiniidae 

Orbinia (=Aricia) foetida (Claparýde) 3 6 1260.3 
Scoloplos armiger (0. F. Mfiller) 62 1304 11999.0 

Paraonidae 
Paradoneis lyra Southern 41 230 89.7 

Spionidae 
Aonides oxycephala (Sars) 91 2066 10484.3 
Malacoceros ciliata(Kefersteini) 7 46 231.1 
Malacoceros (=Scolelepis) fuliginosus (Claparýde) 5 170 155.2 
Microspio mecznikowianus (Claparýde) 1 4 5.2 
Polydora armata Langerhans 1 220 22.8 
Polydora caeca (Oersted) 75 999 892.6 
Polydora ciliata (Johnston) 3 4 1.2 
Polydora hoplura Claparýde 1 1 0.1 
Prionospio, cirrifera Wiren 20 71 42.6 
Prionospio mahngreni Claparede 10 28 14.2 
Pseudopolydora antennata (Clapar6de) 53 778 1339.2 
Pygospio elegans Claparede 1 3 2.7 
Spio decoratus Bobretzki 17 39 36.3 
Spionidae sp. 3 4 1.6 
Spiophanes bombyx (Claparede) 10 19 31.8 
Streblospio shrubsolft (Buchanan) 4 12 1.2 

Magelonidae 
Magelona alleni Wilson 5 12 112.6 

Poecilochaefidae 
Poecilochaetus serpens Allen 15 57 113.2 

Chaetopteridae 
Chaetopterus varlopedatus (Renier) 1 1 412.2 
Spiochaetopterus costarum (Clapar6de) 89 7187 57622.6 

Cirratulidae 
Caulleriella sp. 103 2783 10278.5 
Cirrfformia sp. 100 3673 53426.7 
Tharyx sp. 90 4796 11428.0 

Capiteffidae 
Capitella capitata (Fabricius) 20 15720 25928.1 
Heteromastus filifon-nis, (Clapar6de) 58 374 1731.4 
Mediomastus capensis, Day 72 1673 5100.2 
Notomastus latericeus Sars 78 1066 14096.4 

MaIdanidae 
Clymenura clypeata (Saint-Joseph) 6 48 196.4 
Euclymene oerstedt (Clapar6de) 2 59 613.6 
Euclymene palermitana (Grube) 33 536 7909.0 
Praxillella affinis (Sars) 1 3 47.9 

OpheRidae 
Armandia. cirrosa (Fflippi) 3 5 4.4 
Ophelia. laubieri Bellan & Costa 3 10 6.8 
Ophelia neglecta Schneider 1 1 2.5 

ScaUbregmatidae 
Scalibregma inflatum Rathke 51 660 3737.7 

Phyllodocidae 
Anaitides lineata (Claparýde) 47 163 1190.4 
Anattides mucosa (Oersted) 71 390 444.9 
Eulalia viridis, aurea Gravier 1 2 3.8 

Eumida sanguinea (Oersted) 16 19 29.2 

Eteone sp. 2 17.4 
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Hesionura elongata, (Southern) 4 6 0.6 
Mysta picta (Quatrefages) 4 6 56.8 
Paranaitis kosteriensis (Malnigren) 4 9 31.5 
Pseudomystides limbata Saint-Joseph 4 6 0.6 
Protomystides sp. 2 2 0.,., 

polynoidae 
Adyte pellucida Ehlers 1 1 3.6 
Harmotho8 imbricata. Linnaeus 5 10 51.0 
Harmothoe cf impar (Johnston) 34 68 516.8 
Harmothoi! Ijungmant (Mahngren) 15 65 234.0 
Harmoth6e lunulata (Delle Chiage) 5 7 35.7 
Harmoth6e marphysae McIntosh 6 8 40.8 

Acoetidae 
Acoetes sp. 1 1 952.8 

SigaHonidae 
Pholoi! synophthalmica Clapar6de 9 17 157.3 
Sigalion squamosum Delle Chiaje 1 1 94.1 
Sthenelais boa (Johnston) 32 55 2319.6 

Chrysopetalidae 
Bhawania cf goodei 1 1 7.3 

Pisionidae 
Pisione remota (Southern) 17 206 95.7 

Hesionidae 
Gyptis propinquos Marion et Bobretzky 4 6 129.5 
Kefersteinia cirrata (Keferstein) 1 1 1.4 
Microphtalmus cf aberrans Webster & Benedict 2 14 1.6 
Podarke agilis Ehlers 1 2 1.0 

PRarglidae 
Sigambra tentaculata (Treadwell) 3 7 8.3 
Pilargis, verrucosa Saint-Joseph 3 3 33.0 

SyUidae 
Autolytus cf. langerhansi. Gidholm 4 7 6.3 
Diplosyllis cirrosa Gidholm 1 1 0.1 
Exogone naidina Oersted 2 4 0.4 
Exogone verrugera Claparýde 10 22 2.2 
Parapionosyllis elegans (Pierantoni) 29 222 27.2 
Parapionosyllis labronica Cognetti 2 9 0.9 
Sphaerosyllis bulbosa Southern 18 93 11.3 
Sphaerosyllis hystrix Clapar6de 1 2 0.2 
Sphaerosyllis taylori Perkins 1 1 0.1 
Syllis cL garciae (CamPOY) 1 1 0.9 
Syllis hyahna Grube 49 332 297.3 
Syllis sp. 1 1 0.9 

Nereidae 
Eunereis, longissinia Johnston 18 38 638.4 

Laeonereis glauca (Claparýde) 2 2 819.2 

Neanthes caudata (Delle Chiaje) 1 8 22.4 

Neanthes succinea (Frey et Leuckart) 1 2 226.8 

Platynereis, dumerilff (Audouin et Milne-Edwards) 1 1 41.5 
Glyceridae 

Glycera capitata Oersted 19 85 1355.2 
Glycera rouxii Audouin y Milne Edwards 5 19 2507.1 
Glycera tridactyla (=convoluta) Schamarda 80 268 4385.2 
Glycera unicomis Savigny 7 8 6(91.5 

Goniadidae 
Goniada eremita Audouin y Milne Edwards 11 99.1 
GoniadeBa galaica (Rioja) 32 229 156.1 
Goniadella gracilis (Verrill) 36 25.0 

NePhtyidae 
Aglaophamus rubella Michaelsen 14 1038.6 
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Nepthys cirrosa Ehlers 40 136 5897.0 
Nepthys hombergii Savigny 49 140 16245.8 

Onuphidae 
Diopatra neapolitana delle Chiaje 21 34 14376.1 
Hyalinoecia bilineata Baird 11 25 559.3 
Nothria conchilega (Sars) 3 3 30.6 
Nothria geophiliformis (Moore) 1 1 15.6 

Eunicidae 
Eunice vittata. (Chiaje) 15 44 1468.3 
Lysidice ninetta Audoin & Milne-Edwards 1 1 1.0 
Marphysa sanguinea (Montagu) 10 13 8464.4 
Nematonereis unicornis (Grube) 24 57 399.3 

Lumbrineridae 
Lumbrinereis latreilli (Audouin y Milne Edwards) 65 382 19956.7 
Lumbrinereis paradoxa (Saint-Joseph) 2 2 21.9 

lphitimidae 
Drilonereis filum (Claparýde) 25 47 766.7 

DorviHeidae 
Ophyotrocha sp. 1 8 0.8 
Protodorvillea kefersteini. (McIntosh) 31 175 61.3 
Schistomeringos neglecta (Fauvel) 3 5 1.0 
Schistomeringos rudolphi (Chiaje) 11 16 3.2 

Owenfidae 
Myriochele heeri Malmgren 3 8 4.7 
Owenia fusiformis delle Chiaje 15 67 4289.7 

Flabe24eridae 
Flabelligeridae sp. 2 8 4.7 
Pherusa monolifer (Delle Chiaje) 2 2 1066.2 

SabeftMdae 
Lygdamis murata (Allen) 30 356 75442.4 
Sabellaria spinulosa (Liruiaeus) 20 85 240.9 

Pectinarfldae 
Lagis koreni Malmgren 7 8 188.8 

Ampharetidae 
Ampharete lindstroemi Malmgren 7 8 120.9 
Melinna palmata Grube 66 2221 54267.2 

TerebeWdae 
Amaena trilobata Sars 7 18 1017.7 
Lanice conchilega (Pallas) 50 243 5784.6 
Neoamphitrite affinis (Malmgren) 14 31 767.3 
Pista cristata Willer) 55 283 14796.5 
Polycirrus sp. 34 266 1651.5 
Sabellides octocirrata (Sars) 1 1 1.8 

Sabeffidae 
Dialychone cf acustica Claparýde 18 31 864.7 
Jasinineira elegans Saint-Joseph 1 1 1.5 
Megalonuna vesiculosum (Montagu) 12 13 5075.3 
Myidcola. infundibulum (Renier) 7 9 3842.1 
Sabella, pavonina Savigny 12 65 9242.6 

Serpulidae 
Serpulidae spp 19 244 739.7 

Polygordildae 
8 115 41.7 Polygordlus appendiculatus Fraipont 

Saccocirridae 
Saccocirrus papiHocercus Bobretzky 11 55 8.8 

OLIGOCHAETA 
Tubificidae 

Tubificoides benedeni (Udekem) 22 874 592.3 
Tubificidae spA 16 101 10.1 
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Tubificidae spB 

MOLLUSCA 

33 319 215.9 

POLYPLACOPHORA 
Callcochitonidae 

Callochiton septenvalvis (Montagu) 1 1 210.7 
Ischnochitonidae 

Chaetopleura angulata. Splenger 39 92 186768.9 
Chitonidae 

Lepidochiton canceRatus (Jeffreys) 3 3 487.0 
Lepidochitona cinerea (Linnaeus) 1 3 59.7 

SC. APHOPODA 
Dentalium sp. 1 1 319.3 

GASTEROPODA 
Trochidae 

Gibbula magnum Linnaeus 1 1 1100.0 
Jujubinus striatus (Linnaeus) 1 8 84.0 
Trochidae sp. 1 1 1.7 

Hydrobildae 
Hydrobia ulvae (Pennant) 4 5 21.8 

Rissoidae 
Alvania- beani (Thorpe) 1 5 16.8 
Onoba vitrea (Montagu) 1 1 5.6 
Rissoa. labiosa (Montagu) 1 14 39.5 

Turriteffidae 
Turritella triplicata Brocchi 3 3 2396.5 

Cerithfidae 
Bittium reticulatum ( da Costa) 2 14 16.1 

Epitonildae 
Epitonium clathratulum (Kanmacher) 3 4 1372.6 

Calyptraeidae 
Calyptraea chinensis (Linnaeus) 44 346 10928.8 

Naticidae 
Natica alderi Forbes 1 1 1200.0 

Nassaridae 
Nassarlus argenteus (Marrat) 1 2 167.4 
Nassarius incrassatus (Lamarck) 30 67 5606.5 
Nassarius reticulatus (Linnaeus) 27 116 124695.5 

Conidae 
Mangelia coarctata (Forbes) 1 1 24.3 

Atyidae 
Haniinea navicula (da Costa) 6 7 6141.9 

PhMWdae 
Philine aperta (Linnaeus) 12 16 3375.4 

Retusidae 
Retusa sp. 2 3 4.8 

PYramldeWdae 
Chrysallida terebelum (Philippi) 2 3 4.5 

Akeridae 
Akera sp. 2 7 14.0 

Nudibranch sp. indet. 3 6 26.4 

BIVALVIA 
Nuculidae 

Nucula nucleus Linnaeus 
SOlemyidae 

34 196 43164.6 
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Solernya togata Poli 3 3 15.5 
Arcidae 

Arca lactea Linnaeus 3 10 1607.0 
Anomildae 

Monia. patelliformis Linnaeus 1 8 230.3 
Mytilidae 

Musculus costulatus (Risso) 1 1 3.1 
Mytilus galloprovincialis Lamarck 1 1 241.4 
Modiolus sp. 7 8 8690.5 

Ostreidae 
Lopha stentina (Payraudeau) 4 23 1620.2 

Lucinidae 
Divaricella divaricata (Linnaeus) 9 25 566.9 
Loripes lacteus (Linnaeus) 8 9 746.1 
Lucinoma borealis (Linnaeus) 10 31 934.3 

Thyasiridae 
Thyasira flexuosa (Montagu) 3 3 2.7 

Carditidae 
Cardita calyculata Linnaeus 1 4 106.8 

KeIWdae 
Kellia suborbicularis (Montagu) 2 2 1.4 

Leptonidae 
Hemilepton nitidum (Turton) 37 971 2119.6 

Montacutidae 
Montacuta ferruginosa (Montagu) 1 2 1.2 
Mysella bidentata (Montagu) 6 11 15.0 

Cardiidae 
Cardium paucicostatum Sowerby 35 119 556547.7 
Cerastoderma edule (Linnaeus) 31 103 1255.8 
I., aevicardium crassum. (Gmelin) 3 4 11668.5 
Parvicardium emiguum (Gmelin) 22 57 12842.0 
Parvicardium scriptum (B. D. D. ) 4 5 9.5 

Veneridae 
Dosiriia exoleta (Linnaeus) 5 6 7253.1 
Dosinia lupinus (Linnaeus) 1 1 1260.8 
Gafrarium minimum (Montagu) 2 3 542.5 
Pitaxia rudis Poli 1 1 1349.8 
Venerupis pullastra. (Montagu) 25 275 428547.7 
Venus casina Linnaeus 6 7 5894.8 
Venus fasciata da Costa 4 6 5806.5 
Venus striatula (da Costa) 19 34 61321.0 
Venus verrucosa Linnaeus 2 3 24629.9 

Mactridae 
Spisula solida (Linnaeus) 26 103 53221.5 
Spisula subtruncata. (da Costa) 12 16 18723.1 

Lutrarildae 
Lutraria lutraria. (Linnaeus) 22 37 40781.6 

Mesodesmatidae 
Ervilia castanea (Montagu) 11 41 458.9 

TeUWdae 
Gastrana fragilis (Linnaeus) 1 1 88.4 
Tellina, donacina Linnaeus 13 24 2121.3 
Tellina, fabula Gronovius 3 11 149.1 
Tellina. tenuis da Costa 12 44 3984.5 

Tellina pulchella Lamarck 1 1 323.9 

Tellina pygmaea Loven 1 2 100.0 
TeHina serrata (Rernieri) 1 1 3690.2 

Serobicul&ridae 
Abra alba (Wood) 77 1652 115920.9 

Abra riltida 0. F. Willer) 7 43 2360.4 

Scrobicularia plana (da Costa) 17 22 42460.. 
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Garfldae 
Gari depressa (Pennant) 

Solenidae 
Ensis ensis Linnaeus 
Solen marginatus Pennant 

CorbuUdae 
Corbula gibba (Ohvi) 

Hiateffidae 
Hiatella arctica (Linnaeus) 

pholadidae 
Barnea candida (Linnaeus) 

ThracHdae 
Thracia sp. 

Lyonsildae 
Lyonsia norvegica (Gmelin) 

Pandoridae 
Pandora albida (Rbding) 

ARTHROPODA 

MALACOSTRACA 
LEPTOSTRACA 
Nebalia bipes (Fabricius) 

1 1 293.0 

9 14 11060.0 
21 46 163375.2 

60 187 46901.0 

2 6 13.7 

1 1 2878.9 

6 10 11428.0 

3 3 10.7 

5 5 763.3 

79 22.5 

CUMACEA 
Bodotrildae 

Bodotria scorploides (Montagu) 16 27 21.6 
lphinod tenella Sars 84 1335 1200.6 
lphinoe trispinosa (Goodsir) 1 1 2.6 

DyastyUdae 
Diastylis rugosa Sars, 2 2 2.8 

TANAIDACEA 
Paratanaidae 

Heterotanais, oerstedt (Kroyer) 24 87 17.4 
Apseudidae 

Apseudes latreilli (Milne Edwards) 21 1282 1271.4 
Apseudes talpa (Montagu) 48 805 3298.3 

MYSEDACEA 
Mysidae 

Gastrosaccus spinifer (Gods) 25 95 570.0 
Heteromysis microps (G. 0. Sars) 16 52 265.2 

ISOPODA 
Gnathfidae 

Paragnathia formica (Hesse) 6 16 4.8 
Anthuridae 

Anthuridae sp. 7 48 144.0 
Cyathura carinata Wroyer) 63 846 5611.9 

Cirolanidae 
Cirolanidae sp. 14 18 1129.8 
Eurydice pulchra, Leach 4 7 9.1 

Sphaeromatidae 
Cymodoce truncata Leach 2 7 41.3 
Sphaeroma cf bocqueti Daguerre de Hureaux, Hoestlan( 3 4 1.2 

Lejuez 
Sphaeroma hookeri Leach 2 3 8.4 
Sphaeroma monodi Bocquet, Hoestlandt, Levi 15 35 429.9 
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Idoteidae 
Synisoma sp. 3 6 6.8 

Arcturidae 
Arcturella sp. 2 16 17.6 Astacilla. longicornis, (Sowerby) 13 38 86.6 

janiridae 
Jaera nordmani (Rathke) 1 2 0.2 

AMPBIIPODA 
Lysianassidae 

Hippomedon denticulatus (Bate) 2 4 2.0 
Lepidepecreum longicorne (Bate& Westwood) 4 8 25.6 
Lysianassa, inesperata Lincoln 2 2 3.0 
Orchomene massiliensis Ledoyer 2 9 11.1 
Orchomene nana. (Kroyer) 6 40 59.8 
Tryphosites longipes (Bate& Westwood) 4 8 12.0 

Ampeliscidae 
Ampelisca brevicornis Costa 10 107 269.0 
Ampelisca diadema, Costa 27 307 421 5.6 
Ampelisca remora Bellan-Santini & Dauvin 28 292 210.2 
Ampelisca spinimana Chevreux 15 270 305.1 
Ampelisca tenuicornis LiIjeborg 74 1323 1847.0 

Amphilochidae 
Amphilochus neapolitanus Delle Valle 13 20 10.0 
Amphilochus spencebatei (Stebbing) 7 11 5.5 

Leucothoidae 
Leucoth6e incisa Robertson 10 22 37.5 
Leucoth6e richiardii Lessona 2 3 5.1 

Stenothoidae 
Stenoth6e marina (Bate) 9 31 6.3 

Gamm&ridae 
Gammarus locusta (Linnaeus) 1 1 1.6 

Melitidae 
Ceradocus semiserratus (Bate) 1 5 1.0 
Cheirocratus sundevalli (Rathke) 49 232 314.4 
Gammarella fucicola ( Leach) 7 16 25.6 
Maera othonis (Milne-Edwards) 11 102 203.3 
Melita gladiosa Bate 6 47 102.6 
Melita obtusata (Montagu) 36 301 536.1 
Melita palmata (Montagu) 4 14 16.8 

Haustoridae 
Bathyporeia guilliamsoniana (Bate) 1 28 350.9 
Urotho8 brevicornis, (Bate) 4 23 31.8 
Uroth6e elegans Bate 9 87 62.8 
Uroth6e grimaldii Chevreux 7 13 18.2 

Oedicerotidae 
Perioculodes longimanus (Bate & Westwood) 28 86 42.0 
Synchelidium longidigitatum Ruffo I I o. 5 
Synchelidium. haplocheles (Grube) 6 10 5.0 

Phoxocephalidae 
Harpinia antennaria Meinert 3 22 17.6 
Harpinia, laevis Sars 3 14 11.2 
Harpinia. pectinata Sars 39 231 185.0 
Metaphoxus pectinatus (Walker) 24 69 41.0 

Melphidippidae 
Megaluropus agilis Hoek 3 7 11.2 

I4eborgfidae 
Listriella picta (Norman) 14 68 102.7 

CaWopildae 
Apherusa clevei Sars 1 1 0.6 
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Apherusa. ovalipes Norman &Scott 14 31 15.5 
AtyUdae 

Atylus guttatus (Costa) 20 39 129-2 
Atylus swanimerdami (Milne-Edwards) 2 4 13.6 
Atylus vedlomensis (Bate & Westwood) 18 122 411.7 

Dexaminidae 
Dexamine spinosa (Montagu) 16 47 154.2 

Amphithoidae 
Amphithoe gammaroides (Bate) 1 2 1.2 
Amphithoe neglecta Lincoln 1 16 10.3 

Aorldae 
Aora typica Kroyer 8 211 128.8 
Aoridae sp. 8 15 9.0 
Leptocheirus pectinatus (Norman) 41 282 424.8 
Leptocheirus pilosus Zaddach 7 22 33.0 
Microdeutopus cf stationis Della Valle 1 6 5.4 
Microdeutopus versiculatus (Bate) 54 372 337.8 

Isaeidae 
Microprotopus maculatus Norman 3 4 3.6 
Gammaropsis maculata (Johnston) 22 402 649.2 
Gammaropsis sophiae (Boeck) 6 8 12.8 
Gammaropsis sp. 1 3 1.6 
Photis longicaudata (Bate& Westwood) 1 2 1.8 
Photis longipes (Della Valle) 44 2417 2156.6 

Corophfidae 
Corophium. acutum. Chevereux 1 1 0.5 
Corophium annulatum Chevreux 88 2611 1322 
Corophium "complexe" 3 5 39.3 
Corophium. insidiosum Crawford 1 1 0.5 
Corophium runcicorne Della Valle 32 663 390.9 
Corophium. sextonae Crawford 32 925 856.5 
Siphonoecetes striatus Myers & McGrath 1 1 7.9 

Ischyroceridae 
Ericthonius puntactus (Bate) 14 163 113.0 
Jassa marmorata Holmes 3 16 8.0 

Microjassa cumbrensis (Stebbing & Robertson) 1 1 0.5 
Caprefldae 

Caprella cL acanthifera Leach 24 181 126.1 
Pariambus typicus (Kroyer) 47 2014 978.6 
Phtisica marina Slabber 60 454 322.9 
Pseudoprotella phasma. (Montagu) 4 9 25.9 

Amphipod sp. indet. 4 12 6.0 

DECAPODA 
Processidae 

Processa macropthalma Nouvel & Holthius 1 1 930.3 
Crangonidae 

Crangon crangon (Linnaeus) 17 23 3787.4 
Philoceras monacanthus (Holthius) 1 1 9.2 

Callanassidae 
Upogebia cf typica (Nardo) 21 37 52797.4 

Paguridae 
Pagurus sp. 9 16 2257 

PorceUanidae 
Pisidia longicomiS (Linnaeus) 4 7 225.3 

Dorippidae 
Medorippe lanata (Linnaeus) 6 9 78.4 

LeucosHdae 
Ebalia edwardsi Costa 1 1 315.8 
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Ebalia tumefacta. (Montagu) 2 2 340.4 
Atelecyclidae 

Atelecyclus undecimdentatus (Herbst) 12 30 3283.7 
portunidae 

Liocarcinus arcuatus (Leach) 5 5 8200.4 
Liocarcinus corrugatus (Pennant) 4 5 314.6 
Liocarcinus, holsatus (Fabricius) 2 2 94.6 
Liocarcinus pusilus (Leach) 3 3 102.8 
Liocarcinus cf. vernalis (Risso) 1 1 997.2 
Liocarcinus sp. 1 1 189.4 
Carcinus maenas (Linnaeus) 2 2 419.0 

xanthidae 
Xantho sp. 1 1 96.2 

pinnotheridae 
Pinnotheres pisum (Linnaeus) 2 3 83.3 

Majidae 
Eurynome aspera (Pennant) 1 1 482.8 
Inachus communisimus Rizza 1 2 30.8 
Inachus dorsettensis (Pennant) 8 9 138.6 
Macropodia rostrata (Linnaeus) 1 1 13.3 

INSECTA 
Insectlarvae 1 5 14.7 

PYCNOGONIDA 
Pycnogonide sp. indet. 2 2 1.0 

OSTRACODA 
Ostracod spA 28 77 795.6 
Ostracod spB 29 165 224 
Ostracod spC 14 71 78.1 

ECBEINODERMATA 

HOLOTHURIOIDEA 
Sinaptidae 

Labidoplax digitata (Montagu) 11 963.5 
Leptosynapta inhaerens (0. F. Mfiller) 9 17 2398.4 

OPHIUROMEA 
Amphiuridae 

Amphiura chiajei Forbes 11 493.2 
Amphipholis squamata (deUe Chiage) 18 89 195.8 

OPhiuridae 
Ophtura albida Forbes 11 248.1 

ECEMOEDEA 
Uhhüdae 

Psammechinus miliaris (Gmelin) 2 4 1925.6 
Fibularildae 

Echinociamus pusillus (0. F. Müller) 2 2 19.0 

VARIA 
Sipuncullds sp. indet. 11 63 11913.8 

Platyhelminthes sp. indet. 10 14 21.3 

Phoronis sp. 2.5 110 695.1 

Virgularia mirabilis (0. F. Müller) 53 299 521 ý 202-5 

Edwarsia claparedii (Panceri) 4 8 833.6 
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Anthozoa spA 18 75 86364.2 
Anthozoa spB 3 3 334.5 
Anthozoa spC 12 32 2209.4 
Nemertea spA 35 464 694.1 
Nemertea spB 71 288 1262.3 
Nemertea spC 23 33 27287.4 
Branchiostoma lanceolatum (Pallas) 1 6 1094.4 
Ascidian sp. indet. 2 4 197.9 
PomatoscWstus microps (Kroyer) 2 2 196.3 
Poniatoschistus minutus (Pallas) 1 1 120.9 
Pomatoschistus pictus (Malm) 1 2 152.6 
Pomatoschistus sp. 1 1 51.1 
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Annex M 

Species names and respective codes. 
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CODES SPECIES NAME CODES SPECIES NANIE 
2 ABRAAL. B Abra alba 68 - CIROSPA Cirolanidae sp. 
3 ABRANIT Abra nitida 69 CIRRSPA Cirriformia sp. 
4 ACOESPA Acoetes sp. 70 CLYMCLY Clymenura clypeata 5 ADYT? EL Adyte pellucida 71 CORBGIB Corbula gibba 6 AGLARUB Aglaophamus rubella 72 COROACU Corophium acutum, 7 AKERSPA Akera sp. 73 COROANN Corophium, annulatum, 8 ALVABEA Alvania beani 74 COROCOM Corophium "complexe" 
9 AMAETRI Amaena trilobata 75 COROINS Corophiurn insidiosurn 

10 AWEBRE Ampelisca brevicornis 76 CORORUN Corophium runcicome 
11 AMIPEDIA Ampelisca diadema 77 COROSEX Corophium sextonae 
12 AMPEREM Ampelisca remora 78 CRANCRA Crangon crangon 
13 AMPESPI Ampelisca spinimana 79 CYATCAR Cyathura carinata 
14 ANHIETEN Ampelisca tenuicornis 80 CYMOTRU Cymodoce truncata 
15 AWHCM Amphiura chiajei 81 DENT*SPA Dentalium sp. 
16 AMPHGAM Amphithoe gammaroides 82 DEXASPI Dexamine spinosa 
17 AMIPHUN Ampharete lindstroemi 83 DLALACU Dialychone cf. acustica 
18 AWHNEA Amphilochus neapolitanus 84 DLASRUG Diastylis rugosa 
19 AMPHNEG Amphithoe neglecta 85 DIOPNEA Diopatra neapolitana 
20 AMPHSPE Amphilochus spencebatei 86 DEPLCIR Diplosyllis cirrosa 
21 AWHSQA Amphipholis squamata 87 DIVADIV Divaricella divaricata 
22 ANAILN Anaitides lineata 88 DOSIEXO Dosinia exoleta 
23 ANAMUC Anaitides mucosa 89 DOSELUP Dosinia lupinus 
24 ANRSPA Amphipod sp. indet. 90 DRRRL Drilonereis filum 
25 ANTHSPA Anthozoa spA 91 EBALEDW Ebalia edwardsi 
26 ANTHSPB Anthozoa spB 92 EBALTUM Ebalia tumefacta 
27 ANTHSPC Anthozoa spC 93 ECH01PUS Echinociamus pusillus 
28 ANIUSPA Anthuridae sp. 94 EDWACLA Edwarsia claparedii 
29 AONIOXY Aonides oxycephala 95 ENSIENS Ensis ensis 
30 AORATYP Aora typica 96 EPITCLA Epitonium clathratulum 
31 AOTISPA Aoridae sp. 97 ERICPUN Ericthonius puntactus 
32 APHELU Apherusa clevei 98 ERVICAS Ervilia castanea 
33 APHEOVA Apherusa ovalipes 99 E-MOSPA Eteone sp. 
34 APSELAT Apseudes latreilli 100 EUCLOER Euclymene oeTstedi 
35 APSErAL Apseudes talpa 101 EUCLPAL Euclymene palermitana 
36 ARCALAC Arca lactea 102 EULAAUR Eulalia viridis aurea 
37 ARCrSPA Arcturella sp. 103 ELMSAN Eumida sanguinea 
38 ARICFOE Orbinia (=Aricia) foetida 104 EUNELJDN Eunereis longissima 
30 ARMACIR Armandia cirrosa 105 EUNIVIT Eunice vittata 
40 ASCISPP Ascidian sp. indet. 106 EURYASP Eurynome aspera 
41 ASTALON Astacilla longicorns 107 EURYPUL Eurydice pulchra 
42 ATELLIND Atelecyclus undeciindentatus 108 EXOGNAI Exogone naidina 
43 ATYUGUIr Atylus guttatus 109 EXOGVER Exogone verrugera 
44 ATYLSWA Atylus swammerdami 110 GAFRMEN Gaffarium minimum 
45 ATYLVED Atylus vedlomensis ill GAMM[FLJC Gammarella fucicola 
46 ALTMAN Autolytus cf langerhansi 112 GANDALOC Gammarus locusta 
47 BARNCAN Barnea candida 113 GAMNPAAC Gammaropsis maculata 
48 BATHGUI Bathyporeia guilliamsoniana 114 GAMMSOP Gam-maropsis sophiae 
49 BHAWSPA Bhawania cf goodei 115 GARIDEP Gari depressa 
50 BrTIM Bittium, reticulatum 116 GAROSPA Gammaropsis sp. 
51 BODOSCO Bodotria scorpioides 117 GASTFRA Gastrana fragilis 
52 BRANLAN Branchiostoma lanceolatum, 118 GASTSPI Gastrosaccus spinifer 
53 CAUSEP Callochiton septenvalvis 119 GIBUMAG Gibbula magnum 
54 CALYCFU Calyptraea chinensis 120 GLYCCAP Glycera capitata 
55 CAPICAP Capitella capitata 121 GLYCROU Glycera rouxii 
56 CAPRACA Caprella cf. acanthifera 122 GLYCTRY Glycera tridactyla (=convoluta) 
57 CARCMAE Carcinus maenas 123 GLYCUNI Glycera unicornis 
58 CARDCAL Cardita calyculata 124 GONIERE Goniada eremita 
59 CARDPAU Cardium, paucicostatum, 125 GONIGAL Goniadella galaica 
60 CAULSPP Caulleriella sp. 126 GONIGRA Goniadella gracilis 
61 CERAEDU Cerastoderma edule 127 GYPTPRO Gyptis propinquos 
62 CERASEM Ceradocus semiseff atus 128 HAMNAV Haminea navicula 
63 CHAEANG Chaetopleura angulata 129 HARMMýffl Harmothod imbricata 
64 CHAEVAR Chaetopterus variopedatus 130 HARMUMP Harmothod cf. imPar 
65 CHEISUN Cheirocratus sundevalli 131 HARMLJU Harmothod Ijungmaru 
66 CHLOSPA Flabelligeridae sp. 132 HARMLUN Harmoth6e lunulata 
671 CHRYTER 

-I 
Chrysallida terebelum 1 13 3 1 HARMMAR IHarmoth6e marphysae 
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W. M. C ODES SPECHES NAME C013ES CIES NANIE 
Harpima antennaria 200 MEUOBT Melita obtusata 

135 HARPLAE Harpinia laevis 201 MELIPAL Melinna palmata 
136 HARPPEC Harpinia pectinata 202 WLIPAL Melita palynata 
137 HEMNrr Hemilepton nitidum 203 METAPEC Metaphoxus pectinatus 
138 HESEELO Hesionura elongata 204 MICRABE MiCTophtalmus cf. aberrans 139 HMFIL Heteromastus filiformis 205 NUCRCUM Microjassa cumbrensis 
140 HFIEWC Heteromysis microps 206 SUCRMAC Microprotopus maculatus 
141 HOWER Heterotanais oerstedi 207 NRCRMEC Microspio mecznikowianus 
142 IIIATART Hiatella arctica 208 MMESPA Microdeutopus cf. stationis 
143 ] HffpPDEN Hippomedon denticulatus 209 MDEVER Microdeutopus veTsiculatus 
144 HYALBIL Hyalinoecia bilineata. 210 MODISPA Modiolus sp. 
145 HYALVIT Onoba vitrea 211 MOMPAT Monia patelliformis 
146 HYDRULV Hydrobia ulvae 212 MONTTU Montacuta ferruginosa 
147 INACCOM Inachus communisimus 213 MUSCCOS Musculus costularus 
148 INACDOR Inachus dorsettensis 214 MYRIHEE Myriochele heeri 
149 IKUTEN Iphino# tenella 215 MYSEBED Mysella bidentata 
150 lPHrM lphinod trispinosa 216 MYSTPIC Mysta picta 
151 JAERNOR Jaera nordmani 217 MYTIGAL Mytilus galloprovincialis 
152 JASMELE Jasmineira elegans; 218 MYXIM Myxicola infundibulum 
153 JASSMAR Jassa mannorata 219 NASSARG Nassarius argenteus 
154 JUJUSTR Jujubinus striatus 220 NASSINC Nassarius incrassatus; 
155 KEFKU Kefersteinia ciff ata 221 NASSRET Nassarius reticulatus 
156 KEU-SUB Kellia suborbicularis 222 NEBABIP Nebalia bipes 
157 LABUNG Labidoplax digitata 223 NEMAUNI Nematonereis unicomis 
158 LAEVCRA Laevicardium crassum 224 NEMESPA Nemertea spA 
159 I-A. PWON Lanice conchilega 225 NEMESPB Nemertea spB 
160 LARVINS Insect larvae 226 NEMESPC Nemertea spC 
161 LEPICAN Lepidochiton cancellatus 227 NEOAAFF Neoamphitrite affinis 
162 LEPICIN Lepidochitona cineTea 228 NEFTUIR Nepthys cirrosa 
163 LM. ON Lepidepecreum longicome 229 NEYMOM Nepthys hombergii 
164 LEP`rGLA Laeonereis glauca 230 NERECAU Neanthes caudata 
165 LEPIR-4H Leptosynapta inhaerens 231 NERESUC Neanthes succinea 
166 LEPTPEC Leptocheirus pectinatus 232 MYINCON Nothria conchilega 
167 IEPTM Leptocheirus pilosus 233 NOTHGEO Nothria geophiliformis 
168 LEMNC Leucoth6e incisa 234 NOTOLAT Notomastus lateTiceus 
169 LEUCRIC Leucothde richiardii 235 NUCUNUC Nucula nucleus 
170 UOCARC Liocarcinus arcuatus 236 NUDISPA Nudibranch sp. indet. 
171 UOCCOR Liocarcinus corrugatus 237 OLJGSPA Tubificidae spA 
172 LJOCHOL Liocarcinus holsatus 238 OLIGSPB Tubificidae spB 
173 UOCPUS Liocarcinus pusilus 239 OPHELAU Ophelia laubien 
174 LIOCSPA Liocarcinus sp. 240 OPHENEG Ophelia neglecta 
175 UOCVER Liocarcinus cf. vemalis 241 OPHIALB Ophiura albida 
176 USTPIC Listfiella picta 242 OPHYSPA Ophyotrocha sp. 
177 LOPHSTE Lopha stentina 243 ORCHMAS Orchomene massiliensis 
178 LORILAC Loripes lacteus 244 ORCHNAN Orchornene nana 
179 LUCEBOR Lucinoma borealis 245 OSTRSPA Ostracod spA 
180 LUMBLAT Lumbrinereis latreilli 246 OSTRSPB Ostracod spB 
181 LUMBPAR Lumbrinereis paradoxa 247 OSTRSPC Ostracod spC 
182 LUNAALD Natica alderi 248 OWENFUS Owenia fusiformis 
183 LUTRLUr Lutraria lutraria 249 PAGUSPP Pagurus sp. 
184 LYGDMUR Lygdamis murata 250 PANDA1B Pandora albida 
185 LYONNOR Lyonsia norvegica 251 PARAEU Parapionosyllis elegans 
186 LYSIINE Lysianassa inesperata 252 PARAFOR Paragnathia formica 
187 LYSIMIN Lysidice ninetta 253 PARAKOS Paranaitis kosteriensis 
188 MACRROS Macropodia rostrata 254 PARALAB Parapionosyllis labronica 
189 MAEROTH Maera othonis 255 PARALYR Paradoneis lyra 
190 MAGEALL Magelona alleni 256 PARrIYP Pariambus typicus 
191 MALACEL Malacoceros ciliata 257 PARVE)a Parvicardium exiguum 
192 MALAFUL Malacoceros (=Scolelepis) fuliginosus 258 PARVSCR Parvicardium scriptwn 
193 MANGCOA Mangelia coarctata, 259 PECTKOR Lagis koreni 
194 MARPSAN Marphysa sanguinea 260 PERILON Perioculodes longimanus 
195 MEDICAP Mediomastus capensis 261 PHERMON Pherusa monolifer 
196 NMDOLAN Medorippe lanata 262 PHILAPE Philine aperti 
197 MEGAAGI Megaluropus agilis 263 PHnMON Philoceras monacanthus 
198 MEGAVES Megalomma vesiculosum 264 PHOLSYN Pholod synophthalmica 
199 1 MFJJGLA I Melita gladiosa 265 1 PHORSPA I PhOTonis sp. 
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266 tTKj I LJLJU FtioUs longicaudata 
267 PHOTLDN Photis longipes 

268 PHTB4AR Phtisica marina 
269 PICNSPA Pycnogonide sp. indet. 
270 P11AVER Pilargis verrucosa 
271 PINOPIS Pinnotheres pisum 
272 PISMON Pisidia longicornis 
273 PISIREM Pisione remota 
274 PISTCRI Pista cristata 
275 PITARUD Pitaria rudis 
276 PLATDUM Platynereis dumerilii 
277 PLATSPA Platyhelminthes sp. indet. 
278 PODAAGI Podarke agilis 
279 POECSER Poecilochaetus serpens 
280 POLYAPP Polygordius appendiculatus 
281 POLYARM Polydora armata 
282 POLYCAE Polydora caeca 
283 POLYCIL Polydora ciliata 
284 POLY" Polydora hoplura 
285 POLYSPA Polycirrus sp. 
286 POMANUC Pomatoschistus microps 
287 POMAMIN Pomatoschistus minutus 
288 POMAPIC Pomatoschistus pictus 
289 POMASPA Pomatoschistus sp. 
290 PRAXAFF Praxillella affinis 
291 PRIOCIR Prionospio cirrifera 
292 PRIOMAL Prionospio malmgreni 
293 PROCMAC- Processa macropthalma 
294 PROTKEF Protodorvillea kefersteini 
295 PROTSPA Protomystides sp. 
296 PSAMNM Psammechinus miliaris 
297 PSEUANT Pseudopolydora antennata 
298 PSEULIM Pseudomystides limbata 
299 PSEUPHA Pseudoprotella phasma 
300 PYGOELE Pygospio elegans 
301 RETUSPA Retusa sp. 
302 RISSLAB Rissoa labiosa 
303 SABEOCT Sabellides octociffata 
304 SABEPAV Sabella pavonina 
305 SABESPI Sabellaria spinulosa 
306 SACCPAP Saccocirrus papillocercus 
307 SCAINF Scalibregma inflatum 
308 SCHINEG Schistomeringos neglecta 
309 SCHRUD Schistomeringos rudolphi 
310 SCOLARM Scoloplos armiger 
311 SCROPLA ScTobicularia plana 
312 SERPSPP Serpulidae spp 
313 SIGASQU Sigalion squamosum 
314 SIGATIEN Sigambra tentaculata 
315 SEPHSTR Siphonoecetes striatus 
316 SIPUSPP Sipunculids sp. indet. 
317 SOLE24AR Solen marginatus 
318 SOLETOG Solemya togata 
319 SPHABOC Sphaeroma cL bocqueti 
320 SPHABUL Sphaerosyllis bulbosa 
321 SPHAHOO Sphaeroma hookeri 
322 SPHAHYS Sphaerosyllis hystrix 
323 SPHAMON Sphaeroma monodi 
324 SPHATAY Sphaerosyllis taylori 
325 SPIOBOM Spiophanes bombyx 
326 SPIOCOS Spiochaetopterus costarum 
327 SPIODEC Spio decoratus Bobretzki 
328 SPIONDE Spionidae sp. 
329 SPISSOL Spisula solida 
330 SPISSUB Spisula subtruncata 
331 STENMAR Stenoth6e marina 

jilL a1 rlr-j3"14% ouieneiais t)oa 
333 SIRBHR Streblospio shrubsolii 
334 SYLIBAR Syllis cf. garciae 
335 SYLIMA Syllis hyalina 
336 SYLLSPA Syllis sp. 
337 SYNCHAP Synchelidium haplocheles 
338 SYNCLON Synchelidium longidigitaturn 
339 SYNISPA Synisoma sp. 
340 IIEUDON Tellina donacina 
341 TELI. FAB Tellina fabula 
342 IIE11YUL Tellina pulchella 
343 TELIPYG Tellina pygmaea 
344 TEUSER Tellina serrata 
345 T12-LTEN Tellina tenuis 
346 THARSPA Tharyx sp. 
347 THRASPA Thracia sp. 
348 THROSPA Trochidae sp. 
349 THYAFLE Thyasira flexuosa 
350 TRYPLON Tryphosites longipes 
351 TUBEBEN Tubificoides benedeni 
352 TURRTRI Turritella triplicata 
353 UPOG7YP Upogebia cf typica 
354 UROTBRE Urothod brevicomis 
355 UROTELE Uroth6e elegans 
356 UROTGRI Uroth6e grimaldii 
357 VENEPUL Venerupis pullastra 
358 VENUCAS Venus casina 
359 VENUFAS Venus fasciata 
360 VENTJSTR Venus striatula 
361 VENUVER Venus verrucosa 
362 VIRGMIR Virgularia mirabilis 
363 XANFSPA Xantho sD. 
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Annex IV 

Convertion factors, dry weight/ash-free dry weight biomass, 

expressed as a percentage of the wet. weight biomass. 
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- 
DW AFDW DW AFDW DW AFDW ABRAALB 34.87 5.27 CHAEVAR 15.02 11.34 GON"? -A 15.02 11 34 ABRANIT 34.87 5.27 CNEASM 11.78 9.92 GYPTPRO 15-02 . 11 34 ACOESPA 15.64 13.94 CHLOSPA 15.02 11.34 HAMINA V 59.27 . 6.92 

ADYTPEL 15.64 13.94 Cff? YTER 59.27 6.92 HARMIMB 15.64 13.94 
AGLARUB 19.98 14.8 CIROSPA 18.72 7.98 HARMIMP 15.64 13.94 
AKERSPA 9.46 4.39 CIRRSPA 17.23 14.08 HARMLJU 15.64 13.94 
ALVABEA 59.27 6.92 CLACLY 15.02 11.34 HARAtUN 15.64 13.94 
AMAETRI 15.45 8.9 CORBGIB 57.54 6.31 HARMM4A 15.64 13.94 
AWEBRE 11.47 9.11 COFKAW 13.76 11.40 HARPANT 11.78 9.92 
AMPEDIA 11.47 9.11 CGROAAW 13.76 11.40 HARPLAE 11.78 9.92 
AWEREM 11.47 9.11 CCFK)CW 13.76 11.40 HAPPPEC 11.78 9.92 
AMPESPI 11.47 9.11 CORONS 13.76 11.40 HEMINIT 38.64 5.62 
AWETEN 11.47 9.11 WFUM 13.76 11.40 HESELO 14.65 13.60 
AMPHCHI 44.14 7.75 CCFK)So( 13.76 11.40 HETEFL 14.23 11.82 
AMPHGAM 11.78 9.92 CRANCRA 16.43 11.29 HETEJWIC 9.59 8.86 
AMPHLIN 15.42 8.90 CYATCAR 16.99 15.85 HEM)EF? 15.69 13.37 
AMPHNEA 11.78 9.92 CYWTRU 18.72 7.98 HIATART 57.54 6.31 
AkFHNEG 11.78 9.92 DENTSPA 59.27 6.92 HPPDEN 11.78 9.92 
AWHSPE 11.78 9.92 DEMSPI 11.78 9.92 HYALBIL 13.15 11.78 
AMPHSOA 44.14 7.75 DIALACU 15.02 11.34 HYAL VIT 59.27 6.92 
ANAILIN 14.65 13.60 DASRUG 14.20 12.32 HYDRULV 59.27 6.92 
ANAIMUC 14.65 13.60 DIOPNEA 13.15 11.78 INACCOM 16.43 11.29 
ANFISPA 11.78 9.92 DIPLCIR 15.02 11.34 INACDOR 16.43 11.29 
ANTHSPA 16.84 13.93 DIVADIV 57.54 6.31 IPHITEN 14.20 12.32 
ANTHSPB 17.22 14.30 DOSEXO 70.19 7.91 IPHITRI 14.20 12.32 
ANTHSPC 17.83 14.90 DOSILUP 70.19 7.91 JAERVOR 17.19 14.92 
ANTUSPA 16.99 15.85 DRILFIL 17.69 15.92 JASMELE 15-02 11.34 
AONIOXY 10.59 9.69 ER4LEDW 16.43 11.29 JASSMAR 11.78 9.92 
AORATYP 11.78 9.92 EBALTUM 16.43 11.29 JUJUSTR 59.27 6.92 
AORISPA 11.78 9.92 ECHIPUS 46.76 5.61 kEYECV? 15-02 11.34 
APHECLE 11.78 9.92 EDWACLA 17.22 14.30 KELLSUB 38.64 5.62 
APHEOVA 11.78 9.92 ENSIEAIS 57.54 6.31 LABIDIG 13.54 11.33 
APSELAT 15.69 13.37 EPITCLA 59.27 6.92 LAEVCRA 67.87 4.53 
APSETAL 15.69 13.37 ERICPLW 11.78 9.92 LANCON 15.42 8.90 
ARCALAC 57.54 6.31 ERVICAS 57.54 6.31 LARVINS 14.20 12.32 
ARCTSPA 16.99 15.85 ETEOSPA 14.65 13.60 LEPICAN 54.85 7.35 
ARCFOE 20.83 13.03 EUCLCET-? 15.02 11.34 LEPICIN 54.85 7.35 
ARMACIR 15.02 11.34 EUCLPAL 15.02 11.34 LEPILON 11.78 9.92 
ASCISPP 13.54 11.33 EULAAUR 14.65 13.60 LEPTGLA 15.02 11.34 
ASTALON 16.99 15.85 EUMISAN 14.65 13.60 LEPTINH 13.54 11.33 
ATELUND 12.58 6.75 ElhELON 15.02 11.34 LEPTPEC 11.78 9.92 
ATYLGUT 11.78 9.92 EUNIVIT 15.02 11.34 LEPTPIL 11.78 9.92 
ATYLSWA 11.78 9.92 EURYASP 16.43 11.29 LEUCAC 11.78 9.92 
A TYL VED 11.78 9.92 ELRYPUL 18.72 7.98 LELCW 11.78 9.92 
AUTOLAN 15.02 11.34 EXOGVN 15.02 11.34 LIOCARC 23.24 11.51 
BARNCAN 57.54 6.31 D(O&MT-? 15.02 11.34 L/CXZOR 23.24 11.51 
a4THGUI 11.29 10.28 GAFRMIN 70.19 7.91 LIOCI-Kx 23.24 11.51 
SHAWSPA 15.64 13.94 G4A4WUC 11.78 9.92 LK)CPUS 23.24 11.51 
BITTRET 59.27 6.92 GAAMOC 11.78 9.92 LIOCSPA 23.24 11.51 
BODOSCO 14.20 12.32 GAMMMAC 11.47 9.56 L/OCVEF? 23.24 11.51 
BR4NLAN 18.08 14.62 GAMMSOP 11.47 9.56 LISTPIC 11.78 9.92 
CALLSEP 54.85 7.35 GARADEP 78.31 12-10 LOPHS7E 57.54 6.31 
CALYCHI 55.03 6.13 GAROSPA 11.47 9.56 LORUC 57.54 6.31 
CAPICAP 13.90 11.92 GASTFRA 78.31 12-10 LUCA9OR 57.54 6.31 
CAPR4CA 11.10 11.03 GASTSPI 9.59 8.86 LUMBLAT 17.69 15-92 
CARCAW 23.24 11.51 GIBUWG 59.2 7 6.92 LUMBPAR 17.69 15-92 
CARDCAL 57.54 6.31 GLYCCAP 14.86 13.68 LUNAALD 59.27 6.92 
CARDPAU 67.87 . 4.53 aycRou 14.86 13.68 LUTRLUT 57.54 6.31 
CAULSPP 14.47 11.41 GLYCTRY 14.86 13.68 LYGOMP 13.65 11.76 
CER4EDU 67.87 4.53 GLYCUNI 14.86 13.68 LYMAOR 57.54 6.31 
CEPASEM 11.78 9.92 GOAAERE 15.02 11.34 LYSHNE 11.78 9.92 
C, tW-AAIG 54.85 7.35 GONGAL 15.02 11.34 LYSIMIN 15-02 1 11.34] 

342 



Species Conv. Factors Species Conv. Factor Species Cony Factor - - . DW AFDW DW AFDW DW ATW 
MCRROS 16.43 11.29 PANDALB 57.54 -6.31 SEFPSPP 15.02 11.34 WEROTH 11.78 9.92 PAPAELE 15.02 11.34 SAGASOU 15.64 13.94 WAGEALL 15.02 11.34 PARVOR 17.19 14-92 SIGATEN 15.02 11.34 WALACIL 10.59 9.69 PARAKOS 15.02 11.34 SIPHSTR 13.76 11.40 
WALAFUL 10.59 9.69 PARALAB 15.02 11.34 S/PUSPP 70.30 5.21 
WNGCOA 59.27 6.92 PARALYR 15.02 11.34 SOLEbW 57.54 6.31 
k4ARPSAN 15.02 11.34 PARITYP 11-10 11.03 SOLETOG 57.54 6.31 
WDICAP 

. 
14.23 11.82 PARVEXI 67.87 4.53 SPHABOC 18.72 7.98 

&EDOLAN 16.43 11.29 PARVSCR 67.87 4.53 SPHABUL 15.02 11.34 
MEGAAGI 11.78 9.92 PEC7KOR 15.02 11.34 SPHAHOO 18.72 7.98 
&EGAVES 15.02 11.34 PERILON 11.78 9.92 SPHAHYS 15.02 11.34 
WLIGLA 11.78 9.92 PHEPA40N 15.02 11.34 SPHAA40N 18.72 7.98 
MELIOBT 11.78 9.92 PHILAPE 9.46 4.39 SPHATAY 15.02 11.34 
MELIPAL 17.01 11.60 PHILMON 16.43 11.29 SPK)" 10.59 9.69 
MELTPAL 11.78 9.92 PHOLSM 15.64 13.94 SPOCOS 13.03 7.79 
WTAPEC 11.78 9.92 PHORSPA 15.02 11.34 'SPUGEC 10.59 9.69 
MICRABE 15.02 11.34 PHOTLOC 11.47 9.56 SPKYVDE 10.59 9.69 
MICRCUM 11.78 9.92 PHOTLO/V 11.47 9.56 SPISSOL 57.54 6.31 
MICRAMC 11.47 9.56 PHTIMAR 11-10 11.03 SPISSUB 57.54 6.31 
OCRMEC 10.59 9.69 PICNSPA 14.20 12.32 STENWR 11.78 9.92 
MIDESPA 11.78 9.92 PILAVER 15.02 11-34 STHEBOA 15.64 13.94 
AADEVEY? 11.78 9.92 MORS 16.43 11.29 STFESHR 10.59 9.69 
MODISPA 57.54 6.31 PISILON 16.43 11.29 SYLLGAR 15.02 11.34 
MONIPAT 57.54 6.31 PISIREM 15.02 11.34 SYLLHYA 15.02 11.34 
MOWTTR 38.64 5.62 PISTCRI 15.42 8.90 SYLLSPA 15.02 11.34 
A&ASCCOS 57.54 6.31 PITARUD 70.19 7.91 SYNCHAP 11.78 9.92 
VYWEE 15.02 11.34 PLATDUM 15.02 11.34 SYNCLON 11.78 9.92 
MYSEBID 38.64 5.62 PLATSPA 9.46 4.39 SYNISPA 17.19 14.92 
MYSTPIC 14.65 13.60 PODAAGI 15.02 11.34 7ELLDON 78.31 12.10 
MYTIGAL 57.54 6.31 FOECSER 15.02 11.34 TELLFAB 78.31 12.10 
MYXIINF 15.02 11.34 POLYAPP 15.02 11.34 TELLPUL 78.31 12.10 
NASSARG 59.27 6.92 POLYARM 10.59 9.69 TEU-PYG 78.31 12.10 
NASSINC 66.94 6.39 POLYCAE 10.59 9.69 TELLSER 78.31 12.10 
NASSRET 59.34 7.27 POLYCIL 10.59 9.69 TELLTEN 78.31 12.10 
NEEABIP 14.20 12.32 POLYR)P 10.59 9.69 THARSPA 13.57 11.67 
NEWUNI 15.02 11.34 POLYSPA 15.42 8.90 THRASPA 57.54 6.31 
NEMESPA 14.41 11.83 POMAMIC 18.08 14.62 THROSPA 59-27 6.92 
AEA, ESPB 14.41 11.83 POAMMIN 18.08 14.62 THYAFLE 57.54 6.31 
&FMSPC 13.91 11.85 POMAPIC 18.08 14.62 TRYPLO/V 11.78 9.92 
NEOA4FF 15.42 8.90 POMASPA 18.08 14.62 TUBIBEN 20.79 14.49 
NEPTCIR 19.98 14.80 PRAXAFF 15.02 11.34 TURR7T? l 59.27 6.92 
AIEPTHOM 19.98 14.80 PRIOCIR 10.59 9.69 UPOGTYP 15.96 12.12 
NBW-CAU 15.02 11.34 PROWL 10.59 9.69 LROTBW 11-29 10.28 
AETESUC 15.02 11.34 PROCAMC 16.43 11.29 4307ELE 11.29 10.28 
A107HCO/V 13.15 11.78 PF? 07KEF 15.02 11.34 L*UTGRI 11.29 10.28 
AMWO 13.15 11.78 PROTSPA 14.65 13.60 VENEPU 70.19 7.91 
AIOTOLAT 16.40 11.18 PSAMMIL 46.76 5.61 VEAVCAS 70.19 7.91 
ALCM 79.54 9.40 PSEUANT 10.59 9.69 VENLFAS 70.19 7.91 
NUDISPA 9.46 4.39 PSEULIM 14.65 13.60 VENUSTR 70.19 7.91 
OLGSPA 20.79 14.49 PSEUPHA 11.10 11.03 VBVWER 70.19 7.91 
CLWPB 20.79 14.49 PYGOELE 10.59 9.69 VIRGMIR 18.98 14.07 
OPHELAU 15.02 11.34 RETUSPA 59.27 6.92 XANTSPA 16.43 11.29 
MWEG 15.02 11.34 RISSLAB 59.27 6.92 Fragments [ 16-03 1 12.31 
OPHIALB 44.14 7.75 SABEOCT 15.42 8.90 
OPHYSPA 15.02 11.34 SABEPAV 15.02 11.34 
ORCHm4s 11.78 9.92 SABESPI 13.65 11.76 
CM44M 11.78 9.92 SACCPAP 15.02 11.34 
OSTRSPA 11.35 8.12 SCALINF 15.02 11.34 
OSTRSPB 11.35 8.12 SCHMG 15.02 11.34 
OS7FSPC 11.35 8.12 SCHIRUD 15.02 11.34 
OKEARS 15.02 11.3 4 SCOLARM 20.83 13.03 
PAGUSPP 16.43. 

_11.29 -SCROPLA 
34.87 5.27 

343 



Anne V 

Number of presences of each species in each of the affinity groups 
defined by Winspan (for species codes see annex III). 
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Annex VI 

Abundances of each species, in the affinity groups defined in 
1%vinspan (for species codes see annex III). 
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Annex VII 

Wet-weight biomass (mg) of each species, in the affinity groups 
defined in Twinspan (for species codes see annex III). 
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SEPARATE APPENDIX 

This separate appendix gives the full data set concerning 
abundance, wet-weight biomass (mg) and ash-free dry weight 
biomass (mg), per species and per sampling station, presented in 
three separate files. 

Table 1 gives the species names and code numbers, which are 
then used in the data files. These are shown in adapted Cornell 
condensed format, for simplification of reading and to avoid an 
excessive number of pages. For each sampling station, the data is 
presented by ý sequences of two sets of numbers, where the first, an 
integer number, identifies the species and the second, a real 
number, corresponds to the abundance or the biomass value. 

For exemple, the first line of the abundance file shows: 

St 121.0 8 5.0 14 1.0 18 1.0 21 4.0 22 1.0 24 1.0 26 1.0 42 1.0 45 40.0 

which reads as: 
in the sampling station 1, the species with the code number 2 is 

represented by I individual, the species with code number 8 is 

represented by 5 specimens, species 14 and 18 are both 

represented by 1 specimen, species 21 by 4 individuals . ..... 

Enviromnental Status of a Multiple Use Estuary Through the Analysis of Benthic 
Communities: the Sado Estuary, Portugal 

Separate Appendix- page 1 



Table 1- Species names and code numbers. C ODES SPECIES NAME C ODES SPECIES NAME 2 A13RAALB AbTa alba 68 CIRO-SPA Cirolanidae sp. 3 A]BRANIT AbTa nitida 69 CIRRSPA Cirriformia sp. 4 ACOESPA Acoetes sp. 70 CLYMCLY Clymenura clypcata 5 ADYTPEL Adyte pellucida 71 CORBGIB Corbula gibba 6 AGLARUB Aglaophamus rubella 72 COROACU Corophium acutum 7 AKERSPA Akera sp. 73 COROANN COTophium annulatum 8 ALVABEA Alvania beani 74 COROCOM Corophiwn -complexe" 9 AMAETRI Amaena trilobata 75 COROINS Corophium insidiosum 10 AMPEBRE Ampelisca brevicomis 76 CORORUN Corophium runcicome 11 AMPEDIA Ampelisca diadema 77 COROSEX Corophium sextonae 12 AMTEREM Ampelisca remor-a 78 CRANCRA CTangon crangon 13 AMPESPI Ampelisca spinimana 79 CYATCAR Cyathura carinata 14 AWETEN Ampelisca tenuicornis 80 CYMOTRU Cymodoce truncata 15 AMEPHOU Amphiura chiajei 81 DEIMPA Dentaliurn sp. 16 AMPHGAM Amphithoe gammaroides 82 DEXASPI Dexamine spinosa 17 AMPHLIN Ampharete lindstroemi 83 DLALACU Dialychone cf. acusfica 18 AMPHNEA Amphilochus neapolitanus 84 DIASRUG Diastylis rugosa 19 AMPHNEG Amphithoe neglecta 85 DIOPNEA Diopatra neapolitana 20 AMPHSPE Amphilochus spencebatei 86 DIPLCER Diplosyllis cirrosa 21 AMPHSQA Amphipholis squamata 87 DIVADIV Divancella divaricata 
22 ANARIN Anaitides lineata 88 DOSMO Dosinia exoleta 23 ANAIMUC Anaitides mucosa 89 DOSILUP Dosinia lupinus 
24 ANHSPA Amphipod sp. indet. 90 DPdML DTilonereis filum 
25 ANTHSPA Anthozoa spA 91 EBALEDW Ebalia edwardsi 
26 ANTHSPB Anthozoa spB 92 EBALTUM Ebalia tumefacta 
27 ANTHSPC Anthozoa spC 93 EC141PUS Echinociamus pusillus 
28 ANrUSPA Anthuridae sp. 94 EDWACLA Edwarsia claparedii 
29 AONIOXY Aonides oxycephala 95 ENSIENS Ensis ensis 
30 AORATYP Aora typica, 96 EPITCLA Epitonium clathratulum 
31 AOTISPA Aoridae sp. 97 ERICPLN Ericthonius puntactus 
32 APHECLE Apherusa clevei 98 ERVICAS Ervilia castanea 
33 APHEOVA Apherusa ovalipes 99 ETEOSPA Eteone sp. 
34 APSELAT Apseudes latreilli 100 EUCLOER Euclymene oerstedi 
35 APSETAL Apseudes talpa 101 EUCLPAL Euclymene palermitana 
36 ARCALAC Arca lactea 102 ELJ1AAUR Eulalia viridis aurea 
37 ARCFSPA Arcturell a sp. 103 ELMSAN Eumida sanguinea 
38 ARICFOE Orbinia, (=Aricia) foetida 104 ELTNELON Eunereis longissima 
39 ARMACIR Armandia cirTosa 105 EUNIVIT Eunice vittata 
40 ASCISPP Ascidian sp. indet. 106 EURYASP Eurynome aspera 
41 ASTALJDN Astacilla, longicorns 107 EURYPUL Eurydice pulchra 
42 ATELJJND Atelecyclus undecimdentatus 108 EXOGNAI Exogone naidina 
43 ATYLJGUr Atylus guttatus 109 EXOGVER Exogone verrugeTa 
44 ATYLJSWA Atylus swammerdami 110 GAFRMEN GafTarium minimum 
45 ATYLVED Atylus vedlomensis III GAMMFUC Gammarella fucicola 
46 AUMLAN Autolytus cf. langerhansi 112 GAMMLJOC Gammarus locusta 
47 BARNCAN Barnea candida 113 GAMMMAC Gammaropsis maculata 
48 BATHGUI BathypOTeia guilliamsoniana 114 GAMMSOP Gammaropsis sophiae 
49 BHAWSPA Bhawania cf goodei 115 GARIDEP Gari depressa 
50 BITTRE7 Bittium reticulatum 116 GAROSPA Gammaropsis sp. 
51 BODOSCO Bodotria scorpioides 117 GASITRA Gastrana fragilis 
52 BRAMAN Branchiostoma lanceolatum 118 GASTSPI Gastrosaccus spinifer 
53 CALISEP Callochiton septenvalvis 119 GIBUMAG Gibbula magnum 
54 CALYCIR Calyptraea chinensis 120 GLYCCAP Glycera capitata 
55 CAPICAP Capitella capitata 121 GLYCROU Glycera rouxii 
56 CAPRACA Caprella cf. acanthifera 122 GLYCTRY Glycera tridactyla (=convoluta) 
57 CARCMAE Carcinus maenas 123 GLYCUNI Glycera unicomis 
58 CARDCAL Cardita calyculata 124 GONIERE Goniada eremita 
59 CARDPAU Cardium paucicostatum 125 GONIGAL Goniadella galaica 
60 CAULSPP Caulleriella sp. 126 GONIGRA Goniadella gracilis 
61 CERAEDU Cerastoderma edule 127 GYPTPRO Gyptis propinquos 
62 CERASEM Ceradocus semiserratus 128 HAAffNAV Haminea navicula 
63 CHAEANG Chaetopleura angulata 129 HAMM HarmoLhod imbricata 
64 CHAEVAR Chaetopterus variopedatus 130 HARMIMP Harmothot cf. impa-r 
65 CHEISUN Cheirocratus sundevalli 131 HARMLJU Harmothot Ijungmani 
66 CHLDSPA Flabelligeridae sp. 132 HARMUTINT Harmoth6e lunulata 

I 671 CHRYTER 
_ 

I_Chrysallida terebelum 1 13 3 1 HARMMAR HarmoLhbe marphysae 

Environmental Status of a Multiple Use Estuary Through the Analysis of Benthic 
Con-imunities: the Sado Estuary. Portugal 
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Table I frnnfin,,.,, 4i 
C ODES SPECIES NAME C ODES SPECIES NAME 134 HARPANT Harpinia antennaria 200 MEL-1-0-BT Melita obtusats 135 HARPLAE Harpinia laevis 201 MEUPAL Melinna palmau 136 HARPPEC Harpinia pectinata 202 MEMPAL Melita palmata 137 HEMWIT Hemilepton nitidum 203 METAPEC Metaphoxus pectinatus 138 HESEEW Hesionura elongata 204 MICRABE MicTophtalmus cf. aberrans 139 HETEFIL HetCTomastus filiformis 205 MICRCUM MicToiassa cwnbrensis 140 HETENUC Heteromysis rniCTOPS 206 MICRMAC Mic-roprotopus maculatus 141 MWER HeteTOtanais oerstedi 207 MICRMEC M iCTOSpi0mccznikowianus 142 MATART Hiatella aTctica 208 MMESPA Mic-rodeutopus cf. stationis ' 143 HIPPDEN Hippomedon denticulatus 209 MDEVER M]crodeutopus veTSicul atus 144 HYAIJ3IL Hyalinoecia bilineata, 210 MODISPA Modiolus sp. 145 HYALVrr Onoba vitrea 211 MONIPAT Monia patelliformis 146 HYDRULV Hydrobia ulvae 212 MONTFER Montacuta ferruginosa 

147 INACCOM Inachus communisimus 213 MUSCCOS Musculus costulatus 148 INACDOR Inachus dOTsettensis 214 MYRIHEE Myriochele heen 
149 IpHrMN Iphinod tenella 215 MYSEBID Mysella bidentata 
150 IpHrm Iphinod trispinosa 216 MYST? IC Mysta Picta 151 JAERNOR Jam nordmani 217 MYTIGAL Mytilus galloprovincialis 152 JASMELE JasmineiTa elegans 218 MYXMI; F Myxicola infundibulum 
153 JASSMAR Jassa mannoTata 219 NASSARG Nassarius argenteus 154 JUJUSTR Jujubinus strigosus 220 NASSINC Nassarius incrassatus 
155 KEFECIR Kefersteinia cirrata 221 NASSRE7 Nassarius reticulatus 
156 KEUSUB Kellia suborbicularis 222 NEBABIP Nebalia bipes 
157 LABIDIG Labidoplax digitata 223 NEMAUNI Nematonereis unicornis 
158 LAEVCRA Laevicardium crassum 224 NTEMESPA Nemertea spA 
159 L"CON Lanice conchilega 225 NEMESPB Nemertea spB 
160 LARVINS Insect larvae 226 NEMESPC Nemertea spC 
161 LEPICAN Lepidochiton cancellatus 227 NEOAAFF Neoamphitrite affinis 
162 LEPICIN Lepidochitona cinerea 228 NEFT)M Nepthys cuTosa 
163 I. EPILJDN LepidepecTeum longicome 229 NEFFHOM Nepthys hombergii 
164 LEFMLA Laeonereis glauca 230 NERECAU NeanLhes caudata 
165 IEVIINH Leptosynapta inhaerens 231 NERESUC Neanthes succinea 
166 LEPTPEC Leptocheirus pectinatus 232 NOTHCON Nothria conchilega 
167 LEPTPIL Leptocheirus pilosus 233 NOTHGEO NoLhria geophiliformis 
168 LEUCINC Leucoth6e incisa 234 NOTULAT Notomastus latericeus 
169 LEUCRIC Leucoth6e richiardii 235 NUCUNUC Nucula nucleus 
170 LIOCARC Liocarcinus arcuatus 236 NUDISPA Nudibrranch sp. indet. 
171 LIOCCOR Liocarcinus corrugatus 237 OLIGSPA Tubincidae spA 
172 110CHOL Liocarcinus holsatus 238 OLIGSPB Tubificidae spB 
173 LJOCPUS Liocarcinus pusilus 239 OPHELAU Ophelia laubieri 
174 LJOCSPA Liocarcinus sp. 240 OPHENEG Ophelia neglecta 
175 UOCVER Liocarcinus cf. vernalis 241 OPHIALB Ophiura albida 
176 L1ST? IC Listriella picta 242 OPHYSPA Ophyotrocha sp. 
177 LOPHSTE Lopha stentina 243 ORCHMAS Orchomene massiliensis 
178 LJDRI]LAC Loripes lacteus 244 ORCHNAN Orchomene nana 
179 LUCEBOR Lucinoma borealis 245 OSTRSPA Ostracod spA 
180 LAJUBLAT Lumbrinereis latreilli 246 OSTRSPB 0stracod spB 
181 LUMBPAR Lumbrinereis paradoxa 247 OSTRSPC OsLracod spC 
182 LUNAALD Natica alderi 248 OWENFUS Owenia fusiformis 
183 LUTRLUT Lutraria lutraria 249 PAGUSPP Pagurus sp. 
184 LYGDMUR Lygdamis murata 250 PANDALB Pandora albida, 
185 LYONNOR Lyonsia norvegica 251 PARAELE Parapionosyllis elegans 
186 LYSIENE Lysianassa inesperata 252 PARAFOR Paragnathia foffnica 
187 LYSEMUN Lysidice ninetta 253 PARAKOS Paranaitis kosteriensis 
188 MACRROS Macropodia rostrata 254 PARALAB Parapionosyllis labronica 
189 MAEROTH Maera othonis 255 PARALYR Paradoneis lyra 
190 MAGEAU, Magelona alleni 256 PARrTYP Pariarnbus typicus 
191 MALACEL Malacoceros ciliata 257 PARVEM Parvicardimn exiguum 
192 NWAFUL MalacoceTOS (=Scolelepis) fuliginosus 258 PARVSCR Parvicardium scriptum 
193 MANGCOA Mangelia coarctata 259 PECTKOR Lagis koreni 
194 MARPSAN Marphysa sanguinea 260 PERILON Perioculodes longimanus 
195 MEDICAP Mediomastus capensis 261 PHERMON Pherusa monolifer 
196 NEMLAN Medorippe lanata 262 PHILAPE Philine aperta 
197 MEGAAGI Megaluropus agilis 263 PFULMON Philoceras monacanthus 
198 NIEGAVES Megalomma vesiculosum 264 PHOLSYN Pholoý synophLhalmica 
19 91 MELIGLA I Melita gladiosa 12651 PHORSPA 1 Phoronis sp. 

Environmental Status of a Multiple Use Estuary Through the Analysis of Benthic 
Commuriities: the Sado Estuary, Portugal 

Separate Appendix, page 3 



Table I (continued). 
C ODES SPECIES NAME 

266 PHOTLJOC Photis longicaudata 
267 PHOTLON Photis longipes 
268 PHTIMAR Phtisica marina 
269 PICNSPA Pycnogonide sp. indet. 
270 PU-AVER Pilargis verrucosa 
271 PINOPIS PinnotheTes pisum 
272 PISELON Pisidia longicornis 
273 PISIREM Pisione remota 
274 PISTCRI Pista cristata 
275 PITARUD Pitaria rudis 
276 PLATDLIM Platynereis dumeTilii 

277 PLATSPA Platyhelminthes sp. indet. 
278 PODAAGI Podarke agilis 
279 POECSER Poecilochaetus serpens 
280 POLYAPP POlygOTdius appendiculatus 
281 POLYARM Polydora armata 
282 POLYCAE Polydora caeca 
283 POLYCIL Polydora, ciliata 
284 POLYHOP Polydora hoplura 
285 POLYSPA Polycirrus sp. 
286 POMAMIC Pomatoschistus microps 
287 POMANUN Pomatoschistus minutus 
288 POMAPIC Pomatoschistus pictus 
289 POMASPA Pomatoschistus sp. 
290 PRAXAFF Praxillella affinis 
291 PRIOCIR Prionospio cirrifera 
292 PRIOMAL Prionospio malmgreni 
293 PROCMAC Processa macropthalma 
294 PROTKEF Protodorvillea kefersteini 
295 PROTSPA Protomystides sp. 
296 PSAMMIL Psammechinus miliaTis 
297 PSEUANT Pseudopolydora antennata 
298 PSEULIM Pseudomystides limbata 
299 PSEUPHA Pseudoprotella phasma 
300 PYGOELE Pygospio elegans 
301 RETUSPA Retusa sp. 
302 RISSLAB Rissoa labiosa 
303 SABEOCT Sabellides octocirrata 
. 304 SA13EPAV Sabella pavonina 
305 SABESPI Sabellaria spinulosa 
306 SACCPAP Saccocirrus papillocercus 
307 SCAINF Scalibregma inflatum 
308 SCHNEG Schistomeringos neglecta 
309 SCI-HRUD Schistomeringos rudolphi 
310 SCOLARM Scoloplos armiger 
311 SCROPLA Scrobicularia plana 
312 SERPSPP Serpulidae spp 
313 SIGASQU Sigalion squamosum 
314 SIGATEN Sigambra tentaculata 
315 SIPHSTR Siphonoecetes striatus 
316 s1puspp Sipunculids sp. indet. 
317 SOLEMAR Solen marginatus 
318 SOIETOG Solemya. togata 
319 SPHABOC Sphaeroma cf. bocqueti 
320 SPHABUL Sphaerosyllis bulbosa 
321 SPHAHOO Sphaeroma hookeri 
322 SPHAHYS Sphaerosyllis hystrix 
323 SPHAMON Sphaeroma monodi 
324 SPHATAY Sphaerosyllis taylori 
325 SPIOBOM Spiophanes bombyx 
326 splocos Spiochaetopterus costarum 
327 SPIODEC Spio decoratus Bobretzki 
328 SPIONDE Spionidae sp. 
329 SPISSOL Spisula solida 
330 SPISSUB Spisula subtruncata 
331 STENMAR Stenoth6e marina 

CODES SPECIES NAME 
332 YrYýAý SLhenclais boa 
333 

1 
STRESHR StTeblosplo shrubsolii 

334 SYIJLJGAR syllis Cf. garciae 
335 SYU-HYA Syllis hyalina 
336 SYLI-SPA syllis Sp. 
337 SYNCHAP Synchelidium haplocheles 
338 SY14CLON Synchelidium longidigitaturn 
339 SYNISPA Synisoma sp. 
340 TEUDON Tellina donacina 
341 TELlJFAB Tellina fabula 
342 TELITUL Tellina pulchelia 
343 TELIJPYG Tellina pygmaea 
344 TELISER Tellina serrata 
345 TaLTIEN Tellina tenuis 
346 THARSPA Tharyx sp. 
347 THRASPA Iluacia sp. 
348 THROSPA Trochidae sp. 
349 THYAFLE Thyasira flexuosa 
350 TRYPLON TTyphosites longipes 
351 TUBIBEN Tubificoides benedeni 
352 TURRTRI Turritella triplicata 
353 UpoGTyp Upogebia cf typica 
354 URMRE UTothod bTevicomis 
355 UROTELE Uroth6e elegans 
356 UROTGRI Uroth6e griinaldii 
357 VENEPUL Venerupis pullastra 
358 VENUCAS Venus casina 
359 VENUFAS Venus fasciata 
360 VENUSTR Venus striatula 
361 VENUVER Venus verrucosa 
362 VIRGMIR Virgularia miTabilis 
363 XANTSPA Xantho sp. 
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DATA FILES, IN CORNELL CONDENSED FORMAT (Adapted) 

Sado Estuary. Subtidal macrofavina abundmace data, incLO. lm-2 

(15, lO(I4, F8.1» 
100 

Stl 2 LO 8 5.0 14 1.0 18 1.0 21 4.0 22 1.0 24 1.0 26 J. () 42 j. () 45 4(). () 
50 10.053 1.0 54 84.0 55 65.0 56 17.0 61 1.0 77 34. 0 80 5.0 98 2.0 111 8.0 
113 54.0118 1.0122 1.0125 5.0126 1.0131 5.0149 1.0151 2.0 154 8.0 162 3.0 
180 1.0189 12.0194 1.0195 9.0 199 32.0 209 1.0213 1.0221 9.0 222 2.0 224 11.0 
229 2.0234 8.0235 2.0236 1.0237 1.0245 1.0251 1.0253 1.0255 12.0256 1.0 
264 2.0267 20.0268 2.0272 1.0273 1.0 274 1.0 277 1.0 280 1.0 282 5.0 291 3.0 
294 12.0296 3.0299 2.0305 1.0312 23.0321 2.0329 8.0335 1.0339 4.0 347 1.0 
357 17.0363 1.0 

St2 13 LO 18 3.0 24 7.0 34 1.0 36 6.045 17.049 1.0 54 LO 58 4.0 69 1.0 
77 5.086 1.096 1 .0 105 1.0 113 8L0 118 5 .0 120 8.0 125 1.0 130 LO 142 1.0 
144 1.0149 2.0156 1.0 189 1.0 195 4.0 200 1.0 210 2.0 223 1.0 224 5.0 228 1.0 
234 1.0235 1.0237 12.0245 1.0251 2.0255 6.0268 9.0 273 18.0 280 72.0 285 1.0 
294 3.0295 10298 1.0299 1.0306 2.0312 7.0320 3.0322 2.0323 2.0331 3.0 
334 1.. 033.5 2ýC 
St. 3 34 1.0 68 1.0 113 1.0 125 48.0 204 8.0 224 2.0 228 2. 0 23 3.0 251 2.0267 

29.0 
268 1.0273 8.0 294 3.0 299 LO 306 1.0 323 2.0 345 6.0 

St. 4 14 1.0 22 1.0 23 4.0 56 U 65 2.0 69 1.0 73 4.0 82 2.0 118 10.0 120 15.0 
122 1.0 126 2.0 149 1.0 195 1.0 200 11.0 224 11.0 226 2.0 228 3.0 234 11.0 236 4.0 
237 3.0 245 8.0 251 4.0 256 11.0 265 1.0 267 540.0 268 3.0 273 10.0 280 1.0 282 2.0 
285 16.0294 3.0 297 1.0 299 5.0 306 3.0 323 2.0 325 2.0 326 1.0329 2.0331 10.0 
335 2.0355 3.0356 3.0 

St. 5 13 4.0 21 10.0 22 3.0 23 2.0 24 2.0 25 15.0 28 8.0 29 2.0 34 1.0 36 3.0 
45 29.054 57.056 9.0 60 3.0 61 1.0 70 8.0 73 38.0 77 5.0 88 1.0 102 2.0 
105 3.0106 1.0 113 125.0 120 12.0 126 3.0 130 6.0 131 3.0 135 4.0 142 5.0 146 2.0 
156 1.0166 2.0176 3.0 180 5.0 183 2.0 189 5.0 193 1.0 195 32.0 199 9.0 200 2.0 
209 2.0210 1.0211 8.0 220 8.0 221 1.0 224 9.0 228 3.0 234 34.0 235 5.0 243 1.0 
249 6.0256 1.0264 3.0265 2.0267 431.0285 13.0 291 1.0 294 1.0 295 1.0 296 1.0 
305 10.0312 88.0 316 22.0 327 2.0 329 1.0 335 8.0 336 1.0 357 27.0 358 2.0 359 1.0 

St. 6 2 3.0 10 13.0 14 2.0 22 1.0 23 6.0 30 2.0 31 5.0 33 4.0 34 718.0 41 1.0 
43 1.055 5.0 56 18.0 69 2.0 76 1.0 82 5.0 88 1.0 97 25.0 101 34.0 109 5.0 
1.22 6.0 149 22.0 168 1.0 170 1.0 178 1.0 180 1.0 195 13.0 221 6.0 222 1.0 229 4.0 
233 1.0234 16.0 245 1.0 260 2.0 267 10.0 268 27.0 294 1.0 304 1.0 325 4.0 327 2.0 
340 1.0341 3.0345 7.0347 3.0,357 1.0 360 2.0 

SL7 34 1.0 68 1.0 98 1.0 118 25.0 120 1.0 228 14. 0 237 4.0 251 2.0 256 3.0 267 
5.0 
273 13.0 294 1.0 306 1.0 327 1.0 329 2.0 354 1.0 

St. 8 24 2.0 68 2.0 118 21.0 120 2.0 125 1. 0 138 2. 0 210 1 .0 224 3.0 228 2.0 234 
1.0 
237 1.0251 9.0 255 1.0 273 32.0 284 1.0 298 1.0 306 7.0 323 1.0 335 1.0 356 3.0 
ffl 23 1.0 28 4.0 29 1.0 36 1.0 44 3.0 45 1.0 68 1.0 70 1.0 95 1.0 98 28.0 

99 1.0118 5.0 120 5.0 125 37.0 131 8.0 195 2.0 222 1.0 224 4.0 234 8.0 237 5.0 
245 5.0 251 4.0 255 3.0 256 3.0 260 1.0 265 1.0 267 1.0 273 12.0 277 1.0 280 3.0 
283 1.0294 11.0 305 1.0 306 1.0 312 16.0 320 2.0 323 2.0 325 1.0 327 1.0 329 7.0 
335 2.0357 1.0 

St-10 48 28.0 61 2.0 99 1.0 107 3.0 118 2.0 120 2 .0 125 8.0 189 1.0 221 1.0 224 

1.0 
228 1.0 232 1.0 234 1.0 237 3.0 251 1.0 267 1.0 273 1.0 294 1.0 329 7.0 350 1.0 

354 20.0356 1-0 
St. 11 23 1.0 32 1.0 33 2.0 43 1.0 60 3.0 65 1.0 68 1.0 73 

. 
2.0113 2.0118 1.0 
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122 7.0 134 1.0 138 1.0 168 1.0 172 1.0 195 5.0 200 16.0 228 2.0 234 1 0 237 2 0 251 10-0256 9.0267 5.0268 1.0273 72.0280 2LO282 1.0294 1 0305 . L0306 . 22 0 312 2.0313 1.0323 1.0325 1.0326 1.0329 3.0335 1.0356 . 1 0 . 
SL12 2 8.0 . 6 4.023 6.027 1.029 5.034 3.035 1.039 3.045 2 054 1 0 60 15.0 73 154.0 79 1.092 1.098 L0101 1.0118 L0120 8. . . 0122 L0125 8.0 

138 2.0144 5.0149 3.0155 1.0158 2.0163 1.0166 17.0183 1.0195 6.0207 4.0 
209 5.0210 1.0224 120.0225 3.0226 1.0228 2.0234 1.0237 3.0246 1.0251 6.0 
256 847.0262 3.0267 565.0268 1.0273 7.0274 3.0277 3.0280 7.0282 1.0285 5.0 
294 22.0297 52.0310 7.0316 1.0320 7.0325 1.0326 8.0329 27.0335 6.0340 4.0 
346 2.0357 5.0 
SL13 2 91.0 4 1.0 14 2.0 21 2.0 23 4.0 29 15.0 35 16.0 39 1.0 45 2.0 54 23.0 
55 2.056 3.059 1. 0 60 19.0 65 4.0 69 3.0 70 21.0 71 1.0 73 93.0 79 3.0 
82 1.088 2.090 2. 092 1.095 1.096 1.098 1.0101 9.0109 10111 1.0 
119 1.0 132 1.0 1M 4.0136 17.0141 9.0 149 77.0 157 1.0 158 1.0165 1.0166 6.0 
171 1.0180 4.0183 2.0184 1.0190 5.0191 2.0195 87.0199 2.0200 6.0203 1.0 
209 4.0221 5.0224 4.0225 7.0226 4.0229 2.0234 2.0235 10.0238 2.0241 1.0 
245 2.0246 23.0247 7.0248 3.0252 1.0255 6.0256 3.0259 2.0260 3.0265 14.0 
267 12.0268 8.0282 1.0285 1.0292 1.0297 3.0307 2.0312 3.0316 5.0326 8.0 
329 2.0330 2.0332 4.0337 2.0344 1.0346 82.0347 2.0349 1.0357 1.0358 1.0 
360 4.0 

St. 14 2 21.0 14 14.0 21 1.0 22 1.0 23 2.0 29 8.0 35 88.0 42 3.0 45 2.054 6.0 
60 104.065 8.0 69 48.0 71 2.0 73 75.0 85 3.0 90 2.0 101 3.0 103 2.0 105 8.0 
108 2.0113 1.0120 4.0130 1.0131 1.0133 1.0134 17.0 148 1.0 149 6.0158 1.0 
159 1.0161 1.0174 1.0176 4.0180 13.0194 1.0195 66.0 200 4.0 201 23.0203 14.0 
223 6.0224 8.0225 1.0226 2.0234 8.0235 16.0245 6.0246 1.0 249 2.0251 1.0 
256 60.0257 2.0260 4.0265 3.0267 5.0274 1.0279 1.0 282 8.0 291 17.0297 13.0 
307 2.0314 3.0316 5.0326 3.0329 3.0330 1.0335 7.0346 292.0 351 15.0357 19.0 
358 1.0360 4.0 

SL15 2 8.0 14 1.0 22 4.0 23 4.0 25 1.029 3.034 3.043 2.045 2.0 63 6 .0 61 1.068 1.0 73 58.0 103 2.0 105 2.0 118 1.0 121 1.0 122 11.0 124 1.0125 2.0 
144 1.0 149 8.0 163 2.0 166 10.0 195 15.0 200 20.0 206 1.0 224 16.0 228 4.0 234 5.0 
237 7.0244 1.0 245 7.0 247 2.0 256 329.0 260 1.0 267 602.0 273 1.0 280 3.0 294 

27.0 
297 29.0310 6.0 323 1.0 326 1.0 327 5.0 329 7.0 343 2.0 350 2.0 354 1.0 

SL16 2 61.0 12 1.0 14 9.0 18 1.0 22 27.0 23 4.0 25 7.0 29 18.0 33 1.0 34 105.0 
35 8.0 42 6.0 51 2 .0 54 7.0 55 2.0 60 68.0 65 3.0 69 5.0 71 3.0 73 47.0 
79 4.0 87 8.0 95 5 .0 

96 2.0 98 1.0 101 23.0 103 6.0 104 2.0 109 1.0 121 2.0 
122 4.0130 1.0 141 4.0 144 1.0 149 22.0 159 10.0166 12.0 173 1.0 178 2.0 179 LO 
180 3.0183 2.0191 2.0 195 99.0 196 1.0198 1.0200 19.0201 16.0203 6.0208 6.0 
215 1.0219 2.0221 1.0 223 1.0224 12.0225 4.0228 6.0229 1.0234 29.0238 14.0 
246 16.0247 25.0248 1.0258 2.0260 8.0262 1.0265 7.0267 2.0274 2.0277 1.0 
279 8.0282 13.0291 9.0 292 1.0 297 87.0305 5.0310 7.0312 1.0320 2.0326 195.0 
327 6.0332 21.0 340 1.0 341 3.0346 59.0355 ',, ', 2.0 357 7.0358 1.0360 1.0 
SL17 21 5. 0 22 3.0 23 7.0 28 11.0 29 9.0 40 2.0 42 4.0 45 LO 54 4.056 6.0 
60 16.0 63 1.0 69 3.0 77 10.0 98 1.0 113 5.0 118 2.0 122 12 .0 125 LO 130 2 .0 
141 1.0149 3.0 180 14.0 183 1.0 189 2.0 191 6.0 195 38.0 200 17.0 209 3.0 210 1.0 
216 1.0220 1.0221 1.0 223 1.0 224 19.0 225 4.0 228 5.0 234 28.0 243 8.0 245 2.0 
251 4.0265 1.0267 23.0 268 1.0 272 3.0 279 1.0 282 101.0 285 41. 0 21,14 2 

.0 
297 

18.0 
305 35.0310 9.0312 48.0 320 2.0 326 16.0 327 1.0 329 1.0 331 4.0 346 3.0 357 14.0 

St. 18 2 177. 0 11 4.0 12 1.0 14 7.0 23 24.0 29 29.0 34 1.0 35 1.0 43 1.0 54 3.0 

55 5.0 60 18.0 61 1.0 69 13.0 70 3.0 73 30.0 76 6.0 85 1.0 87 8.0 101 69.0 

109 1.0122 2.0127 2.0 143 3.0 149 33.0 171 1.0 179 3.0 183 2.0 195 90.0 201 5.0 

212 2.0220 1.0 221 7.0 225 3.0 226 2.0 229 2.0 234 36.0 235 7.0246 20.0 247 5.0 

248 15.0256 4.0265 6.0 274 1.0 279 16.0 282 5.0 285 1.0 291 1.0292 3.0294 1.0 

297 3.0307 1.0310 2.0 325 1.0 326 14.0 327 4.0 330 1.0 335 3.0345 1.0346 6.0 

351 20.0360 1.0 
SL19 2 13.0 14 1.0 18 2.0 21 4.0 22 2.0 23 16.0 27 7.0 29 58-033 1.042 4.0 
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45 1.0 51 1.0 54 6.0 56 2.0 60 2L0 63 2.0 65 10.0 69 9.0 71 LO 73 17 0 76 1.0 77 5.0 83 1. . 0 87 1.0 101 1L0 104 1.0 108 2.0 113 2.0 121 14-0 125 1 0 130 4.0 144 1.0 149 10.0 159 3.0 166 2.0 169 1.0 173 - 1.0 180 17.0 183 2,0 184 1 0 191 19.0 194 1.0 195 94.0 198 2.0 200 3.0 209 2.0 216 . 3.0 220 LO 221 LO 222 2 0 223 4.0225 3.0 226 1.0 228 7.0 234 19.0 235 LO 238 . 5.0 245 3.0 250 1.0 262 LO 265 23.0267 4.0 274 2.0 277 1.0 279 1.0 281 220.0 282 99.0 285 19.0 292 LO 294 
1.0 
297 76.0305 10.0307 1.0310 30.0312 6.0325 4.0326 18.0329 1.0331 3.0332 1.0 
335 18.0346 14.0357 3.0359 1.0 
St20 2 34.0 10 9.0 12 1.0 14 23.0 22 5.0 23 7.0 29 7.0 35 1.0 54 1.0 55 7.0 
60 64.069 8.0 73 36.0 76 24.0 79 1.0 94 1.0 101 13 .0 103 5.0 109 1.0 122 11.0 
137 12.0143 1.0 149 39.0 159 4.0 166 6.0168 3.0171 1.0176 1.0 179 1.0 190 20 
195 35.0201 17.0205 1.0206 1.0209 6.0 216 LO 221 1.0223 1.0224 1.0 225 4.0 
226 1.0227 1.0 229 5.0 234 80.0245 1.0246 16.0247 6.0248 15.0256 9.0258 1.0 
265 2.0268 1.0279 2.0 282 15.0292 13.0297 7.0310 8.0325 2.0 326 56.0327 6.0 
329 2.0332 1.0341 5.0346 39.0347 2.0355 2.0357 2.0362 2.0 
SL21 2 30.0 14 2.0 20 5.0 21 11.0 23 14.0 27 LO 29 11.0 34 131.0 . 35 6.0 45 1.0 
51 4.0 60 7.0 68 1 .0 71 1.0 73 174.0 76 1.0 77 1.0 83 2.0 93 1.0 98 3.0 
101 9.0120 7.0 121 1.0122 5.0 M 36.0 130 2.0131 1.0 144 5.0 149 10.0 163 4.0 
165 2.0166 28.0183 2.0186 1.0 195 56.0200 1.0203 1.0209 10.0 214 4.0 224 27.0 
225 1.0226 1.0228 6.0234 27.0238 10.0245 2.0246 1.0252 3.0255 3.0256 322.0 
265 2.0267 U0270 1.0273 2.0274 27.0277 3.0282 7.0285 2.0292 3.0294 22.0 
297 11.0305 1.0310 6.0320 20.0323 1.0326 66.0329 1.0335 8.0338 1.0340 6.0 
346 9.0350 4.0357 57.0 
St. 22 2 28.0 11 1.0 14 11.0 17 1.0 20 1.0 21 8.022 1.0.23 4.0 25 1.0 28 1.0 
29 5.0 34 3.0 35 9.0 42 4.0 45 4.0 51 2.0 54 10.0 56 13.0 60 36.0 62 5.0 
69 21.0 73 127.0 76 2.0 113 3.0 120 3.0 122 2.0 130 3.0135 1.0136 2.0149 14.0 
166 9.0176 9.0179 1.0 180 8.0 183 2.0 186 1.0 194 1.0195 120.0200 10.0201 3.0 
203 2.0209 2.0223 2.0224 2.0225 1.0229 1.0234 3.0235 4.0246 3.0247 1.0 
255 6.0256 157.0260 7.0265 6.0267 16.0282 6.0291 5.0 297 23.0 312 3.0 326 1.0 
329 4.0332 2.0335 3.0346 281.0351 3.0357 44.0 362 1.0 
St= 2 67.0 17 1.0 23 10.0 27 1.0 29 17.0 30 3.0 35 17.0 41 2.0 60 29.0 65 1.0 
69 24.0 73 2.0 79 12.0 82 7.0 83 6.0 85 3.0 97 LO 100 57.0 109 2.0 = 4.0 
139 18.0148 1.0 149 35.0 159 7.0 179 19.0 180 6.0 183 2.0 190 1.0 195 50.0 201 

94.0 
209 2.0218 2.0 221 1.0 223 1.0 225 4.0 227 1.0 229 4.0 234 9.0 235 5.0 248 1.0 
255 1.0257 2.0259 1.0265 15.0268 3.0 274 1.0 282 15.0 291 2.0 297 6.0 301 1.0 
304 12.0312 1.0318 1.0326 86.0332 2.0 346 6.0 351 8.0 357 7.0 362 11.0 
St. 24 2 34.0 23 3.0 55 18.0 60 12.0 73 1.0 76 2.0 85 1.0 122 1.0 149 3.0 179 1.0 

201 5.0226 1.0229 13.0 234 2.0 268 1.0 274 5.0 282 1.0 297 1.0 310 1.0 318 1.0 
332 1.0340 1.0346 2.0351 44.0 
St. 25 2 13.0 11 38.0 12 5.0 13 8.0 14 19.0 18 1.0 21 6.0 22 15.0 27 6.0 29 8.0 

35 40.042 1.0 45 1.0 54 4.0 55 2.0 60 96.0 65 2.0 69 9.0 73 55.0 79 1.0 
84 1.0 87 1.0 88 1.0 90 2.0 101 1.0 105 2.0 110 1.0 113 1.0 127 1.0 130 1.0 
136 14.0139 2.0 141 1.0 149 3.0 159 4.0 163 1.0 166 1.0 180 10.0 189 9.0 194 1.0 
195 12.0197 1.0 201 1.0 203 6.0 224 3.0 225 2.0 226 1.0 227 2.0 235 25.0 247 1.0 
256 8.0260 1.0262 1.0264 1.0 265 1.0 268 1.0 274 2.0 282 50.0 285 6.0 291 5.0 
297 194.0 305 1.0 307 3.0 312 1.0 316 13.0 326 7.0 332 2.0 335 4.0 346 220.0 360 

2.0 
362 1.0 

SL26 55 14496.0 57 1.0 60 4.0 63 1.0 69 4.0 79 1 .0 109 8.0 146 1.0 149 5.0 192 
144.0 
221 39.0230 8.0235 2.0 242 8.0 268 1.0 297 4.0 346 4.0 
StM 2 78.0 11 23.0 12 46.0 14 36.0 22 2.0 23 2.0 29 23.0 35 4M 54 8.0 56 3.0 

59 1.0 60 12.0 63 8.0 65 23.0 69 2.0 71 4.0 73 43.0 79 17.0 101 4.0 103 1.0 
122 1.0 127 2.0 136 23.0 139 4.0 148 1.0 149 4.0 159 2.0 180 3.0 195 12.0 201 84.0 
203 3.0 209 4.0 223 2.0 225 2.0 234 2.0 235 18.0 256 1.0 257 j. () 259 1.0 260 3.0 
262 1.0 265 1.0 268 1.0 282 72.0 291 1.0 297 81.0 305 2.0 326 5.0 332 1.0 335 1.0 
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a46 37.0 351 4.0 
St. 28 2 19.0 11 24.0 17 2.0 18 1.0 20 1.0 21 13.0 23 1.0 25 27.0 27 LO 28 1 0 29 76.0 35 14.0 41 3.0 42 2.0 45 9.0 54 29.0 60 77.0 63 5.0 65 6 0 66 7 0 . 
69 75.0 73 85.0 77 . . 1.0 79 2.0 88 1.0 101 3.0 104 5.0 105 9.0 113 2o. o 12o 1 o 122 1.0125 2.0 130 4.0 131 8.0 136 4.0 141 12.0 144 1.0 148 2.0 149 2.0 176 . 9 0 180 17.0189 39.0 195 154.0 200 6.0 201 1.0 203 3.0 209 14.0 223 3.0 224 9 . 

.0 225 11.0 
226 2.0228 1.0 232 1.0 234 10.0 235 1.0 246 1.0 252 1.0 253 1.0 255 4.0 260 11.0 264 6.0274 16.0282 5.0285 2.0291 7.0293 1.0294 5.0297 3.0307 4.0309 1.0 312 14.0314 2.0316 8.0320 4.0327 1.0329 1.0332 2.0335 17.0346 23-0355 1.0 
357 3.0359 3.0361 2.0 
SL29 2 6.0 11 11.0 14 18.0 22 6.0 23 8.0 29 64.0 35 1.0 39 1.0 42 1.0 51 1.0 
54 2.0 60 135.0 63 1.0 65 1.0 69 12.0 71 1.0 73 30.0 79 27.0 81 1.0 85 2.0 
90 2.0 95 1.0 103 LO 105 7.0 115 LO 120 1.0 122 4.0 130 2.0 131 aO 136 3 .0 149 3.0166 11.0180 20.0184 1.0195 49.0198 1.0200 1.0201 7.0203 2.0209 11.0 
223 1.0224 5.0225 12.0226 1.0228 1.0232 1.0234 9.0246 3.0248 1.0252 8.0 
255 3.0256 11.0260 2.0262 1.0265 1.0267 3.0268 1.0274 1.0282 13.0285 2.0 
298 1.0305 1.0307 10.0326 4.0327 3.0329 1.0332 2.0335 13.0346 84.0352 1.0 
355 4.0360 2.0362 3.0 
St. 30 2 35.0 11 2.0 14 11.0 23 5.0 29 26.0 33 2.0 35 1.0 60 114.0 63 2.0 65 1.0 
68 1.0 69 7.0 71 3.0 73 18.0 79 3.0 95 2.0 101 9.0 103 1.0 118 2.0 122 6.0 
136 1.0 149 46.0 159 4.0 166 3.0 168 4.0 180 2.0 195 36.0 201 2.0 203 2.0 209 1.0 
225 7.0226 1.0 229 3.0 234 59.0 236 1.0 238 2.0 246 6.0 2,47 7.0 248 6.0 253 1.0 
256 1.0260 3.0265 1.0 267 1.0 268 1.0 274 2.0 279 9.0 282 2.0 285 2.0 297 4.0 
307 2.0310 12.0 317 1.0 326 44.0 327 1.0 346 102.0 355 3.0 360 3.0 362 4.0 
St. 31 68 2.0 107 1. 0 118 4.0 120 1.0 228 2.0 273 3.0 
St. 32 29 1.0 107 2 .0 118 2.0 125 1.0 181 1.0 189 1.0 220 1.0 221 1.0 228 3.0229 

2.0 
240 1.0 291 1.0 310 1.0 335 1.0 345 3.0 
St. 33 2 2.0 29 10.0 35 1.0 42 1.0 54 5.0 60 10.0 67 2.0 111 1.0 120 7.0 1M 2.0 

131 1.0144 LO 176 1.0 180 3.0 189 1.0 195 3.0 220 1.0 221 3.0 223 2.0 224 1.0 
228 3.0234 5.0245 1.0272 1.0282 2.0 285 2.0 291 1.0 294 1.0 297 1.0 307 1.0 
310 1.0312 3.0316 1.0323 1.0329 3.0 335 4.0 346 2.0 357 35.0 
St. 34 2 19.0 12 1.0 22 1.0 29 15.0 33 2.0 38 3.0 60 15.0 68 1.0 95 1.0 111 1.0 

122 3.0125 1.0 149 1.0 195 33.0 200 2.0 227 1.0 229 1.0 234 4.0 268 1.0 274 1.0 
279 2.0282 1.0 294 2.0 310 123.0 326 11.0 327 1.0 330 1.0 335 4.0 340 1.0 346 24.0 
362 5.0 
SL35 2 29.0 7 2.0 10 9.0 12 5.0 14 13.0 23 1.0 29 52.0 55 1.0 60 62.0 66 1.0 
68 3.0 69 7.0 73 3.0 76 3.0 79 3.0 90 1.0 M 4.0 136 1.0 141 3.0 149 1.0 
159 1.0 168 1.0 180 1.0 184 1.0 190 3.0 195 12.0 201 2.0 225 2.0 228 1.0 229 1.0 
234 21.0 238 2.0 244 3.0 248 6.0 256 2.0 274 4.0 279 2.0 297 1.0 310 41.0 326 55.0 
33, z, 1.0 335 7.0340 1.0346 74.0362 19.0 
S-362 52.0 11 LO 12 2.0 14 39.0 22 6.0 23 7.0 29 15.0 35 9.0 45 1.0 55 1.0 
56 1.0 59 7.0 60 55.0 63 10.0 71 2.0 73 180.0 76 7.0 77 1.0 79 6.0 82 1.0 
85 3.0 90 6.0 101 35.0 122 4.0 123 1.0 136 6.0 139 3.0 149 29.0 166 11.0 168 2.0 
180 2.0 184 3.0 195 7.0 201 25.0 203 2.0 223 1.0 225 2.0 226 1.0 229 1.0 234 6.0 
235 17.0238 2.0 244 32.0 245 3.0 246 8.0 247 2.0 255 3.0 256 79.0 259 1.0 260 4.0 
262 1.0 264 1.0 265 7.0 267 3.0 268 5.0 275 1.0 282 8.0 297 11.0 307 1.0 326 44.0 
330 1.0332 2.0346 79.0 
St. 37 2 8.0 11 3.0 20 1.0 21 3.0 29 67.0 34 1.0 37 15.0 41 10.0 45 6.0 54 13.0 
60 47.0 71 1.0 73 84.0 79 1.0 95 1.0 98 1.0 104 9.0 105 3.0 113 1.0 120 1.0 
122 1.0130 2.0131 12-0135 9.0141 12.0 144 6.0 166 3.0 180 16.0 191 9.0 195 44.0 
200 1.0203 1.0209 22.0223 8.0 224 28.0 225 4.0 226 2.0 228 6.0 234 12.0 238 4.0 
245 2.0249 1.0255 3.0257 1.0260 1.0 264 2.0 267 7.0 274 25.0 282 9.0 285 3.0 
291 1.0294 4ý. O 297 2.0298 3.0305 1.0 307 1.0 309 1.0 312 3.0 316 5.0 320 2.0 
329 9.0331 1.0335 37-0340 1.0346 58.0357 8.0359 1.0 
St. 38 2 12.0 12 1.0 14 4.0 17 1.0 22 2.0 29 54.0 34 138.0 35 3.0 45 2.0 51 1.0 
60 40.0 69 2.0 71 1.0 73 24.0 76 1.0 79 3.0 84 1.0 91 1.0 101 3.0 110 2.0 
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113 1.0 121 1.0 122 1.0144 2.0 149 8.0 166 19.0 180 4.0 183 1.0 189 2.0 195 5.0 
201 1.0 225 6.0 229 9.0234 6.0 238 2.0 255 3.0 256 36.0 260 1.0 267 26.0 268 2.0 
274 9.0282 1.0285 1.0307 1.0 310 1.0 312 3.0 320 2.0 326 10.0 329 4LO 331 6.0 
335 5.0337 2.0346 54.0357 2.0362 10.0 
St. 39 2 116.0 11 8.0 12 5.0 14 5.0 22 8.0 23 5.0 25) 2.0 29 34.0 30 7.0 33 3.0 
35 16.054 1.0 59 1 .0 60 30.0 63 2.0 64 1.0 69 16.0 71 2.0 73 5.0 77 6.0 
79 15.0 82 7.0 94 LO 101 6.0 109 LO 111 3.0 122 6.0 123 1.0 127 LO 130 1.0 
136 7.0139 11.0149 32.0 159 1.0 169 2.0 170 1.0 176 1.0 180 4.0 183 1.0 195 40.0 
201 25.0209 3.0220 2.0 221 2.0 225 14.0 226 1.0 229 1.0 234 2.0 235 9.0 246 2.0 
256 2.0260 5.0265 3.0 268 3.0 274 LO 277 LO 282 2.0 283 2.0 291 2.0 292 2.0 
326 23.0346 66.0351 520.0 

St. 40 2 97.0 11 118. 0 12 137.0 13 2.0 14 23.0 18 1.0 22 6.0 23 15.0 25 2.0 29 
28.0 
33 1.0 35 26.0 54 4.0 59 2.0 60 31.0 63 2.0 69 163.0 71 1.0 73 3.0 77 12.0 
79 26.083 2.0101 46.0103 1.0 130 4.0 136 2.0 139 2.0 149 58.0 165 1.0 180 3.0 
183 4.0190 1.0195 4.0198 LO 201 386.0 203 1.0 215 2.0 221 2.0 225 11.0 226 1.0 
228 1.0235 4.0246 6.0248 1.0 257 2.0 259 1.0 260 9.0 264 LO 265 2.0 268 8.0 
274 1.0282 2.0304 2.0307 1.0 326 242.0 330 1.0 331 2.0 332 2.0 340 1.0 346 113.0 
351 1.0360 2.0362 1.0 
StAl 2 108.0 11 5.0 12 16.0 13 2.0 14 11.0 18 1.0 23 3.0 29 42.0 35 38.0 59 2.0 

60 6.0 63 3.0 69 199.0 71 2.0 73 1.0 79 6.0 83 1.0 103 1.0 122 3.0 123 1.0 
130 1.0136 4.0139 9.0 149 35.0 159 3.0 180 2.0 182 1.0 183 1.0 195 4.0 201 56.0 
209 1.0225 15.0226 2.0234 4.0 235 8.0 246 2.0 257 6.0 263 1.0 265 2.0 268 1.0 
282 1.0326 62.0330 1.0332 2.0346 62.0351 27.0 
StA2 2 30.0 11 4.0 1-2 10.0 22 4.0 23 4.0 29 22.0 35 1.0 51 1.0 54 2.0 60 89.0 
69 116.073 5.0 79 9.0 95 1.0 139 1.0 149 9.0 180 2.0 195 5.0 201 69.0 218 1.0 
225 5.0234 1.0238 1.0246 3.0 248 1.0 255 5.0 256 15.0 274 3.0 282 1.0 292 1.0 
310 1.0326 3.0329 1.0335 2.0346 99.0 
StA3 2 9.0 10 21.0 12 4.0 14 51.0 2i 2.0 22 5.0 23 11.0 29 12.0 34 3.0 37 1.0 
54 3.0 56 2.0 60 75.0 61 1.0 63 2.0 65 4.0 69 1.0 71 1.0 73 60.0 79 1.0 
95 1.0101 1.0 113 1.0 122 3.0 130 1.0 137 2.0 139 1.0 141 1.0 149 19.0 159 4.0 
166 8.0172 1.0176 4.0180 2.0 183 1.0 184 1.0 191 7.0 195 33.0 197 5.0 200 4.0 
201 1.0203 1.0209 7.0216 1.0 221 1.0 222 1.0 224 23.0 225 7.0 228 4.0 229 1.0 
234 47.0245 2.0247 5.0248 1.0 252 1.0 255 1.0 267 2.0 268 1.0 269 1.0 274 1.0 
279 5.0282 15.0285 2.0297 17.0 307 1.0 310 22.0 323 1.0 327 2.0 328 2.0 329 1.0 
335 3.0346 19-0350 1.0355 50.0357 3.0362 1.0 
St, 44 2 10.0 10 2.0 14 4.0 22 3.0 29 19.0 31 2.0 41 2.0 46 4.0 54 1.0 60 24.0 
65 5.0 69 6.0 73 1 7.0 76 31.0 79 14.0 83 1.0 85 1.0 101 31.0 122 4.0 128 10 
130 1.0 136 1.0 141 1.0 149 30.0 153 5.0 159 4.0 166 18.0 179 1.0 180 1.0 183 2.0 
192 7.0195 4.0 201 56.0 203 1.0 209 16.0 215 1.0 221 1.0 225 5.0 229 2.0 234 11.0 
237 1.0246 11.0247 2.0248 5.0 256 18.0 267 1.0 268 30.0 269 1.0 274 3.0282 3.0 

304 6.0310 3.0317 2.0 318 1.0 326 115.0 332 1.0 346 40.0347 1.0349 1.0352 1.0 

362 1LO 
StA5 2 1.0 18 1.0 21 4.0 28 22.0 29 4.0 35 3.0 40 2.042 2.0 52 6.054 2.0 

56 43.060 12.065 12.0 69 15.0 71 3.0 73 31.0 113 82.0 122 11.0 125 1.0130 4.0 

131 18.0 141 3.0 144 1.0 152 1.0 166 3.0 176 19.0 180 11.0 189 29.0 195 18.0 199 

2.0 
200 136.0 209 16.0 220 8.0 221 2.0 224 35.0 225 5.0 226 2.0 234 59.0 244 1.0 251 

3.0 
253 6.0 260 1.0268 2.0 272 2.0 274 26.0 278 2.0 282 3.0 285 26.0 286 1.0 294 4.0 

304 1.0307 6.0308 1.0 310 6.0 312 14.0 320 4.0 326 5.0 329 3.0 335 18.0 357 1.0 

StA6 2 4.0 14 3.0 22 4.0 23 4.0 34 140.0 41 1.0 44 1.0 56 2.0 60 4.0 69 1.0 

73 1.0 76 1.0 78 1.0 100 2.0 101 80.0 109 1.0 122 5.0 125 2.0 128 10 130 1.0 

149 9 0 150 1.0159 1.0 165 1. o 166 1.0 184 1.0 195 13.0 200 1.0 221 5.0 225 1.0 

234 . 44.0245 2.0256 6.0268 10.0279 3.0285 1.0310 3.0325 2.0340 3.0347 1.0 

356 1.0360 1.0 
SL47 2 39.0 16 2.0 19 16.022 2.026 1.029 24.030 182.033 6.034 2.035 14.0 

41 10 43 5.0 50 4.0 54 1.0 56 7.0 60 8.0 63 1.0 65 1.0 67 1.0 69 5.0 
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72 1.0 78 LO 80 2.0 82 7.0 83 1.0 85 2.0 87 3.0 97 105.0 101 42 0 122 LO M 17.0 149 17.0 153 8.0 159 5.0 179 1.0 180 8.0 183 . 1.0 188 1.0 191 1 0 195 81 0 201 8.0 209 14.0215 5.0 221 16.0 224 8.0 225 3.0 227 1.0 228 1.0 231 . 2.0 234 - 22 0 235 5.0 237 11.0239 1.0248 3.0 251 2.0 258 LO 261 1.0 268 97.0 291 8.0 294 . 2.0 301 2.0302 14.0304 23.0307 2.0 310 23.0 311 2.0 326 11.0 332 1.0 339 1.0 340 2.0 346 14.0348 1.0357 13.0 
SL48 22 1. 0 28 1.0 29 2.0 60 3.0 111 LO 117 1.0 120 4.0 122 1. 0 125 6. 0 166 

1.0 
176 1.0 181 1.0 195 9.0 200 1.0 214 2.0 224 1.0 228 1.0 234 13.0 249 1.0 251 3.0 
256 1.0 268 7.0273 3.0282 1.0285 2.0305 1.0310 3.0312 7.0320 5.0325 1.0 
326 1.0335 3.0346 1.0356 2.0 357 LO 
St. 49 27 1.0 29 1.0 60 2.0 61 1.0 65 2.0 73 1.0 118 LO 122 3.0 125 5.0 138 1.0 

195 4.0 204 6.0 228 3.0 234 6.0 237 39.0 251 75.0 255 31.0 267 1.0 268 1.0 273 19.0 
280 7.0 294 28.0 306 1.0 308 1.0 309 1.0 310 5.0 323 2.0 326 3.0 356 2.0 
St. 50 10 45.0 12 LO 14 . 30.0 22 2.0 29 7.0 41 10.0 54 1.0 59 3.0 60 23.0 69 29.0 
71 1.0 73 40 76 7.0 79 9.0 83 LO 97 4.0 118 1.0 122 3.0 L36 1.0 137 11.0 
141 1.0149 2.0 165 1.0 168 1.0 184 1.0 185 1.0 195 9.0 225 3.0 228 1.0 234 12.0 
256 3.0268 11.0274 3.0279 3.0 282 4.0 304 1.0 307 2.0 310 18.0 315 1.0 317 2.0 
326 105.0 346 29.0 362 1.0 
SL51 2 27.0 3 15.0 12 9.0 14 61.0 21 1.0 22 2.0 29 1.0 35 3.0 54 1.0 59 10.0 
60 10.065 1.0 69 10.0 71 6.0 73 32.0 76 3.0 77 1.0 79 1.0 97 1.0 101 2.0 
118 1.0 132 1.0 136 7.0 139 7.0 145 1.0 149 20.0 159 1.0 166 2.0 195 2.0 201 1.0 
209 2.0229 2.0235 7.0246 1.0 248 7.0256 4.0265 1.0 267 1.0270 1.0 297 2.0 
303 1.0330 2.0346 12.0360 1.0362 3.0 
St. 52 2 4.0 14 3.0 17 1.0 23 3.0 29 18.0 35 3.0 43 1.0 55 4.0 59 4.0 60 63.0 
63 4.0 65 3.0 69 23.0 71 5.0 77 1.0 79 8.0 82 1.0 94 5.0 112 LO 1 18 1.0 
122 1.0 123 1.0 128 2.0 131 1.0 136 1.0 139 7.0 140 1.0 149 37.0 180 3.0 195 2.0 
200 1.0201 17.0 203 2.0 209 4.0 225 7.0 235 5.0 238 1.0 250 1.0 256 11.0 257 2.0 
260 1.0268 9.0 274 1.0 282 18.0 294 1.0 297 1.0 304 2.0307 2.0326 1.0330 1.0 
346 41.0357 2.0 
StM 2 3.0 11 15.0 12 2.0 14 144.0 22 2.0 29 54.0 35 1.0 54 6.0 59 1.0 60 11.0 
63 2.065 1.0 69 3.0 71 1.0 73 26.0 77 1.0 79 33.0 89 1.0 90 1.0 1 03 1-0 
128 1.0130 1.0 136 3.0 139 2.0 141 10.0 149 14.0 166 2.0 180 15.0 184 11.0 185 1.0 
201 14.0209 8.0220 1.0225 4.0 227 10.0 252 2.0 257 1.0 267 2.0 274 8.0 282 4.0 
297 1.0305 1.0307 1.0326 26.0 329 1.0 332 2.0 335 1.0 346 37.0 362 6.0 
St. 54 2 92.0 11 14.0 12 7.0 14 98.0 18 1.0 22 1.0 23 1.0 29 84.0 35 103.0 41 3.0 
54 13.0 59 1.0 60 53.0 65 5.0 69 224.0 71 4.0 73 3.0 79 10.0 90 3.0 101 1.0 
105 1.0 122 1.0 130 4.0 136 7.0 139 1.0 149 4.0 176 4.0 180 7.0 195 17.0 200 8.0 
201 13.0209 1.0218 2.0234 10.0 235 5.0 249 1.0 258 1.0 260 1.0 267 3.0 268 11.0 
274 1.0282 11.0297 4.0307 6.0 326 2.0 332 2.0 335 1.0 346 20.0 352 1.0 360 2.0 
St. 55 2 9.0 11 12.0 12 15.0 14 46.0 18 1.0 22 15.0 23 1. o 29 28.0 35 12.0 55 1.0 
59 9.0 60 8.0 61 1.0 63 2.0 65 6.0 69 23.0 71 7.0 73 4.0 79 50.0 85 1.0 
103 3.0 104 1.0 130 2.0 136 3.0 141 2.0 148 1.0 149 10.0 166 1.0 180 1.0 183 1.0 
184 1.0201 368.0 203 1.0 209 j. () 220 1.0 221 1.0 225 2.0226 1.0235 1.0246 3.0 
260 4.0274 3.0 282 25.0 297 1.0 304 1.0 307 1.0 316 1.0 326 227.0332 2.0335 1.0 
337 1.0346 59.0 
St. 56 2 5.0 13 3.0 23 2.0 29 3.0 35 LO 59 2.0 60 11.0 69 26.0 73 1.0 79 32.0 

122 4.0 146 1.0 149 64.0 161 1.0 180 2.0 201 20.0 209 1.0225 4.0227 1.0 234 1-0 
235 1.0 244 LO 248 1.0 259 1.0 262 1.0 268 1.0 274 2.0288 2.0291 1.0326 1.0 
332 1.0346 17.0,351 13.0 
St. 57 2 35.0 13 50.0 22 4.0 23 5.0 35 2.0 43 1.0 59 3.060 18.0 73 7.0 77 1.0 

131 1.0139 1.0 149 21.0 195 3.0 201 16.0 225 1.0 229 9.0256 3.0291 1.0 333 1.0 
346 UO 351 51.0 
St58 2 2.0 5 1.0 13 4.0 14 2.0 30 10.0 33 4.0 35 1.043 20 55 2.0 60 5 .0 
79 1.0 82 1.0 85 5.0 97 2.0 109 1.0 J3() 1.0 149 16 .0 170 1.0 199 1 .0 206 2ý 0 
229 2.0 268 20.0 276 1.0 297 1.0 3,35 1.0,339 1.0 346 2.0 351 109.0 
St. 59 2 5.0 12 4.0 13 4.0 14 102.0 22 1.0 29 78.0 35 1.0 59 2.0 60 50.0 63 3.0 

69 241.0 71 5.0 73 14.0 79 29.0 83 1.0 90 2.0 105 LO 136 2.0 139 40 141 1 .0 
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149 18.0 166 6.0 180 8.0 195 3.0 201 13.0 203 1.0 209 2.0 225 9.0 234 2 0 256 2 0 267 1.0 268 3.0 274 10.0 282 12.0 285 1.0 297 8.0 307 2.0 316 1.0 326 . 1.0 335 . 5 0 346 16.0 357 1.0 360 2.0 362 1.0 . 
St. 60 2 9.0 7 5.0 1 1 4.0 12 4.0 14 149.0 23 7.0 25 2.0 29 84.0 35 17.0 54 5.0 59 3.0 60 106.0 63 1.0 69 19.0 70 6.0 71 3.0 73 79.0 77 4.0 79 23.0 90 2.0 
94 1.0101 4.0105 2.0 113 1.0 130 1.0 136 9.0 139 11.0 141 4.0 149 57.0 159 3.0 
180 9.0 184 1.0 195 1.0 198 1.0 201 22.0 203 12.0 209 7.0 218 1.0 225 10.0 227 4.0 
229 2.0246 3.0255 4.0 256 1.0 260 5.0 267 1.0 268 8.0 274 8.0 282 3.0 297 2.0 
307 8.0317 2.0326 266.0 332 3.0 335 2.0 346 310.0 

St. 61 2 2.0 13 165.0 23 2.0 59 1.0 60 1.0 69 33.0 73 1.0 79 1.0 122 1.0 149 2.0 
194 1.0201 35.0 225 5.0 238 5.0 256 1.0 282 1.0 346 9.0 
St. 62 2 1.0 14 2.0 31 1.0 85 1.0 180 1.0 201 LO 227 1.0 229 2.0 
St. 63 2 23.0 11 2.0 14 12.0 22 1.0 23 1.0 29 12.0 35 20.0 59 5.0 60 22.0 63 6.0 
65 1.0 69 106.0 71 17.0 73 7.0 79 10.0 130 1.0 136 11.0 137 2.0 139 13.0 180 3.0 
201 9.0 209 2.0 223 1.0 229 1.0 235 2.0 238 9.0 256 3.0 268 3.0274 3.0282 52.0 
297 12.0 316 1.0 320 1.0 326 33.0 332 2.0 346 77.0 360 LO 

St. 64 2 13.0 12 1.0 14 53.0 15 1.0 17 1.0 22 LO 23 3.0 29 2kO 33 LO 59 2.0 
60 7.0 63 1.0 65 2.0 69 46.0 71 4.0 73 15.0 76 2.0 78 2.0 79 16.0 85 1.0 
90 1.0 130 1.0 136 8.0 139 6.0 149 18.0 159 3.0 180 3.0183 1.0184 1.0201 9.0 
203 1.0 220 1.0 225 6.0 227 1.0 255 2.0 257 2.0 268 5.0274 1.0282 39.0304 10 
317 2.0 326 238.0 328 1.0 332 2.0346 35.0360 1.0362 1.0 

St. 65 13 21.0 23 1.0 31 1.0 60 1.0 69 6.0 78 2.0 85 1.0122 1.0149 2.0200 1.0 
201 1.0225 1.0 229 3.0 238 9.0 346 4.0 
StM 2 2.0 13 1.0 14 35.0 22 2.0 25 1.0 29 18.0 33 1.0 35 1.043 1.059 2.0 
60 45.063 1.0 65 7.0 69 40.0 71 1.0 73 5.0 77 1.0 79 30.0 90 1.0 105 1.0 
130 1.0137 127.0 139 7.0 140 6.0 141 1.0 148 1.0 149 16.0 166 2.0 180 7.0 185 1.0 
195 2.0201 29.0 209 1.0 220 1.0 223 1.0 225 1.0 234 1.0 256 1.0 260 1.0 267 1.0 
274 8.0282 8.0 285 1.0 297 7.0 307 1.0 326 153.0 332 1.0 335 2.0346 68.0355 1.0 
362 1.0 

St. 67 23 1. 0 27 1. 0 118 1.0 122 1.0 125 17.0 175 1.0 228 3 .0 245 3.0 251 1.0 255 
13.0 
267 2.0 273 3.0 294 1.0 306 6.0 308 3.0 310 8.0 335 1.0 346 2.0 

StM 2 1.0 22 1.0 68 1.0 78 1.0 104 1.0 251 1.0 345 1.0 
St. 69 2 35.0 14 3.0 29 5.0 41 1.0 63 1.0 69 9.0 76 7.0 82 1.0 87 1.0 101 2.0 

118 2.0122 2.0137 1.0 139 5.0 141 1.0 149 2.0 183 1.0 194 1.0 195 11.0 201 6.0 
223 1.0229 4.0 234 25.0 247 4.0 249 2.0 256 1.0 268 3.0 274 1.0 283 1.0 297 3.0 
307 2.0310 2.0326 27.0 346 8.0 360 1.0 362 4.0 

SL70 2 33.0 9 4.0 14 17.0 22 1.0 23 11.0 29 37.0 34 2.0 35 1.0 54 1.0 59 4.0 
60 74.061 1.069 7.0 71 2.0 73 4.0 76 1.0 79 5.0 90 LO 101 ZO 103 1.0 
122 3.0128 1.0131 1.0 136 1.0 137 31.0 139 1.0 148 1.0 149 18.0 159 1.0 166 3.0 
168 1.0179 1.0180 6.0 184 4.0 195 20.0 201 53.0 203 1.0 221 2.0 225 8.0 227 2.0 
229 1.0234 3.0235 6.0238 9.0246 4.0 247 3.0 256 2.0 260 1.0 265 1.0 274 4.0 
279 1.0282 3.0291 3.0292 1.0307 16.0 310 7.0 326 236.0 329 1.0 330 1.0 337 1.0 
345 1.0346 182.0353 2.0360 1.0 

SL71 11 1.0 14 10.0 23 2.0 27 4.0 29 11.0 43 5.0 54 1.0 60 16.0 69 11.0 73 7.0 
76 3.0 77 2.0 78 1.0 79 18.0 82 1.0 103 1.0 105 1.0 122 6.0 125 1.0 132 2.0 

137 1.0 149 8.0 159 9.0 167 1.0 180 3.0 195 4.0 200 1.0 201 1.0 209 2.0 224 4.0 

228 1.0234 48.0 257 1.0 262 3.0 265 2.0 268 6.0 274 4.0 282 19.0 285 4.0 297 5.0 

307 1.0326 65.0332 1.0 335 3.0 346 7.0 362 11.0 
SL72 2 3.0 12 4.0 14 22.0 22 1.0 23 15.0 29 4.0 35 2.0 47 1.0 59 8.0 60 26.0 

63 1.065 1.0 69 1 19.0 71 11.0 73 9.0 79 31.0 114 1.0 M 1.0 136 20.0 137 30.0 

139 10.0140 2.0 149 34.0 159 2.0 161 1.0 180 4.0 195 5.0 196 1.0 198 1.0 201 16.0 

220 1.0 225 7.0 229 1.0 235 1.0 238 15.0 246 6.0 250 1.0 255 5.0 256 1.0 271 ZO 

274 1.0282 7.0 297 3.0 326 41.0 346 222.0 353 2.0 
SL73 2 1.0 12 1.0 14 1.0 60 1.0 78 1.0 85 1.0 114 1.0 136 2.0 149 1.0 170 1.0 

268 1.0326 2.0351 17.0 
SL74 11 1.0 14 3.0 23 5.0 25 10 29 12.0 51 2.0 60 45.0 69 161.0 71 1.0 73 1.0 

79 17.0 90 1.0 103 1.0 122 1.0 137 21.0 139 7.0 149 35.0 180 1.0 184 1.0 194 2.0 
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197 1.0 201 47.0 218 1.0 220 4.0 225 3.0 255 2.0 260 LO 267 1.0 2-14 1 0 282 1 0 326 85.0346 31.0362 1.0 . . 
SL75 2 1.0 12 1.0 14 5.0 23 14.0 25 LO 27 6.0 29 4.0 35 1.0 51 2.0 60 21 0 61 . 1.0 69 45.0 73 2.0 79 15.0 83 2.0 101 6.0 104 1.0 114 2.0 122 6.0 133 L0 136 2.0 137 2.0 139 2.0 149 10.0 159 1.0 180 1.0 198 LO 201 46.0 220 1.0 221 1.0 225 4.0 255 8.0266 2.0267 9.0274 4.0282 1.0311 1.0317 1.0326 10.0335 1.0 340 1.0346 30.0351 1.0353 1.0357 1.0362 2.0 
SL76 2 2.0 12 1.0 14 17.023 4.029 11.060 42.063 2.065 1.069 136.071 3.0 
73 1.0 76 1.079 22.090 1.0118 2.0122 2.0136 1.0137 62.0139 12.0140 3.0 
149 13.0159 1.0180 1.0195 5.0201 91.0220 2.0225 5.0244 2.0255 1.0256 2.0 
267 2.0282 2.0297 3.0307 3.0326 7.0346 149.0353 1.0358 1.0362 1.0 
SL77 2 3.0 11 2.0 12 3.0 14 25.0 23 6.0 25 LO 29 51.0 33 1.0 35 1.0 46 1.0 
59 5.0 60 25.0 63 10 65 2.0 69 47.0 71 13.0 73 6.0 77 3.0 79 46.0 82 1.0 
97 2.0 114 2.0 123 2.0 136 4.0 137 15.0 139 15.0 141 8.0 147 2.0 148 1.0 149 31.0 
159 21.0179 2.0180 4.0184 8.0 201 9.0209 1.0218 1.0 220 1.0 223 1.0 225 4.0 
229 2.0255 2.0257 13.0 262 LO 267 3.0 268 7.0271 1.0274 20.0282 8.0291 1.0 
297 1.0304 5.0305 2.0 320 1.0 326 719.0 332 LO 335 2.0346 94.0353 1.0362 8.0 
SL78 23 4.0 55 1.0 60 2.0 65 1.0 69 8.0 78 LO 79 1.0139 1.0149 1.0192 3.0 

201 1.0 238 9.0 326 2.0 346 8.0 351 10 
St. 79 11 1.0 14 6.0 22 4.0 23 7.0 25 3.0 29 26.030 3.046 1.056 2.0 59 2.0 
60 31.0 63 2.0 65 4.0 69 22.0 71 6.0 73 5.0 77 2.0 79 60.0 82 1.0 83 1.0 
97 2.0 101 5.0 122 4.0 128 1.0 129 1.0 136 2.0 137 5.0 139 1-2.0 140 1.0141 1.0 
149 21.0 159 17.0 166 1.0 173 1.0 180 20.0 184 76.0 198 1.0 201 6.0 209 16.0 210 
1.0 
220 3.0 225 1.0 226 1.0 234 1.0 251 2.0 257 6.0 260 1.0 264 1.0 268 33.0 274 24.0 
282 45.0 297 7.0 304 9.0 309 3.0 317 2.0 326 256.0 332 1.0 335 1.0 346 134.0 351 
1.0 
353 2.0362 22.0 
St. 80 2 8.0 3 1.0 11 6.0 12 4.0 13 2.0 14 39.0 23 1.0 27 1.0 29 22.0 51 3.0 
59 5.0 60 30.0 63 4.0 65 1.0 69 121.0 71 17.0 73 37.0 76 1.0 79 21.0 83 1.0 
87 1.0 130 1.0 136 18.0 139 6.0 149 26.0 159 3.0 180 2.0 194 1.0 201 28.0 209 5.0 
225 1.0 229 1.0 238 2.0 257 1.0 268 2.0 282 10.0 297 5.0 326 36.0 346 39.0 
SL81 14 1.0 18 1.0 20 1.0 22 1.0 23 4.0 25 1.0 29 11.0 43 7.0 46 1.0 56 3.0 
60 23.0 69 11.0 71 1.0 73 263.0 77 34.0 79 1.0 82 4.0 85 1.0 93 1.0 98 1.0 
113 10.0 118 1.0 122 7.0 125 7.0 130 2.0 139 11.0 149 13.0 159 5.0 165 2.0 166 41.0 
168 2.0 180 7.0 184 44.0 196 2.0 209 70.0 220 10.0 224 45.0 228 4.0 234 39.0 239 

7.0 
262 1.0 267 16.0 26 8 3.0 274 2.0 282 179.0 285 79.0 294 2.0 297 25.0 305 4.0 309 
1.0 
310 6.0 320 23.0 326 10.0 331 1.0 335 74.0 337 2.0 354 1.0 361 1.0 
St. 82 2 10.0 10 1.0 17 1.0 29 20.0 54 1.0 56 1.0 61 1.0 63 4.0 69 4.0 71 2.0 
73 1.0 79 3.0 82 1. o go 1.0 122 3.0 137 110.0 139 15.0 140 7.0 180 4.0 184 6.0 
195 16.0200 4.0 201 1.0 220 2.0 225 1.0 226 1.0 234 2.0 238 5.0 239 2.0 267 1.0 
268 2.0 282 2.0 307 26.0 310 1.0 326 518.0 335 7.0 346 131.0 353 2.0 
StM 2 4.0 9 4.0 21 6.0 22 1-0 23 2.0 29 17.0 35 38.0 45 LO 54 13.0 60 63.0 
65 6.0 69 2.0 71 1.0 73 17.0 101 5.0 104 2.0 105 2.0 111 1.0 113 2.0 120 ZO 
122 1.0130 1.0132 2.0 136 9.0 137 1.0 166 3.0 176 8.0 177 4.0 180 17.0 184 3.0 
195 59.0198 1.0209 4.0220 1.0221 1.0 223 14.0 224 16.0 225 2.0 227 1.0 228 2.0 
234 43.0235 9.0245 2.0246 1.0 257 1.0 267 1.0 282 15.0 285 14.0 291 1.0 292 2.0 
297 8.0305 2.0307 44.0310 1.0317 1.0 326 15.0 330 3.0 332 5.0 335 27.0 346 82.0 
355 1.0 
SL84 2 10.0 10 4.0 14 12.0 23 10.0 29 1.0 34 19.0 35 1.0 43 1.0 59 10.0 60 14.0 

69 7.0 70 9.0 73 21.0 76 316.0 87 1.0 101 66.0 M 2.0 136 3.0 137 2.0 139 1.0 
149 28.0 159 2.0 165 3.0 166 4.0 178 1.0 183 1.0 195 19.0 201 30.0 221 2.0 223 1.0 
225 1.0 229 6.0 234 17.0 245 4.0 246 6.0 247 1.0 256 5.0 267 1.0 268 4.0 279 2.0 
290 3.0307 5.0310 7.0311 2.0326 250.0 337 2.0 342 1.0 346 16.0 360 2.0 362 29.0 
St. 85 2 9.0 3 1.0 11 3.0 14 26.0 23 14.0 29 32.0 34 6.0 35 2.0 59 5.0 60 26.0 

61 1.0 69 20.0 71 1.0 73 45.0 76 41.0 79 1.0 87 1.0 90 3.0 104 3.0 122 1.0 
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136 1.0139 3.0159 3.0178 1.0180 1.0 183 4.0 195 2.0 201 17.0 209 1 0 221 3 0 223 1.0224 2.0225 2.0227 4.0229 2.0 234 30.0 238 LO 256 3 0 259 . 1 0 268 . 6 0 277 1.0307 6.0310 1.0311 1.0317 7.0 326 100.0 346 76.0 360 . LO 362 . 15 0 . 
St. 86 2 2.0 14 2.0 60 10.0 68 LO 69 1.0 71 LO 98 1.0 107 1.0 122 . 0M 3 3.0 195 1.0224 ZO 228 3.0234 2.0238 1.0 245 2.0 251 1.0 282 1.0 285 . LO 294 4.0 307 1.0310 67.0317 1.0346 11.0 
St. 87 2 2.0 29 90.0 60 2.0 69 82.0 71 4.0 73 1.0 104 1.0 122 2.0 137 72. 0 139 9.0 

140 3.0167 3.0 180 3.0 195 10.0 200 1.0 225 1.0 234 1.0 238 58.0 255 5.0 282 3.0 
297 2.0307 66.0310 21.0317 1.0 326 75.0 335 1.0 W 34.0 353 3.0 
St. 88 14 3.0 23 2.0 29 4.0 54 1.0 60 46.0 61 2.0 69 55.0 71 LO 73 1.0 78 2.0 
79 13-0122 1.0 133 1.0 137 30.0 139 12.0 149 LO 159 11.0 178 1.0 200 1.0 201 47.0 
225 5.0255 3.0 282 1.0312 1.0326 12-0346 43-0351 12.0353 3.0362 8.0 
St. 89 2 2.0 14 6.0 23 26.0 25 1.0 29 2.0 31 1.0 35 1.0 43 2.0 51 1.0 60 34.0 
61 1.0 69 50.0 71 1.0 73 2.0 76 3.0 79 2.0 83 3.0 85 LO 103 LO M 5.0 
136 1.0 139 1.0 149 7.0159 6.0170 1.0184 2.0200 2.0 201 212.0 209 1.0 225 1.0 
229 1.0250 1.0268 5.0 297 LO 309 2.0 326 3.0 346 4.0351 7.0 
St. 90 2 1.0 23 1.0 61 3.0 69 18.0 71 2.0 78 LO 79 1.0 85 1-0116 3.0 122 1.0 

IM 1.0 139 1.0 159 2.0200 1.0 201 70.0 229 2.0 257 2.0 326 2.0 
St. 91 14 1.0 22 2.0 23 11.0 27 2.0 29 37.0 30 3.0 33 2.0 41 1.0 55 1.0 56 10.0 

59 2.0 60 28.0 61 1.0 69 30.0 71 1.0 73 11.0 79 52.0 82 6.0 83 1.0 104 1.0 
122 7.0 139 2.0 141 1.0 149 90.0 159 3.0 180 3.0 184 10.0 195 1.0 201 4.0 209 19.0 
220 1.0 223 1.0225 3.0 234 3.0 255 5.0 256 5.0 260 2.0 268 43.0 274 3.0 289 1.0 
297 1.0310 2.0317 1.0 326 195.0 335 2.0 346 46.0 351 4.0 362 4.0 
St. 92 22 1.0 29 1.0 55 1.0 60 2.0 79 2.0 97 1.0 139 1.0-192 4.0 209 1.0 229 1.0 

238 4.0 268 2.0 326 4.0 346 2.0 
St. 93 55 1104.0 160 5.0 192 12.0 229 1.0 238 79.0 309 1.0 326 2.0 
St. 94 13 1.0 23 3.0 57 1.0 59 1.0 60 17.0 63 1.0 65 1.0 69 17.0 71 2.0 73 2.0 
83 2.0 85 1.0 M 1.0 149 1.0 159 5.0 178 1.0 195 1 -0 200 1 .0 201 3 .0 209 1. 0 
225 2.0229 2.0238 1.0 246 1.0 274 3.0 282 1.0 309 2.0 311 1.0 346 4.0 362 6.0 
SL96 22 2.0 23 1.0 55 1.0 56 1.0 60 32.0 61 16.0 69 4.0 73 3.0 114 1.0 118 1.0 

122 9.0125 3.0141 3.0 149 1.0 165 1.0 166 24.0 168 6.0184 1.0 195 2.0 198 1.0 
209 2.0225 1.0228 5.0 238 7.0 246 11.0 251 24.0 256 1.0267 31.0268 1.0277 1.0 
282 5.0285 3.0294 1.0 310 190.0 320 1.0 326 1.0 335 10.0340 1.0345 3.0362 1.0 
SL97 14 1.0 18 5.0 22 1.0 23 10.0 29 3.0 35 4.0 41 1-051 1.054 4.056 24.0 
60 32.065 23.0 69 120.0 71 1.0 73 259.0 77 710.0 79 26.0103 1.0 104 1.0 IM 1.0 
129 5.0 141 5.0 149 35.0 159 4.0165 5.0 166 1.0 180 17.0184 98.0187 1.0198 1.0 
201 1.0203 1.0220 4.0224 19.0 225 7.0 235 1.0 246 4.0 256 21.0257 7.0260 2.0 
268 13.0274 8.0279 1.0282 5.0285 2.0286 1.0297 6.0305 2.0310 18.0320 4.0 
326 6.0335 6.0346 9.0 
St. 98 14 2.0 23 5.0 1.0 54 1.0 56 2.0 60 29 51.0 43 25.0 63 2.065 8.069 29.0 
71 3.0 73 9.0 74 2.0 77 42.0 79 49.0 97 3.0 101 2.0 113 4.0 122 3.0 130 4.0 
137 28.0141 1.0 149 5.0 159 2.0 166 1.0 171 2.0180 9.0 184 61.0 195 1.0 209 7.0 
220 1.0225 1.0234 2.0246 1.0255 2.0257 1.0268 1.0 274 2.0 282 3.0 309 1.0 
311 1.0317 1.0326 56-0335 1.0346 56.0353 1.0362 6.0 
SL99 2 2.0 14 2.0 23 1.0 29 5.0 60 2.0 69 4o. 073 2.0 76 1.0122 2.0125 1.0 
137 1.0149 ILO 159 2.0 195 2.0 200 3.0220 1.0229 1.0234 8.0245 2.0249 1.0 
274 1.0282 1.0 285 3.0 297 4.0307 4.0310 32.0326 240.0346 2.0362 9.0 
St. 100 2 4.0 14 2.0 22 1.0 29 49.0 35 38.0 43 1.0 54 1.0 6o 29.0 63 1.0 65 6.0 
69 113.0 71 1.073 6.0 79 1.0 1()4 1.0 122 1.0 129 2.0 131 2.0 136 1.0 137 26.0 
139 3.0149 4.0 166 1.0 180 5.0 184 3.0 195 15.0 200 1.0 201 2.0 210 1.0 215 LO 
217 1.0220 4.0225 4.0234 14.0235 2.0249 1.0251 1.0255 1.0257 1.0282 7.0 
307 78.0310 2.0311 1.0317 1.0323 1.0326 680.0 332 1.0 346 38.0 353 2.0 362 1.0 
SLIOI 2 10.0 14 1.0 20 1.0 21 6.0 23 2.0 29 21.0 35 188.0 43 1.0 54 6.0 60 87.0 
61 1.0 63 2.0 65 9.0 69 11.0 73 55-0 90 1-0 105 1.0 113 2.0 118 1.0 122 1.0 
133 2.0 136 10.0 137 33.0 139 3.0 149 8.0 159 1.0 166 1.0 176 1.0 177 1.0 180 10-0 
195 26.0200 2.0 201 1.0 203 3.0 209 1.0 215 1.0 223 1.0 225 4.0 228 1.0 234 5.0 

235 12.0238 21.0246 1.0255 1.0256 2.0261 1.0 282 4.0 297 7.0 305 1.0 307 72.0 
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309 1.0 314 2.0 320 4.0 326 47.0 332 1.0 346 94.0 358 1.0 362 2.0 St. 102 3 16.0 14 1.0 43 1.0 63 2.0 69 11.0 73 3.0 136 18.0 137 1.0 139 2.0 149 2.0 
229 6.0 256 aO 326 3.0 349 1.0 351 1.0 362 10.0 SL103 2 1.0 11 2.0 14 15.0 20 1.0 29 120 35 5.0 43 2.0 65 5.0 69 49.0 71 2.0 73 9.0 79 7.0 101 3.0 122 2.0 130 1-0 139 30.0 149 5.0 164 1.0 1-, 6 3.0 180 4.0 184 1.0 195 2.0 209 11.0 225 3.0 234 3.0 256 1.0 262 1.0 268 1.0 307 33.0 310 3.0 317 1.0 326 17.0 335 1.0 346 119.0 
SL104 38 1.0 69 4.0 78 1.0 125 1.0 195 1.0 228 4.0 234 1.0 251 3.0 294 2.0 310 

66.0 
311 1.0 
SL105 14 1.0 23 4.0 26 1.0 29 103.0 31 3.0 41 1.0 54 1.0 56 2.0 59 3.0 60 40.0 
65 13.0 69 24.0 71 9.0 73 5.0 77 6.0 79 30.0 83 LO 97 1.0 113 2.0 139 4.0 
149 16.0159 16.0 177 1.0 180 9.0 184 11.0 198 1.0 201 1.0 209 31.0 218 1.0 224 4.0 
225 2.0 226 1.0 229 1.0 235 1.0 255 3.0 257 2.0 268 2.0 274 7.0 282 19.0 285 2.0 
294 2.0297 6.0305 3.0309 2.0310 5.0311 L0317 3.0326 33.0332 1.0346 35.0 
362 1.0 
SLI0610 2.034 1.051 2.060 2.061 1.069 4.0122 8.0125 2.0228 7.0245 1.0 
251 30.0254 3.0267 1.0294 4.0310 240.0317 1.0327 1.0345 14.0351 9.0 
St. 107 3 1.0 13 2.0 23 1.0 29 2.0 31 1.0 59 1.0 61 LO 69 2.0 73 2.0 76 1.0 
77 7.0 85 2.0 130 1.0 141 1.0 159 5.0 200 3.0 229 16.0 310 2.0 326 2.0 333 4.0 
351 6.0 
St. 108 29 18.0 51 2.0 60 5.0 69 32.0 79 1.0 122 4.0 137 4.0 140 1.0 159 1.0 166 

2.0 
195 8.0 200 7.0 222 1.0 234 16.0 245 8.0 251 2.0 282 2.0 307 7.0 310 44.0 311 2.0 
326 75.0 327 1.0 346 10.0 362 1.0 
SL109 2 1.0 9 1.0 29 38.0 60 3.0 69 35.0 85 1.0 137 66.0 139 4.0 140 5.0 149 

2.0 
166 1.0 167 3.0 195 10.0 220 1.0 222 1.0 225 1.0 234 11.0 238 2.0 245 3.0 255 6.0 
282 1.0287 1.0307 21.0 310 10.0 311 2.0 326 23.0 346 16.0 353 2.0 362 9.0 
St. 110 2 2.0 9 3.0 14 1.0 29 9.0 60 9.0 61 5.0 63 3.0 65 3.0 69 100.0 73 3.0 
76 5.0 77 3.0 90 2.0 104 1.0 137 23.0 167 2.0 184 10 195 3.0 196 LO 201 2.0 
220 1.0 223 1.0 234 25.0 249 1.0 274 2.0 282 1.0 297 2.0 307 43.0 310 6.0 326 23.0 
335 1.0346 7.0362 2.0 
St. 111 2 4.0 3 1.0 9 3.0 10 1.0 11 1.0 14 18.0 21 1.0 23 7.0 29 15.0 42 1.0 
43 2.0 59 6.0 60 9.0 61 9.0 63 1.0 69 12.0 73 27.0 76 82.0 77 2.0 83 1.0 
85 1.0 90 3.0 101 5.0 104 1.0 122 13.0 136 1.0 137 15.0 139 11.0 140 1.0 149 8.0 
159 2.0 166 4.0 178 1.0 196 3.0 201 41.0 225 3.0 227 1.0 234 29.0 235 1.0 255 2.0 
268 3.0274 1.0297 1.0 307 6.0 310 8.0 317 3.0 326 73.0 346 61.0 353 1.0 362 11.0 
St. 112 2 1.0 14 6.0 25 1.0 29 11.0 59 3.0 60 9.0 61 2.0 63 1.0 65 1.0 69 32.0 
71 1.0 73 LO 76 2.0 79 1.0 go 1.0 M 1.0 139 8.0 149 2.0 196 1.0 201 2.0 
234 3.0274 5.0 307 9.0 310 13.0 311 2.0 317 9.0 326 243.0 346 8.0 362 27.0 
SL113 2 2.0 11 1.0 14 5.0 23 1.0 29 70.0 35 2.0 43 1.0 60 4.0 63 2.0 65 1.0 
69 146.071 3.0 73 3.0 90 3.0104 1.0133 2.0137 21.0140 2.0149 2.0201 1.0 
220 1.0229 1.0255 3.0270 1.0274 1.0277 1.0282 1.0285 1.0307 44.0310 3.0 
326 612.0346 16.0353 1.0362 4.0 
SLI14 2 2.0 29 2.0 60 1.0 69 11.0 71 1.0 90 1.0 137 1.0 139 1.0 140 2.0 164 1.0 
184 1.0229 1.0 234 2.0 307 4.0 310 1.0 311 1.0 323 1.0 326 99.0 346 1.0 353 1.0 
362 3.0 
St. 115 60 1.0 69 1.0 78 1.0 118 1.0 122 1.0 125 2.0 228 3.0 238 1.0 251 11.0 273 

1.0 
282 1.0 306 4.0 310 27.0 345 1.0 
SL116 14 2.0 23 3.0 25 5.0 29 2.0 60 28.0 61 32.0 69 29.0 71 1.0 73 2.0 74 1.0 
76 1.0 77 1.0 78 1.0 79 7.0 M 1.0 137 1.0 139 2.0 149 1.0 159 1.0 184 1.0 
229 4.0 245 1.0 255 1.0 257 1.0 267 1.0 326 2.0 333 6.0 362 3.0 
St. 117 31 1.0 60 2.0 69 3.0 77 4.0 97 6.0 199 1.0 229 1.0 268 1.0 326 2.0 362 

1.0 
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St. 118 51 1.0 61 3.0 69 26.0 71 6.0 78 2.0 137 42.0 140 2.0 333 LO U6 31 0 353 1.0 . 
362 3.0 
SL119 29 2.0 60 7.0 61 2.0 68 1.0 69 6.0 73 LO 78 3.0 97 1.0 120 1 0 122 2 0 . 166 1.0180 L0200 2.0209 LO234 2.0251 3.0285 2.0300 3.0310 4.0311 . 1.0 323 1.0326 6.0327 LOW 1.0 
SL12169 3.071 1.0125 1.0139 1.0229 L0310 8.0 
SL1.229 2.014 1.029 20.054 1.059 1.060 11.063 1.065 3.069 12.071 1.0 
73 2.076 5.0132 1.0137 62.0139 33.0140 3.0159 1.0166 8.0180 2.0202 2.0 
209 3.0234 5.0238 14.0255 26.0282 1.0307 23.0310 1.0311 1.0319 1.0326 70.0 
328 1.0346 69.0353 3.0 
SL12334 2.038 2.054 1.060 2.061 1.0122 1.0125 2.0178 1.0228 3.0238 

1.0 
245 1.0310 44.0319 2.0345 5.0362 2.0 
SL12414 3.029 5.060 13.061 1.065 13.069 73.071 1.073 32.077 LO90 2.0 
104 4.0122 7.0129 1.0137 75.0139 11.0140 8.0159 1.0167 7.0180 1.0202 1.0 
203 1.0209 3.0220 1.0225 2.0234 3.0235 1.0238 10.0251 3.0255 26.0257 1.0 
285 1.0307 48.0310 4.0324 1.0326 28.0346 79.0353 4.0362 3.0 
St. 12569 56.0167 2.0310 1.0353 1.0 
St1263 8.069 1.0229 2.0250 1.0362 2.0 
St. 12755 1.060 1.0*61 5.0122 1.0125 5.0139 2.0146 1.0228 12.0237 4.0251 

11.0 
254 6.0282 1.0297 1.0306 7.0310 19.0 
SL12829 1.060 1.069 15.073 1.075 1.0125 1.0139 2.0201 1.0202 1.0228 

2.0 
310 33.0321 1.0345 1.0 
SL1292 1.014 3.022 2.025 2.029 19.030 1.051 1.056 1.059 1.060 7.0 
61 3.065 2.073 14.074 2.076 100.077 15.078 1.079 2.083 3.0113 1.0 
114 1.0122 3.01M 1.0139 7.0149 1.0159 45.0180 1.0201 26.0209 6.0214 2.0 
225 1.0229 5.0234 20.0237 2.0255 1.0257 1.0265 5.0274 2.0307 12.0310 16.0 
311 1.0317 3.0346 18.0362 1.0 
SL130 14 10.0 23 1.0 29 11.0 60 19.0 65 4.0 69 46.0 71 2.0 73 30.0 76 1.0 77 

1.0 
78 1.0 90 2.0 104 2.0 1.22 1.0 137 24.0 139 6.0 140 5.0 159 2.0 166 2.0 167 4.0 
180 4.0209 2.0225 2.0 229 1.0 234 1.0 238 11.0 255 4.0 307 18.0 317 1.0 319 1.0 
326 2.0346 42.0353 2.0362 2.0 
St-131 21 2.0 54 8.0 60 18.0 61 1.0 63 1.0 65 6.0 69 15.0 122 3.0 131 1.0 137 

3.0 
159 2.0225 4.0234 2.0 245 1.0 285 4.0 307 4.0 310 36.0 311 1.0 330 1.0 362 2.0 
St. 132 29 1.0 54 2.0 65 2.0 69 17.0 71 1.0 73 2.0 129 1.0 137 8.0 139 4.0 159 

1.0 
202 10.0 209 2.0 224 3.0 234 1.0 255 12.0 307 2.0 320 6.0 323 16.0 353 1.0 
St 133 9 1.0 14 2.0 56 7.0 65 4.0 69 1.0 73 2.0 77 3.0 79 2.0 97 9.0 130 4.0 
133 1.0 139 3.0 149 1.0 153 3.0 159 4.0 177 17.0 194 3.0 209 7.0 224 1.0 235 1.0 
255 1.0 268 13.0 274 1.0 282 1.0 331 1.0 
0 
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Sado Estuary. Subtidal macrofaxina wet-weight biomass data, mg. 0.1m-2 

(15,8(14, F8.2)) 
100 

Stl 2 22-10 8 16.80 14 1.40 18 . 50 21 8.80 22 6.40 24 . 50 26 57.10 
42 59.80 45 99.10 50 8.80 53 210.70 54 786.90 55 98.80 56 11.90 61 7.10 
77 30.60 80 2 9.50 98 25.70 111 12.80 113 86.40 118 6.00 122 4.70 125 1.40 
126 1.10131 18.00 149 . 90 151 . 20 154 84.00 162 59.70 180 80-50 189 22-80 
194 16.30195 6.10 199 75.60 209 . 90 213 3.10 2211813.00 222 8.40 224 29-00 
229 79.00234 53.10 235 9.10 236 1.50 237 . 10 245 9.70 251 . 10 253 3.50 
255 2.90256 . 50 264 1.20 267 18.00 268 1.40 272 75.60 273 . 30 274 74.10 
277 1.40280 . 40282 1.20291 . 90294 5.50296 6.00299 5.80305 4.10 
312 29.50321 5.6032919230.00335 . 90339 4.40347 . 4035736688.20363 96-20 

St. 2 13 1.10 18 1.50 24 3.50 34 1.00 36 690.30 45 57.80 49 7.30 54 1.40 
58 106.8069 3.70 77 4.50 86 . 10 96 871.10 105 58.10 113 129.60 118 30.00 
120 26.40125 . 80130 7.60 142 3.50 144 65.70 149 1.80 156 1.10 189 1.90 
195 7.30200 1.80210 17.50 223 16.90 224 7.50 228 2.40 234 32.60 235 . 30 
237 1.20245 9.70251 . 20 255 1.60 268 6.30 273 10.40 280 33.20 285 . 40 
294 1.40 295 . 10298 . 10 299 2.90 306 . 50 312 106.00 320 . 30 322 . 20 
323 20.40331 . 60334 . 90335 1.80 

St. 3 34 1.00 68 6.60 113 1.60 M 32.70 204 1.00 224 3.00 228 472.60 237 . 30 
251 1.20 267 26.10 268 . 70 273 2.20 294 2.40 299 2.90 306 1.40 323 20.40 
345 505.20 

StA 14 1.40 22 6.40 23 4.00 56 1.40 65 2.80 69 . 30 73 2.00 82 6.60 
118 60.00 120 556.10 122 43.50 126 3.60 149 . 90 195 . 10 200 19.80 224 16.50 
226 134.00 228 . 30 234 50.90 236 22.60 237 . 30 245 77.80 251 . 40 256 5.50 
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329 291.50331 1.20335 4.50,337 1.00346 197.20357 55.803625985.00 
SU9 219823.70 11 11.20 12 3.50 14 7.00 22 51.20 23 5.00 25 5973.80 29 173.40 

30 4.20 33 1.50 35 65.60 54 11.70 5913862.10 60 256.60 63 1931.90 64 412.20 
69 94.40 71 323.00 73 2.50 77 5.40 79 100.50 82 7.20 94 1U20 101 55.80 
109 . 10 111 4.80 122 15.30 123 1471.60 127 21.60 130 7.60 136 5.60 139 107.30 
149 28.80 159 10.00 169 3.40 170 4060.90 176 1.50 180 192.40 183 442.30 195 318.10 
201 577.50 209 2.70 220 483.10 2214245.80 225 31.20 226 164.30 229 113.40 234 13.20 
235 3836.80 246 2.80 256 1.00 260 2.50 265 18.90 268 2.10 274 36.00 277 1.50 
282 1.80 283 . 60 291 1.20 292 1.00 326 184.00,346 485.30 351 373.20 
St. 40 2 9223.40 11 161.00 12 99.60 13 2.20 14 32.20 18 . 50 22 38.40 23 16.00 

25 7949.00 29 118.00 33 . 50 35 106.60 54 100.70 5923208.20 60 191.80 63 2082.00 
69 794.70 71 164.10 73 1.50 77 10.80 79 174.20 83 76.00 101 549.10 103 1.00 
130 30.40 136 1.60 139 6.00 149 52.20 165 178.00 180 563.60 183 4886.10 190 11.30 
195 3.40 198 568.70 2019265.50 203 . 60 215 3.60 221 63.30 225 21.10 226 171.10 
228 3.70 235 1129.50 246 8.40 248 212.70 257 681.40 259 73.00 260 4.60 264 . 60 
265 19.30 268 5.60 274 45.70 282 1.80 304 904.30 307 2.20 326 4014.60 330 1934.30 
331 . 20,332 54.20 340 1.60 346 640.50,351 . 70 360 2634.40 362 1925.50 
SL41 213&35.30 11 7.00 12 11.20 13 2.20 14 15.40 18 . 50 23 3.00 29 214.20 

35 155.80 59 3232.70 60 57.60 63 5997.40 69 2706.50 71 569.50 73 . 50 79 4020 
83 27.90 103 1.00 122 45.90 123 755.20 130 7.60 136 3.20 139 27.90 149 3L50 

159 30.00 180 96.20 182 1200.00 183 265.00 195 5.20 2011293.60 209 . 90 225 44.50 

226 464.50 234 26.40 235 3019.40 246 2.80 257 2227.00 263 9.20 265 12.60 268 . 70 
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282 . 90 326 496.00 330 1498.40 332 84-40 346 520.80 351 18.90 StA2 2 2034.20 11 5.60 12 7.00 22 25-60 23 4.00 29 112-20 35 4.10 51 . 80 
54 31.90 60 660.90 69 1325.40 73 2.50 79 60.30 95 17.60 139 3.10 149 8.10 
180 96.20 195 6.50 2011593.90 218 426-90 225 21.50 234 6.60 238 . 80 246 4.20 
248 64.00 255 2.00 256 7.50 274 108-00 282 . 90 292 . 50 310 5.10 326 24.00 
329 2942.50 335 1.80 346 616.40 

StA3 2 171.30 10 52.50 12 2.80 14 71.40 21 4.40 22 32.00 23 11.00 29 61-20 
34 3.00 37 1.10 54 61.40 56 1.40 60 409.90 61 29.60 63 181.10 65 5.60 
69 9.40 71 46.00 73 30.00 79 6.70 95 51.10 101 9.30 113 1.60 122 45.90 
130 7.60137 2.90 139 3.10 141 . 20 149 17.10 159 40.00 166 12.00 172 18.30 
176 6.00 180 96.20 183 10.90 184 211.90 191 35.00 195 42.90 197 8.00 200 7.20 
201 23.10203 . 60209 6.30216 10.002212008.80222 2.50224 34.50225 30-10 
228 170.00229 113.40234 477.80245 19.40247 5.50248 64.00252 . 30255 . 40 
267 1.80268 . 70269 . 50274 36.00279 10.00282 13.50285 5.40297 28.90 
307 5.50310 190.60323 22.30327 1.80328 . 80329 18.70335 2.70346 81-00 
350 1.50355 36.90357 180.90362 174.60 
S'L44 2 498.50 10 5.00 14 5.60 22 19.20 29 103.50 31 L20 41 1.40 46 3.60 

54 43.10 60 15.50 65 7.00 69 33.90 73 8.50 76 18.60 79 93.80 83 6.90 
85 137.40 101 867.40 122 21.40 128 . 90 130 7.60 136 . 80 141 . 20 149 27.00 
153 2.50159 192.90 166 27.00 179 3.50 180 . 10 183 68.90 192 31.90 195 4.30 
2011134.90 203 . 60 209 14.40 215 1.40 221 783.60 225 21.50 229 833.50 234 78.20 
237 . 10 246 15.40 247 2.20 248 153-50 Z56 9.00 267 . 90 268 21.00 269 . 50 
274 249.80 282 8.50 304 2089.00 310 3.30 317 3804.10 318 9.30 326 2582.20 332 2.90 
346 25.20347 1.30 349 1.20 352 157.40 362 237.00 
StA5 2 37.60 18 . 50 21 8.80 28 72.60 29 20.40 35 12.30 40- 99-00 42 119-60 

52 1084.40 54 3.20 56 29.60 60 61.70 65 16.80 69 137.20 71 30.00 73 15.50 
113 131.20122 168.30 125 . 70 130 30.40 131 64.80 141 . 60 144 22.40 152 1.50 
166 4.50 176 29.20 180 529.10 189 55.10 195 23.40 199 3.60 200 239.10 209 14.40 
220 428.30 2213728.40 224 52.50 225 21.50 226 52.20 234 1090.40 244 1.50 251 . 30 
253 21.00260 . 50268 1.40 272 64.40 274 936.00 278 1.00 282 2.70 285 70.20 
286 94.70 294 1.20 304 142.20 307 33.00 308 . 20 310 30.60 312 42.00 320 . 40 
326 40.00 329 17.20 335 16.20 357 136.80 
SL46 2 99.80 14 4.20 22 25.60 23 4.00 34 140.00 41 . 70 44 3.40 56 1.40 

60 75.80 69 22.90 73 . 50 76 . 60 78 18.60 100 36.30 1011492.00 109 . 10 
122 76.50 125 1.40 128 985.70 130 7.60 149 8.10 150 2.60 159 10.00 165 141.10 
166 1.50 184 211.90 195 16.90 200 1.80 2213030.30 225 4.30 234 290.40 245 19-40 
256 3.00268 7.00279 6.00285 2.70310 15.30325 3.40340 89.00347 1.70 
356 1.403603303-00 
St. 47 2 255.00 16 1.20 19 10.30 22 12.80 26 259.10 29 122.40 30 111.40 33 3.00 

34 2.00 35 57.40 41 1.40 43 17.00 50 7.30 54 . 90 56 4.80 60 15.20 
63 2030.10 65 1.40 67 1.50 69 29.50 72 . 50 78 15.40 80 11.80 82 17-20 
83 27.90 85 841.00 87 7.30 97 72.40 101390.60 122 15.30 125 11.90 149 15.30 
153 4.00 159 50.00 179 29.80 180 384.80 183 4.30 188 13.30 191 5.00 195 113-10 
201 184.80 209 12.60 215 7.70 22124861.20 224 12-00 225 12.90 227 15.20 228 42-50 
231 226.80 234 145.20 235 49.50 237 1.10 239 . 70 248 192.00 251 . 20 258 2.70 
261 5M. 10 268 66.00 291 4.80 294 . 60 301 3.40 302 39-50 304 3270.60 307 1LOO 
310 117.30 3112030.00 326 88.00 332 42.20 339 1.10 340 162.80 346 9.80 348 1.70 
357 52.40 
SL48 22 6.40 28 . 90 29 10.20 60 5.70 111 1.60 117 88.40 120 44.40 122 15.30 

125 4.20 166 1.50 176 1.50 181 21.30 195 11.70 200 1.80 214 1.20 224 L50 

228 42.50 234 85-80 249 228-50 251 . 30 256 . 50 268 4.90 273 . 60 282 . 90 

285 5.40 305 2.80 310 15.30 312 21.00 320 . 50 325 1.70 326 8.00 335 2.70 

346 . 70356 2.80357 . 80 
StA9 27 12.50 29 5.10 60 3.80 61 1.90 65 2.80 73 . 50 118 6.00 M 45-90 

M 3.50 138 . 10 195 5.20 204 . 60 228 127.50 234 142.80 237 3.90 251 7.50 

255 12.40 267 . 90 268 . 70 273 3.80 280 2.80 294 8.40 306 . 10 308 20 

309 . 20 310 25.50 323 20.40 326 24.00 356 2.80 
SL50 10 114.00 12 . 70 14 42.00 22 12.80 29 67.10 41 67.00 54 3.70 59 8860.60 
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60 24-60 69 936.20 71 2730 73 2.00 76 4.20 79 7.00 83 20.80 97 2.80 
118 6.00 122 5.10 136 . 80 137 19-50 141 . 20 149 L80 165 2820 168 1.70 
184 137.10 185 3.60 195 442.60 225 12-90 228 2.40 234 72.60 256 1.50 268 7.70 
274 132.80 279 3.40 282 13.40 304 5.90 307 37.20 310 70.50 315 7.90 317 3218.60 
326 464.40 346 19.00 362 1.40 

St. 51 2 1312.20 3 607.50 12 630 14 85.40 21 2.20 22 153-80 29 5.10 35 12.30 
54 13.40 5931694.80 60 19.00 65 1.40 69 59.00 711609.30 73 16.00 76 1.80 
77 . 90 79 6.70 97 . 70 101 89.10 118 6.00 132 5.10 136 5.60 139 21.70 
145 5.60 149 18.00 159 10.00 166 3.00 195 2.60 201 23.10 209 1.80 229 226.80 
235 1403.60 246 1.40 248 448.00 256 2.00 265 6.30 267 . 90 270 11.00 297 3.40 
303 1.80 330 1699.50 346 8.40 360 3370.40 362 523.80 

St. 52 2 253.40 14 4.20 17 15.10 23 3.00 29 9L80 35 12.30 43 3.40 55 25.00 
5919018.50 60 250.60 6312259.90 65 4.20 69 135.70 711409.60 77 . 90 79 53.60 
82 3.30 94 521.00 112 1.60 118 6.00 122 15.30 123 755.20 128 1020.90 131 3.60 
136 . 80 139 55.00 140 5.10 149 33.30 180 144.30 195 12.10 200 1.80 201 392.70 
203 120 209 3.60 225 30.10 235 1454.90 238 . 80 250 188.30 256 5.50 257 310.20 
260 . 50 268 6.30 274 36.00 282 16.20 294 . 30 297 L70 304 284.40 307 1LOO 
326 8.00 330 1029.50 346 113.90 357 4911.10 

St. 53 2 146.90 11 21.00 12 1.40 14 203.60 22 12.80 29 275.40 35 4.10 54 303.30 
59 15.90 60 20.90 6312854.60 65 1.40 69 17.70 71 11.10 73 13.00 77 . 90 
79 221.10 89 1260.80 90 15.40 103 1.00 128 314.30 130 7.60 136 2.40 139 6.20 
141 2.00 149 12.60 166 3.00 180 721.50 184 2330.90 185 4.90 201 323.40 209 7.20 
220 74.70 225 17.20 227 152.30 252 . 60 257 29.70 267 1.80 274 716.30 282 3.60 
297 1.70 305 2.80 307 5.50 326 208.00 329 1318.20 332 84.40 335 . 90 346 25.90 
3621047.60 

St. 54 2 3816.40 11 19.60 12 4.90 14 137.20 18 . 50 22 6.40 23 1.00 29 428.40 
35 420.10 41 2.10 54 358.40 59 7.10 60 100.70 65 7.00 69 2768.00 71 185.00 
73 1.50 79 67.00 90 46.20 101 9.30 105 33.40 122 15.30 130 30.40 136 5.60 
139 3.10 149 3.60 176 6.00 180 336.70 195 22.10 200 14.40 201 300.30 209 . 90 
218 853.80 234 66.00 235 1566.70 249 41.80 258 1.10 260 . 50 267 2.70 268 7.70 
274 36.00 282 9.90 297 6.80 307 33.00 326 16.00 332 84.40 335 . 90 346 14.00 
352 1803.30 360 2614.80 

St. 55 2 212.90 11 16.80 12 10.50 14 64.40 18 . 50 22 9.50 23 1.00 29 81.00 
35 49.20 55 2.10 5956209.70 60 7.10 61 1.00 632378.40 65 8.40 69 67.80 
712258.80 73 2.00 79 335-00 85 . 40 103 3.00 104 . 60 130 15.20 136 2.40 
141 . 40 148 15.40 149 9.00 166 1.50 180 2.00 183 245.80 184 115.90 2018521.10 
203 . 60 209 . 90 220 89.00 221 132.80 225 8.60 226 396.90 235 324.50 246 4.20 
260 2.00 274 727.20 282 25.60 297 3.10 304 3.20 307 1.70 316 11.60 326 1305.10 
332 144.50 335 . 90 337 . 50 346 33-20 

St. 56 2 79.60 13 3.30 23 2.00 29 15.30 35 4.10 5910155.40 60 20.90 69 208.20 
73 . 50 79 211.40 122 61.20 146 2.10 149 57.60 161 483.70 180 96.20 201 462.00 
209 . 90 225 17.20 227 15.20 234 6.60 235 308.50 244 1.50 248 64.00 259 23.60 
262 1.80 268 . 70 274 72.00 288 152.60 291 . 60 326 8.00 332 42.20 346 11.90 
351 9.10 

St. 57 2 5080.80 13 55.00 22 25.60 23 5.00 35 8.20 43 3.40 5911711.50 60 34.20 

73 3.50 77 . 90 131 3.60 139 3.10 149 18.90 195 3.90 201369.60 225 4.30 

229 1070.80 256 1.50 291 . 60 333 . 10 346 16.80 351 35.70 
St. 58 2 20.20 5 3.60 13 4.40 14 2.80 30 6.00 33 2.00 35 4.10 43 6.80 

55 3.00 60 9.50 79 6.70 82 3.30 85 5008.00 97 1.40 109 . 10 130 7.60 

149 14.40 170 4060.90 199 1.80 206 1.80 229 266.30 268 14.00 276 41.50 297 1.70 

335 . 90 339 1.30 346 1.40 351 47.60 
St. 59 2 546.40 12 2.80 13 4.40 14 142.80 22 6.40 29 397.80 35 4.10 5919877.10 

60 95.00 63 6098.30 69 4587.70 71171820 73 7.00 79 194.30 83 27.90 90 30.80 

105 33.40 136 1.60 139 12.40 141 . 20 149 14.40 166 9.00 180 384.80 195 3.90 

201 300.30 203 . 60 209 1.80 225 38.70 234 13.20 256 1.00 267 . 90 268 2.10 

274 360.00 282 10.80 285 2.70 297 13.60 307 11.00 316 188.60 326 8.00 335 4.50 

346 11.20 357 38.90 360 3503.90 362 174.60 
St. 60 2 427.70 7 10.70 11 5.60 12 2.80 14 201.40 23 7.00 25 1881-20 29 428.40 
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35 69.70 54 534.20 5913915.80 60 441.80 63465IL10 69 112.10 70 13.20 711231.10 73 39.50 77 3.60 79 154.10 go 30-80 94 104.20 101 37.20 105 66.80 113 1.60 130 7.60 136 7.20 139 386.10 141 
. 80 149 51.30 159 180.70 180 432.90 184 211.90 195 32.00 198 390.40 201 508.20 203 7.20 209 6.30 218 426.90 225 43.00 227 60.80 229 226.80 246 4.20 255 1.60 256 . 50 260 2.50 267 . 90 268 5.60 274 689.80 282 2.70 297 3.40 307 44-00 31710405-50 326 2128.00 332 126-60 335 L80 346 903.20 St-61 2 164.50 13 189.60 23 2.00 59 3278.70 60 9.70 69 662.20 73 . 50 79 6.70 122 15.30 149 1.80 194 651.10 2011042-30 225 21.50 238 4.00 256 . 50 282 . 90 

346 76.40 
St. 62 2 67.60 14 2.80 31 . 60 85 2881-80 180 L 10 201 6.00 227 15.20 229 3.40 
StM 2 3386.70 11 2.80 14 16.80 22 6.40 23 LOO 29 61.20 35 82.00 5931244.10 
60 41.80 63 2691.50 65 L40 69 2157.50 715823.10 73 3.50 79 67.00 130 7.60 
136 8.80 137 4.00 139 40.30 180 144.30 201 207.90 209 1.80 223 7.00 229 113-40 
235 884.50 238 7.20 256 1.50 268 2.10 274 108.00 282 46.80 297 20.40 316 188-60 
320 . 10 326 264.00 332 84.40 346 53.90 360 446.50 
SL64 2 429.70 12 . 70 14 74.20 15 493.20 17 12.50 22 6.40 23 3.00 29 128.30 

33 . 50 59 M5.10 60 10.70 63 77.20 65 2.80 69 1018.20 71 855.00 73 7.50 
76 1.20 78 8.70 79 107.20 85 . 60 90 25.20 130 7.60 136 6.40 139 18.50 
149 16.20 159 7.30 180 193.20 183 153.50 184 202.30 201 102.30 203 . 60 220 101.30 
225 25.80 227 10.80 255 . 80 257 118.30 268 3.50 274 43.60 282 63.80 304 296.60 
31710730.30 326 1259.00 328 . 40 332 180.20 346 27.30 360 1733.90 362 30 
St. 65 13 23.10 23 1.00 31 . 60 60 1.90 69 11.40 78 378.30 85 420.50 M 15.30 

149 1.80 200 1.80 201 23.10 225 4.30 229 340.20 238 7.20 346 2.80 
SL66 2 75.80 13 1.10 14 49.00 22 12.80 25 92.70 29 54.50 33 . 50 35 4.10 

43 3.40 5911325.40 60 52.40 63 22.20 65 9.80 69 821.20 71 498.30 73 2.50 
77 . 90 79 201.00 90 2.90105 37.80130 7.60137 317.50139 16.90140 30.60 
141 . 20 148 15.10 149 14.40 166 3.00 180 40.90 185 2.20 195 1.40 201 167.00 
209 . 90 220 73.00 223 2.80 225 4.30 234 . 70 256 . 50 260 . 50 267 . 90 
274 387.50 282 6.40 285 . 40 297 21.70 307 . 30 326 780.60 332 64.90 335 1.80 
346 53.70 355 . 70362 . 60 
St. 67 23 1.00 27 12.50 118 6.00 122 15.30 125 11.90 175 997.20 228 127.50 245 29.10 

251 . 10 255 5.20 267 1.80 273 . 60 294 . 30 306 . 60 308 . 60 310 154.40 
335 . 10346 1.40 
St. 68 2 12.90 22 6.40 68 208.80 78 164.70 104 16.80 251 . 10 345 32.90 
SL69 2 136.40 14 4.20 29 25.50 41 . 70 63 1178.60 69 285.70 76 4.20 82 3.30 

87 22.60 101 18.60 118 12.00 122 30.60 137 1.10 139 15.50 141 . 20 149 1.80 
183 4074.90 194 651.10 195 14.30 201 138.60 223 7.00 229 453.60 234 397.60 247 4.40 
249 1087.20 256 . 50 268 2.10 274 36.00 283 . 30 297 5.10 307 11-00 310 10.20 
326 216.00 346 5.60 360 777.30 362 698.40 
SL70 2 1252.20 9 144.40 14 23.80 22 6.40 23 11.00 29 188.70 34 2.00 35 4.10 

54 . 50 5928317.30 60 389.40 61 3.10 69 41.30 71 8.20 73 2.00 76 . 60 
79 33.50 90 15.40 101 18.60 103 1.00 122 45.90 1.28 694.90 131 3.60 136 . 80 
137 62.60 139 3.10 148 24.10 149 16.20 159 10.00 166 4.50 168 1.70 179 3.60 
180 288.60 184 847.60 195 26.00 2011402.40 203 . 60 2211943-90 225 34-40 227 30.40 
229 113.40 234 19.80 235 2227.00 238 7.20 246 5.60 247 3.30 256 1.00 260 . 50 
265 6.30 274 144.00 279 2.00 282 2.70 291 1.80 292 . 50 307 88.00 310 35.70 
326 1888.00 329 2854.90 330 703.00 337 . 50 345 1.60 346 739.20 353 2608.00 360 2128.90 
SL71 11 1.40 14 14.00 23 2.00 27 50.00 29 56-10 43 17.00 54 1.60 60 80.00 

69 243.20 73 3.50 76 1.80 77 1.80 78 14.00 79 120.60 82 3.30 103 1.00 
105 33.40 122 91.80 125 . 70 132 10.20 137 . 80 149 7.20 159 238.10 167 1.50 
180 144.30 lJ -1 Z- 1.80224 6.0022-8 429.5023-1 495.10 ý15 0ý. -02&0 1.80201 23-1020' 
257 130.30262 809.00265 12.60268 4.20274 209.80282 13.30285 10.8o297 8.50 
307 5.50 326 520.00 332 42.20 335 2.70 346 26.60 362 1920.60 
St. 72 2 209.20 12 2.80 14 30.80 22 6.40 23 12.30 29 14.90 35 8.20 47 2878.90 

59 5307.10 60 48.70 63 709.80 65 1.40 69 678.60 714151.30 73 4.50 79 207.70 
114 1.60 122 3.10 136 11.50 137 73.30 139 28.70 140 10.20 149 30.60 159 15.90 
161 1.00 180 656-70 195 7.00 196 8.70 198 1364.90 201 161.60 220 36.30 225 103.50 
229 9.40 235 437.70 238 2.90 246 8.40 250 247.80 255 1.50 256 . 50 271 55.50 
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274 . 90 282 11.60 297 2.50 326 261.90 346 377.40 353 1796.50 
SL73 2 . 60 12 . 70 14 1.40 60 L90 78 35.30 85 420-50 114 1.60 136 1.60 149 . 90 170 62.70 268 . 70 326 16.00 351 1 L90 
SL74 11 1.40 14 4.20 23 5.00 25 5973.80 29 44-20 51 L60 60 232.10 69 2121.10 
71 55.80 73 . 50 79 113.90 90 133.60 103 1.00 122 30.80 137 41.80 139 15-60 
149 31.50 180 30.20 184 165.70 194 1742.00 197 L60 2012115.70 218 826.90 220 303-80 
225 12.90 255 . 70 260 . 50 267 . 90 274 24.60 282 3.20 326 347.80 346 154.10 
362 9320 
SL75 2 199.50 12 . 70 14 7.00 23 9.20 25 4337.70 27 1166.00 29 20.40 35 4.10 
51 1.60 60 48.10 61 51.50 69 662.40 73 1.00 79 100.50 83 55-80 101 155-00 
104 16.80 114 3.20 122 91.80 133 5.10 136 L60 137 3.00 139 6.20 149 9.00 
159 10.00180 147.30 198 390.40 2011062.60 220 56.80 2211246-20 225 17.20 255 3.20 
266 1.80267 8.10 274 144.00 282 . 90 3111563.90 317 876.60 326 80.00 335 . 90 
340 5.10346 32.70 351 . 70 353 1745.60 357 3471.60 362 349.20 
SL76 2 . 40 12 . 70 14 23.80 23 4.00 29 26.10 60 36.20 63 86-50 65 1.40 
69 1834.30 71 674.90 73 . 50 76 . 60 79 147.40 90 18.20 118 12.00 122 9.40 
136 . 80 137 144.50 139 25.70 140 1530 149 11.70 159 . 10 180 5.00 195 3.60 
2014095.30 220 80.60 225 21.50 244 3.00 255 . 10 256 1.00 267 1.80 282 . 20 
297 2.20 307 7.70 326 15.40 346 114.40 353 384.10 358 145.00 362 . 10 
SL77 2 224.80 11 2.80 12 2.10 14 35-00 23 6.00 25 31.10 29 260.10 33 . 50 

35 4.10 46 . 90 5927494.80 60 112.30 63 1683.60 65 2.80 69 1244.80 715392.90 
73 3. W 77 2.70 79 308.20 82 3.30 97 1.40 114 3.20 123 1510.40 136 3.20 
137 38.00 139 46.50 141 1.60 147 30.80 148 15.40 149 27.90 159 264.40 179 1.3'J 
180 192.40 184 1695.20 201 207.90 209 . 90 218 426.90 220 83.70 223 7.00 225 17.20 
229 226.80 255 . 80 257 3996.90 262 11.60 267 1.80 268 4.90 271- 27.80 274 771.80 
282 7.20 291 . 60 297 1.70 304 711.00 305 5.60 320 . 10 326 5752.00 332 42.20 
335 1.80 346 309.40 353 2033.20 362 1396.80 
SL78 23 4.00 55 . 10 60 . 60 65 1.40 69 M. 20 78 21.00 79 6.70 139 . 70 

149 . 90 192 2.10 201 2.90 238 7.20 326 33.30 346 6.10 351 . 70 
SL79 11 1.40 14 8.40 22 25.60 23 7.00 25 8416.20 29 132.60 30 1.80 46 . 90 
56 1.40 5914849.20 60 58.90 6312111.40 65 5.60 69 779.00 712063.90 73 2.50 
77 1.80 79 402.00 82 3.30 83 27.90 97 1.40 101 46.50 122 61.20 128 3125.20 
129 5.10 136 1.60 137 11.50 139 37.20 140 5.10 141 . 20 149 19.80 159 631.50 
166 1.50 173 77.90 180 962.00 18416104.40 198 390.40 201 138.60 209 13.60 210 2198.10 
220 243.50 225 4.30 226 90.60 234 6.60 251 . 20 257 2519.50 260 . 50 264 . 60 
268 23.10 274 1515.50 282 40.50 297 11.90 304 1279.80 309 . 60 317 2755.00 326 2048.00 
332 42.20 335 . 90 346 93.80 351 . 70 353 1930.20 362 3841.20 
St. 80 2 233.00 3 24.90 11 8.40 12 2.80 13 2.20 14 54.60 23 1.00 27 12.50 
29 115.30 51 2.40 5929582.60 60 27.20 6310040-40 65 1.40 69 2369.00 715761.20 
73 18.50 76 . 60 79 140.70 83 101.10 87 22.60 130 7.60 136 14.40 139 9.60 
149 23.40 159 9.00 180 17.80 194 565.40 201 322.00 209 4.50 225 4.30 229 3.00 
238 1.60 257 166.30 268 1.40 282 11.60 297 12.00 326 224.40 346 33.30 
St. 81 14 1.40 18 . 50 20 . 50 22 6.40 23 4.00 25 4977.90 29 56.10 43 23-80 
46 . 90 56 2.10 60 442.20 69 64.90 71 79-20 73 120-00 77 30.60 79 6.70 
82 13.20 85 420.50 93 9.50 98 35.30 113 16.00 118 6.00 122 107.10 125 4.90 
130 15.20 139 34-10 149 11.70 159 50.00 165 282.20 166 63.30 168 3.40 180 336.70 
18411579.00 196 13.10 209 72.10 220 597.30 224 42.90 228 170.00 234 1054.30 239 4.70 
262 112.90 267 14.40 268 2.10 274 72.00 282 161.10 285 213.30 294 . 60 297 42-50 
305 11.20 309 . 20 310 30.60 320 2.30 326 80.00 331 . 40 335 66.60 337 1.00 
354 1.40 3617496.30 
SL82 2 1174.90 10 2.50 17 15.10 29 102.00 54 76.10 56 . 70 61 . 30 63 17.20 

69 23.60 71 865.10 73 . 50 79 20.10 82 3.30 90 15-40 M 118.10 137 229.70 

139 46.50 140 35.70 180 192.40 184 1271.40 195 20.80 200 7.20 201 23-10 220 59.10 

225 4.30 226 33.80 234 13.20 238 4.00 239 1.40 267 . 90 268 1.40 282 1.80 

307 179.10 310 5.10 326 4144.00 335 6.30 346 91.70 353 2064.80 
St. 83 2 115.90 9 291.70 21 13.20 22 6.40 23 2.00 29 86.70 35 155.80 45 3.40 

54 180.30 60 119.70 65 8.40 69 11.80 71 270.30 73 8.50 101 46.50 104 33.60 

105 66.80 111 1.60 113 3.20 120 22.20 M 15-30 130 7.60 132 10.20 136 7.20 
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137 3.60 166 4.50 176 12.00 177 1469.50 180 992-60 184 635.70 195 76.7 0 198 390-40 209 3.60 220 41.60 2212302.30 223 98.00 224 24.00 225 8.60 227 52.00 228 85.00 234 983.50 235 1317.20 245 19.40 246 1.40 257 125.50 267 . 90 282 13-50 285 553-40 291 . 60 292 1.00 297 13.60 305 5.60 307 242.00 310 5.10 317 937.60 326 120-00 330 4209.70 332 211.00 335 24.30 346 57.40 355 . 70 
St. 84 2 583.30 10 10.00 14 16.80 23 10.00 29 2.40 34 19.00 35 4.10 43 3.40 
5947605.40 60 12.80 69 49.20 70 69.90 73 10.50 76 182.70 87 64-10 101 831.70 
122 35.70 136 2.40 137 2.80 139 6.00 149 25.20 159 3.20 165 5M. 80 166 6.00 
178 7.50 183 7169.60 195 24.90 201 208.70 2212903.00 223 7.30 225 4.30 229 395.70 
234 123.70 245 38.80246 8.40 247 1.10 256 2.50 267 . 90 268 2.80 279 2.00 
290 47.90307 48.60310 6.70 3111517.60 326 1815.70 337 1.00 342 323-90 346 20.10 
3605549.20362 1222.00 
St. 85 2 519.50 3 24.20 11 4.20 14 36-40 23 14.00 29 163.20 34 6.00 35 8.20 
5923946.80 60 186.70 61 1.50 69 185.30 71 113.10 73 22.50 76 24.60 79 6.70 
87 8.10 90 4620 104 50-40 122 15.30 136 . 80 139 9.30 159 30-00 178 1.20 
180 48.10 18313802.90 195 2.60 201392.70 209 . 90 2214315.90 223 7.00 224 3.00 
225 8.40 227 60.80 229 226-80 234 198-00 238 . 80 256 L50 259 23-60 268 4.20 
277 1.50 307 33.00 310 5.10 311 559.40 31735845.60 326 800-00 346 454.60 360 2048.10 
3622619.00 
SL86 2 113.30 14 2.80 60 19.00 68 6.60 69 5.90 71 121.20 98 25.80 107 130 

122 45.90 125 2.10 195 1.30 224 3.00 228 127.50 234 13.20 238 . 80 245 19.40 
251 . 10 282 . 90 285 2.70 2.94 1.20 307 5.50 310 508.30 317 10095.90 346 7.70 
St. 87 2 441.20 29 459.00 60 22.00 69 811.00 71 704.50 73 . 50 104 16.80 122 36-00 

137 153.10 139 27.90 140 15.30 167 4.50 180 144.30 195 13.00 200 1.80 225 4.30 
234 6.60 238 46.40 255 2.00 282 2.70 297 3.40 307 403.90 310 107.10 317 2125-20 
326 600.00 335 . 90 346 332.90 353 4923-80 
SL88 14 4.20 23 2.00 29 20.40 54 611.30 60 87.40 61 16.80 69 938.10 71 . 20 
73 . 50 78 67.80 79 87.10 IM 15.30 133 5.10 137 75.10 139 37.20 149 . 90 
159 110.00 178 . 30 200 1.80 2011085.70 225 21.50 255 1.20 282 . 90 312 3.00 
326 96.00 346 30.10 351 8.40 353 2046.30 362 1396.80 
St. 89 2 21.00 14 8.40 23 22.20 25 1616.10 29 10.20 31 . 60 35 4.10 43 3.40 
51 . 80 60 64.60 61 24.70 69 727.30 71 4.20 73 1.00 76 1.80 79 13.40 
83 83.70 85 420-50 103 1.00 122 76.50 136 . 80 139 3.10 149 6.30 159 60-00 
170 10.20 194 423.80 200 3.60 2014897.20 209 . 90 225 4.30 229 113.40 250 159.10 
268 3.50 297 1.70 309 . 40 326 24. ()o 346 2.80 351 4.90 
St. 90 2 46-60 23 1.00 61 3.30 69 106.20 71 24.40 78 154.50 79 6.70 85 420-50 

116 1.60 122 15.30 123 755.20 139 3.10 159 194.00 200 1.80 2011617.00 229 226.80 
257 68.80326 16.00 
St. 91 14 1.40 22 68-90 23 11.00 27 58. oo 29 188.70 30 1.80 33 1.00 41 . 70 

55 1.50 56 7.00 59 8504-60 60 80.10 61 4.70 69 248.20 71 294.20 73 5.50 
79 348.40 82 19.80 83 27.90 104 16.80 122 107.10 139 6.20 141 . 20 149 81.00 
159 314.60 180 144.30 184 2119-00 195 1.30 201 92.40 209 17.10 220 93.00 223 7.00 
225 12.90 234 19.80 255 2.00 256 2.50 260 1.00 268 30-10 274 392.60 289 51-10 
297 1.70 310 10.20 317 1660.20 326 1560.00 335 1.80 346 76.40 351 2.80 362 698-40 
StM 22 6.40 29 5.10 55 1.50 60 3.80 79 13.40 97 . 70 139 3.10 192 3.60 

209 . 90 229 113.40 238 3.20 268 1.40 326 32.00 346 1.40 
St. 93 55 3922.20 160 14.70 192 10.80 229 113.40 238 39.80 309 . 20 326 16.00 
St. 94 13 1.10 23 3.00 57 253.10 59 3693.30 60 32.30 63 2648.60 65 1.40 69 332.00 

71 38-00 73 1.00 83 55.80 85 420.50 122 15.30 149 . 90 159 91.40 178 40.70 

195 1.30 200 1.80 201 69.30 209 . 90 225 8.60 229 226.80 238 . 80 246 1.40 
274 132.80 282 . 90 309 . 40 3112019-00 346 2.80 362 1047.60 
SL96 22 12.80 23 1. ()o 55 1.50 56 . 70 60 60.80 61 108.70 69 23.60 73 1.50 

114 1.60 118 6.00 122 137.70 125 2.10 141 . 60 149 . 90 165 141.10 166 36-00 

168 10.30 184 211-90 195 2.60 198 390.40 209 1.80 225 4.30 228 212.50 238 5.60 

246 15.40251 2.40256 . 50267 27.90268 . 70277 1.50282 4.50285 8.10 

294 . 303101711.50320 . 10326 8.00335 9-00340 4.30345 121.20362 174.60 

St. 97 14 1.40 18 2.50 22 6.40 23 lo. ()o 29 15.30 35 16.40 41 . 70 51 . 80 

54 365-40 56 16.80 60 60.80 65 21.20 69 960.90 71 104.10 73 157.50 77 663-00 
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79 174.20 103 1.00 104 16.80 M 1-5-30 1.29 25.50 141 1.00 149 31.50 159 40.00 165 933.80 166 1.50 180 817.70 18417137.20 187 1-00 198 390.40 201 23.10 203 . 60 220 205.70 224 28.50 225 30-10 235 598.90 246 5.60 256 10.50 257 465.90 260 1.00 268 9.10 274 288.00 279 2.00 282 4.50 285 5.40 286 1OL60 297 10.20 305 5.60 
310 445.90 320 

. 40 326 48-00 335 5.40 346 6.30 
St-98 14 2.80 23 5.00 29 260.10 43 3.40 54 205.70 56 1.40 60 246.00 63 6984.40 

65 11.20 69 171.10 71 530.40 73 4.50 74 18.40 77 37.80 79 328,30 97 Z10 
101 18.60 113 6.40 122 45-90 130 30.40 137 43.50 141 . 20 149 4.50 159 341.50 
166 1.50 171 100.60 180 432.90 18412925.90 195 1.30 209 6.30 220 57.00 22.5 4.30 
234 13.20 246 1.40 255 

. 
80 257 78.20 268 

. 70 274 393.50 282 2.70 309 . 20 
311 900.60 317 5349.50 326 448.00 335 

. 90 346 483.80 353 3578.90 362 1047.60 
SL99 2 121.50 14 2.80 23 1.00 29 25.50 60 3.80 69 924.80 73 1.00 76 . 60 

M 30.60 125 . 70 137 2.40 149 . 90 159 20.00 195 2,60 200 5.40 220 35-20 
229 113.40 234 52.80 245 19.40 249 154.60 274 36.00 282 . 90 285 8.10 297 6.80 
307 22.00 310 163.20 326 1920.00 346 1.40 362 1571.40 
SL100 2 375.00 14 2.80 22 6.40 29 165.80 35 155.80 43 3.40 54 149.60 60 35-20 
63 2045.20 65 8.40 69 2164.80 71383.90 73 3.00 79 6.70 104 67.00 122 . 50 
129 10.20 131 7.20 136 . 80 137 48.60 139 8.20 149 3.60 166 1.50 180 MO 
184 1802.50 195 22.80 200 1.80 201 69.40 210 2513.80 215 

. 90 217 241.40 220 199-60 
225 3.20 234 70.20 235 658.90 249 83.50 251 . 10 255 . 10 257 147.50 282 1-20 
307 401.70 310 1.30 3111236.90 31719959.00 323 22.30 326 5054.00 332 183.50 346 21.70 
a9,3 975.90 362 5.20 
S' 101 2 432.4-0 14 1.43 20 . 50 21 13.20 23 2.00 29 31.50 35 770.80 43 3.40 
54 30.70 60 283.10 61 2.30 63 44.60 65 12.60 69 64.90 73 27.50 90 15.40 
105 33.40 113 3.20 118 4.00 122 15.30 1W 10.20 136 8.00 137 '63.00 139 19.60 
149 7.20 159 301.00 166 1.50 176 1.50 177 248.60 180 481.00 195 69.00 200 3.60 
201 23.10 203 1.80 209 . 90 215 1.00 223 7.00 225 17.20 228 42.50 234 39.80 
235 2322.90 238 16.80 246 1.40 255 . 40 256 1.00 261 533.10 282 3.60 297 11.90 
305 2.80 307 396.00 309 . 20 314 1.40 320 . 40 326 376.00 332 42.20 346 193.00 
358 4.30362 349.20 
SL102 3 956.10 14 1.40 43 3.40 63 4060.20 69 110.90 73 1.50 136 14.40 137 2.20 
139 10.20 149 1.80 229 126.10 256 1.00 326 11.30 349 . 60 351 . 70 362 7.40 
SL103 2 3.60 11 2.80 14 21.00 20 . 50 29 61.20 35 20.50 43 6.80 65 7.00 
69 1570.70 71 188.90 73 4.50 79 46.90 101 27.90 122 30.60 130 7.60 139 93-00 
149 4.50 164 387.80 176 4.50 180 192.40 184 211.90 195 2.60 209 9.90 225 12.90 
234 19.80 256 . 50 262 960.50 268 . 70 307 181.50 310 15.30 317 1461.10 326 136.00 
335 . 90346 83.30 
SLI04 38 61.10 69 33.40 78 181.20 125 . 10 195 1.20 228 169.40 234 4.30 251 . 30 

294 . 20 310 1312.70 3112034.90 
SL105 14 1.40 23 4.00 26 18.30 29 525.30 31 1.80 41 . 70 54 59.10 56 1.40 
5913751.30 60 76.00 65 18.20 69 1234.10 712275.40 73 2.50 77 5.40 79 201.00 
83 27.90 97 . 

70 113 3.20 139 U40 149 14.40 159 350.00 177 769.10 180 432.90 
184 2330.90 198 390.40 201 23.10 209 27.90 218 426.90 224 6.00 225 8.60 226 67.00 
229 113.40 235 415.70 255 1.20 257 1294.30 268 1.40 274 335.10 282 17.10 285 5.40 

294 . 60 297 10.20 305 8.40 309 . 40 310 25.50 3113067.10 317 5493.30 326 260.40 

332 42.20 346 24.50 362 174.60 
SL106 10 5.00 34 4.10 51 1.60 60 3.80 61 3.10 69 23.60 122 122.40 125 1.40 

228 297.50 245 9.7 0 251 3.00 254 . 31-` 267 . 90 294 1.20 310 1762.00 317 305.20 

327 . 90 345 861.70 351 6.30 
SL107 3 34.70 13 2.20 23 1.00 29 10.20 31 . 60 59 10.50 61 3.50 69 11.80 

73 1.00 76 . 60 77 6.30 85 841.00 130 7.60 141 . 20 159 50.00 200 5.40 

229 1842.50 310 38.30 326 16.00 333 . 40 351 4.20 
St. 108 29 91.80 51 1.60 60 9.50 69 614.70 79 6.70 122 61.20 137 8.70 140 5.10 

159 10.00 166 3.00 195 10.40 200 12.60 222 2.50 234 219.20 245 77.60 251 . 20 

282 1.80 307 38.50 310 252.80 3114570.40 326 600.00 327 . 
90 346 7.00 362 174.60 

SLI09 2 17.20 9 156.50 29 193.80 60 24.70 69 507.50 85 420.50 137 147.70 139 12.40 

140 25.50 149 1.80 166 1.50 167 4.50 195 13.00 220 12.70 222 2.50 225 4.30 

234 72.60 238 1.60 245 29.10 255 2.40 282 . 90 287 120-90 307 115.50 310 51.00 
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311701420 326 184.00 346 112.60 353 385020 362 1571.40 
SL110 2 . 40 9 108.20 14 1.40 29 42.70 60 8.80 61 22.80 63 184620 65 4.20 
69 2422.80 73 1.50 76 3.00 77 2.70 90 930 104 103.20 137 38.60 167 3.00 
184 435.10 195 1.30 196 5.60 201 7.10 220 101,30 223 7.30 234 334.60 249 74.90 
274 61.30 282 . 40 297 1.00 307 150.50 310 21.80 326 135-40 335 . 90 346 8.50 
362 . 80 
St. 111 2 145.20 3 23.60 9 108.30 10 2.50 11 1.40 14 25.20 21 220 23 7.00 
29 76.50 42 59.80 43 6.80 5922018.40 60 17.10 61 28.10 634515.30 69 362.50 
73 13.50 76 49.20 77 1.80 83 27.90 85 420.50 90 46.20 101 46-50 104 16.80 
M 308.30 136 . 80 137 27.10 139 34.10 140 5.10 149 7.20 159 20.00 166 6.00 
178 5.70 196 26.10201 53.30 225 12.90 227 15.20 234 446.70 235 2.40 255 . 80 
268 2.10274 36.00297 1.70307 33.00310 40.80317M77.40326 584.00346 42.70 
353 1016.30362 1920.60 
SL112 2 3.70 14 8.40 252334.40 29 41.90 596503-10 60 11.20 61 8.50 633719.60 
65 1.40 69 1957.80 71 1.80 73 . 50 76 1.20 79 6.70 90 4.10 122 L30 
139 14.10 149 1.80 196 9.90 201 4.50 234 40.20 274 524.60 307 55.10 310 19.10 
3114046.00 31718243.10 326 1938.20 346 . 80 362 828.50 
SL113 2 98.80 11 1.40 14 7.00 23 1.00 29 357.00 35 8.20 43 3.40 60 7.60 
63 2410.80 65 1.40 69 2061.00 71 374.80 73 1.50 90 46.20 104 16.80 133 10-20 
137 36.50 140 10.20 149 1.80 201 23.10 220 115.90 229 113-40 255 1.20 270 11-00 
274 36.00 277 1.50 282 . 90 285 2.70 307 242.00 310 15.30 326 4896-00 346 11.20 

C), '132 69.40 22-4 8.70 " f, _ý SLI14 2 379.70 29 15.00 60 8.20 69 185.60 71 83.50 90 66.60 137 . 70 139 8.00 
140 1020164 431.40184 593.20229 77.40234 18.60307 46.90310 2.30311 485-50 
323 22.303261137.40346 . 303532787.503622547.20 
SL115 60 1.90 69 5.90 78 365-60118 6.00122 15.30125 1.40228 127.50238 . 80 
251 1.10273 . 20282 . 90306 . 40310 445-20345 28-00 
St. 116 14 2.80 23 3.00 2518309.60 29 10.20 60 53.20 61 463.10 69 492.00 71 . 90 
73 1.00 74 7.90 76 . 60 77 . 90 78 186.60 79 46-90 122 15.30 137 . 30 
139 6.20 149 . 90 159 10.00 184 211.90 229 453.60 245 9.70 255 . 40 257 32.80 
267 . 90 326 16.00 333 . 60 362 523-80 
SL117 31 . 60 60 3.80 69 17.70 77 3.60 97 4.20 199 1.80 229 143.30 268 . 70 

326 16.00362 174.60 
SLI18 51 . 80 61 50.00 69 378.00 71 92.10 78 246.10 137 125-10 140 10-20 333 - 10 

346 21.70 353 385.70 362 523.80 
SL119 29 10.20 60 3.80 61 4.80 68 6.60 69 109.80 73 . 50 78 1089.50 97 . 70 
120 18.70 122 45.80 166 1.50 180 48.10 200 3.60 209 . 90 234 13.20 251 . 30 
285 5.40 3oo 2.70 310 43.20 3112914.90 323 22.30 326 48.00 327 . 90 345 116.20 
SL121 69 91.20 71 2.60 125 . 10 139 5.50 229 1.90 310 138.20 
St. 122 9 162.20 14 1.40 29 102.00 54 258.70 59 6698.20 60 50.10 63 597.90 65 4.20 
69 70.80 71 12.00 73 1.00 76 3.00 132 5.10 137 131.40 139 102.30 140 15.30 
159 55-00 166 12.00 180 96.20 202 2.40 209 2.70 234 33.00 238 11.20 255 10-40 
282 . 90 307 165.10 310 35.70 3113634.90 319 . 30 326 560.00 328 . 40 346 231.30 
3534608.40 
SLI. 23 34 2.00 38 1022.30 54 1.20 60 3.80 61 14.40 IM 15.30 125 1.40 178 685-60 

228 127.50 238 . 80 245 9.70 310 450.20 319 . 60 345 1053.40 362 34920 
SLI. 24 14 4.20 29 25.50 60 24.70 61 2.90 65 18.20 69 1094.10 71 296.60 73 16.00 

77 . 90 90 30.80 104 67.20 122 107.10 129 5.10 137 169.50 139 34.10 140 40.80 

159 10.00 167 10.50 180 48.10 202 1.20 203 . 60 209 2.70 220 20.50 225 8.60 

234 19.80 235 41.20 238 8.00 251 . 30 255 10.40 257 52.50 285 2.70 307 264-00 

310 20.40 324 . 10 326 224-00 346 55.30 353 8520.10 362 523-80 
SLI25 69 1242.40 167 3.00 310 5.10 353 1989-20 
St. 126 3 689.40 69 9.60 229 260-00 250 15.40 362 349-20 
SLI27 55 1.50 60 1.90 61 29.30 122 15.30 125 3.50 139 6.20 146 3.00 228 510-00 

237 . 40251 j. jo254 . 60282 . 90297 1.70306 . 70310 96-90 
SL128 29 5.10 60 1.90 69 278.10 73 . 50 75 . 50 125 . 70 139 6.20 201 23.10 

202 1.20228 85.00310357.90321 2.80345 55.40 
SL129 2 3.50 14 4.20 22 12.80 25 2604.30 29 96.90 30 . 60 51 . 80 56 . 70 
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59 9.10 60 13.30 61 730 65 2.80 73 7.00 74 13.00 76 60.00 77 13.50 
78 351.60 79 13.40 83 83.70 113 L60 114 1.60 122 45.90 123 755.20 139 21.70 
149 . 90 159 600.80 180 48.10 201 600.60 209 5.40 214 L20 225 430 229 567.00 
234 237.00 237 . 20 255 . 40 257 5.60 265 31.50 274 78.70 307 66.00 310 81.60 
3111228.30 31710805.60 346 12.60 362 174.60 
SL130 14 14.00 23 1.00 29 56-10 60 36.10 65 5.60 69 271.40 71 207.20 73 15.00 
76 . 60 77 . 90 78 488.50 90 30.80 104 33.60 122 15.30 137 46.20 139 18-60 
140 25.50 159 20.00 166 3.00 167 6.00 180 192.40 209 1.80 225 8.60 229 113.40 
234 6.60 238 8.80 255 1.60 307 99.00 317 4900.70 319 30 326 16.00 346 29-40 
353 2913.50 362 349.20 
St. 131 21 4.40 54 175.10 60 34.20 61 4.50 63 36.30 65 8.40 69 215.50 122 45-90 
131 3.60 137 4.30 159 51.70 225 17.20 234 13.20 245 9.70 285 10.80 307 22-00 
310 342.30 3113636.60 330 1269.30 362 349.20 
SL132 29 5.10 54 287.40 65 2.80 69 119.20 71 179.10 73 1.00 129 5.10 137 13.20 
139 12.40159 47.80202 12.00209 1.80224 4.50234 44.40255 4.80307 11.00 
320 . 60 323 163.20 353 390.50 
SL133 9 46.40 14 2.80 56 4.90 65 5.60 69 19.10 73 1.00 77 2.70 79 13.40 
97 6.30 130 30.40 133 5.10 139 9.30 149 . 90 153 L50 159 60.50 17719133-00 
194 1953.30 209 6.30 224 1.50 235 169-10 255 . 40 268 9.10 274 46.30 282 . 90 
331 . 20 

0 
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Sado, Estuary. Subtidal macrofauna ash-fi-ee dry weight biomass data, 
Mg. O. jM-2 

(1518NIF8.2)) 
100 

SU 2 1.16 8 1.16 14 . 13 18 . 05 21 . 68 22 . 87 24 . 05 26 8.17 
42 4.04 45 9.83 50 . 61 53 15.49 54 48.24 55 11.78 56 L31 61 32 
77 3.49 80 2.35 98 1.62 111 1.27 113 8.26 118 . 53 122 . 64 125 . 16 
126 . 12131 2.51149 . 11151 . 03 154 5.81162 4,39 180 12.82 189 2.26 
194 1.85195 . 72 199 7.50 209 . 09 213 . 20 221 13L81 222 1.03 224 3.43 
229 11.69234 53.10 235 9.10 236 . 07 237 . 01245 . 79 251 . 01253 . 40 
255 . 33256 . 06 264 . 17 267 1.72 268 . 15 272 8.54 273 . 03 274 6.59 
277 . 06290 . 05 282 . 12 291 . 09 294 . 62 296 . 34 299 . 64 305 . 48 
312 3.35321 . 45 329 1213.41335 . 10 339 . 66 347 . 03 357 2902.04 363 10-86 

St2 13 . 10 18 . 15 24 . 35 34 . 13 36 43.56 45 5.73 49 L02 54 . 09 
58 6.74 69 . 52 77 . 51 86 . 01 96 60.28 105 6.59 113 12.39 118 2.66 
120 3.61125 . 09130 1.06 142 . 22 144 7.74 149 . 22 156 . 06 189 . 19 
195 . 86200 . 18210 1.10223 1.92 224 . 89 228 . 36 234 32.60 235 . 30 
237 . 17245 . 79251 . 02255 . 18 268 . 69 273 1.18 280 3.76 285 . 04 
294 . 16295 . 01298 . 01299 . 32 306 . 06 312 12.02 320 . 03 322 . 02 
323 1.63331 . 0633-1. . 10335 . 20 
S't. 3 34 . 13 68 . 53 113 . 15 125 3.71204 . 11224 . 35 228 69.94 237 . 04 

251 . 14267 2.50 268 . 08 273 . 25 294 . 27 299 . 32 306 . 16 323 1.63 
345 61.13 

StA 14 . 13 22 . 87 23 . 54 56 . 15 65 . 28 69 . 04 73 . 23 82 . 65 
118 5.32120 76.07 122 5.95 126 . 41149 . 11195 . 01200 1.96 224 1.95 
226 15.88 228 . 04 234 50.90 236 . 99 237 . 04 245 6.32 251 . 05 256 . 61 
265 1.24267 46.46 268 . 23 273 . 08 280 . 01282 . 12 285 4.49 294 10 
297 . 01299 1.58 306 . 05 323 . 19 325 . 74 326 . 40 329 4.61331 . 21 
335 . 20355 . 22356 . 43 

StS 13 . 40 21 1.70 22 2.61 23 . 27 24 . 10 25 32.33 28 4.18 29 1.44 
34 . 13 36 57.81 45 13.13 54 83.30 56 . 69 60 . 84 61 14.24 70 5.23 
73 2.17 77 . 51 88 . 13 102 . 52 105 7.55 106 54.51113 19.69 120 48.41 
126 2.30 130 6.36 131 1.51135 . 32 142 . 64 146 . 22 156 . 02 166 . 30 
176 . 45180 28.42 183 . 56 189 1.88 193 1.68 195 3.37 199 1.61200 . 36 
209 . 18 210 246.55 211 14.53 220 95.55 221 116.26 224 1.60 228 32.52 234 662.30 
235 410.80 243 . 12 249 49.18 256 . 06 264 . 07 265 . 86 267 37.08 285 2.54 
291 . 03 294 . 01295 . 01296 107.69 305 2.33 312 44.51316 178.61327 . 47 
329 4.08335 . 82 336 . 10 357 1124.30 358 254-64 359 90-66 
SL6 2 . 81 10 2.96 14 . 26 22 . 87 23 . 82 30 . 12 31 . 30 33 . 20 

34 94.2341 . 11 43 . 34 55 . 19 56 1.39 69 . 63 76 . 07 82 1.64 
88 274.58 97 1.74 101 40.51109 . 06 M 1.11149 2.44 168 . 17 170 . 66 
178 . 01180 3.02 195 1.99 221 328.57 222 . 31229 104.65 233 1.84 234 417-00 
245 . 79260 . 10 267 . 86 268 2.08 294 . 02 304 . 37 325 . 59 327 . 16 
340 2.75341 5.72 345 121.05 347 . 47 357 . 10 360 340-28 

SO 34 . 13 68 . 53 98 . 93 118 13-29 120 . 12 228 19.43 237 . 06 251 . 02 
256 . 17267 . 43 273 . 22 294 . 01306 . 08 327 . 32 329 2.52 354 . 14 

StS 24 . 10 68 33.32 118 11.16 120 . 31125 . 06 138 . 03 210 . 08 224 . 53 

228 1.38234 4.50 237 . 01251 . 10 255 . 01273 1.01284 . 01298 . 01 
306 . 11323 1.78 335 . 10356 . 43 
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