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ABSTRACT

The seasonal dynamics and community structure of the soft-bottom benthic macroinfauna,
inhabiting shallow sublittoral habitats in Blanes Bay (northwest Mediterranean Sea), were in-
vestigated from March 1992 to March 1993. Macroinfaunal abundance and biomass varied sea-
sonally with a peak during spring, decreasing sharply in summer and reaching low values in win-
ter. Mean annual biomass was higher in the most sheltered and disturbed sediments (4.5 § ry
weight - m™). Lower biomass values were obtained at the other two sites (3.4 g dry weight - m
1.7 g dry weight - m™). Organic matter content of the sediments showed different pancms
among stations and did not explain the variability in abundance and biomass.

Key words: Seasonal dynamics, soft-bottom zoobenthos, northwest Mediterranean.

RESUMEN

Dindmica estacional y estructura de las comunidades de fondos blandos en la bakia de
Blanes (Mediterrdneo novoccidental)

Se ha estudiado la dindmica estacional y la estructura de la comunidad de la macroinfauna de fondos
Mandos sublitorales de la bahia de Blanes (mar Mediterrineo noroccidental) entre mario de 1992 y marw
de 1993. Tanto la abundancia como la biomasa varian estacionalmente, presentando un pico durante la
primavera, una disminucion brusca durante los meses de verano y valores bajos en otosio e invierno. La bio-
mandmanualnéxdamdauohuwmlaeslaaonmpenurtudautuadamunéfmmdaH’g
de peso seco - m™). Imohmdosmaaomntuadasmwnmmabuamdelabahmngmmm
mds bajos (3,4 g de peso seco - m> y 1,7 g de peso seco - m*). El contenido en materia orgdnica del sedimen-
{o mostré diferentes patrones estacionales para cada una de las estaciones; sin embargo, este factor no exph-
6 la vanabilidad observada para la abundancia y la biomasa.

Pulabras clave: Dindmica estacional, z00bentos, fondos blandos, Mediterrineo noroccidental.
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INTRODUCTION

Shallow littoral soft-bottoms in the northwest
Mediterranean are characterised by sandy sedi-
ments. The habitat is highly influenced by storm
waves and currents. Although the seagrass meadow
of Posidonia oceanica (L.) Delile, 1813, is the climax
community in the sublittoral zone, sand sediments
without vegetation are the most usual communities
in the area (Pérés and Picard, 1964; Pérés, 1967;
1982).

Marine habitats are characterised by species
populations that are highly variable in space and
time. Soft-bottom benthic studies have often fo-
cused on descriptions of the spatial distributions of
the species. To better understand patterns of or-
ganisation, long-term studies are needed to explain
the factors affecting species composition change.

Although seasonal dynamics has been intensive-
ly studied in temperate areas of the Atlantic Ocean
(Sanders, 1960; Pearson, 1971; Dauvin, 1984;
Dorjes, Michaelis and Rhode, 1986; Ibanez and
Dauvin, 1988), few works have dealt with seasonali-
ty of sublittoral soft-bottom communities in the
Mediterranean Sea (Guelorget and Michel, 1979a;
1979b; Martin, 1991; Millet and Guelorget, 1994;
Sarda et al., 1995).

In this paper we examine seasonal variation of a
soft-bottom macrobenthos in sublittoral environ-
ments in Blanes Bay (Mediterranean Sea). Three
different assemblages were sampled to test whether
variation in natural and anthropogenic distur-
bances affect structure and trophic composition
and to correlate the seasonality of the benthic in-
vertebrate fauna (abundance and biomass) with
the organic matter content in sediment.

MATERIAL AND METHODS

Three stations were sampled from March 1992
to March 1993 (Sarda et al.,, 1995). The sampling
area is highly influenced by freshwater inputs of
the Tordera River, Blanes harbour, the submarine
outfall from the city, and the combined action of
the dominant east and south winds. Station 1 was
located in front of the mouth of the river at a depth
of 15 m. Station 2 was situated in the middle of
Blanes Bay, at a similar depth, and station 3 was lo-
cated in the mouth of the Blanes Harbour at a
depth of 8 m.

Samples were obtained fortnightly in stations 1
and 2, and monthly in station 3 to estimate the
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species density and biomass. We used a Van Veen
grab covering an area of 600 cm®. At each station,
the grab was able to penetrate to different depths
(15 ¢m in station 1, and 12 cm in stations 2 and 3)
depending on sediment compaction. No biogenic
structures were seen on the bottom of the grab
samples, indicating the absence of large burrower
organisms. Two replicates were collected at each
station on every sampling date. Samples were
sieved through a 0.5 mm screen and preserved in
formalin seawater stained with rose bengal.

The organisms retained by the sieve were count-
ed and classified to the lowest possible taxonomic
level for polychaetes, bivalves, large nematodes and
echinoderms. The rest of the taxa were classified
only to major groups. The species biomass was de-
termined as dry weight (24 h at 70°C), except for
calcified species, where it was obtained by the loss
of weight after ashing (5 h at 450°C). Regressions
were used to convert length measurements to bio-
mass for the polychaete Ouwenia fusiformis Delle
Chiaje, 1842, and the different species of bivalves.
Organisms were classified into five trophic groups:
(F): filter feeders; (M): mixed (filter and surface-
deposit feeders); (S): surface-deposit feeders; (SS):
subsurface-deposit feeders; (C): carnivores/omni-
vores, using information in Fauchald and Jumars
(1979) and Dauvin and Ibanez (1986). The bivalve
species of the subfamily Tellinoidea and subfamily
Nuculoidea were included in the mixed group
(Levinton, 1982). The rest of the bivalves were clas-
sified as filter feeders. Each species was classified
into a single trophic group to avoid overestimating
the obtained values.

Small sediment subsamples were collected from
the grab for organic content and mechanical gran-
ulometric analysis. Organic content of dry sedi-
ment was estimated as the loss of weight after ash-
ing. Sediment was submitted to the standard
dry-sieved procedure described in Wentworth
(1972) for granulometric analysis. Six size classes
were used in this study: mud (<63 pm), very fine
sand (63 to 120 pm), fine sand (120 to 250 pm),
medium sand (250 to 500 pm), coarse sand (500 to
750 pm), and very coarse sand (750 to 1000 pm).
Medium grain size (m. g. s.) is used to characterise
the sediment.

We used parametric analysis to establish the pat-
tern of seasonal variability in abundance, biomass
and organic matter. Abundance data were trans-
formed to meet assumptions of normality and ho-
moscedasticity (as tested by Kolmogorov-Smirnov
and Bartlett tests, respectively). One-way analysis of
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variance was run with time (month) as a factor
within each station. Multiple comparisons among
months were calculated by the Tukey test (Tukey,
unpublished). A regression analysis (Pearson cor-
relation test) was used to reveal relationships of the
variables at each station.

RESULTS
Seasonal dynamics
The seasonal pattern in macroinfaunal abun-

dance at the three sites was characterised by a peak
during spring (April-May-June), a sharp decrease
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through summer and lower values in autumn and
winter (figure 1, top graph). A one-way ANOVA of
the abundance seasonal variability revealed signifi-
cant differences at each station (table I). Multiple
comparison tests showed May and June as the most
different months at stations 1 and 2, with April and
June at station 3. Maximum densities were reached
in May (21 106 ind. - m™at station 1, 46 400 ind. - m™
at station 2, and 51 600 ind. - m™ at station 3).
Annual mean abundance of the assemblages is
given in tables II, IIl, and IV.

The seasonal pattern of biomass followed rough-
ly that of abundance (figure 1, bottom graph).
Biomass peak was observed in late spring at stations
2 and 3. No significant differences were revealed by
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Figure 1. Seasonal variation in abundance and biomass of the three assemblages studied in Blanes Bay. Vertical bars are stan-
dard deviations.
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the one-way ANOVA of the biomass data at station
1 (table I). Multiple comparisons tests explained
the highest variation in May and June at these sta-
tions. The peak of biomass values were reached in
May (4.1 g - m* at station 2 and 9.3 g - m’ at station
3). Annual mean biomass of the assemblages is giv-
en in tables II, III, and IV.

The annual variation of organic matter content
of the sediments was different at the three sites (fig-
ure 2). According to that observed for biomass, the
one-way ANOVA analysis showed significant differ-
ences at stations 2 and 3 (table I). Multiple com-
parisons tests revealed September and November
as the most different months at station 2 and June
at station 3. The highest values of mean annual or-
ganic matter content were found at the most dis-
turbed station in the mouth of the harbour
(1.63%), while 0.71 % was computed at station 1,
and 1.08 % at station 2.

Relationships among measured variables are pre-
sented in table V. Macroinfaunal abundance was
highly related to the biomass values at each studied
assemblage. However, abundance was not correla-
ted with organic matter content at station 1 and was
negatively correlated at station 2. In the disturbed
site, significant relationships were found among or-
ganic matter and the other measured variables.

Structure of the benthic assemblages

The assemblages were dominated by polychaetes
and bivalves. Echinoderms and crustaceans were
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found in lower densities together with other less
representative groups. The number of species was
similar among sites (70 + 8 species of polychaetes,
15 £ 1 species of bivalves and 13 different groups).

The macroinfaunal assemblage of station 1
(Tordera River) inhabited coarse sand sediments
(m. g. s. = 575 pm) with low organic content
(0.71 %) . Polychaetes were the most representative
group in terms of abundance, and the bivalves in
biomass (figure 3). The dominant species were the
bivalve Spisula subtruncata Da Costa, 1778, and
the polychaetes Ditrupa arietina (Muller, 1776)
and OQOuwenia fusiformis. These organisms showed
high recruitment in spring, with low values during
the rest of the year (table II). Mean annual biomass
was calculated as 3.4 g - m’. Twelve species
accounted for 70 % of the biomass (table II). The
main contributors were the bivalve Callista chione
(L., 1758) and the polychaetes Glycera capitata
Oersted, 1843 and D. arietina.

The fine sand sediments (m. g. s. = 148 pm) of
the macroinfaunal assemblage of station 2 (Blanes
Bay) showed lower biomass than station 1.
Polychaetes were the dominant group in terms of
abundance and biomass (figure 3). Ouwenia
Susiformis was the most abundant species but was
observed only during the recruitment period.
Other important species in terms of abundance
were the polychaete Paradoneis armata Glemarec,
1966 and the bivalves Spisula subtruncata and Loripes
lacteus (L.. 1758). Mean annual values of biomass av-
eraged 1.7 g - m*. Twenty-three species accounted
for 70% of the biomass, with Echinocardium medi-

Table I. Summary table of the one-way ANOVA analysis. (*): p < 0.05, (**): p <0.01, (***): p < 0.001, (n. s.): differences not sig-
nificant, (DF): degrees of freedom, (MS): mean square and (F): F-ratio.

STATION VARIABLE SOURCE DF MS F
1 Abundance month 11 1.278 24.030 **¥*
error 9 0.053
Biomass month 11 1.001 1.448 n.s.
error 9 0.691
Organic Matter month 11 0.026 3.294 n.s.
error 7 0.008
2 Abundance month 11 2.134 31.579 #*x*
error 9 0.068
Biomass month 11 2.081 3.290 *
error 9 0.633
Organic Matter month 11 0.095 10.785 ks
error 11 0.009
3 Abundance month 11 1.719 22.215 %
error 12 0.077
Biomass month 11 16.791 11.866 ***
error 12 1.415
Organic Matter month 11 0.511 6.305 **
error 12 0.081
64 Publ. Espec. Inst. Esp. Oceanogr. 22. 1996: 61-70
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Figure 2. Seasonal variation in organic matter content of the three assemblages studied in Blanes Bay. Vertical bars are stan-
dard deviations.

terraneum (Forbes 1844) as the main contributor.
Large rare species, such as the polychaetes
Laetmonice hystrix (Savigny, 1820) and Amphitrite
variabilis (Risso, 1826), and epifaunal species, such
as the echinoderm Holothuria sp. and several
species of decapods, were not included in the val-
ue. These organisms accounted for 1.4 g - m® of
mean annual biomass.

The macroinfaunal assemblage of station 3
(Blanes Harbour) was found on fine sand sedi-
ments (m. g. s. = 179 pm) with the highest organic

content (1.63%). Polychaetes were largely the
dominant group (figure 3). This site showed the
highest values of mean annual biomass of the three
studied stations (4.5 g - m®). Seven species ac-
counted for more than 70% of the mean annual
abundance and biomass (table IV). The polychaete
Owenia fusiformis was the most representative
species, mantaining a stable population of adults
throughout the year. These worms were responsi-
ble for the high recruitment of this species in the
bay during spring.

Table II. Species composition, abundance (ind. - m™), biomass (g - m™) and percentages of the macroinfaunal assemblage

at station 1. 70% of the total biomass is represented. (BIV): Bivalva, (POL): Polychaeta, and (EQU): Equinodermata.

Trophic groups: (F): filter feeders, (C): carnivores/omnivores, (S): surface deposit feeders, (M): mixed and (SS): subsur-
face deposit feeders.

SPECIES TROPHIC GROUP ABUNDANCE BIOMASS
MEAN PERCENTAGE  MEAN PERCENTAGE

Callista chione BIV F 16 0.3 1.179 34.6
Glycera capitata POL Cc 351 7.4 0.390 114
Ditrupa arietina POL F 703 14.9 0.192 5.6
Echinocardium mediterraneum EQU S 106 2.2 0.153 45
Owenia fusiformis POL M 418 8.9 0.119 35
Spisula subtruncata BIV F 735 15.6 0.096 2.8
Loripes lacteus BIV F 41 0.9 0.078 2.3
Lumbrineris acuta POL C 78 1.7 0.056 1.6
Dosinia sp. BIV F 3 0.1 0.047 14
Sigalion squamatum POL C 2 0.1 0.038 1.1
Clymenura clypeata POL SS 7 0.2 0.031 0.9
Thracia sp. BIV F 32 0.7 0.028 0.8
Others 2220 1.002

Total 4712 3.410
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Trophic composition of macroinfauna made it
possible to observe a replacement of filter feeder
and carnivore/omnivore species by surface deposit
feeder and mixed species from the most exposed
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station in front of the Tordera River to the most
sheltered and disturbed site at the mouth of the
harbour (figure 3).

STATION 1

ABUNDANCE

192 619

438 332

STATION 2

STATION 3

59.6 89.9

81.6

31.5

50.1

BE polychaetes HEl crustaceans others
[1 echinoderms bivalves
TROPHIC GROUPS
104 13 106 102

{1 filter feeders
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Figure 3. Top graphs: Abundance and biomass distribution of different groups of the three assemblages studied. Bottom
graphs: Dominance of the trophic group in the three assemblages studied. Values are expressed on percentages.
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Table II1. Species composition, abundance (ind. - m™), biomass (g - m*) and percentages of the macroinfaunal assemblage
at station 2. 70% of the total biomass is represented. (EQU): Equinodermata, (POL): Polychaeta, and (BIV): Bivalva.
Trophic groups: (S): surface deposit feeders, (M): mixed, (SS): subsurface deposit feeders, (F): filter feeders and (C):

carnivores/omnivores.
ABUNDANCE BIOMASS
SPECIES TROPHIC GROUP
MEAN PERCENTAGE  MEAN PERCENTAGE

Echinocardium mediterraneum EQU S 429 4.2 0.259 15.3
Spiochaetopterus costarum POL M 152 15 0.176 10.4
Ouwenia fusiformis POL M 3257 322 0.123 7.3
Phylo foetidus POL SS 3 0.03 0.102 6.0
Spisula subtruncata BIV F 652 6.4 0.065 3.8
Ditrupa arietina POL F 8 0.08 0.060 3.6
Paradoneis armata POL S 494 4.9 0.059 3.5
Sigalion squamatum POL Cc 10 0.1 0.056 3.3
Loripes lacteus BIV F 500 49 0.032 1.9
Chone infundibuliformis POL M 82 0.8 0.026 1.5
Malacoceros fuliginous POL S 37 0.4 0.025 1.5
Nephtys hombergi POL C 2 0.02 0.024 14
Myriochele oculata POL M 57 0.6 0.021

Glycera capitata POL Cc 28 0.3 0.021 1.2
Magelona minuta POL S 407 4.0 0.021 1.2
Glycera rouxii POL C 8 0.08 0.019 1.1
Dosinia sp. BIV F 7 0.07 0.018 1.1
Nephtys cirrosa POL C 44 0.4 0.017 1.0
Spio decoratus POL S 149 1.5 0.015 0.9
Pectinaria koreni POL SS 15 0.1 0.013 0.8
Mediomastus fragilis POL SS 231 2.2 0.013 0.8
Capitella capitata POL SS 256 2.5 0.012 0.7
Hyalinoecia bilineata POL C 5 0.05 0.011 0.7
Others 3289 0.500

Total 10 122 1.690

DISCUSSION biomass in summer periods has been noted. The

Benthic variations observed in sublittoral assem-
blages of Blanes Bay provided evidence of the sea-
sonal pattern of abundance and biomass. The gen-
eral trend reveals a spring peak and low values in
autumn and winter. This same trend has been com-
monly observed during the following years (per-
sonal observation). Sublittoral soft-bottom envi-
ronments seem to show biomass trends similar to
the mediolittoral ones in the Mediterranean
(Sarda et al., 1995). While the species composition
of mediolittoral fauna is characterised by low rich-
ness through the year and large reproductive peri-
ods, sublittoral habitats tend to be structurally com-
plex, showing sporadic appearances of many
species and large recruitment of others in short pe-
riods of time.

Sublittoral seasonal fluctuations observed in this
study differ from those of the Atlantic Ocean
(Sanders, 1960; Dauvin,
Gonzalez and Mejuto, 1986) and North Sea data
(Dorjes, Michaelis and Rhode, 1986; Kiinitzer,
1992), where a tendency to accumulate density and
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mean biomass values obtained in Blanes Bay are
similar to low ranged values found on coastal
Atlantic shores (Sarda et al.,, 1995). This supports
the idea that the Mediterranean benthos is poorer
in biomass compared to the similar North Atlantic
sea floor (Ketchum, 1983; Ben-Tuvia, 1983).

As no seasonal pattern and relationships were
found for organic matter content, other variables
may affect the community structure. The faunal
composition seems to be related to the hydrody-
namic conditions of different sites in the bay. In
shallow exposed zones, wave action can be the lim-
iting factor, as has been pointed out by Muus
(1967) and Wolff (1973). Water movement pre-
vents organic matter accumulation in sediments
and could explain the insignificant relationships
between abundance-biomass and organic matter
content. In the most sheltered zone (station 3),
organic matter peaked following the maximum
values of abundance and biomass. This increase
may be the result of juvenile mortality after the re-
cruitment period. Nevertheless, the amount of or-
ganic content at this site could be the factor main-
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Table IV. Species composition, abundance (ind. - m™), biomass (g - m™) and percentages of the macroinfaunal assemblage
at station 3. 70 % of the total biomass is represented. (POL): Polychaeta and (BIV): Bivalva. Trophic groups: (M): mixed,
(S): surface deposit feeders, and (SS): subsurface deposit feeders.

SPECIES TROPHIC GROUP ABUNDANCE BIOMASS
MEAN PERCENTAGE MFAN PERCENTAGE

Callista chione BIV F 16 0.3 1.179 34.6
Owenia fusiformis POL M 4796 20.4 2.034 45.3
Paradoneis armata POL S 2378 10.1 0.293 6.5
Spiochaetopterus costarum POL M 398 1.7 0.260 5.8
Mediomastus fragilis POL SS 6 493 27.6 0.258 5.7
Aonides oxycephala POL S 791 3.4 0.154 34
Capitella capitata POL SS 2155 9.2 0.094 2.1
Abra sp. BIV M 318 1.4 0.084 1.9
Others 6 160 1.317

Total 23 489 4.484

taining its high biomass and longer-lasting abun-
dance.

In temperate latitudes, population density may
change substantially due to the seasonal patterns of
reproduction. The abundance and biomass peak
detected during May and June coincides with the
recruitment of several benthic species, such as: the
polychaetes Owenia fusiformis, Ditrupa arietina,
Magelona minuta Eliason, 1962 and Paradoneis arma-
ta, the bivalves Spisula subtruncata and Loripes lacteus,
and the echinoderm Echinocardium mediterraneum.
The presence of benthic invertebrate larvae in the
water column follows the bloom of phytoplankton
production observed in late February (Mura et al. in
this volume). The late winter presence of larvae has
been previously described in areas near Blanes Bay
(Bhaud, 1987). This agrees with previous observa-
tions of the coupling between the pelagic larval
phase and phytoplankton blooms (Thorson, 1946;
Starr, Himmelman and Therriault, 1990).

The trophic category of organisms can be de-
fined as the complex of the relationships existing
between composition and food size, the mecha-
nisms involved in food uptake, and motility. The
distribution of trophic guilds was related to gradi-
ents of environmental factors. The dominance of
filter feeders at station 1 was associated with the
high level of suspended matter falling down to
the bottom. The filter feeder Callista chione was the
main contributor and its dominance decreased
gradually to lesser exposed sites of the bay. Trophic
group diversity increased at station 2, with biomass
distributed among several species, a typical struc-
ture of undisturbed habitats. Habitat complexity is
associated with the trophic groups’ growth (Gambi
and Giangrande, 1985a, b) and with the important
role of carnivore and filter feeder species (Bianchi
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and Morri, 1985). At station 3, trophic complexity
decreased and surface deposit feeders and mixed
groups became the dominant groups as sedimenta-
tion rates increased the accumulation of detritus at
the bottom. The surface deposit feeder Owenia
Sfusiformis develops an alternative feeding mecha-
nism related to environmental conditions. When
high plankton input is produced and flow condi-
tions change, O. fusiformis can behave as a filter
feeder (Gambi, 1989).

In summary, seasonal dynamics of the soft-bot-
tom macrobenthic component of Blanes Bay is re-
lated to several species of polychaetes, bivalves and
echinoderms. These species are characterised by a
high recruitment from March to June, followed by
a high mortality of recruiters. The variation of ben-
thic macroinfauna does not seem to respond to the
pulses of freshwater inputs based on the measured
organic matter accumulation in the sediment. We

Table V. Regression coefficients between the three measured
variables at sampling stations. (*): p < 0.05, (**): p < 0.01
and (***): p < 0.001, (n. s.): differences not significant,
(n): number of observations and (r): Pearson correlation

index.
STATION VARIABLES REGRESSION
n r
General ~ abundance-biomass 66  0.74 ek
1 abundance-biomass 21 0.47 *
abundance-o. matter 21 0.05 n.s.
biomass-o. matter 19 001 n.s.
2 abundance-biomass 21 0.64 *
abundance-o. matter 21  -0.50 *
biomass-0. matter 21  0.19 ns
3 abundance-biomass 24  0.84  #*x
abundance-o. matter 24 (.78  **x
biomass-o. matter 24 0.58 *
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believe that seasonal dynamics of soft-bottom com-
munities is coupled with the pelagic ecosystem, and
is directed by other factors rather than terrestrial
inputs.
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