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ABSTRACT: The shallow-water fauna of 2 main channels in the Ria de Aveiro (Canal de Ovar and
Canal de Mira) was sampled between June 1995 and June 1996 using a suprabenthic sled. Samples
were collected monthly at 5 stations and every third month at 11 other stations, covering both channels
from the lower to the upper reaches. The channels differ in their hydrodynamics, in the distribution of
the sediment environments and in the salinity gradient, thus providing an invaluable exarple for field
studies. The results presented herein concern peracaridan crustaceans. Multivariate analysis (MDS,
ANOSIM and UPGMA) of the faunal data showed significant differences between the 2 channels. Spa-
tial and seasonal variations within the channels were also significant. The distinctive structural features
were the higher number of species and overall dominance of mysids in the Canal de Mira as opposed
to the dominance of amphipods and higher densities in the Canal de Ovar. In both channels there was
a spatial pattern of high densities in areas with a rich sediment environment (fine sediments, high
organic content, more diversified and stable food sources). Specific life cycle features, unfavourable
temperature and salinity conditions, and probably also increased predation pressure induced a general
impoverishment of the peracaridan assemblage during winter. Amphipods {mainly epibenthic and tube
dwellers) and mysids (characteristic suprabenthic) showed defined spatial and seasonal patterns.
Amphipods dominated the areas with more stable food sources, while the highly motile mysids suc-
ceeded in colonising and dominated in more dynamic and unpredictable environments. Density fluc-
tuations of amphipods and mysids occurred seasonally in non-coincident cycles. On the whole, mysids

were dominant during winter and spring and amphipods during summer and autumn.
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INTRODUCTION

Research on suprabenthos, also referred to as hyper-
benthos, started in the late 1950s when this faunal
compartment was first defined by Beyer (1958), but
most studies have been carried out over the last 2
decades, reporting mainly on temperate and cold
water environments from shallow coastal to deep sea
areas (review by Mees & Jones 1997).
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Several marine coastal suprabenthic communities of
the NE Atlantic have been studied in the North Sea
(Buhl-Jensen & Fossa 1991, Hamerlynck & Mees 1991),
the English Channel (Dauvin et al. 1994, Wang & Dau-
vin 1994, Zouhiri & Dauvin 1996), the Bay of Biscay
(Sorbe 1982, 1984, 1989, Cornet et al. 1983) and the
Portuguese margin (Cunha et al. 1997). However, only
a few brackish suprabenthic communities have been
investigated: in the Westerschelde, The Netherlands
(Mees & Hamerlynck 1992, Cattrijsse et al. 1993, Mees
et al. 1993a,b); in the Gironde, France (Sorbe 1981a); in
the Rias de Guipuzcoa, north of Spain (San Vicente
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1996) and in the tidal channels of the Bay of Cadiz,
south of Spain (Drake et al. 1997}. Mees et al. (1995)
also conducted a comparative study in the Eems-Dol-
lard, the Westerschelde and the Gironde using a stan-
dardised methodology.

The faunal assemblage usually referred to as supra-
benthos includes not only characteristic suprabenthic
species (living close to but not on or in the sediment),
but also planktonic and endo- or epibenthic species.
The latter may spend only part of their early life history
or variable periods of their adult life in the supraben-
thos, depending on erratic or regular activity patterns
at specific times of the day or year, or at certain life-his-
tory stages (Mees & Jones 1997). Still, the supraben-
thos may be considered a true community that includes
all organisms in the water-sediment interface, i.e. the
water layer just above the surface of the sediment,
which can only be sampled using a proper collecting
apparatus (suprabenthic sled-type sampler). The dif-
ferent terminology and definitions used in the past 3
decades are summarised and discussed by Mees &
Jones (1997).

Suprabenthic fauna is difficult to sample and a vari-
ety of techniques and sampling devices (Mauchline
1980, Sorbe 1983) has been used for the study of this
faunal compartment. The importance of suprabenthic
animals has been underestimated in the past because
of unrepresentative sampling. Nevertheless, there is
growing interest in suprabenthic research related to
fisheries, aquaculture, toxicology, pollution and ben-
tho-pelagic coupling studies (Mees & Jones 1997).

Suprabenthos is a major link in marine and estuarine
food webs: it exploits a diversity of food resources,
mobilising organic particles and debris or predating on
zooplankton (Mauchline 1980, Fulton 1982), and con-
stitutes an important part of the diet of demersal fishes
(Sorbe 1981b, 1984, Astthorsson 1985). The role of
suprabenthos as a functional compartment is particu-
larly relevant in highly productive coastal systems that
act as nursery grounds for commercially important
fishes and crustaceans.

The spatial distribution of suprabenthic animals in
estuaries results mainly from physiological constraints,
hydrodynamic conditions and food availability (Mees
et al. 1995). Seasonal patterns of suprabenthic commu-
nities are largely dominated by the succession of tem-
porary suprabenthos species (merosuprabenthos: lar-
vae and post-larvae of decapods, larval stages of
macrobenthic species and eggs, larvae and early post-
larvae of fishes) in the warmer months (Hamerlynck &
Mees 1991, Mees et al. 1993b).

The results presented herein concern only the per-
acaridan crustaceans as permanent members of the
suprabenthos (holosuprabenthos). Sampling was car-
ried out along 2 channels of the Ria de Aveiro during a

1 yr period in order to investigate: (1) the differences in
the environmental gradients and peracaridan assem-
blages of the 2 channels; (2) the spatial and seasonal
changes in the structure of the community (species
composition, number of species, density). The results
are discussed in relation to the environmental charac-
teristics of the channels and compared with available
data from other brackish water communities. This is
the first study on suprabenthic fauna from Portuguese
brackish coastal waters and it aims to contribute to the
knowledge of the poorly studied estuarine supra-
benthos.

MATERIAL AND METHODS

Study area. The Ria de Aveiro is a shallow coastal
lagoon on the west coast of Portugal (Fig.1) that can be
considered as a bar-built estuary according to the clas-
sification of Pritchard (1967). It is a very recent geolog-
ical feature, developed through marine sediment
transport along the coast and by deposition of solids
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Fig. 1. Map of the Ria de Aveiro and location of the stations

sampled with a suprabenthic sled from June 1995 to June

1986. Larger symbols indicate the stations sampled monthly

and smaller symbols indicate the stations sampled every third
month
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carried by rivers. These mechanisms, initiated in the
11th-12th century, have not yet attained an equilib-
rium and the present trend is to silt up. The mouth of
the lagoon was artificially opened in 1808 for maritime,
commercial and fishing purposes.

The topography of the Ria de Aveiro is rather com-
plex with 3 main channels that radiate from the mouth
with several branches, islands and mudflats. With a
length of 45 km and a maximum width of 10 km, the
lagoon covers an area of 43 to 47 km? at low and high
tide, respectively. The hydrological circulation is dom-
inated by marine influence. The volume of water
exchanged during a tidal cycle varies from 25 to 70 x
10° m?® for tides with a 1.0 to 2.5 m height range,
respectively, whilst the mean total river discharge is
only 1.8 x 10° m?®. During flood, about 20 % of the tidal
prism is diverted to the Canal de Mira, which runs
southwards, and another 40% to the Canal de Ovar
(named S. Jacinto, near the mouth), which runs north-
wards (Vicente 1985). The morphodynamics, circula-
tion patterns and environmental gradients in the Canal
de Mira have been described by several authors (Teles
et al. 1990, Moreira et al. 1993, Cunha & Moreira 1995,
Corrochano et al. 1997, Franco 1997}, but the Canal de
Ovar remains scarcely studied.

In order to make comparisons between the 2 chan-
nels, 3 regions were considered in each one: the lower
reaches, near the entrance of the channels where
marine influence is strong and salinity values are rela-
tively high throughout the year; the upper reaches, a
more confined area where the channels are narrower,
sometimes with extensive seagrass meadows but with
small intertidal areas; the middle reaches, the transi-
tion between these opposite regions, which is usually
characterised by extensive intertidal areas and subject
to a large seasonal and/or tidal variation in salinity.

Sampling. Sampling was carried
out from June 1995 to June 1996 dur-
ing the day, at flood, at a total of
16 stations. Five stations were sam-
pled monthly and 11 stations were
sampled every third month (Fig. 1)
using a small suprabenthic sled
(Fig. 2) towed over the bottom from a
motor boat. The sled is equipped with
1 net (0.5 mm mesh size) and collects

-

suprabenthic fauna may have the highest abundance
(Brattegard & Foss& 1991, Mees & Jones 1997). For
each haul the sampled area was calculated from the
net width (50 c¢cm) and the estimated towed distance
(range: 10 to 25 m?).

In order to cover the salinity gradient, 7 stations were
located in the Canal de Ovar (ca 3 km intervals) and 9
in the Canal de Mira (ca 1.5 km intervals). At the upper
reaches of the Canal de Mira the channel is very shal-
low and narrow, and it was not possible to tow the sled
in the area near freshwater Some difficulties were also
experienced in handling the light sled in the strong
current area near the entrance of the Canal de Ovar,
where it was impossible to prevent the coarse and
loose sediment from entering the net. Due to these
adverse conditions, the first sampling station in this
channel was located at 8 km from the mouth of the Ria.
Only 1 haul per station was carried out resulting in a
total of 120 samples (Ovar: 59; Mira: 61). Temperature
and salinity of the water near the bottom were
recorded and a van Veen grab was used to collect
sediment for granulometric analysis and determination
of organic content. This procedure was repeated at all
stations on each sampling occasion.

The collected specimens were fixed with 10% neu-
tral formalin, sorted into various taxa under a dissect-
ing microscope and kept in 70 % ethanol. Peracaridan
crustaceans were identified and counted, and their
density was estimated and expressed as number of
individuals per m?. Densities could not be reported per
volume of water filtered because drifting algae and
other debris often interfered with the flowmeter mea-
surements.

The species were allocated to different life-style
groups based on their activity and place occupied
within the water-sediment column. Four groups were

fauna in the 0 to 50 cm water layer
above the bottom. An oblique (ca 45°)
frontal plate enables sampling of the
lowermost centimetres of the water
column but prevents the sediment
from entering the net. The effi-
ciency of suprabenthic samplers is in-
creased by sampling the few centi-
metres above the bottom where
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Fig. 2. Suprabenthic sled used in the Ria de Aveiro. St. w.: stability wings; S.: sled;
Fr. pl.. frontal plate; Col.: collector. Adapted trom Queiroga (1995)



72 Mar Ecol Prog Ser 190: 69-87, 1999

considered: (1) characteristically suprabenthic, strong
swimmers, living predominantly in the water column
close to the sediment; (2) epibenthic, moderate swim-
mers, living predominantly on the surface of the sedi-
ment, frequently associated with macrophytes; (3) tube
dwellers; (4) benthic sand or mud dwellers, living pre-
dominantly buried in the sediment.

Data analysis. Data analysis was performed using
the statistical package PRIMER (Carr et al. 1993).
The abundance data were first organised into a
sample/species matrix. Non-metric MDS ordination
(Kruskal & Wish 1978) was performed using the Bray-
Curtis similarity measure (Bray & Curtis 1957) after
fourth root transformation of the data. The data were
analysed for the 2 channels together and for each
channel separately. For the UPGMA classification of
the species the data were standardised and taxa with
less than 1% of the total abundance in each of all
samples were discarded. An analysis of similarities
(ANOSIM) by randomisation/permutation tests was
performed on the MDS results (Clarke 1993). For the
MDS plot of all stations, the ANOSIM tests were
directed to assess the significance of spatial differ-
ences between and within the channels. A 2-way
crossed layout was used with the following groups of
stations: Ovar and Mira for ‘between channels' differ-
ences; lower (Ovar: O1; Mira: M1, M2), middle (Ovar:
02, 03; Mira: M3, M4, M5, M6, M7) and upper reaches
(Ovar: 04, 05, 06, O7; Mira: M8, M9) for 'within chan-
nels' differences. These 3 regions were defined a priori
considering the morphodynamics and environmental
gradients within each channel (as referred in ‘Study
area’). For the analysis of the MDS performed sepa-
rately for Ovar and Mira, 2 factors were considered:
the location of the stations along the channel and the
time of year at which the samples were taken. For the
Canal de Ovar only 2 spatial groups could be consid-
ered (upper and middle-lower reaches) because a sin-
gle station was sampled at the Jower reaches and the
ANOSIM tests can only be performed with at least 2
samples per group. The a priori groups of stations were
the lower, middle and upper reaches (as referred to
above) for spatial differences, and spring (June 1995,
April, May and June 1996), summer (July, August and
September 1995), autumn (October, November and
December 1995) and winter (January, February and
March 1996) for seasonal differences. The samples
from the spring of 1995 and 1996 were pooled in the
same seasonal group because a previous test had
shown that differences between these samples were
not significant. A 2-way crossed layout was used to
assess the signiticance of the spatial and seasonal dif-
ferences in the community structure. This means that
tests for differences between ‘spatial’ groups are aver-
aged across all 'seasonal’ groups and vice versa (Clarke

1993). By using the 2-way crossed layout, the effect of
seasonal variation can be assessed against a back-
ground of changing community structure along the
channels. It can be anticipated that the community will
change naturally along the salinity gradient and it is
important to separate this effect from seasonal changes
that might occur.

RESULTS
Environmental gradients

Water temperature values measured during this
study ranged from 11 (December 1995, February 1996)
to 27°C (July 1995, June 1996). Salinity ranged from 1
to 36 in the Canal de Ovar and 5 to 36 in the Canal de
Mira. Fig. 3 shows the temperature plotted against
salinity in Ovar (Fig. 3A) and Mira (Fig. 3B).

The Canal de Mira displayed characteristic estuar-
ine gradients: increasing temperature and decreas-
ing salinity towards the upper reaches, which was
observed during the warmer months. In the colder
months (December 1995, March 1996), the salinity gra-
dient remained but the temperature gradient almost
disappeared. In this narrow and shallow channel, the
renewal of water is almost complete at each tidal cycle
and the low freshwater input is sufficient to maintain a
permanent salinity gradient.

The upper reaches in the Canal de Ovar form a 'dead
end’ with an insignificant supply of freshwater, except
during the rainy season. Due to these conditions, the
salinity gradient was strongly reduced in periods of
drought and high values occurred all along the chan-
nel (Fig. 3A: June and September 1995). Salinity
values slightly higher than those observed at the mid-
dle reaches were recorded at the upper reaches during
the warmer months due to the higher temperature and
evaporation rate. During rainy periods the salinity
gradients were similar to those occurring in the Canal
de Mira.

The marine influence is strong in both channels and
extends further in the wider and deeper Canal de
Ovar. However, the tidal variation of salinity 1s more
important in the Canal de Mira. In both channels, sea-
sonal variation of salinity is closely associated with cli-
matic events. After a period of heavy rainfall in June
1996, the observed salinity values were much lower
than in June 1995, when dry weather occurred (Fig. 3).

Another important source of environmental variation
in the Ria de Aveiro is the sediment grain size and asso-
ciated organic content. Fig. 4 shows grain size plotted
against the organic content of sediment in the Canal de
Ovar (Fig. 4A) and the Canal de Mira (Fig. 4B). Differ-
ences between the 2 channels are evident.
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Fig. 3. Salinity-temperature gradients in the Ovar and Mira channels (Ria de Aveiro). Numbers indicate the nearest (1) and the
most distant stations (7 in Ovar and 9 in Mira) in relation to the mouth of the Ria. Lines represent the gradients in the months
when all the stations were sampled. B: spring 1995; &: summer 1995; ¥: autumn 1995; @: winter 1996; C: spring 1996

In the Canal de Ovar, a clear spatial pattern is estab-
lished with finer sediments (mud) and higher organic
content at the upper reaches, where calmer hydrody-
namic conditions occur, and coarser sediment (medium
to coarse sand) with little organic content at the lower
reaches. In the Canal de Mira, sediment is more homo-
geneous. Most samples were classified as medium
sand with very low organic content (less than 1% of
the total sediment dry weight). Fine sand with higher
organic content was found at 2 stations located near
the entrance of the channel (M1 and M3). In general,

sediments in Ovar were finer and had higher organic
content: a maximum of 11.8% of the sediment dry
weight in Ovar against 6.9% in Mira. The observed
sediment data from both channels did not show an evi-
dent seasonal pattern.

The distribution of sediment environments in the Ria
de Aveiro is determined mainly by the morphology of
the channels, the hydrodynamic regime and sediment
sources. The major input of freshwater and sediment
particles of continental origin occurs in the central and
northern areas of the Ria. Fine particles may deposit in
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Fig. 4. Distribution of sediment environments in the Ovar and Mira channels (Ria de Aveiro). Numbers indicate the stations (1 to

7 in Ovar and 1 to 9 in Mira). B: lower reaches; A: middle reaches; ®: upper reaches
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low-flow areas such as the upper reaches of the Canal
de Ovar. In this confined area, the biological effects of
extensive seagrass meadows may also play an impor-
tant role, increasing the organic content of sediments
and favouring the deposition of fine particles. The
dominance of sandy sediments in the Canal de Mira is
closely related to the high-flow tidal regime and low
input of solids from freshwater sources. In such envi-
ronments, fine particles may deposit, but they tend to
resuspend easily and are transported both vertically
and horizontally, resulting in little accumulation of fine
sediments and organic matter.

The fine sediments found at Stns M1 and M3 may
have originated in the northern area and been
deposited in this channel due to peculiar circulation

conditions. In fact, flood begins first at the Canal de
Mira when ebb is still going on in the other channels.
For about 1 h, water coming from the central and
northern regions of the Ria, probably with a higher
quantity of suspended solids, is diverted by the flood-
ing tide into the Canal de Mira. As the tide progresses,
the deposition of fine particles occurs in low-flow
areas, mainly on intertidal flats not far from the
entrance of the channel.

Faunal assemblages

A total of 61 peracaridan species was recorded in
this study (Table 1); 48 species occurred in the Canal

Table 1. List of peracaridan crustaceans collected with a suprabenthic sled in the channels of Ovar (59 samples) and Mira (61

samples) in the Ria de Aveiro. F: frequency, number of samples in which the species was recorded (numbers in bold indicate the

most common species, present in more than 50 % of the samples in each channel); D: dominant species ranked by the average

density across stations in each channel. Numbers in brackets are the codes for the species; B: benthic sand or mud dwellers;
E: epibenthic; S: characteristically suprabenthic; T: tube dwellers; U: unknown. *New records for Ria de Aveiro

Ovar Mira Ovar Mira
F D F D F D F D
Mysidacea (31 E) Gammarus insensibilis 19
(1 S) Anchialina agilis* 1 (32 E) Gammarus locusta 6 10
(2 S) Diamysis bahirensis* 12 (33 U} Gitanasp.” 7 3
(3 S) Gastrosaccus spinifer 25 23 5 (34 B) Hauston’us arenarius 1
(4 S} Leptomysis I lingvura® 4 (35 T) Jassa sp.” 5 10
(5 S) Mesopodopsis slabberi 43 10 46 10 (36 T) Leptocheirus pilosus 14 8
(6 S) Neomysis integer 30 43 9 (37 S) Megaluropus agilis* 1 1
(7 S) Paramysis bacescol 38 1 47 1 (38 E) Melita palmata 51 4 48 7
(8 S} Praunus flexuosus 27 21 (38 E) Microdeutopus gryllotalpa* 4
(9 S) Schistomysis sp. 1 (40 S) Orchomenella nana* 2
(10 S) Schistomysis spiritus 7 16 3 (41 E) Podocerus variegatus* 1
(11 S) Siriella armata 2 7 {42 S) Pontocrates altamarinus* 2
(12 S) Siriella clausii 10 4 (43 S) Pontocrates arenarius*® 1 1
(13 S) Siriella jaltensis* 2 (44 E) Stenothoe valida* 6 6
(45 B) Urothoe brevicornis 10 18 8
Amphipoda
d gamman’dea ind. 1 Cumacea . .
(14 E) Amphilochus neapolitanus* 1 (46 B) Cumopsis fagei 4
(15 E) Ampithoe valida 4 2 27 ¢ (47 B) Eocuma dollfus® 1
(16 E) Aora gracilis 10 10 (48 B) Iphinoe trispinosa 1
(17 S) Argissa hamatipes® 1 (49 B) Pseudocuma gilsoni® 3
(18 S) Atylus swammerdami* 1 6
(19 B) Bathyporeia sarsi 3 26 {ngBo)dgyathura carinata 10 10
(20 E) Caprella acanlthlfera' 2 (51 E} Dynamene bidentata (juv:)* 2
(21 E) Caprella acutifrons* 2 .
S (52 S) Eurydice pulchra 6
(22 E) Caprella aequilibra 6 S (53 E) Idotea chelipes 53 7 37
Corophium spp. (juv.) 34 3 28 ;
. . (54 E) Jaera albifrons 3 4
(23T) Coropmlum acherusicum 41 S 27 (55 E) Lekanesphaera hookeri 33 9 9
(24 T) Corophium acutum 4 4 (56 E) Lekanesphaera levii 47 6 46 2
(25 T) Corophium insidiosum 34 5 . .
. : (57 B) Paragnathia formica 17 35
(26 T} Corophium multisetosum 3 11 (58 B) Saduriella losadai 4
(27 T) Ericthonius punctatus® 14 11
(28 U) Gamarellasp.* 2 Tanaidacea
Gammarus spp. 36 8 28 (59 T) Heterotanais oerstedi® 3 6 4
(29 E) Gammarus aequicauda 6 (60 T) Tanais dulongii* 2
(30 E) Gammarus chevreuxi 1 (61 U) Zeuxo holdichi* 12
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de Ovar and 53 in the Canal de Mira. A few rare
species were only identified to the genus level, but
Schistomysis sp. and Jassa sp. are probably S. parkeri
and J. falcata. Four species of Gammarus were found
in the 2 channels. These species belong to the Gam-
marus locusta group and their identification to the
species level was only possible in large, mature indi-
viduals. Due to the overlapping distribution of some
species, juveniles and small or immature adults were
pooled as Gammarus spp.; Corophium acherusicum
and C. insidiosum also occurred in mixed populations.
The juveniles of these species could not be readily dis-
tinguished and were pooled as Corophium spp. {juv.).
Both Gammarus spp. and Corophium spp. (juv.) were
excluded from the multivariate analysis.

Half of the species collected are new records for the
Ria de Aveiro. In addition, Diamysis bahirensis (Cunha
et al. in press) and Zeuxo holdichi are new records for
Portuguese fauna. Eight species were found exclu-
sively in the Canal de Ovar and 20 exclusively in the
Canal de Mira. Diamysis bahirensis and Gammarus
insensibilis in the Canal de Ovar and Zeuxo holdichiin
the Canal de Mira were collected in relatively high
numbers at some stations, but the other exclusive spe-
cies were mostly accidental catches (a few individuals
in 1 or 2 samples).

The number of individuals collected per haul ranged
from 3 to 13500 and estimated density values ranged
from 0.1 (sample M9, December 1995) to 901.8 ind. m >
(sample O7, November 1995). The average density of
peracaridan crustaceans was 58.4 ind. m™ (average
from the 16 stations).

The 10 dominant species in each channel (Table 1)
represented 89.3 and 90.2% of the individuals in
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the communities of Ovar and Mira, respectively. From
these species Mesopodopsis slabberi, Paramysis baces-
col, Ampithoe valida, Melita palmata and Lekane-
sphaera levii were dominant in both channels. The
highest density of a single species was reached by P.
bacescoi (sample M3, October 1995: 298.9 ind. m%
followed by A. valida (sample 05, October 1995:
267.5 ind. m™%). Corophium acherusicum, M. palmata,
Gastrosaccus spinifer and Schistomysis spiritus also
reached maximal density values above 100 ind. m™2.
Fig. 5 shows spatial and seasonal trends in the num-
ber of species and the density of peracaridan assem-
blages throughout the studied channels. In Ovar there
is not an evident trend in the total number of species
along the channel, while in Mira there is clearly an
impoverishment of the community towards the upper
reaches. The seasonal variation is similar in both chan-
nels: in general, the highest number of species
occurred in September and the lowest in March. Fur-
thermore, the highest densities were recorded in
September at the upper reaches of Ovar and middle
reaches of Mira. The lowest densities occurred at the
upper reaches of Mira and lower reaches of Ovar all
year round. In all regions of both channels, the minimal
density was recorded in March. In general, density
was higher in the Canal de Ovar (average: 91.4 ind.
m~2) than in the Canal de Mira (average: 32.8 ind. m™?%).

Taxonomic assemblage structure
Amphipods, mysids and isopods were the best rep-

resented taxonomic groups in the study area (52, 23
and 14 % of the total number of species, and 48, 33
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Fig. 5. Number of species and density along Ovar and Mira channels. ®: June 1995; A: September 1995; ¥: December 1995;
®: March 1996, O: June 1996. LR: lower reaches; MR: middle reaches; UR: upper reaches
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and 17% of the total density, respectively). Cuma-
ceans and tanaids were represented by only a few
species in both channels (Table 1), but the latter
occurred in relatively high densities in Mira. The
annual average densities of the different groups at
each sampling station (Table 2) show that amphipods
and isopods reached much higher densities in the
Canal de Ovar, whereas mysids showed similar den-
sities in both channels.

Data from several sampling occasions at the different
stations were grouped into spatial regions and seasons
(Fig. 6). The low number of species in the lower
reaches of Ovar is partially due to the fact that only 1
station was sampled in this region. Amphipods deter-
mined the spatial and seasonal variation of the number
of species in both channels while isopods showed little
variation. The decrease in mysid species towards the
upper reaches of Mira also contributed to the observed
spatial pattern in this channel.

The density of peracaridan assemblages in the Ria
de Aveiro also showed important spatial and temporal
changes. Amphipods dominated the upper reach
assemblage in the Canal de Ovar, whereas mysids
were dominant in the lower and middle reaches of this
channel and all over the Canal de Mira. Isopods made
up an important portion of the community in the upper
reaches of both channels all year round. Tanaids
reached high density values in the middle reaches of
Mira, but only in autumn and spring.

Mar Ecol Prog Ser 190: 69-87, 1999

In the Ria de Aveiro, amphipods breed almost con-
tinuously, but most species exhibited breeding peaks
from September to November and their maximal den-
sity was recorded in the warmer months. During win-
ter, when amphipods suffered a drastic decrease, dom-
inance by mysids was higher at the lower and middle
reaches but not at the upper reaches where low salin-
ity values occurred in both channels. Mysid species
showed a reduced regularity in their large scale spatial
distribution. Density was highly variable and maximal
values were recorded occasionally at different stations,
but for most species maximal densities were recorded
in June.

Structure of assemblages based on life-style groups

The life-style groups assigned to the collected
species are given in Table 1: 20 characteristically
suprabenthic species, mostly mysids, 19 epibenthic
amphipod and isopod species, 9 tube dweller species,
mostly Corophiidae amphipods and tanaids and 10
benthic mud or sand dweller species, mostly cuma-
ceans and Haustoriidae amphipods. The most common
species (present in more than 50% of the collected
samples) were either epibenthic (Melita palmata,
Lekanesphaera levii, Idotea chelipes) or suprabenthic
(Mesopodopsis slabberi, Paramysis bacescol, Neomysis
integer). Tube dwellers (Corophium acherusicum, C.

Table 2. Average density (ind. m “) of the main taxonomic groups in the samples collected in Ovar and Mira in June, September
and December 1995 and March and June 1996. Numbers in brackets indicate the results from 13 monthly samples. D: average
density for the stations in each channel. Mys: Mysidacea; Amp: Amphipoda; Cum: Cumacea; Iso: Isopoda; Tan: Tanaidacea

—

Stn Mys Amp Cum
Ovar

o1 6.1 0.4 0.0

02 279  (19.8) 23.2  (12.8) 0.0 (<0.1)
03 22.0 15.9 0.0

04 61.6 40.3 0.0

05 9.5 (4.5) 105.8 (1996.5) 0.0  (0.0)
06 3.9 70.2 0.0

o7 37.8  (16.4) 67.8 (142.5) 00 (0.0)
D 241 (193 46.2 (54.1) <0.1 (<0.1)
Mira

M1 1.1 (39.8) 3.9 (4.5) <0.1  (0.2)
M2 6.0 6.6 <0.1

M3 12.8 (298} 42.4 (31.3) 00 (0.0
M4 246 5.4 0.0

M5 65.1 1.6 0.0

M6 1.9 4.5 0.0

M7 6.0 12.4 0.0

M8 36 05 0.0

M9 0.8 0.2 0.0

D 147 (19.7) 8.6 (7.5) <0.1 {<0.1)

Iso Tan Total
1.3 0.0 7.8
1.1 (1.9) <0.1 (<0.1) 522  (34.4)
1.8 0.0 39.7
14.0 0.0 1159
446  (29.0) 0.0 {0.0) 159.9 (129.9)
50.3 0.0 124.4
23.4  (29.0) <0.1 (<0.1) 129.0 (187.9)
19.5 (18.2) <0.1 (<0.1) 89.9 (914)
03 (0.7) <0.1 (<0.1) 153 (45.2)
55 <0.1 18.1
0.7 (1.5) 0.3 (0.3) 56.2 (63.0)
1.3 0.0 31.3
18.9 <0.1 85.5
0.6 <0.1 7.0
2.0 18.3 38.6
0.7 <0.1 4.8
0.4 <0.1 1.4
3.4 (3.5) 2.1 (2.1) 28,7 (32.8)
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insidiosum) were also common in the Canal de Ovar
(Table 1). The annual average density of the different
life-style groups at each sampling station (Table 3)
show that the peracaridan assemblage is dominated
by epibenthic species and tube dwellers in the Canal
de Ovar and suprabenthic species in the Canal de
Mira.

The decreasing trend in the number of species
towards the upper reaches of the Canal de Mira was
observed in all life-style groups, while in Ovar spatial
variation occurred mainly in the number of epibenthic
species and tube dwellers (Fig. 7). The lower number
of species in the latter groups recorded during winter
also marked the seasonal pattern in both channels.

The highest density of most epibenthic species and
tube dwellers was consistently recorded at the end
of summer and beginning of autumn at the upper
reaches of the Canal de Ovar in areas with Zostera
and Potamogeton meadows. These were also impor-
tant groups in the middle reaches of both channels.
Benthic sand dwellers, mainly Haustoriidae amphi-
pods, were frequently collected in sandy environ-
ments and reached their highest densities in the
Canal de Mira. The spatial and seasonal changes in
density of characteristic suprabenthic species and
mysids coincide (compare pie charts in Figs. 6 & 7)
because practically all the individuals in this life-
style group were mysids.

Multivariate analysis

Fig 8 and Table 4 show the results of the MDS and
ANOSIM for all the samples collected in both chan-
nels. The communities from different locations within
the channels (lower, middle and upper reaches)
occupy defined positions in the plot, but the separation
of the samples from the 2 channels is not obvious,
except for the upper reaches where divergent en-
vironmental conditions occurred. Nevertheless, the
ANOSIM tests indicate that both differences ‘within
channels’ and ‘between channels’ are significant.

Fig. 9 shows the MDS plots for the analysis that was
performed separately on each channel. In both chan-
nels the spatial groups can be recognised, but a higher
definition is achieved in Ovar, where samples from the
different regions are clearly segregated (Fig. 9A). In
Mira, the summer and autumn samples from the mid-
dle reaches are closer to the lower reaches group, and
the winter and spring samples are closer to the upper
reaches group (Fig. 9B). This pattern reflects the sea-
sonal variation in salinity observed in the Canal de
Mira accompanied by the seawards shift of the com-
munities during winter. Seasonal changes in the
assemblages of the Canal de Ovar are more apparent
with the winter and spring samples positioned in the
upper part of the plot, as opposed to the summer and
autumn samples. There is a greater distinction be-



78

Mar Ecol Prog Ser 190: 69-87, 1999

Table 3. Average density (ind. m™?) of the life-style groups in the samples collected in Ovar and Mira in June, September and
December 1995 and March and June 1996. Numbers in brackets indicate the results from 13 monthly samples. D: average den-
sity for the stations in each channel. S: characteristic suprabenthic; E: epibenthic; T: tube dwellers; B: benthic sand or mud
dwellers; U: unknown

Stn

Ovar
01
02
03
04
05
06
o7

Mira

M2
M3
M4
M5
M6
M7
M8
M9

S E
6.1 1.4
27.9 (19.8) 37 (3.6)
22.0 7.6
61.6 33.3
9.5 (4.5 1311 (110.4)
3.9 80.0
378 (16.4) 517 (91.3)
241 (19.2 44.1 (46.8)
11.1 {40.0) 3.2 (3.6)
6.0 5.9
12.8 {29.8) 380 (29.3)
24.7 15
65.1 19.2
1.9 3.8
6.0 46
3.7 0.3
0.8 0.1
147 (19.8) 86 (7.5

T B
0.2 0.2
203 (10.8) 02 (0.1
9.4 0.0
21.0 0.1
192 (14.8) 01  (0.1)
40.3 0.2
39.5  (80.1) 0.1 (<0.1)
214 (25.2) 01 (0.1)
06 (0.7 0.2 (0.8)
0.1 6.2
36 (2.0) 1.5 (1.5
< 0.1 5.1
0.3 0.9
1.1 0.2
26.5 1.6
<0.1 0.8
0.2 0.3
36 (3.4) 1.9 (1.9

0.0
0.1
0.7
0.1
0.0
0.0
0.0

0.1

0.1
< 0.1
0.3
0.0
< 0.1
< 0.1
0.0
0.0
0.0

<0.1

(0.1)

{<0.1)

{0.0)
(0.1)

(0.1)

(0.3)

(<0.1)

7.8
52.2
39.7

115.9
159.9
124.4
129.0

89.9

15.3
18.1
56.2
31.3
85.5
7.0
38.6
4.8
1.4

28.7

Total

(34.4)

(129.9)

(187.9)
(91.4)

(45.2)

(63.0)

(32.8)

tween the spatial groups during winter and spring
when the salinity gradient is well established in the

channel.

UR

MR
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UR
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In the MDS plots, the wider dispersion of the samples
within a group may be interpreted as a result of an
impoverished faunal assemblage with a low number
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Stress: 0.175

Fig. 8. MDS results of the analysis performed on the faunal

data from all samples collected in Ria de Aveiro. Full symbols:

samples in the Canal de Ovar; open symbols: samples in

Canal de Mira. B, 0: lower reaches; 4, A: middle reaches; ®, o:
upper reaches

of species and density values. This effect can be
observed both in Ovar (Fig 9A: upper reach winter
samples and lower reach group) and Mira (Fig. 9B:
upper reach group). The stress values of all MDS plots
are rather high, which is not uncommon when the
analysis of a large number of highly variable samples
1s attempted.

The ANOSIM tests (Table 5) assess the significance
of spatial and seasonal changes (Figs. 7 & 8). The
results show that the faunal assemblages of the spatial
groups {lower, middle, and upper reaches) are signifi-
cantly different in both channels. The global seasonal
variation is also significant, but the pairwise tests indi-
cate non-significant differences between ‘'summer’ and
‘autumn’ assemblages in both channels, and between
‘'spring’ and ‘winter’ assemblages in Mira.

Fig. 10 shows the dendrograms resulting from the
UPGMA classification of the species retained for this
analysis (29 in Ovar and 38 in Mira). Several groups of

species are identified which can be associated to
groups of samples where they reach maximal density.
These species groups reveal the main spatial and sea-
sonal patterns in the 2 channels. The species associ-
ated with the lower reach group, mainly the supraben-
thic mysids Gastrosaccus spinifer, Schistomysis spiritus
and Siriella armata (codes 3S, 10S and 11S), were
restricted almost exclusively to the entrance of both
channels, which are under the strong influence of
marine conditions.

The most common and widespread species, such as
Neomysis integer, Praunus flexuosus, Ampithoe val-
ida, Corophium acherusicum, Melita palmata, Idotea
chelipes, Lekanesphaera hookeri, L. levii and Parag-
nathia formica (6S, 8S, 15E, 23T, 38E, 53E, 55E, 56E,
57B), which are mostly epibenthic, reached their max-
imal density at the upper reaches in the Canal de Ovar
and the middle reaches in the Canal de Mira (Fig. 10).

The upper reaches of the Canal de Mira show a very
poor peracaridan assemblage with only a few individ-
uals of widespread species. Saduriella losadai (58B), an
[berian endemic isopod, is the only species characteris-
tic of this area.

Epibenthic species and tube dwellers (mostly
amphipods) are associated with the summer-autumn
groups, while suprabenthic mysids and benthic
dwellers are associated with the spring-winter groups
(Fig. 10). Due to specific life-history features, maxima
and minima of amphipods and mysids alternated in
non-coincident cycles. Exceptions are Gastrosaccus
spinifer and Paramysis bacescoi (3S, 7S), which
reached maximal density during summer and autumn
when most mysids were scarce.

Some sub-groups of species can also be related to
particular conditions. At the upper reaches of the
Canal de Ovar (Fig. 10A) Ampithoe valida, Melita
palmata and Idotea chelipes (15E, 38E, 53E) were the
dominant species in Zostera meadows (Stn O5) where-
as Corophium acherusicum, C. Insidiosum, Siriella
clausii, Gammarus insensibilis and Lekanesphaera

Table 4. Results of the ANOSIM global and pairwise tests for the MDS performed with all samples. The statistic estimated for

each permutation is significant when its value is greater than or equal to the sample statistic. Significance level is calculated as

the percentage of significant statistics in the total number of permutations used. LR: lower reaches; MR: middle reaches;
UR: upper reaches

Sample statistic

Global tests

Between channels 0.422
Within channels 0.464
Pairwise tests

(LR, MR) 0.378
(LR, UR) 0.743
(MR, UR) 0412

Permutations used

Significant statistics Significance level

20000 0 0.0%
20000 0 0.0%"""
20000 0 0.0%"""
20000 0 0.0%"""
20000 0 0.0%"""
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Fig. 9. MDS results of the analysis performed on the faunal data from the samples collected in the Ovar and Mira channels (Ria
de Aveiro). LR, L: lower reaches; MR, M: middle reaches; UR, U: upper reaches. a: summer; ¥: autumn; O: winter; 0: spring

hookeri (23T, 25T, 125, 31E, 55E) dominated the Pota- In the Canal de Mira, the middle reaches spring
mogeton meadows (Stn O7). In the Canal de Mira, group (Fig. 10B) is composed of a rather heteroge-
where seagrass meadows are not extensive, these neous collection of species. Mesopodopsis slabberi,
epibenthic and tube dwellers were recorded in much Bathyporeia sarsi, Eurydice pulchra and Paragnathia
lower densities, mostly in the vicinity of intertidal flats formica (5S, 19B, 52S, 57B) were recorded frequently
at the middle reaches. at all stations of this region. However, these species

Table 5. Results of the ANOSIM global and pairwise tests for the MDS performed separately for the Canal de Ovar and the Canal

de Mira. The statistic estimated for each permutation is significant when its value is greater than or equal to the sample statistic.

Significance level is calculated as the percentage of significant statistics in the total number of permutations used.
LR: lower reaches; MR: middle reaches; UR: upper reaches; Sp: spring; Su: summer; Au: autumn; Wi: winter

Sample statistic Permutations used Significant statistics Significance level
OVAR
Global tests
Spatial variation 0.624 10000 0 0.0%"""
Seasonal variation 0.257 10000 0 0.0%"**
Pairwise tests
(Sp. Su) 0.297 10000 4 0.0%"""
(Sp, Au) 0.322 10000 2 0.0%"""
{Sp, Wi) 0.274 10000 30 0.3%""
(Su, Au) 0.064 10000 1353 13.5% ns
{Su, Wi) 0.315 10000 24 0.2%""
(Au, Wi) 0.325 10000 12 0.1%""°
MIRA
Global tests
Spatial variation 0.461 10000 0 0.0%""*
Seasonal variation 0.244 10000 0 0.0%"""
Pairwise tests
(LR, MR) 0.376 10000 0 0.0%-"*"
(LR, UR) 0.860 10000 0 0.0%"
(MR, UR) 0.411 10000 5 0.1%""
(Sp, Su) 0.258 10000 40 0.4%""
(Sp, Au) 0.175 10000 278 2.8%"
(Sp, Wi) 0.082 10000 1488 14.9% ns
(Su, Au) 0.115 10000 1200 12.1% ns
(Su, Wi) 0.572 10000 0 0.0%:"*"

(Au, W) 0.336 10000 24 0.2%*""
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Fig. 10. Cluster analysis (UPGMA) showing the classification of the most important peracarid species from the suprabenthic com-

munities in the Ovar and Mira channels (Ria de Aveiro). The species groups are related to the different regions within each chan-

nel (LR: lower reaches; MR: middle reaches; UR: upper reaches). The sub-groups are related to seasons (Su: summer; Au:
autumn; Wi: winter; Sp. spring). Species codes are listed in Table 1

can extend their distribution to other regions of the
channel and were also collected in considerable num-
bers in the lower reaches during spring and in the
upper reaches during summer and autumn. Neomysis
integer and Praunus flexuosus (6S, 8S) showed a simi-
lar behaviour, although they were only occasionally
recorded in the upper reaches. On the contrary, the
species Leptocheirus pilosus, Cyathura carinata and
Heterotanais oerstedi (36T, 508, 59T} showed a rather
restricted distribution. They were very abundant at
Stn M7 and rare at the other stations, especially in the
lower reaches of the channel.

DISCUSSION

It is well established that peracaridan crustaceans
have diel activity changes determined by specific
behavioural patterns (e.g. endogenous rhythms,
escape from fish predation) and other factors such as
light, currents and food availability (Russell 1925,
Champalbert & Macquart-Moulin 1970, Hesthagen
1973, Kaartvedt 1985, 1989, Macquart-Moulin 1985,
1991). Swimming activity of epibenthic and supraben-
thic species increases during the night, some species

(mostly mysids) migrate to near-surface water, while
some endobenthic species (e.g. amphipods and cu-
maceans) emerge from the sediment. Only day sam-
ples were collected for this study, but it can be
expected that a different assemblage would occur in
night samples (e.g. higher amphipod densities). These
diel activity changes represent a fundamental diffi-
culty in the assignment of individual species to life-
style groups. The indications listed in Table 1 were
compiled from available information on the behaviour
of the collected species and personal observations. In
some cases, a species could be assigned to 2 cate-
gories. This subjectivity may have produced results
different from those of other authors. Furthermore, it
has been assumed that species in the Ria de Aveiro
behave in the same manner as in other areas. Although
the life-style approach is informative, these assump-
tions need further support from experimental and field
data.

Peracaridan crustaceans have been studied in the
Ria de Aveiro using only plankton nets, grabs and
corer samplers, in general surveys and more specific
studies on restricted areas. However, these often
mobile animals are not collected efficiently by conven-
tional benthic and pelagic samplers (Mees & Jones
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1997). The number of new records for the Ria de
Aveiro and the 2 new records for Portuguese fauna
reported in the present work demonstrate the value of
sled-type samplers in the collection of peracaridan
crustaceans. Diamysis bahirensis, considered so far as
a Mediterranean endemic (Mauchline 1980), was
recently reported from the Bay of Cadiz (Drake et al.
1997), but the Ria de Aveiro is now the westernmost
limit of its known distribution (Cunha et al. in press).
The tanaid Zeuxo holdichi was described by Bamber
(1990) from Arcachon (French Atlantic coast) and was
also recently found in the English Channel (Bamber
pers. comm.). Tanaids and cumaceans are frequently
overlooked and underestimated in suprabenthic stud-
ies because of taxonomic difficulties.

In previous benthic studies (Moreira et al. 1993,
unpubl. reports), mysids were poorly represented and
only the most common amphipod and isopod species
were regularly collected. Nevertheless, the recorded
density of benthic fauna in the Ria de Aveiro was
usually high. While the maximum density estimated
from suprabenthic sampling was 902 ind. m~? (present
study), macrobenthic densities often exceeded 1000 ind.
m~2 and a maximum of 237750 ind. m~? (only peracari-
dan crustaceans) was reported from seagrass meadows
(Cunha & Moreira 1995). These values were mainly
due to dense amphipod populations (e.g. Corophium
spp.).

The number of species collected in the shallow (21 m
depth) coastal area off Aveiro (Cunha et al. 1997) is
similar to the number of species recorded at the most
marine stations in the Ria de Aveiro (20 to 30 species).
However, a maximal density of only 13.6 ind. m~? was
observed in the shelf suprabenthos (at 125 m depth)
against 901.8 ind. m™ recorded in the Ria. Mees &
Hamerlynck (1992) also reported higher density and
biomass of the suprabenthos in the Westerschelde
estuary than in adjacent coastal waters. The high pro-
ductivity of brackish shallow areas certainly con-
tributes to the high density of suprabenthos, but the
mobility and feeding habits of suprabenthic species
are also competitive advantages in these unpre-
dictable environments (Mees & Jones 1997). Lower net
avoidance in turbid conditions (Mees et al. 1995) may
also add to higher density estimates in estuaries.

The mysids Gastrosaccus spinifer, Mesopodopsis
slabberi and Schistomysis spiritus reported from the
shelf suprabenthos (Cunha et al. 1997) were frequently
collected inside the Ria, and M. slabberi can even
migrate to the upper reaches of the channels. These
abundant species may have an important role in the
energy flow and exchanges between the Ria and the
adjacent coastal zone. Migration of S. spiritus was
observed in coastal European areas, and its impor-
tance in production exchanges between infralittoral

and shallower zones in the Bay of Biscay is discussed
by San Vicente & Sorbe (1995). Anchialina agilis,
Argissa hamatipes, Atylus swammerdami, Megaluro-
pus agilis, Orchomenella nana, Pontocrates altamari-
nus, Pontocrates arenarius, Iphinoe trispinosa also
occurred both in the Ria and in the adjacent coastal
area, but only a few specimens were collected at the
lower reaches of the channels.

Peracaridan assemblages in the Ria de Aveiro and in
other European brackish areas

The suprabenthic communities of brackish environ-
ments have been sampled over the last decade in a few
European estuaries using different methodologies and
sampling devices. The most comprehensively studied
areas are the Cadiz tidal channels (7 stations sampled
every 15 d over 2 yr using a passive fishing device;
Drake et al. 1997) and the Westerschelde estuary (15
stations sampled monthly over 1 yr and on other occa-
sions using a sled-type sampler; Cattrijsse et al. 1993,
Mees et al. 1993a,b, 1995). Although the available data
(Table 6) suggest a decrease in the number of species
with increasing latitude, the lack of standardised
methodologies weakens such a conclusion.

In all studied areas, amphipods were the best repre-
sented group, usually followed by mysids and then by
isopods (Table 6). From the 130 taxa identified to the
species level, 55.4% were amphipods. Nevertheless,
mysids were the most abundant group in the Eems,
Westerschelde and Gironde estuaries (Mees et al
1995}). A similar trend was observed in the Canal de
Mira (more amphipod species and higher density
of mysids) but not in the Canal de Ovar, where
amphipods dominated both in number of species and
density. The dominance of mysids may be associated
with more dynamic and unpredictable environments.
The dominance of either mysids or amphipods associ-
ated with some biotic and abiotic factors will be further
discussed in relation to the spatial variation of the per-
acaridan assemblages in the Ria de Aveiro.

The most common and widespread suprabenthic
peracarids around the European coast appear to be
the mysid species (Table 6). Gastrosaccus spinifer,
Mesopodopsis slabberi and Neomysis integer were the
only species reported from all the studied areas, and 4
other mysids were very common. The mysid N. integer
was also the most abundant species in 3 estuaries stud-
ied by Mees et al. (1995). The amphipod fauna of the
estuarine suprabenthos is much more diversified and
the same species was seldom reported from more than
3 of the studied environments (11 species out of 72).
However, parallel taxa occur in different areas: com-
mon species recorded in 1 or several of these areas
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may be replaced by other species of the same genera
or close genera in other areas (e.g. Corophium spp.,
Gammarus spp., Caprellidae). Nagle (1968) presented
several examples of parallelism in epibenthic commu-
nities and mentioned that in different studied environ-
ments (Cape Cod, Chesapeake Bay, Texas coast and
Denmark coast), general trophic-abundance trends
were the same although diversity and species compo-
sition varied.

Many of the widespread species listed in Table 6
have marine affinities and are also found in shal-
low coastal areas. Nevertheless, Neomysis integer,
Praunus flexuosus, Corophium acherusicum, C. volu-
tator, Gammarus zaddachi, Cyathura carinata, Idotea
chelipes and Paragnathia formica, most of which occur
in the Ria de Aveiro, can be regarded as characteristic
brackish species.

The peracarid fauna of the Ria de Aveiro presents
many similarities both with southern and northern
areas. In Cadiz tidal channels, the total number of per-
acarid species was similar to the value recorded in the
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Ria de Aveiro: 65 and 62 species, respectively, of which
24 were common to both areas. The number of species
reported from the Westerschelde estuary is lower (40
species, 16 of which were also collected in the Ria de
Avelro).

It is noteworthy that the 2 most abundant species
in this study, Paramysis bacescoi and Ampithoe valida,
were not recorded in any of the other studied areas.
A. valida is known from the Pacific Ocean and north-
western Atlantic (Conlan & Bousfield 1982), but it
has also been reported from other Portuguese coastal
systems (Marques 1989). P. bacescoi may be mis-
taken for other species of the same genus (Labat
1953), but none was reported from the other areas.
In fact, although P. bacescoi and P. nouvell were
described from the Atlantic coast of France (Labat
1953), only P arenosa is reported as being quite
common Iin the British Isles (Tattersall & Tattersall
1951) and most Paramysis species are endemic to the
Mediterranean, Black and Caspian seas (Mauchline
1980).

Table 6. Number of peracaridan species recorded in the suprabenthos of European brackish waters and list of the species present in
at least 3 of the 6 studied areas. Numbers in brackets refer to taxa not identified to the species level. Data gathered from Mees et al.
(1995) for the Eems, Westerschelde and Gironde estuaries (EE, WE and GE, respectively), Cattrijsse et al. (1993) and Mees et al.
(1993a,b) also for the Westerschelde, San Vicente (1996) for the 5 Rias of Guipuzcoa (RG), this study for the Ria de Aveiro (RA} and
Drake et al. (1997} for the tidal channels of the Bay of Cadiz (CC). The sampling gear and methodology were not standardised in the
different areas. *Complete list of species not available from the published data. e: presence of the species; —: not specified

EE’ WE
Mysidacea 6
Gastrosaccus spinifer
Mesopodopsis slabberi
Neomysis integer
Praunus flexuosus
Schistomysis kervillei
Schistomysis spiritus
Siriella armata

* & & O o o
000000\‘

o]
N
.

Amphipoda

Atylus swammerdami
Corophium acherusicum
Corophium volutator
Gammarus crinicornis
Gammarus locusta
Gammarus salinus
Gammarus zaddachi
Jassa falcata
Megaluropus agilis
Melita palmata
Pontocrates altamarinus

*

* & & o o
® O & & O o0

Cumacea -

Cﬁw..

Isopoda 1
Cyathura carinata

Eurydice pulchra

Idotea chelipes

Idotea linearis .
Paragnathia formica

* & 0
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GE*
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.
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12 14 10 18 (+4)
* ¢ ¢
¢ ] *
* * *
*
*
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* * *
20 32 30 72 (+11)
* *
L4 ¢
*
¢ *
¢ *
* * *
* * *
* *
6 4 2 11 (+2)
11 9 22 26 (+9)
* * *
* *
¢ *
* *
¢ * *
1 3 1 3 (+0)
50 62 65 130 (+25)
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Density values of suprabenthic communities are
available from only a few areas. The highest value has
been reported by Mees et al. (1995): 250 ind. m™? at the
middle reaches of the Westerschelde estuary. In the
Gironde and Eems estuaries, maximum values were
much lower (50 and 26 ind. m™?, respectively) and in
the small Rias of Guipuzcoa estimated density values
never exceeded 10 ind. m? (Mees et al. 1995, San
Vicente 1996). When compared with these northern
systems, the Ria de Aveiro appears to be a highly pro-
ductive system with remarkable suprabenthic density
values (maximum density: 902 ind. m~% annual aver-
age: 58 ind. m?). Latitudinal differences in tempera-
ture are known to be an important factor in the pro-
ductivity of coastal systems and the growth and
reproduction of dominant species is probably favoured
by the relatively high temperature observed through-
out the year in the Ria de Aveiro.

Spatial and seasonal variation

The multivariate analysis of faunal data showed that
differences within channels dominated over differ-
ences between channels, Moreover, it was concluded
that spatial patterns also dominated over seasonal pat-
terns. The prevalence of spatial patterns recognised in
several estuarine communities (Mees et al. 1993b,
1995, Drake et al. 1997) may be explained by the diver-
sity of environments, the importance of gradients and
the physiological constraints of fauna in brackish
areas. The variation of environmental factors within an
estuary is usually higher than seasonal variation or dif-
ferences between estuaries. Seasonal patterns may
become dominant when merosuprabenthic organisms
are considered, especially in more saline areas, as
shown by Hamerlynck & Mees (1991) in a shallow
coastal area in front of the Dutch Delta.

The distinctive structural features between peracari-
dan assemblages of the 2 channels were the higher
number of species and overall dominance of mysids in
Mira as opposed to dominance of amphipods (mainly
epibenthic and tube dwellers) and higher densities in
Ovar. The 3 regions defined in each channel differed in
their peracaridan assemblages, but corresponding re-
gions in the 2 channels also displayed different commu-
nities, which is interpreted as a result of the differences
in the established environmental gradients.

The most productive areas within the Ria appear to
be related to finer sediments (upper reaches of the
Canal de Ovar and middle reaches of the Canal de
Mira). However, there is little evidence that grain size
alone is a determinant for species distribution. Grain
size covaries with organic content, pore-water chem-
istry, microbial abundance and composition, food sup-

ply and trophic interactions, all of which are influenced
by near-bottom flow conditions. Animal-sediment rela-
tionships must be analysed taking into consideration
that all these factors may be important for species dis-
tribution patterns (Snelgrove & Butman 1994). In the
upper reaches of Ovar and middle reaches of Mira,
which have fine sediments and high organic content,
food availability must be substantial and determinant
of the high density observed.

Extensive seagrass meadows in the upper reaches of
Ovar probably contribute to the extremely high abun-
dance recorded in this area. Seagrass meadows pro-
vide an additional source of food and shelter (Nagle
1968, Nienhuis & Van lerland 1978) and harbour a
diverse faunal assemblage with very flexible feeding
habits, including suspension feeders (caprellids,
Jassa falcata), algal grazers (Ampithoe) and detritus
feeders (Corophium, Erichthonius, Gammarus, Melita,
Praunus) (Nagle 1968, Nienhuis & Van lerland 1978).
Idotea chelipes, which is particularly associated with
Zostera meadows in the Ria de Aveiro, plays a peculiar
role in this habitat. While feeding on living eelgrass
leaves by biting and scraping, this herbivore isopod
causes the mechanical breakdown of leaves, which
aids the decomposing activities of bacteria. On the
other hand, Idotea faecal pellets contain numerous
undigested pieces of eelgrass, thus accelerating its
decomposition and making the smallest particles avail-
able for detritus feeders (Nienhuis & Van lerland 1978).
Habitat complexity and stable substrates also con-
tribute to the number of species and density, which are
often higher in vegetated sites than in unvegetated
adjacent areas (Stoner 1980, Orth 1992).

In more dynamic environments with high flow condi-
tions and coarser sediments, food availability is usually
lower (except perhaps for suspension feeders) and food
sources unstable. Snelgrove & Butman (1994) sum-
marise the studies on the effect of small-scale topo-
graphic variation on the distribution of organic matter
and fauna in such environments. Migration of ripples
may occur tidally, and the eventual accumulation of
detritus in ripple troughs is subject to local flow condi-
tions thus being a temporary and erratic event. The
authors mention that organisms may respond actively
to the enhanced detritus accumulation that occurs in
small depressions and ripple troughs.

In the Canal de Mira, the tidally induced formation
of ripples and megaripples characterises extensive
subtidal and intertidal areas (Franco 1997). In these
areas, mysids were frequently collected in high
densities and dominated the faunal assemblage. These
suprabenthic organisms have very good swimming ca-
pabilities and are known to migrate actively to areas of
high primary productivity (Wooldridge 1989). Large
aggregations of mysids, probably induced by in-
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creased food availability, have also been reported by
other authors (Clutter 1967, Fossd 1985, Hargreaves
1985). In highly unpredictable environments, mobility
may be a further advantage in searching for food and
in anticipating stochastic events (Mees & Jones 1997).
Besides mysids, other highly mobile species, such as
Urothoe brevicornis, Bathyporeia sarsi and Eurydice
pulchra, were recorded in higher densities in the
Canal de Mira. These 3 species are mentioned by sev-
eral authors as occurring preferentially in sandy habi-
tats (Finchan 1971, Naylor 1972, Cattrijsse et al. 1993,
review by Snelgrove & Butman 1994).

The well-defined and apparently opposed patterns
observed in the spatial distribution of amphipods and
mysids in the Ria de Aveiro may be interpreted in terms
of their relative mohility. Amphipods, mostly epibenthic
and tube dwellers, usually have lower mobility and are
probably compelled to colonise areas with more stable
food sources. On the other hand, mysids succeed in
colonising and become dominant in dynamic and more
unpredictable environments. Monospecific swarming
(Wittmann 1977) and high mobility may explain the
reduced regularity in the spatial distribution of mysids
with extremely high values of a single species occasion-
ally recorded at different stations.

Hydrodynamics and sediment transport regime, which
are responsible for the distribution of sediment environ-
ments, play a major role in structuring the suprabenthic
community of the Ria de Aveiro, but another primary
determinant for species distribution is salinity. Tidal
and seasonal salinity variation is one of the major
physiological constraints that brackish fauna must con-
front (Kinne 1971, Remane 1971, McLusky 1989).

In the Canal de Ovar, the salinity gradient is only
established seasonally and the spatial patterns of the
suprabenthos are mainly related to the hydrodynamic
conditions and associated sediment environments.
However, the Canal de Mira has a permanent salinity
gradient with important tidal and seasonal variations,
which certainly imposes additional constraints to the
distribution of organisms. As a result of these condi-
tions, the Canal de Mira presents the characteristic
estuarine impoverishment towards the brackish area
(McLusky 1989) and the typical sequence of species,
with more or less overlapping distributions depending
on their capability to endure different ranges of salin-
ity along the channel. Although the changes between
communities of the lower, middle and upper reaches
were never abrupt, they were more gradual along the
Canal de Mira and more discrete in the Canal de Ovar.

Tide, which is responsible for the establishment of
salinity gradients, is also a primary component of
the hydrodynamics of the Ria de Aveiro. Similarity
between channels is higher in the communities of the
middle and, especially, the lower reaches due to the

strong tidal influence at the entrance of both channels.
However, at the upper reaches the environmental con-
ditions diverge and the impoverished fauna observed
in the Canal de Mira contrasts with the prolific com-
munity in the Canal de Ovar. While the Canal de Mira
is like a small estuary, the Canal de Ovar resembles a
semi-enclosed coastal lagoon, with high temperature
and salinity values recorded seasonally in the seagrass
meadows in the most confined regions. The dominance
of mysids, the highest diversity in the marine zone and
the impoverishment towards the brackish environment
are observed trends in the Canal de Mira that are also
reported from other estuarine suprabenthic communi-
ties (Mees et al. 1995).

The seasonal patterns of the peracaridan assem-
blages in the Ria de Aveiro were mainly associated
with density fluctuations of the dominant species. The
staggered cycles of amphipods and mysids in the Ria
de Aveiro induced seasonal changes in the community
structure; on the whole, mysids were dominant during
winter and spring and amphipods during summer and
autumn. Several authors (Boysen 1975, Buhl-Jensen &
Fossd 1991, Hamerlynck & Mees 1991, Dauvin et al.
1994) mention that specific life-history features may
determine density fluctuations and induce seasonal
changes in the community structure.

A decline in the number of species and density
occurred in both channels during winter, when salinity
and temperature dropped to minimal values. A similar
trend was observed in the suprabenthos of the Wester-
schelde estuary (Mees et al. 1993b). The winter decline
was especially evident in the peracaridan assemblage
of seagrass meadows (upper reaches of the Canal de
Ovar). Abundance fluctuations of epibenthic species in
seagrass meadows can range over orders of magnitude
and their relation to seasonal patterns of habitat com-
plexity, food availability, reproduction and predation
pressure is discussed by Jernakoff et al. (1996).

Predation pressure on the peracaridan assemblages
may be assessed by the relative abundance of fishes
and waders. 2 density peaks in the ichthyofauna of the
Ria de Aveiro were reported by Rebelo (1992): one
during summer (July to August) and another during
winter (February to April). The minimal density of
fishes was recorded from October to November. On the
other hand, the waders of the Ria de Aveiro begin to
increase their density in October, reaching maximum
values in December. Abundant wintering populations
remain until the end of February or March (Rufino et
al. 1988, Luis 1998). These data on the potential preda-
tors of peracarid crustaceans suggest that high preda-
tion pressure may act together with specific life-history
features and low temperature and salinity values,
inducing the observed winter impoverishment of per-
acaridan assemblages in the Ria de Aveiro.
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