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ABSTRACT

Functional approaches are introduced to study the structure of marine soft-
bottom communities. Results of these approaches, based on the feeding type,
microhabitat preference, motility pattern and body size of benthic polychaetes,
were compared to one based on taxonomy (families). The material came from
grab samples collected from the continental shelf and upper slope off the east
coast of Canada, in depths of 85 to 622 m (x =247 m). Various multivariate
analyses are used to identify recurrent biological patterns in macrofaunal
assemblages. These patterns are then correlated with environmental variables
via canonical analysis. No distinct faunal associations are identified from the
various approaches. Instead, there was a gradual shift from one type of faunal
grouping to another.

The value of each approach in characterizing community structure is
evaluated in part by the amount of variation explained by the relationship
between the biological and environmental data, and by the statistical
significance of this relationship as determined by Monte Carlo tests. The
recognition of homogenous groupings of samples based on faunal composition
and environmental conditions, however, tends to weigh more heavily in this
evaluation. With one exception, all functional and taxonomic approaches show
statistically significant patterns. The approach based on feeding microhabitat
indicates that this biological attribute of marine benthic polychaetes may not
play an important role in the structuring of their communities. The functional

approach that comprises all functional attributes (i.e. foraging attributes and
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body size) provides the most meaningful ecological characterization of
community structure. In this functional approach, groups of samples along the
faunal gradients are strongly associated with large-scale topographic features of
the Labrador continental shelf and upper slope. Although the taxonomic
approach yields similar results, it does not appear to be as efficient in
distinguishing between sample points in multivariate analyses. In functional
approaches, interpretation of the results in terms of community structure is
greatly facilitated by the direct use of ecological attributes such as foraging mode
and body size.

About half the variation in the biological data can be explained by variables
such as water depth, current regime, sediment grain size and benthic biomasses
which are associated with two major environmental gradients extracted by
Redundancy Analysis. The effect of other biotic and abiotic factors on benthic
community structure is discussed. The remaining variability in the biological
data unaccounted for in this study may be explained by these factors, other
unidentified processes and noise. The spatial scales at which the biological and
environmental data are collected may also influence the outcome of a

multivariate analysis and its interpretation.



iv

ACKNOWLEDGEMENTS

I thank the Atlantic Geoscience Centre, particularly Heiner Josenhans and
Iris Hardy, and Michael Hutcheson for providing grab samples and sediment
data from the Labrador shelf and upper slope. I acknowledge the indirect
contribution of Patricia Pocklington as many specimens had already been
identified by her. I am grateful to Manuel Gomes, John Horne, David Schneider,
Don Steele and two anonymous reviewers for their comments on parts or the
whole thesis. I thank Ewan Cumming for his valuable help during part of the
sediment analysis. I also want to extend my gratitude to Peter Schwinghamer
for numerous stimulating discussions at many stages of the study, and for
introducing me to the statistical programme CANOCO. Shiptime on C.S.S.
HUDSON and DAWSON was made available through the Bedford Institute of
Oceanography. This study was funded by a grant from the National Sciences
and Engineering Research Council (NSERC) to Dr. Richard L. Haedrich who, as
my supervisor, provided financial, scientific and moral support over all those
years.

Finally, this work would not have been possible without the endless
support of my wife, Johanne Lacelle, who showed an incredible amount of
patience and understanding through all those years of struggle. I wish I could
have had the time to express my sincere gratitude to her. I thank Gale Burford
for his substantial contribution by making me realize the problems faced by
married graduate students and all the important parts of my life I ignored until

now.






vi

Table of Contents

ABSTRACT
ACKNOWLEDGEMENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES

1. INTRODUCTION
1.1. Feeding ecology in the benthos
1.2. Body size and benthic community structure
1.3. Scope of study and hypotheses
1.4. Analytical techniques
2. MATERIALS AND METHODS
2.1. Benthic sampling and initial treatment
2.2. Determination of polychaete foraging mode and body
size
2.2.1. Foraging modes
2.2.2. Estimation of body size
2.3. Environmental data
2.4. Statistical analyses
3. RESULTS
3.1. Sediment granulometry
3.2. Functional and taxonomic approaches
3.2.1. Feeding type approach
3.2.2. Feeding microhabitat approach
3.2.3. Motility pattern approach
3.2.4. Body size approach
3.2.5. Foraging mode/body size approach
3.2.6. Taxonomic approach
4. DISCUSSION
4.1. Comparison of functional and taxonomic approaches
4.2. Importance of environment in community structure
4.3. Effect of sampling scales
4.4. Advantages and disadvantages of a functional
approach
4.5. Predictions

5. CONCLUSION
REFERENCES CITED

ii
iv
viii

181






























1. INTRODUCTION

A common approach in benthic community ecology begins by making a
complete species list with counts for all areas under investigation. With such
taxonomic descriptions established, researchers then characterize statistically,
with variable success, faunal and/or floral assemblages. These assemblages are
often identified as indicators of particular habitats. Examples of this approach
can be found in Nesis (1965), Johnson (1970) and Boesch (1973). One school of
thought (Petersen 1913; Thorson 1958) regards these associations as a super-
organism whose development and distribution are primarily controlled by
biological factors (i.e. community in a strict sense; Biernbaum 1974; Hoffman
1978). An alternative school of thought holds that benthic animals are
distributed on the basis of physical factors. Here, the concept of discrete
communities is rejected since no community boundaries can be detected (Mills
1969; Johnson 1970; Biernbaum 1974; Austin 1985; Wildish 1985). Instead,
species associations change constantly as we move along environmental
gradients (Austin 1985).

These views, although diametrically opposed, have both contributed to
advances in the study of zoogeography and ecology (Sprules and Holtby 1979;
Bahr 1982). Taxonomic comparisons of communities from physically similar but
geographically distant habitats , however, are usually of little value because of
the faunal dissimilarity (Sprules and Holtby 1979), unless information on the
feeding ecology of the constituent species is introduced to explain compositional
patterns (e.g. parallel communities sensu Thorson 1958; see also Josefson 1981,
for example). In offshore marine benthic ecosystems, relatively little taxonomic
work has been conducted, particularly on small infaunal groups. This situation

emphasises the interest in considering other sorts of approaches to study the






and feeding ecology of animals than it is on taxonomic status (Sprules and
Holtby 1979; Bahr 1982; Cousins 1985; Platt 1985). Substantial scientific
interest has been directed towards the ataxonomic approach based on the body
size of organisms (Platt 1985; Calder 1985). Several studies have investigated
the size-dependence of physiological processes at the individual and population
levels. Peters (1983a) presents a comprehensive review of these so-called
allometric relationships and concludes that virtually all aspects of an organism’s
physiology (e.g. metabolism, growth) are influenced by its body size. At the
community level, size structure can play an important role relating to resource
availability and use, competition, and predation (e.g. Brooks and Dodson 1965;
Peters 1983b; Dickie et al. 1987).

Community structure can be characterized in a simple ataxonomic form by
the size (biomass) spectrum (Platt and Denman 1978; Platt 1985). While the
basic approach was developed by Elton (1927), the size structure of marine
pelagic ecosystems was first investigated by Sheldon and Parsons (1967) and
Sheldon et al. (1972, 1973). Size spectra, characterized by peaks of biomass in
specific size classes, have been demonstrated for freshwater pelagic (Peters
1983b; Sprules et al. 1983; Sprules and Munawar 1986), marine benthic
(Schwinghamer 1981, 1985; Warwick 1984; Gerlach 1985) and terrestrial (Van
Valen 1973; Griffiths 1986) communities. These empirical observations have
served in the development of theoretical expressions of the body size-abundance
relationship in communities (e.g. Kerr 1974; Hall et al. 1976, Lynch 1977; Platt
and Denman 1977, 1978, Silvert and Platt 1980; Taylor 1980; Platt and Silvert
1981; Calder 1985; Platt 1985; Dickie et al. 1987). Cousins (1980, 1985) and
Bahr (1982) suggest, however, that a functional approach where the biological

data consist of body size and trophic categories would in fact reflect biological



processes in the ecosystem more closely than would body size alone, and
certainly much more so than the taxonomic characterization.

In freshwater pelagic communities, Sprules and Holtby (1979) and Sprules
(1980) compared the approach using body size and feeding ecology with one
based based on taxonomy. They assigned organisms to categories on the basis of
body size and feeding ecology. These functional categories were then used
instead of the more customary taxonomic categories (i.e. species) in a
multivariate statistical analysis. These studies show that results from the
functional approach based on size and feeding ecology are ecologically more
meaningful than those from the taxonomic approach. In the former, stronger
statistical relations were found between zooplankton community patterns and
morphometric and hydrological properties of the lakes (see also Sprules and
Knoechel 1983). The weakest statistical relation to limnological characteristics
was obtained with the taxonomic approach. Sprules and Holtby (1979) conclude
that while the latter characterization is of interest in zoogeographic and
autecological studies, it does not address the trophodynamics of these planktonic
communities.

The objective of the present study is to evaluate the usefulness of the body
size/feeding ecology approach for the investigation of marine soft-bottom
communities in terms of the interactions between the organisms and the
environment. Such an approach, based on the combined use of body size and
feeding ecology, has never been applied to benthic communities and may reveal
patterns associated with the structure of these communities that are not directly

observed through the conventional taxonomic approach.

1.1. Feeding ecology in the benthos

Hunt (1925) was one of the first marine ecologists to assign benthic






Maurer and Leathem (1981) and Gaston (1987) to study polychaete assemblages
on the middle Atlantic continental shelf. Their results clearly support the
contention that the distribution and abundance of soft-bottom invertebrates are,
to a great extent, dependent upon their feeding ecology which in turn is affected
by environmental factors.

Multiple limiting factors control the distribution of marine macrobenthic
animals (Wildish 1985). Among these factors, sediment properties and sediment
dynamics have a major influence on the polychaete distribution by interacting
with their feeding ecology (Fauchald and Jumars 1979; Jumars and Nowell
1984). In soft bottoms, sessile polychaetes are generally associated with more
stable sediments encountered primarily in deep waters while motile, carnivorous
polychaetes are relatively more abundant in shallow waters, on coarser
sediments (Maurer and Leathem 1981; Gaston 1987). Deposit-feeders and
suspension feeders are found in most soft-bottom habitats but are usually more
abundant in areas with high sediment carbon content and water-column
production.

In the present study, the feeding ecology of benthic polychaetes, hereafter
referred to as foraging mode, is based on three foraging attributes: feeding
type and motility pattern which are equivalent to Fauchald and Jumars’
feeding mode and motility pattern, and feeding microhabitat (water column,
sediment surface and sediment subsurface). Three aspects of my classification
differ from Fauchald and Jumars’ scheme. Firstly, herbivores and carnivores are
grouped under the feeding type macrophage since polychaetes are seldom true
herbivores or carnivores but frequently use a mixed diet, depending on the
environmental circumstances (Fauchald and Jumars 1979; see also Gaston

1987). Also, in waters deeper than 100 metres, herbivory is expected to be rare,



especially if sampling is conducted during periods of low surface primary
production (Fauchald and Jumars 1979; Maurer and Leathem 1981; Gaston
1987). Secondly, all detritivores (suspension-feeders and deposit-feeders) are
grouped under the feeding type microphage since, in most cases, the distinction
between the origin of their food (i.e. freshly-settled seston or resuspended
detritus) is unclear (Fauchald and Jumars 1979). Instead, microphages and
macrophages are distinguished on the basis of the microhabitat from which
they extract their food. Finally, morphological features of the feeding apparatus
(Fauchald and Jumars 1979) are not included in this classification. This
attribute was found to be less useful than the other foraging attributes (Gaston
1987) and is generally found to be strongly correlated with feeding type and

microhabitat.

1.2. Body size and benthic community structure

The size distribution of benthic organisms in deep-sea communities has
been discussed in general terms by Thiel (1975). His major conclusion was that,
with increasing depth and decreasing food supply, the average size of the macro-
and meiofauna decreases. Schwinghamer (1985) found, however, that any
tendancy to shift peaks and troughs in size spectra toward smaller sizes can be
explained by sediment granulometry alone (see also Polloni et al. 1979).

Schwinghamer (1981, 1985) elaborated size spectra for several marine soft-
bottom communities which are characterized by three distinct biomass peaks.
These peaks correspond to the ecological grouping of organisms into microfauna
(grain-surface dwellers of size range 0.5-8 um equivalent spherical diameter, or
ESD), meiofauna (interstitial organisms of 8-500 um ESD) and macrofauna
(macroscopic surface-dwellers and burrowers of size greater than 0.5-1.0 mm

ESD). According to Schwinghamer (1981), this structure reflects ecological



processes in the benthos that are different from those in pelagic communities.
While highly conservative over a wide range of environmental conditions, the
exact location of the peaks and troughs of biomass is determined by sediment
properties (Schwinghamer 1985). It is argued that sediment properties (e.g.
particle size, stability, compactness/water content) place certain constraints on
the body size of interstitial and burrowing organisms. When the size distribution
is expressed as a function of the number of species instead of biomass, however,
sediment properties do not appear to affect the position of peaks and troughs
(Warwick 1984). This suggests that, in addition to ecological constraints
associated with the life in sediment (e.g. grain size, pore size, sediment stability),
there are evolutionary implications dependent on the availability of niches.
Biomass troughs may represent regions of the size spectrum where phyletic shift
and a shift in the predominance of life-style co-occurs (Schwinghamer 1985).
While the size spectrum approach appears to be attractive to study
community structure (Platt 1985), its application to groups with a limited overall
size range, such as macrofaunal polychaetes, may not be as informative. Still,
the size-dependence of ecological interactions among benthic organisms (e.g.
competition, predation, resource partitioning) and between these organisms and
the environment (i.e. environmental constraints on size by factor such as
sediment granulometry and stability and near-bottom currents) has clearly been
demonstrated by Paine (1974, 1976), Schwinghamer (1983) and Warwick et al.
(1986), among others. Therefore, in this study, the body size of macrofaunal
polychaetes will be used as an attribute of each individual specimen in a
functional approach similar to the one used by Sprules and Holtby (1979) for

pelagic communities (see pages 3-4).



1.3. Scope of study and hypotheses

From the previous considerations, it is apparent that body size and foraging
mode are important biological attributes that contribute to the structuring of
communities. These attributes are affected by environmental factors such as
sediment properties. Therefore, we can assume that the distribution and
abundance of soft-bottom macrofaunal organisms are, at least in part, the result
of this biotic-abiotic interaction. In fact, we can expect this interaction between
the functional attributes and the environment to be more important (i.e. more
direct effects) than the one between taxonomic categories and the environment.
Therefore, a characterization of benthic communities based on body size and
foraging mode should show stronger statistical relationships to the
environmental variables than the conventional taxonomic characterization. In
this study, the latter will consist of a classification of polychaetes to family. Heip
et al. (1988), Warwick (1988) and Ferraro and Cole (1990) have demonstrated
that multivariate analyses of family data show no significant loss of information,
and often provide a better separation of the samples, in comparison with
analyses based on species data.

In addition to comparing the functional approach based on body
size/foraging mode to the taxonomic approach, the importance of each foraging
attribute (feeding type, feeding microhabitat and motility pattern) and body size
will also be examined separately. From this, it may be possible to assess the
contribution of each biological attribute to the structuring of the soft-bottom
polychaete assemblages under study. Here, it is assumed that the degree to
which an attribute contributes to the structure of a community is a function of
the relationship between the distribution of that attribute among the samples
and the environmental variables characterizing those samples (see Green and

Vascotto 1978; Sprules and Holtby 1979).



10

Based on the functional and taxonomic approaches, the following
predictions can be made concerning statistical relationships between the
biological data and the environmental variables:

« A significant relationship exists between the biological and
environmental data in a functional approach based on the body size

and/or foraging attributes.

If this prediction is supported, then the following predictions can be made:

A stronger relationship is found between the biological and
environmental data when both body size and foraging mode are
included in the functional approach than when only one attribute is
included.

* The ’significant’ functional approach shows an equal or better
relationship (as indi;:ated by a greater multiple correlation
coefficient) to the environmental variables than does the taxonomic
approach, assuming that the latter is significant.

» Sediment grain size accounts for a significant portion of the
variation in the biological data, either in a functional or a taxonomic
approach.

If the significance of body size and foraging attributes in explaining the
compositional patterns of marine soft-bottom polychaete assemblages is
demonstrated, then the functional approach can be used to examine the
structure of benthic communities. Ultimately, it might be possible to predict the
functional composition of particular soft-bottom habitats from the knowledge of a

number of important environmental variables.
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1.4. Analytical techniques

In the context of this study, two aspects of the comparisons of functional
and taxonomic approaches could affect the choice of an appropriate multivariate
statistical method. On the one hand, the change in faunal composition over the
sampling range can be expected to be rather small (i.e. short biological gradient).
Unlike the classical approach where species composition often changes
completely between extreme sampling sites (i.e. complete turnover of
communities), in a functional approach most attributes (e.g. body size classes,
feeding types, etc.) will probably always be represented by at least some
individuals; it is the proportion of individuals among those attributes that will
change. The same argument probably holds true for the taxonomic approach
based on families. Under this circumstance, ordination and classification
techniques that are known for their ill-performance with short gradients
(Jongman et al. 1987) will probably be inadequate. A second implication of this
short-gradient change in biotic composition is that changes between samples,
even over a wide range of environmental conditions, may be subtle ones. Hence,
discrete assemblages or groupings of samples may not be distinguishable by
ordination and clustering techniques.

On the other hand, the various functional approaches and the taxonomic
approach will involve a different number of variables per analysis. In all
ordination techniques, the proportion of variation in the data that is accounted
for by each axis is strongly dependent on the initial number of biological
attributes in the data matrix. Therefore, the comparison of the results in the
form of proportions of variance accounted for by each axis (in eigenanalysis) or
stress values (in Multidimensional Scaling) may be greatly hampered.

Various numerical methods have been introduced for the analysis of faunal
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all polychaetes is best described by a prolate ellipsoid, and therefore with the
volume

V=2/3(nLr?), (Eq. 1)
where L is the length and r is the radius of the ellipsoid. When the maximum

diameter, d, is used in place of r, equation 1 becomes

V=1/6(nLd?). (Eq. 2)

In the following analyses, volumes were converted into equivalent spherical

diameter (ESD), where
ESD=2(3V/4m)\73, (Eq. 3)
to allow comparison with published data (see Schwinghamer 1981). This

standardization has the further advantage of transforming the data from a
strongly skewed-to-the-right distribution to a normal distribution.

In many instances, polychaetes were broken during collection and
extraction from the sediment. In such cases, only a partial body length and the
maximum diameter could be measured from the anterior portion of the animal
(tail portions were of little use for they bore no identifying features). To
circumvent the problem of underestimating the total body volume from
incomplete specimens, the total body length was estimated by the following
graphical method:

The observed length of all specimens from a given taxonomic unit (i.e.
family, subfamily, or genus) was plotted against the measured maximum
diameter of the specimen. For a given diameter, complete specimens display the
highest length/diameter ratio while truncated specimens have smaller values,
depending on the degree of truncation. The total length/maximum diameter
relationship was assumed to be linear and was estimated by visually fitting a
straight line through the bulk of points representing specimens with the largest

length/diameter ratio (Figure 3a; see also Appendix B). Specimen lengths which
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were, for a given diameter, clearly below the range of points surrounding this
estimated 'average’ total length (i.e. below the dashed line in Figure 3) were
adjusted to that 'average’ length. The range, and consequently the position of the
cutoff (dashed) line, was determined from qualitative observations on the
proportion of truncated specimens in each taxon. Therefore, the position of the
fitted lines varies with the degree to which a taxon is prone to truncation. For
example, specimens of the families Cirratulidae and Spionidae (Figure 3b and c,
respectively) were badly truncated and the fitted lines were placed close to the
upper margin of the cloud of points. Taxa that show little tendency to truncate
(e.g. Nephtyidae, Opheliidae, Pectinidae, and Polynoidae) demonstrate a fairly

strong linear relationship between total body length and maximum diameter.

2.3. Environmental data

The variables used to describe the physical environment at the sampling
sites are listed in Table 3. Values for these environmental variables at each site
are presented in Appendix C. Station latitude was expressed on a decimal scale
where 40° and 60° equal O and 2000, respectively. Distances were measured
from navigation charts (scale 1:50000) between the sampling site and the
nearest O (shore), 200 and 2000 m isobaths. Proportions (in weight) of clay, silt,
sand, and gravel in the sediment from each sample were calculated from the
grain size analysis, using a sedigraph (Labrador samples) or a settling tube
(Hermitage Channel) for the mud fraction, a settling-tube for the sand fraction,
and dry sifting for the coarser fraction (Buchanan 1984).

Annual averages and ranges in water temperature and salinity were
estimated from data collected between 1928 and 1979 for the Labrador
continental shelf and slope and summarized by Lazier (1982). Annual averages

were calculated from monthly averages at 50, 100, 150, and 200 m (Lazier 1982:
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The current regime at each sampling site was coded from weak

(1) to strong (4), following the above classification except where sites were
located between two geographic areas defining two different regimes. In such
cases, a half point value was added or substracted to account for boundary
effects (see Appendix C).

For the station in Hermitage Channel, data on temperature and salinity
(Table 3) were reported by Hay and de Young (1983). The water current regime
was estimated from indirect information on bottom photographs (i.e. sediment
texture, behaviour of camera frame, and movement of sediment particles after
resuspension). Finally, the total biomasses of macrobenthic invertebrates and
polychaetes from each sample were reported by Hutcheson et al. (1985) and are

included with the environmental data (Table 3).

2.4. Statistical analyses

In order to evaluate the relative importance of each biological attribute (i.e.
feeding type, feeding stratum, motility pattern, body size, and taxon) in
community structure, the raw data for each individual (foraging mode, body size,
and taxonomic group) were converted into six different approaches: feeding type
(FE), feeding microhabitat (MI), motility pattern (MO), body size (SZ), combined
foraging mode and body size (FORASZ) and taxon (TX). Within an approach,
each variable (column) represents the absolute frequency of polychaetes in a
given sample (row) that are in the same category for the attribute, or for
combined attributes. Unlike body mass (i.e. biomass per category), polychaete
abundances can be more informative in situations where a large number of small
individuals have recently settled, as is often the case after a disturbance. The
importance of body size is evaluated in the functional approaches SZ and

FORASZ. All possible combinations of foraging attributes (Table 2) produce ten
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The proportion of variance accounted for by the environmentally
constrained axes represents about 60% of the total variance (Table 4). The
remaining variance (Figure 27) cannot be explained by the environmental

variables used in this study.

Percentage data

Results of MDS/UPGMA (Figure 28) and PCA (Figure 29) are comparable
to each other and do not display any strong gradient; most sample points are
located in a more or less tight circular cloud as opposed to a linear arrangement
(e.g. Figures 24 and 25). However, four out of five deep-water samples from the
vicinity of Hudson Strait are separated from the rest of the samples. These four
samples show very low total abundance (Figure 25), but tend to be dominated by
sessile polychaetes (samples 4, 5 and 6) or by sessile and discretely motile
polychaetes (sample 3; Figure 29). The remaining samples are distinguished
mostly on the basis of differences in proportions of sessile, discretely motile and
motile polychaetes (Figure 29).

The relationship between the PCA (samples/motility patterns) ordination
and the environmental variables is shown in the RDA biplot (Figure 30).
Samples dominated by motile polychaetes (lower left quadrant of Figure 30) tend
to come from shallow-water sites where biomasses are usually high and
sediments are mostly sandy. Samples with a predominance of sessile, and to a
lesser degree of discretely motile polychaetes (right side of Figure 30), tend to be
associated with deep-water sites with strong current regimes and high predicted
average temperature (3-4°C). These sites are also characterized by a tendency to
have high clay content in the sediment, with occurrence of gravel in some cases.
Samples with high proportions of discretely motile polychaetes (upper left

quadrant in Figure 30) usually come from sites which show a mixture of
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those in the taxonomy-based biplot (Figure 54). In the latter, the points are
aligned in a narrower band along Axis 1 (i.e. smaller range on Axis 2).

Four groups of samples can be distinguished in the taxonomic approach
based on percentage data. These are very similar to those described for the
foraging approach (Figure 46). The first group includes sample points situated in
the upper quadrants of Figure 54. These represent for the most part (4 out of 7
samples) sites on the eastern edge of banks. The large motile macrophages which
dominate the polychaete fauna at these sites are mostly members « the family
Onuphidae (Figure 54). As in the previous approach (Figure 46), t!1 ; group of
samples shows a strong association with areas of high biomasses and sandy
bottoms, usually near the 200m isobath.

In the second group, represented by seven sample points situated at the
extreme left of the lower left quadrant and by sample point 4 in Figure 54, seven
out of eight points correspond to sites between banks (i.e. saddles) and deeper
than 200m. These sites are particularly dominated by Maldanidae, =srebellidae
and Sabellidae. Of the thirteen sample points situated in the lower ight
quadrant (extreme right) of Figure 54 which form the third group, ne points
represent sites on banks or nearshore (depth < 200m). At these sites, polychaete
assemblages are dominated by Nephtyidae, Cirratulidae and Spionidae. In the
fourth group of sample points, located near (sample point 1) and be w the origin
(Figure 54), five out of eight points represent sites in or near the M ginal
Trough. Samples from this group contain a mixture of all families.

The relationship between these groups (or patterns) and the environmental
variables along the primary gradient is very similar to the one des bed in the
foraging mode/body size approach. In the taxonomic approach,howe er, it

appears that the relationship is more complex, as indicated by the :t that
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physically unstable habitats (i.e. saddles) where current regimes are strong to
moderate and sediments tend to be coarse (see Figure 46). A possible explanation
for this discrepancy is the fact that habitats in saddles (including vicinity of
Hudson Strait) may not be comparable to any of the soft bottoms considered by
the other studies. The occurrence of coarse sediments, with a fair proportion of
gravel (i.e. particle size greater than 2mm; see Appendix C), indicates that this
habitat may resemble hard bottoms more closely, where physical stress and rate
of disturbance are high (Sousa 1984; Menge and Sutherland 1987). Tube-
building polychaetes attached to rocks, albeit not quantified, were frequent at
the sites.

Another reason for this difference may be related to sediment dynamics.
Because sediments at these sites also contain large proportions of mud, it is
possible that larger particles (i.e. pebbles, cobbles and rocks) serve to stabilize
the soft bottom and reduce sediment erosion by altering near-bottom currents.
This would make that particular habitat suitable for sessile (tube-building)
polychaetes. Large quantities of unattached worm tubes (mostly maldanids)
found at these sites support the latter explanation.

In other studies, macrophagous polychaetes have been shown to dominate
in shallow soft-bottom assemblages where sediments are coarse and less stable,
due primarily to greater physical disturbance by currents and wave actions. It
has been hypothesized that this preference of macrophages for coarse sediments
is related to the pore space between sand grains. Greater pore space allows
movement of macrophages and increased oxygen penetration in the sediment
(Maurer and Leathem 1981; Gaston 1987). Results from the present study,
however, show a different pattern in the predominance of macrophages. Large

macrophages were observed at relatively deep-water sites (i.e. eastern edge of
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banks) and did not appear to be otherwise correlated with depth or current
regime. Sediments were mostly sandy and supported high benthic biomasses.

This result differs from that of previous studies probably because of the
predominance of a single species, the onuphid worm NothAria conchylega (see
Figure 54). This species has been considered as a carnivore (i.e. macrophage) in
the present study and by Maurer and Leathem (1981), while Gaston (1987)
considered it as a deposit-feeder (i.e. microphage). Like several onuphid species
the feeding habit of Nothria conchylega is probably better described as omnivore
(Fauchald and Jumars 1979). Under this redefinition of the feeding type,
onuphids may alternate between macrophagy and microphagy, depending on
environmental conditions prevailing at the time (e.g. food availability) and/or
changes in feeding preference during their life cycle. Their association with
sandy sediments, high benthic biomasses and outer shelf edge (i.e. where high
planktonic productivity and large amounts of detritus occur) supports previous
observations for surface-deposit (microphage) feeders (Gaston 1987).

Small motile macrophages and discretely motile microphages share the
dominance in shallow habitats (i.e. water depth less than 200m on banks and
nearshore; see Figure 46). At these sites, current regimes are usually weak
(Fissel and Lemon 1982) and sediments are made up of a large proportion of silt
and little, if any gravel. In this study, the predominance of these two functional
categories appears to decrease with water depth while Maurer and Leathem
(1981) have observed the inverse. Jumars and Fauchald (1977) also found a
relationship between water depth and the ratio of sessile to discretely motile
polychaetes. This relationship is influenced by sediment stability and flux of
organic matter. On the Labrador shelf and upper slope, sediment stability, and
not depth, may be the environmental factor affecting the distribution and

abundance of discretely motile polychaetes.









functional approaches on the trophic structure of polychaete assemblages,
results from the taxonomic approach would not be easily interpreted in terms of
interactions with the environment. This supports the idea that the functional
approach is appropriate to study processes underlying the structure of these
benthic communities. On the other hand, the classification of samples from
Hermitage Channel (305-375 m) with those from shallow areas of the Labrador
shelf (< 200 m) suggests that observed patterns associated with large
topographic features may not apply to other geographic areas. In fact, as
indicated earlier, compositional patterns observed in the present study for the
polychaete foraging attributes are not completely comparable to those from other
geographic areas.

Some improvement in the proportion of variance explained by the canonical
analysis can be obtained by reducing the number of variables, especially those
that did not contribute significantly to the biological patterns. This can be
achieved in the functional approach based on foraging mode and body size by
omitting information on feeding microhabitat since the approach based on the
latter attribute did not produce patterns that were significantly correlated with
any of the environmental variables. The resulting approach contains fewer
biological variables (i.e. 24 functional categories; see Figure 2) and, as indicated
from Redundancy Analysis, shows patterns comparable to the foraging
mode/body size approach (Figure 46). The variance explained by the axis-
environment relationship now represents 59.3% of the the total biological
variance; 51.3% of the total variance is explained by the first four constrained
axes alone, compared with 38.9 % for the foraging mode/body size approach. This
increase in the proportion of variance explained, albeit substantial (i.e. about

32% over the first four axes, and 15% over all axes), could not be tested for
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Several biotic factors can also affect the structure of benthic communities
(Wildish 1977; Parsons et al. 1984). Woodin (1974) showed by cage experiments
that competitive interactions and behavioural patterns can determine the
abundance patterns of soft-bottom polychaetes. Similarly, selective predation
based on size and susceptibility (microhabitat considerations), for instance, can
probably alter the relative abundance of benthic animals and consequently, the
community structure. Activities in the sediment by deposit feeders have been
shown to lead to the exclusion of suspension feeders (Rhoads and Young 1970).
Adult-larvae interactions, larval settlement success and larval predation can
also affect community structure (see a brief review in Parsons et al. 1984). These
and other biotic factors may account for some of the variability in the biological
data that remains unexplained by the environmental data used in this study.

A closer examination of the proportion of variance explained by each axis,
however, tends to indicate that it is unlikely that any single biotic or abiotic
variable will account for the remaining 48-49% of the variation in the biological
data. When considering only the first four axes, a difference of 21-28% exists
between the variation accounted for by constrained and unconstrained axes. At
best, an ’ideal’ variable would explain an equivalent amount. The remaining
variation in the 5tP and following axes is assumed to be largely noise (Gauch
1982b). In reality, most biological and environmental factors are correlated to
each other to some extent, as is the case for variables used in this study.
Therefore, the amount of variation accounted for by a new variable such as
sediment water content would probably be less than 20%. This does not preclude
water content from influencing the outcome of the analysis or its interpretation.
It is reasonable to assume that water content would be included along with the
other interacting variables in a complex environmental gradient similar to that

observed in Figure 46.
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morphologically distinct groups (i.e. presumptive species) and analysing stomach
contents on a subsample of individuals from each group. Variation in feeding
with body size should also be considered to represent as accurately as possible
the trophic structure of the community. While the time spent determining the
actual foraging mode for those distinct groups in a benthic sample may be
equivalent to the time required to identify organisms to the species level in a
standard taxonomic approach, it is obvious that the trophic information acquired
can be more profitable from an ecological point of view. The taxonomic approach
based on families certainly requires a smaller investment in classification than
the functional approach or the ’species’ approach, but it still suffers from the lack
of ecological information such as body size and foraging behavior.

As mentioned previously, a disadvantage of the functional approach is the
lack of detailed information on feeding for most invertebrate groups found in the
marine benthos. Substantial investment would be required to perform stomach
analysis, particularly on small specimens such as young macrofaunal or
meiofaunal organisms. While the use of feeding information from the literature,
when available, can greatly facilitate the classification in functional categories,
published generalizations may also result in inaccurate or over-simplified
characterizations of communities (Dauer 1984). Also, in a functional approach
based on body size, estimation of size for a large number of specimens is most
efficient with an image analysing system which may increase the financial

investment.

4.5. Predictions

Earlier, predictions were made concerning relationships between the
biological data and the environmental variables. The first prediction stated that

significant relationships exist in the functional approaches. Only one functional
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approach in this study (i.e. feeding microhabitat) did not show any statistically
significant relationship. In the other five approaches, including the taxonomic
one, biological patterns were significantly correlated with the environmental
variables, as shown by the Monte Carlo tests.

As mentioned previously, the comparison of approaches with a different
number of biological variables is limited to the qualitative examination of the
ecological patterns extracted since the total variability and the amount of
variance explained in multivariate analyses is highly dependent on that number.
Consequently, the second prediction on the comparison of statistical significance
among functional approaches is not strictly testable. The ecological meaning of
patterns extracted, however, supports this prediction. The functional approach
which includes all or most foraging attributes and body size provides the most
meaningful characterization of community structure. Concerning the third
prediction, only the latter functional approach shows a better relationship
between the biological data and environmental variables than the taxonomic
approach, not so much in terms of variance explained but in the ecological
patterns extracted by the canonical analysis.

Finally, the present study shows that sediment grain size does contribute
significantly to the structuring of endobenthic polychaete assemblages (fourth
prediction). It is shown, however, that many of the environmental variables,
including sediment granulometry, are correlated to each other to some extent.
Nevertheless, variables such as water depth, current regime and benthic
biomasses tend to be more strongly correlated with the biological patterns than
they are to other environmental variables. The ability of a functional approach to
predict benthic community structure from the knowledge of a limited number of

environmental variables remains to be investigated by including a greater
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Table 2. Foraging attributes of polychaetes families from the Labrador
continental shelf and slope and Hermitage Channel. See text for details.

FAMILY FORAGING ATTRIBUTE

FEEDING FEEDING MOTILITY

TYPE STRATUM PATTERN

Ampharetidae microphage surface sessile
Apistobranchidae microphage surface discretely motile
Arenicolidae microphage surface discretely motile
Capitellidae (Capitella) microphage surface motile
Capitellidae (others) microphage subsurface motile
Chaetopteridae microphage surface sessile
Cirratulidae (Cirratulus) microphage surface motile
Cirratulidae (others) microphage subsurface motile
Cossuridae microphage subsurface motile
Dorvilleidae (in part) macrophage surface motile
Dorvilleidae (in part) microphage surface motile
Eunicidae macrophage surface discretely motile
Flabelligeridae microphage surface discretely motile
Glyceridae macrophage surface discretely motile
Goniadidae macrophage surface discretely motile
Lumbrineridae (in part) macrophage surface motile
Lumbrineridae (in part) microphage surface motile
Maldanidae microphage subsurface sessile
Nephtyidae macrophage surface motile
Nereidae macrophage surface motile
Onuphidae macrophage surface motile
Opheliidae microphage subsurface motile
Orbiniidae microphage subsurface motile
Oweniidae (Owenia fusiformis) microphage water-surface discr. motile-sessile
Oweniidae (others) microphage subsurface sessile
Paraonidae microphage surface motile
Pectinidae microphage subsurface motile
Phyllodocidae macrophage surface motile
Pilargiidae macrophage surface motile
Polynoidae macrophage surface motile
Sabellidae (Fabricinae) microphage water discretely motile
Sabellidae (Sabellinae) microphage water sessile
Scalibregmidae microphage subsurface motile
Serpulidae microphage water sessile
Sigalionidae macrophage surface motile
Sphaerodoridae microphage subsurface motile
Spionidae microphage water-surface discr. motile-sessile
Syllidae (Sphaerosyllis) microphage surface motile
Syllidae (others) macrophage surface motile
Terebellidae (Polycirrinae) microphage surface discretely motile
Terebellidae (others) microphage surface sessile
Trichobranchidae microphage surface sessile
Trochochaetidae microphage surface discretely motile
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Table 3. Environmental variables for the sampling sites on the Labrador
continental shelf and slope and in Hermitage Channel (labels used in

analyses are in capitals). Asterisk indicates multicollinear variables. See

text for details.

Station latitude NEWLAT
Water depth (m) DEPTH
Distance from shore (km) SHORE
Distance from 200 m isobath (km) 200M
Distance from 2000 m isobath (km) 2000M

% clay in sediment CLAY

% silt in sediment SILT

% sand in sediment SAND

% gravel in sediment GRAVEL
Average water temperature (°C) PREDTEMP
Average range in water temperature (°C) ~ TEMPRANG
Average salinity (%o) ~ PREDSALI
Average range in salinity (%o) SALIRANG
Water current regime CURRENT
Polychaete biomass POLYWT
Total macrofaunal biomass TOTALWT














































Figure 7. Multidimensional scaling ordination of samples based on the
feeding type approach, using vV-transformed abundance data (stress
value for two dimensions: 0.07). UPGMA groupings are represented by
the envelopes around the samples. Data points are labelled with the
station number as listed in Table 1.
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Figure 26. Redundancy Analysis for the motility pattern approach, using
vV -transformed abundance data. Sample points (®) are labelled with
station numbers (see Table 1), biological variables ( ®) with lowercase
alphanumeric codes (see Figure 2 for explanation of variable codes), and
environmental variables (—) with uppercase labels (abbreviation of
variable name). Biological variables situated outside the range of sample
points in the ordination are indicated by a small arrow next to the
variable code. Scaling factor of environmental biplot scores= 3.87.
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Figure 54. Redundancy Analysis for the taxonomic approach, using
log -transformed percentage data. Sample points (®) are labelled with
station numbers (see Table 1), biological variables (®) with lowercase
alphanumeric codes (see Figure 2 for explanation of variable codes), and
environmental variables (— ) with uppercase labels (abbreviation of
variable name). Biological variables situated outside the range of sample
points in the ordination are indicated by a small arrow next to the
variable code. Scaling factor of environmental biplot scores= 3.85.
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Appendix A

Measuring system: hardware, software,
and operation

Digitizing system VERSAPAD, version BENTHOPAD

The VERSAPAD digitizing system (hardware setup and software) was designed
to accelerate ecological measurements, which are often numerous and repetitive.
We have attempted to reduce the number of interactions with the keyboard to a

minimum while using the maximum graphic capability of an Apple I1+.

Hardware
» Apple 11+ 64K RAM microcomputer and b/w monitor
* Floppy disk drive I
» Super Serial Port card
* Memory expansion card (Language card; optional)
* Accelerator card (e.g. TRANSWARP; optional) and micro-fan
« HIPAD digitizing tablet (Houston Instruments), with 4-button
cursor (any other tablet or cursor can be used with minimal change

to program).
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Software and operation
Program VERSAPAD, version BENTHOPAD, on DIVERSI-DOS

Unlike many digitizing sotfware that have a series of screen menus to call
the different routines of the program, we have used a small portion of the
digitizing space on the tablet for a menu (similar to the Zeiss approach). The
tablet HIPAD uses a 4-button cross-hair cursor. The program, however, can be
adapted for a 2-button cursor or a stylus.

The tablet menu consists of 7 distinct areas: 6 functions (color coded) and a
coding series (codes 1 to 20). Each function can be called for by pressing a given
key on the cursor when the latter is situated on the desired area on the menu.

« ENTER DATA - informs the program that the next entry(ies) will be
a measurement.

+ SPECIES - allows rapid change of species code by calling the
corresponding routine. Species codes can be entered through the
keyboard, the cursor or automatically (from 1 up).

* PICTURE - calls the scaling routine to enter scales manually or
automatically.

* STATION - allows change of station (or sample) number and other
related information (e.g. depth, date).

* VISUALIZE - displays the current data or data previously stored in
memory.

* OUTPUT - sends the current data to memory storage or saves the
data from memory onto diskette.

* Coding series - a series of 20 numbered cells allows rapid entry of

species code and scaling code. Using a neat trick, the number of
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codes that can be obtained from the limited number of cells becomes
virtually infinite.

When the program starts, a few general questions are asked:

1. Do you want to adjust the video proportions ? This allows

proportional video (screen) image to the space used on the tablet.

2. Do you want to enter species code with cursor, keyboard or
automatically (from 1 up) ?

3. Do you want to enter scaling factor manually (i.e. each time you
need to change) or automatically (i.e. entered only once here and
later referred to by a code on the tablet menu) ?

4. Which unit of measurement (from micrometres to kilometres) will
you use ?

Then, the program will prompt the user to give station (or sample) number,
station depth, species code, scaling factor (as a code or in full) and any other
questions introduced in the program. VERSAPAD is an open program. Its
simple BASIC format allows rapid modification and expansion if necessary.
However, most problems in ecology can be addressed without modification to the
original design.

Once the detailled information on each station/sample (or picture) has been
entered, it is time to ENTER DATA, or start measuring. By pressing any cursor
key when the cursor (cross-hair) is situated on ENTER DATA, the program
awaits for values (points) coming from the tablet. These points are then
interpreted for straight length, curved length, diameter, surface-area or
coordinates, depending on the key pressed on the cursor and on the switch setup
on the tablet (i.e. point mode or switch stream mode). In a few seconds, one can

measure the length, diameter and surface-area of an object and send it to
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memory by pressing the white key with the cursor on OUTPUT. It is possible to
view the set of measurements for the last entry, before sending it to memory, by
pressing the white key with cursor on VISUALIZE. If the user is satisfied, the
data can then be sent to memory. By pressing the red key with cursor on
VISUALIZE, the user can also access a screen menu to view, modify or eliminate
any of the previous entries before they are saved on the diskette.

A typical sequence of measurements would then be:

1. white cursor-key on ENTER DATA

2. 2 points (point mode) for diameter with green cursor-key

3. white cursor-key on ENTER DATA

4. series of points (switch stream mode) for curved length with red
cursor-key

5. white cursor-key on ENTER DATA

6. series of points (switch stream mode) for surface-area with green

cursor-key

7. white cursor-key on OUTPUT

8. go to step 1 for next case.

After each measurement, the result is displayed under the graphic
representation of the measurement. Here, the key factor in time saving is the
fact that all measurements are obtained without any interaction with the
keyboard, unless you need to change the station number and other related
values. Routines to change the species code, the scaling factor or the station
number are accessed by pressing a cursor-key on the specific item of the tablet
menu.

At the end of a session, or when the memory is full, the data are saved onto

a floppy disk. By pressing the red cursor-key on OUTPUT, the output routine
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will ask the user 'Do you want to see the CATALOG? [of files on the diskette]
and ‘Do you want to create a new data file?’ [or append data to an old file]. Data
files on the diskette can then be transferred through a Modem to a mainframe
computing system for processing and analysis. KERMIT is a standard program
to transfer files from micros to mainframes. We have preferred not to analyse the

data on the Apple II+ because of obvious limitations (i.e. memory and speed).

Accuracy and precision of measurements

Roff and Hopcroft (Can. J. Fish. Aquat. Sci. 43[19861:2044-2048) described
a measuring system which uses the same HIPAD digitizing tablet, a microscope
fitted with a drawing tube and an IBM personal computer instead of an Apple
II+. The HIPAD tablet has working dimensions of 25 X 25 c¢cm, of which 25 X 5
cm are used for the tablet menu in the case of VERSAPAD. With a resolution of
0.1 mm for the tablet, Roff and Hopcroft obtained precision values of +0.25% and
+0.1% for objects that occupy 25% and 4% of the field of view, respectively. They
also reported an accuracy of < +0.25% on repeated measurements for objects
occupying 10% of the field of view. Using the conventional method with a
microscope eyepiece micrometer, the maximum precision achieved is usually
+ 3% for an object occupying 25% of the field of view. An other disadvantage of
the conventional system is the need to manipulate and straighten curved
specimens.

In the present study, the field of view approximated or exceeded the active
area of the digitizing tablet. Tests of the precision and accuracy of measurements

yielded values similar to those reported by Roff and Hopecroft (1986).
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Appendix B

Length / diameter relationship and correction
of total body length for truncation

Figures B-1 to B-48. Diagrams of the observed length versus maximum
diameter of individual macrobenthic polychaetes for each family from the
Labrador shelf and slope and Hermitage Channel. Full line represents
estimated length/diameter relationship of non-truncated specimens and
dashed line represents cutoff point below which the specimen length is
corrected to fit the estimated (non-truncated) length for a given diameter.

No correction applied when lines are absent.
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Appendix C

Environmental data
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Table C-1. Environmental variable labels used in the multivariate analyses
and in Table C-2.

NEWLAT: Station latitude

DEPTH: Water depth (m)

SHORE: Distance from shore (km)

200M: Distance from 200 m isobath (km)
2000M: Distance from 2000 m isobath (km)
POLYWT: Polychaete biomass

TOTALWT: Total macrofaunal biomass

SILT: % silt in sediment

CLAY: % clay in sediment

SAND: % sand in sediment

GRAVEL: % gravel in sediment

CURRENT: Water current regime
PREDTEMP: Average water temperature (°C)
TEMPRANG: Average range in water temperature (°C)
PREDSALI: Average salinity (%o)

SALIRANG: Average range in salinity (%o)
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Table C-2. Environmental data from each sampling site on the Labrador
continental shelf and slope and Hermitage Channel.

STATION NEWLAT DEPTH SHORE 200M 2000M
1 2156.4 594 173.2 123.4 131.4
3 2113.9 618 94.8 75.8 180.2
4 2090.0 385 45.3 27.7 212.8
5 2058.6 438 162.8 59.2 58.3
6 2038.8 318 119.9 17.9 88.1
8 2001.7 128 23.1 23.7 177.6

10 1974.7 183 121.4 14.2 85.8
11 1951.2 146 82.5 51.6 144.5
12 1936.4 128 52.0 77.3 168.4
15 1894.0 155 72.5 12.2 126.4
17 1910.3 144 72.5 289 117.1
19 1861.2 164 96.4 7.9 121.2
22 1783.2 165 18.9 6.5 139.5
23 1796.1 237 55.9 4.3 94.2
24 1801.8 146 71.2 -7.0 87.9
28 1713.9 157 109.9 3.1 64.6
30 1689.0 136 29.6 5.6 138.8
36 1607.3 420 88.8 23.1 109.2
38 1577.3 622 123.9 259 194
39 1555.0 135 68.4 -20.7 75.8
40 1545.8 85 54.6 -14.4 90.7
41 15633.3 560 21.3 3.7 119.0
78 1478.7 109 23.5 8.5 125.8
79 1488.3 164 52.3 2.8 92.5
80 1504.1 255 106.4 34.7 48.6
84 1431.4 178 125.8 -2.8 116.7
85 1421.3 152 88.3 15.2 171.5
87 1413.1 219 60.5 12.6 207.4
88 1309.8 140 17.6 35.2 231.3
89 1325.6 285 56.2 4.6 187.6
90 1343.4 166 93.8 8.9 145.4
91 1362.5 201 152.1 1.9 88.6
94 1271.5 225 199.2 6.8 85.5
1526 748.3 375 13.3 11.1 388.5
1528 748.4 330 13.3 11.1 388.5

1529 748.5 305 13.3 11.1 388.5
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STATION POLYWT TOTALWT SILT CLAY SAND GRAVEL
1 0.06 0.06 44.3 28.2 21.7 5.8
3 0.50 0.80 7.1 11.7 63.1 18.2
4 6.73 6.77 11.3 12.7 34.3 41.7
5 6.05 7.16 39.2 36.3 21.1 3.3
6 0.84 6.12 33.3 30.6 293 6.7
8 44.23 1261.90  30.7 20.8 32.7 15.9
10 50.08 919.62 8.6 13.0 72.8 5.5
11 15.05 559.80 7.4 17.2 73.4 1.9
12 165.47 338.65 14.1 28.1 49.5 8.2
15 49.64 403.58 9.1 51.9 36.9 2.1
17 57.62 695.29 6.2 26.9 54.4 12.5
19 297.17 448.41 23.3 38.8 37.4 0.5
22 27.51 783.66 8.8 9.5 80.4 1.3
23 15.31 500.99 17.5 32.0 46.4 4.2
24 49.94 1077.31 8.5 13.2 394 38.9
28 305.42 2274.11 4.3 4.4 91.1 0.2
30 57.95 772.69 8.0 7.4 66.0 18.6
36 17.31 19.31 41.2 44.1 14.7 0.0
38 150.49 177.62 13.1 11.6 72.2 3.1
39 109.44 1008.30 3.0 2.5 88.7 5.8
40 50.93 102.29 2.7 3.3 45.1 48.9
41 73.86 112.25 59.7 36.4 3.9 0.0
78 8.57 389.75 1.2 1.0 39.5 58.3
79 56.75 350.51 14.4 16.8 - 46.0 228
80 29.76 542.59 5.2 3.9 81.4 9.4
84 6.56 27.74 4.0 9.2 86.6 0.1
85 18.99 159.31 2.7 3.6 93.7 0.0
87 56.08 90.75 6.1 5.4 73.3 15.2
88 15.70 535.74 22.7 24.3 46.3 6.7
89 48.06 178.78 5.3 6.2 50.9 37.7
90 2.75 2.83 1.8 8.5 89.7 0.0
91 25.56 63.50 4.3 9.8 86.0 0.0
94 19.28 55.09 4.9 12.8 82.4 0.0
1526 2.68 4.00 474 49.0 3.7 0.0
1528 25.32 250.00 225 30.4 38.6 8.5
1529 15.54 150.00 25.2 36.1 34.4 4.2
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Table C-2. Continued.

STATION CURRENT PREDTEMP TEMPRANG PREDSALI SALIRANG

1 3.0 4.93 6.03 34.59 2.24
3 4.0 4.85 6.29 34.60 2.31
4 4.0 4.71 3.51 34.38 1.74
5 4.0 4.73 4.05 34.45 1.84
6 3.5 4.25 3.08 34.25 1.66
8 3.0 0.57 3.87 33.54 1.72
10 1.5 1.27 3.36 33.82 1.66
11 1.0 0.65 3.68 33.64 1.70
12 1.0 0.46 3.87 33.54 1.72
15 1.0 0.66 3.60 33.69 1.68
17 1.0 0.56 3.70 33.63 1.70
19 1.0 0.73 3.52 33.73 1.67
22 25 0.60 3.51 33.74 1.67
23 2.0 2.27 3.06 34.03 1.63
24 2.0 0.38 3.68 33.64 1.70
28 1.0 0.36 3.58 33.70 1.68
30 3.0 0.08 3.79 33.59 1.71
36 3.0 3.90 3.85 34.43 1.80
38 4.0 3.89 6.33 34.60 2.32
39 1.0 -0.17 3.80 33.58 1.71
40 1.0 -0.47 4.38 33.26 1.79
41 3.0 3.81 5.62 34.57 2.14
78 3.0 -0.49 4.09 33.42 1.75
79 1.5 0.06 3.52 33.73 1.67
80 2.0 2.20 3.02 34.09 1.63
84 1.0 0.19 3.40 33.80 1.66
85 1.0 -0.23 3.63 33.67 1.69
87 3.0 1.10 3.14 33.96 1.64
88 25 -0.57 3.75 33.61 1.70
89 3.0 2.51 3.00 34.17 1.64
90 1.5 -0.17 3.50 33.74 1.67
91 1.5 0.56 3.23 33.90 1.64
94 3.5 1.01 3.11 33.99 1.63
1526 3.5 5.00 2.00 34.50 0.60
1528 3.5 5.00 2.00 34.50 0.60

1529 3.5 5.00 2.00 34.50 0.60
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Appendix D

Fitted temperature and salinity curves
from data in Lazier (1982)
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Appendix E

Frequencies of polychaetes for the functional
and taxonomic approaches
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Table E-1. Absolute frequencies of benthic polychaetes per station in each
attribute of functional approaches based on feeding type, feeding
microhabitat and motility pattern. See text for detailed descriptions of
attributes. Attribute codes are defined in Figure 2.

FEEDING MICROHABITAT MOTILITY
STATION DEPTH MA MI WA SR SB WS MO DM SE SD
1/L-1 594 3 11 0 11 3 0 6 6 2 0
3/L-2 618 2 3 0O S5 O 0 0 3 2 0
4/L-3 385 3 21 0 6 18 O 5 0 19 O
5/L-4 438 7 25 3 29 O 0 4 8 20 O
6/L-5 318 1 19 15 4 1 0 1 1 18 O
8/L-7 128 41 151 45 83 30 34 47 76 45 24
10/L-9 183 25 211 7 12559 45 91 583 50 42
11/L-10 183 44 150 31 90 10 63 85 44 2 63
12/L-11 128 9 74 13 57 11 2 36 34 11 2

15/L-13 155 230 332 168 264 25 105 259 194 18 91
17/L-14 144 87 112 20 1356 38 108 46 7 38
19/L-15 164 317 80 3 35219 23 336 28 10 23
22/L-16 165 33 112 15 91 24 15 95 33 2 15
23/L-17 237 10 98 4 55 40 9 40 21 38 9

24/L-18 146 69 281 30 172133 15 115 85 140 10

28/L-19 157 206 89 3 25730 5 238 45 11 1
30/L-20 136 23 53 2 562 20 2 49 18 7 2
36/L-22 420 23 94 2 83 32 O 77 19 21 O
38/L-23 622 9 19 9 13 5 1 9 11 7 1
39/L-24 135 82 93 3 13240 O 116 15 44 O
40/L-25 85 15 32 7 23 12 5 16 5 22 4
41/L-26 560 5 30 0 25 8 2 12 8 13 2
78/L-27 109 33 84 19 71 13 14 48 31 24 14

79/L-28 164 121 211 20 21979 14 149 60 110 13
80/L-29 255 36 302 41 161 110 26 151 63 102 22
84/L-31 220 49 119 7 106 20 35 81 42 10 35
85/L-32 152 46 182 32 13025 41 72 93 23 40
87/L-33 219 215 229 19 37036 19 308 77 40 19
88/L-34 140 278 669 115 542 112 178 476 266 27 178
89/L-35 285 61 238 18 177 58 46 128 64 66 41
90/L-36 166 25 40 0 46 2 17 36 10 2 17
91/L-37 201 66 164 2 11461 53 108 31 47 44
94/L.-38 225 13 191 18 61 111 14 65 47 85
HC_1526 375 25 13 1 33 4 0 25 8 5 0
HC_1528 330 165 461 25 52467 10 270 271 75 10
HC_1529 305 105 253 8 30542 3 175 160 20 3

N
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Table E-2. Absolute frequencies of benthic polychaetes per station in each size
class of the functional design based on body size See text for detailed
descriptions of size classes.

SIZE CLASSES

STATION DEPTH 2 3 4 S 6
1/L-1 594 0 12 1 1 0
3/L-2 618 1 1 2 1 0
4/L-3 385 2 7 14 1 0
5/L-4 438 2 15 14 0 1
6/L-5 318 0 10 5 5 0
8/L-7 128 61 67 39 22 1
10/L-9 183 47 116 58 9 4
11/L-10 183 68 100 20 4 2
12/L-11 128 26 38 11 4 4
15/L-13 155 3 298 206 25 14 6
17/L-14 144 59 105 22 9 4
19/L-15 164 73 113 30 171 10

22/L-16 165
23/L-17 237
24/1L-18 146
28/L-19 157
30/L-20 136
36/L-22 420
38/L.-23 622
39/L-24 135
40/L-25 85

41/L-26 560
78/L-27 109
79/L-28 164
80/L-29 255
84/L-31 220

58 56 18 9
14 45 40 7
50 143 139 13
46 46 43 151
19 30 20 7
51 24 24 11
1 7 9 9
23 62 28 353
12 18 16 0
3 16 4 12
45 39 25 4
82 108 69 65
53 196 76 10
60 76 22 7
85/1.-32 152 96 70 52 5
87/L-33 219 125 127 67 121
88/L.-34 140 251 512 157 20 5

N ANFF R NOOWOJOUuUNONOOHOONMNDNOOO O OO

H R, OO OO MAMNNORFENITNOKF ONO O WN N

89/L.-35 285 1 86 113 80 13
90/L-36 166 1 26 25 10 2
91/L.-37 201 2 50 100 58 20
94/L-38 225 0 21 105 69 9
HC_1526 375 0 6 18 13 1
HC_1528 330 38 262 275 37 13
HC_1529 305 30 171 126 23 7
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Table E-3. Absolute frequencies of benthic polychaetes per station in each
attribute of the functional approach based on foraging mode and body
size. See text for detailed descriptions of attributes. Attribute codes are
defined in Figure 2.

MASRMO MASRDM
STATION DEPTH 1 2 3 4 1 2 3 4
1/L-1 594 0 3 0 O 0 0 0 O
3/L-2 618 0O 0 0 o 0 1 1 O
4/L-3 385 1 0 2 O O 0 0 O
5/L-4 438 0 2 1 O o 2 1 1
6/L-5 318 0 0 1 O 0O 0 0 o
8/L-7 128 5 17 17 O 0 0 2 O
10/L-9 183 9 9 o5 1 0 1 0 O
11/L-10 183 11 29 4 O 0O 0 0 O
12/L-11 128 1 5§ 1 2 0O 0 0 O
15/L.-13 155 94 1323 1 0O 0 0 O
17/L-14 144 20 54 11 2 0 0 0 O
19/L.-15 164 53 80 1759 O 0 0 O
22/1.-16 165 10 20 2 1 0O 0 0 o
23/L-17 237 1 6 3 O 0O 0 0 O
24/1.-18 146 17 31 6 3 1 9 2 O
28/L-19 157 19 17 1652 1 2 0 O
30/L-20 136 5 13 5 O 0O 0 0 O
36/L-22 420 7 9 5 O 0O 2 0 O
38/L-23 622 O 1 7 O 0 0 1 O
39/L.-24 135 14 5 54 6 0 1 2 O
40/L-25 85 8 5§ 0 1 1 0 0 O
41/1.-26 560 O 2 3 O 0O 0 0 O
78/L-27 109 206 3 O 1 2 0 1
79/L-28 164 39 10 57 7 0O 2 6 O
80/L-29 255 4 156 7 2 2 4 2 O
84/L-31 220 27 22 0 O O 0 0 O
85/L-32 152 34 5 2 O 1 3 1 O
87/L-33 219 35 35 1352 0O 6 2 O
88/L-34 140 25418 1 1 1 2 1 O
89/L.-35 285 18 31 7 O 2 3 0 O
90/L.-36 166 213 0 O 0O 0 o0 O
91/L-37 201 13 20 33 O 0 0 0 O
94/L.-38 225 2 4 7 0 0O 0 0 O
HC_1526 375 4 191 O 0 0 1 O
HC_1528 330 80 72 9 O 2 1 1 O
HC_1529 305 54 48 2 O 1 0 0 O
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Table E-3. (Continued)

MISRMO MISBMO
STATION 1 2 3 4 1 2 3 4
1/L-1 O 0o O O O 3 0 O
3/L-2 O 0 o0 O O O O O
4/L-3 o 2 0 O O O O O
5/L-4 O 1 0 O O O 0 O
6/L-5 O 0 0 O O 0O O O
8/L-7 1 2 0 O 1 2 2 0
10/L-9 12 39 1 O 1 7 5 2
11/L-10 3 28 0 O 5 1 4 O
12/L-11 6 18 0 O 3 0 0 O
15/L.-13 1 7 0 O 4 4 10 3
17/L-14 1 16 0 O 1 2 1 O
19/L-15 2 3 1 O 2 7 3 1
22/L.-16 18 22 0 O 4 6 11 1
23/L-17 4 20 0 O 3 2 0 1
24/1L.-18 11 22 0 O 4 19 2 O
28/L-19 6 6 0 O 5 12 5 1
30/L-20 O 4 2 O 6 8 6 O
36/L-22 39 4 0 O 7 5 1 O
38/L-23 1 0 0 O O O O O
39/L-24 10 256 1 O 0O 1 0 O
40/L-25 O 2 0 O O O O O
41/L-26 1 2 0 O O 4 O O
78/L-27 1 16 0 O O 0 2 O
79/L-28 9 11 0 O 5 8 3 O
80/L-29 23 83 0 O 5 10 2 O
84/L-31 5 13 0 O 2 9 3 O
85/L.-32 10 10 0 O 4 6 1 O
87/L-33 63 3 0 O 1 1 1 O
88/L-34 72 27 0 O 8 18 4 O
89/L-35 20 36 0 O 6 8 3 O
90/L-36 6 5 0 O O O O O
91/L-37 6 20 0 O 5 8 3 O
94/1.-38 3 19 1 O 2 24 3 O
HC_1526 0 O O O 0O 1 0 O
HC_1528 33 13 1 O 12 45 4 1
HC_1529 26 3 O O 13 26 3 O
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(Continued)

Table E-3.

MISRDM

MIWADM

2

1
0
0
0

STATION

1/L-1

3/L-2

4/L.-3

5/L-4

0

6/L-5

42
1

8/L-7

12 28 2 O

0

10/L-9

0
0

160 8
18

31
1

11/L.-10

2

18

11

12/L.-11

0

15/L-13

2

17/L-14

19/L.-15

0

15
0
6
2
0
0
0
0
0
0

22/L-16

2

12

23/L-17

17
0

24/L-18

15 17 4

0

0

28/L-19

30/L-20

0
8
1
0

36/L-22

38/L-23

39/L-24

40/L-25

41/L-26

1
6

13
10

3
7

78/L-27

79/L-28

21
0
1
8

80/L-29

12 22 1 O

0

84/L-31

85/L-32

44 10 O
39
87 60 O

1

31
9

4

87/L-33

88/L-34

0

0

0

114 1
10
0

2
5

4
0
0

89/L-35

90/L-36

91/L-37

4

16

12
0

3
3

94/L-38

0
0
0

HC_1526 O

0
0

115 136 7
98 51 6

0
0

HC_1528 6
HC_1529

1
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(Continued)

Table E-3.

MIWASE

MIWSSD

2

1
0
0
0
0
0

STATION

1/L-1

3/L-2

4/L-3

5/L-4

6/L-5

10 12 O

7

8/L-7

0
0
0
0
0
1
0
0
1
1
1
0
0
2
2
0
3
3
2
0
0
0
0
0
0
0
0
1

10/L-9

0
2

11/L-10

12/L-11

10 13 1

4

15/L-13

0
0

17/L-14

19/L-15

22/LL.-16

1

23/L-17

11 17 O

2

24/1.-18

0
1
0
0

28/L-19

30/L-20

36/L-22

38/L-23

39/L-24

5
0
1

0

40/L-25

41/L-26

78/L-27

29 11 O

5

79/1-28

80/L-29

0

84/L-31

85/1.-32

1
0
0
0

87/L-33

88/L-34

89/L-35

90/L.-36

91/L-37

0
0
3
0

94/L-38

HC_1526
HC_1528

35 17 2 O

0

0
0

13

HC_1529 4




264

Table E-3. (Continued)

MISRSE MISBSE
STATION 1 2 3 4 1 2 3 4
1/L-1 0O O O O 0O O O O
3/L-2 0O 0 o0 O O o0 o0 O
4/L-3 1 156 2 O O o0 o0 O
5/L-4 0O o0 0 O 0O 0 O O
6/L-5 0 1 0 O O 0 O O
8/L-7 1 22 2 O 5 19 0 O
10/L-9 5 27 12 O 9 30 2 1
11/L-10 O 0 O O 17 46 0 O
12/L-11 1 3 2 2 1 1 0 O
15/L-13 o 2 1 1 45 45 1 O
17/L-14 O O o0 2 10 27 1 O
19/L-15 0O 58 1 O 6 17 0 O
22/L-16 1 0 1 O 7 8 0 O
23/L-17 0O 20 13 1 1 5 3 O
24/L-18 0O 79 29 O 3 6 1 O
28/L-19 o 4 2 1 0 1 o0 O
30/L-20 O o0 o0 O O 2 0 O
36/L-22 3 6 10 O O o0 o0 O
38/L-23 o 0 3 2 0 1 0 O
39/L-24 0O 39 0 O 0O o0 O O
40/L-25 0 11 1 O 1 2 1 O
41/L-26 o 2 2 O 2 0 0 O
78/L-27 3 6 2 O 5 5 4 O
79/L-28 1 55 7 O 8 5 0 O
80/L-29 13 78 2 O 1 16 5 O
84/L-31 0 4 1 1 9 20 6 O
85/L-32 o 9 &5 O 20 17 3 O
87/L-33 1 31 1 O 9 9 1 O
88/L-34 5 3 0 1 13840 0 O
89/L-35 1 14 22 4 21 16 4 O
90/L-36 0O 2 0 O O 16 1 O
91/L-37 2 40 3 O 14 27 3 O
94/L.-38 4 66 12 O 0O 4 3 O
HC_1526 1 1 1 O 0O o0 o0 O
HC_1528 2 2 1 O 2 8 0 O
HC_1529 0 O O O 2 1 0 O
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Table E-4. Absolute frequencies of benthic polychaetes per station in each
attribute (families) of the taxonomic approach. Attribute code
represents the first five characters of the family name.

STATION DEPTH AMPHAAPIST ARENI CAPIT CHAET CIRRA COSSU DORVI EUCIN

VL-1 594 0 1 0 0 0 5 0 0 0
3/L-2 618 2 0 0 0 0 1 0 0 0
4/L-3 385 0 0 0 0 1 0 0 0 0
5/L-4 438 0 0 0 0 0 0 0 0 1
6/L-5 318 0 0 0 0 0 0 0 0 0
8/L-7 128 2 0 0 0 0 21 0 1 0
10/L-9 183 0 1 0 0 0 39 0 0 0
11/L-10 183 0 1 1 0 0 10 3 0 0
12/L-11 128 0 0 0 0 0 34 2 0 0
15/L-13 155 6 2 0 2 0 9 2 1 0
17/L-14 144 1 0 0 1 0 26 1 0 0
19/L-15 164 0 0 0 0 0 16 1 0 0
22/L-16 165 0 0 0 0 0 19 4 0 0
23/L-17 237 1 0 0 2 0 17 3 0 0
24/L-18 146 1 0 0 0 0 31 0 1 0
28/L-19 157 3 0 0 0 0 35 0 0 0
30/L-20 136 1 0 0 13 0 18 0 0 0
36/L-22 420 0 0 0 4 0 16 6 0 0
38/1L-23 622 0 0 0 0 0 1 0 0 0
39/L-24 135 0 0 0 1 0 11 0 0 0
40/L-25 85 0 0 0 1 0 1 0 0 0
41/L-26 560 0 0 0 0 0 8 0 0 0
78/L-27 109 0 0 0 0 0 11 0 0 0
79/L-28 164 19 4 0 6 0 23 0 0 0
80/L-29 255 0 1 0 0 0 14 0 1 0
84/L-31 220 1 1 0 0 0 34 2 0 0
85/L-32 152 1 0 0 4 0 55 0 2 0
87/L-33 219 0 1 0 0 0 45 0 0 0
88/L-34 140 3 1 0 8 0 135 21 2 0
89/L-35 285 0 1 0 2 0 30 2 2 0
90/L-36 166 0 0 0 0 0 10 0 0 0
91/L-37 201 1 15 0 0 0 5 0 0 0
94/L-38 225 2 6 0 4 0 15 0 0 0
HC_1526 375 1 0 0 1 0 0 0 0 0
HC_1528 . 330 4 1 0 72 0 245 8 2 0
HC_1529 305 16 0 0 42 0 147 10 1 0
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(Continued)

Table E-4.

STATION

VL-1

FLABE GLYCE GONIA LUMBRMALDANEPHT NEREI ONUPHOPHEL ORBIN

3/L-2

18

-3

5/L-4

6/L-5

16
28

8/L-7

12

10/L-9

39

11/L-10

12/L-11

212
62

15/L-13

17/L-14

182

102

19/L-15

16

22/1.-16

34

23/L-17

15

10
12

26

104

12

24/1.-18

174

28/L-19

30/L-20

19

10

3
0

36/L-22

38/L-23

61

39
12

39/L-24

40/L-25

41/L-26

78/L-27

67

63

79/L-28

10

13

84

80/L-29

22

84/L-31

14
33

85/L-32

141

42
97

87/L-33

59

88/L-34

41 26

18

89/L-35

16
11

90/L-36

41

30
53

91/L-37

25

94/1.-38

16

HC_1526
HC_1528

104
72

10
8

HC_1529
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(Continued)

Table E-4.

OWENI PARAO PECTI PHYLL PILAR POLYN SABEL SCALI SERPU SIGAL

STATION

-1
-2
-3

5/L-4

15
45

6/L-5

19

19
19

8/L-7

50

10/L-9

31

31

11/L-10

11

13

12/1-11

168
20

13
20
12
20

14

14

15/L-13

17

17/L-14

19/L-15

15

39

22/1.-16

23

23/L-17

24

10

32

24/1.-18

12

28/L-19

12

30/L-20

40

36/L-22

38/L-23

35

39/L-24

40/L-25

41/L-26

15
17
38

17
20

78/L-27

79/L-28

105
18
20
97

13

80/L-29

17

84/L.-31

32

85/L-32

19

13
18

87/L-33

115
18

45

93

88/L-34

53

89/L-35

11
26

90/L-36

24

91/L-37

18

19

36
2

0
0

94/1.-38

HC_1526
HC_1528

25

22

21

HC_1529

12

15
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Table E-4. (Continued)

STATION SPHAE SPION SYLLI TEREB TRICH TROCH
VL-1 0 0 1 2 0 0
3/L-2 0 0 0 0 0 0
4/L-3 0 0 0 0 0 0
5/L-4 0 0 2 19 2 0
6/L-5 0 0 0 3 0 0
8/L-7 0 24 2 12 6 0
10/L-9 0 42 7 5 1 2
11VL-10 0 63 0 2 0 1
12/L-11 1 2 0 1 0 0
15/L-13 1 91 1 8 0 0
17/L-14 0 38 1 1 3 0
19/L-15 3 23 10 1 2 4
22/1.-16 0 15 4 0 0 0
23/L-17 0 9 0 1 2
24/L.-18 0 10 7 6 19 13
28/L-19 0 1 18 0 0 1
30/L-20 0 2 3 4 0 0
36/L-22 0 0 6 1 0 0
38/L-23 0 1 0 2 0 0
39/L-24 0 0 14 2 1 0
40/L-25 0 4 10 5 0 0
41/L-26 0 2 0 9 0 0
78/L-27 0 14 20 10 0 0
79/L-28 0 13 33 31 1 0
80/L-29 3 22 6 3 0 0
84/L-31 2 35 1 3 0 0
85/L-32 1 40 22 8 0 0
87/L-33 0 19 3 10 1 0
88/L-34 7 178 109 17 0 0
89/L-35 0 41 3 29 1 0
90/L-36 0 17 3 0 0 0
9V/L-37 0 44 3 1 0 0
94/L.-38 0 7 2 2 0 0
HC_1526 0 0 2 0 0 0
HC_1528 0 10 26 50 2 0
HC_1529 1 3 17 0 0 0
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Appendix F

Total number of individuals per foraging mode
for each polychaete family
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aber of individuals per foraging mode in each polychaete
.abrador continental shelf and slope and Hermitage
Channel. See text and and Figure 2 for explanation of codes for foraging

modes.
FAMILY FORAGING MODE
M M M M M M M M M M
A A I 1 1 1 1 1 I I
S S S S w S w S S W
R R R B A R A R B S
M D M M D D S S S S
(@) M (@) (@) M M E E E D
Ampharetidae 0 0 0 0 0 0 0 65 O 0
Apistobranchidae 0 0 0 0 0 36 O 0 0 0
Arenicolidae 0 0 0 0 0 1 0 0 0 0
Capitellidae 0 0 53 110 O 0 0 0 0 0
Chaetopteridae 0 0 0 0 0 0 0 1 0 0
Cirratulidae 0 0 15 0 0 1072 0 0 0 0
Cossuridae 0 0 0 65 0 0 0 0 0 0
Dorvilleidae 7 0 6 0 0 0 0 0 0 0
Eucinidae 0 1 0 0 0 0 0 0 0 0
Flabelligeridae 0 0 3 0 0 43 0 0 0 0
Glyceridae 0 77 0 0 0 0 0 0 0 0
Goniadidae 0 1 0 0 0 0 0 0 0 0
Lumbrineridae 257 0 1 0 0 0 0 0 0 0
Maldanidae 0 0 0 0 0 0 0 0 647 O
Nephtyidae 691 0 0 0 0 0 0 0 0 0
Nereidae 13 0 0 0 0 0 0 0 0 0
Onuphidae 720 O 0 0 0 0 0 0 0 0
Opheliidae 0 0 0 129 0 0 0 0 0 0
Orbiniidae 0 0 0 140 O 0 0 0 0 0
Oweniidae 0 0 0 0 0 0 0 0 98 64
Paraonidae 0 0 833 O 0 0 0 0 0 0
Pectinidae 0 0 0 28 0 0 0 0 0 0
Phyllodocidae 217 0 0 0 0 0 0 0 0 0
Pilargiidae 4 0 0 0 0 0 0 0 0 0
Polynoidae 155 0 0 0 0 0 0 0 0 0
Sabellidae 0 0 0 0 627 O 51 0 0 0
Scalibregmidae 0 0 0 30 0 0 0 0 0 0
Serpulidae 0 0 0 0 0 0 27 0 0 0
Sigalionidae 2 0 0 0 0 0 0 0 0 0
Sphaerodoridae 0 0 0 19 0 0 0 0 0 0
Spionidae 0 0 0 0 0 0 0 0 0 770
Syllidae 337 0 0 0 0 0 0 0 0 0
Terebellidae 0 0 0 0 0 31 0 216 0 0
Trichobranchidae 0 0 0 0 0 0 0 40 0 0
Trochochaetidae 0 0 0 0 0 23 0 0 0 0













