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Abstract Peracarid crustaceans inhabit many marine
benthic habitats and are good indicators of environmental con-
ditions. There is, however, a lack of information about diver-
sity and distribution of peracarid crustaceans on the shallow
subtidal sediments of the Galician rias. In the summer of
1997, 27 subtidal stations were sampled in the Ria de Aldédn, a
ria on the southern margin of the mouth of the Ria de Pont-
evedra (Galicia, NW Spain). A total of 16,191 peracarid indi-
viduals were collected, comprising 125 species belonging to
five orders. Amphipods were dominant in number of species
and individuals, followed by isopods and cumaceans. Multi-
variate analyses of these data indicated that depth and sedi-
ment granulometry were major determinants of distribution
and composition of peracarid assemblages in the ria.

Keywords Peracarida - Soft-bottoms - Assemblages -
Atlantic Ocean - Ria de Alddn

Introduction

Peracarid crustaceans are among the most diverse and
numerically dominant organisms of soft-bottom benthic
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faunas (Fincham 1974; Dauvin et al. 1994; Prato and Bian-
diolino 2005). Peracarids also play an important role in
structuring of benthic assemblages (Duffy and Hay 2000)
and are important source of food for other benthic animals
and fishes of commercial importance (McDermott 1987;
Dauvin 1988a; Beare and Moore 1996). Distribution and
abundance of peracarids inhabiting marine sediments are
influenced by a number of abiotic factors, such as sediment
composition (Parker 1984; De Grave 1999) and organic
content (Robertson et al. 1989). Many peracarid species are
also sensitive to hydrocarbon pollution and other perturba-
tions and, therefore, their abundance and species diversity
may serve as indicators of environmental conditions (e.g.,
Marques and Bellan-Santini 1990; Corbera and Cardell
1995; Goémez-Gesteira and Dauvin 2000; Guerra-Garcia
and Garcia-Goémez 2004).

The Galician rias (NW Spain) are a special and complex
kind of estuarine system and have a great economic and
social importance due to the presence of fisheries, bivalve
culture and shellfish resources (Nombela et al. 1995; Figue-
iras et al. 2002). The rias also have a large diversity of sedi-
mentary habitats inhabited by a particularly rich benthic
fauna (Cadée 1968; Lopez-Jamar and Mejuto 1985). Perac-
arid fauna of the Galician rias, however, are little known
and few studies have been devoted to describe diversity,
distribution and composition of peracarid assemblages on
their soft-bottoms (Anadén 1975; Sanchez-Mata et al.
1993).

Composition and distribution of soft-bottom benthos are
well-known in many areas of the Galician coast (Viéitez
and Baz 1988; Junoy and Viéitez 1989; Mazé et al. 1990;
Palacio et al. 1991; Curras and Mora 1991). There is, how-
ever, a lack of studies in some small rias such as the Ria de
Aldan. This rfa is located on the mouth of the Ria de Pont-
evedra and shows a variety of subtidal sediments, ranging
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from gravel to mud, at depths of between 3 and 45 m. Thus,
the main objectives of this paper were to characterize the
composition and distribution of the peracarid fauna on the
subtidal soft-bottoms of the Ria de Aldan as well as study-
ing the influence of several environmental variables on the
distribution patterns of peracarids. This will also provide
baseline data for further comparative analyses.

Material and methods
Study area

The Ria de Aldén is situated on the southern margin of the
mouth of Ria de Pontevedra, between 42°16'40"'—
42°20'50"'N and 8°49'-8°52'W. This ria has 7 km length,
3.5 km width and has a maximum depth of 45 m; its mouth
is oriented northwards. Mean salinity values are around
36 %o in outer areas of the ria and there is gradual increase
in salinity from the inner to the outer part of the ria (Parada
2004). The small Aldan River flows into the inner area.
Both East and West margins are made up of rocky substra-
tum which alternates with sandy beaches. The ria is greatly
influenced by strong oceanic hydrodynamism which
reaches the inner areas and reduces the effect of freshwater
input from the Aldan River. The ria is influenced by the
growing practice of bivalve culture on rafts, mostly in the
inner areas of the ria; these practices are supposed to con-
tribute to the increase of the content of silt/clay and organic
matter in those areas, such as it occurs in other Galician
rias.

Sample collection and processing

The sampling programme comprised 27 stations which
covered the full extent of the ria in order to provide suffi-
cient information on the distribution of peracarids (Fig. 1;
Table 1). Quantitative sampling was done during July—
August 1997 using a Van Veen grab with a sampling area
of 0.056 m?. Five replicates were taken at each station,
which accounted for a total area of 0.28 m?. Samples were
sieved through a 0.5 mm mesh, and fixed in 10% buffered
formaldehyde solution for later sorting and identification of
the fauna. An additional sediment sample was taken at each
station to analyse granulometric composition, carbonates
and organic matter content. The following granulometric
fractions were considered: gravel (GR >2 mm), very coarse
sand (VCS 1-2 mm), coarse sand (CS 0.5-1 mm), medium
sand (MS 0.25-0.5 mm), fine sand (FS 0.125-0.25 mm),
very fine sand (VFS 0.063-0.125 mm), and silt/clay
(<0.063 mm). Median grain size (Qs,) and sort coefficient
(Sy) (Trask 1932) were also determined for each sample.
Temperature was also measured in sediment, surface water
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and bottom water. Sediment types were characterized
according to Junoy (1996). Calcium carbonate content (%)
was estimated by the treatment of the sample with hydro-
chloric acid. The total organic matter content (TOM, %)
was estimated from the weight loss after placing samples in
a furnace for 4 h at 450°C.

Data analysis

Several univariate measures were calculated for each sam-
pling station: total abundance (N), number of species (S),
the Shannon—Wiener diversity index (H', as log,), and Pie-
lou’s evenness (J). For any given site, species with >4% of
total abundance were considered as dominant (Field et al.
1982). Peracarid assemblages were determined through
non-parametric multivariate techniques as described by
Field et al. (1982) using the PRIMER v5.0 (Plymouth Rou-
tines in Multivariate Ecological Research) software pack-
age (Clarke and Warwick 1994). A similarity matrix was
constructed by means of the Bray—Curtis similarity coeffi-
cient by first applying fourth root transformation on species
abundance to minimise the contribution of the most abun-
dant species. Differences in faunistic composition between
sampling stations were tested using the one-way ANOSIM
test. From the similarity matrix, classification of stations
was done by cluster analysis based on the group-average
sorting algorithm and an ordination by means of non-metric
multidimensional scaling (nMDS). The SIMPER program
was next used to identify species that greatly contributed to
the differentiation of station groups. The species present in
each group of stations were further classified according to
the constancy and fidelity indexes (Glémarec 1964; Cabi-
och 1968).

The BIO-ENV procedure (belonging to the PRIMER
package), and the canonical correspondence analysis
(CCA, using the CANOCO v4.02, Canonical Community
Ordination package; Ter Braak 1988) were used to research
the possible relationship between peracarid distribution in
the ria, and the measured environmental variables. The for-
ward selection was used in the latter to detect which vari-
ables explained the most variance in the species data. All
variables expressed in percentages were previously trans-
formed by log (x + 1).

Results

Sediments

Sediments were mainly sandy in most of the ria (Fig. 1;
Table 1). Coarser sandy granulometric fractions were more

prevalent at the mouth of the ria, and muddy bottoms were
restricted to inner and sheltered areas. There was a decrease
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in grain size and an increase in organic content from the
outer areas to the inner areas of the ria.

Peracarid fauna

A total of 16,191 peracarid individuals were collected,
comprising 125 species of peracarids belonging to five
orders. Amphipods were the best represented in total num-
ber of species (79) and individuals (73.4% of numerical
abundance) followed by isopods (20 species and 2.6%
abundance) and cumaceans (14 species and 2.7% abun-
dance). Tanaids and mysids were less diverse in number of
species (5 and 7, respectively). Tanaids comprised 20.6%
of the total abundance, mostly due to the abundance of
Apseudes latreillii (Milne-Edwards, 1828) in some sites.

Values of univariate measures are shown in Table 2. The
lowest abundance values were recorded at medium sand
(St. 13, 171 individuals/mz), while the highest numbers
were recorded at muddy sand (St. 34, 12,229 individuals/
m?). Number of species varied between 15 (St. 13) and 38
(St. 29, fine sand); diversity ranged from 0.79 (St. 21,
medium sand) and 4.26 (St. 32, fine sand). Evenness
showed low values on sediments with a high dominance of
Siphonoecetes kroyeranus Bate, 1856 (St. 21; J, 0.18),
Apseudes latreilli (St. 22, 24, 34; J, 0.30-0.52) and Gam-
marella fucicola (Leach, 1814) (St. 33; J, 0.44).

The dominant species in terms of abundance were the
tanaid Apseudes latreillii and the amphipods Siphonoecetes
kroyeranus, Photis longipes (della Valle, 1893), Gamma-
rella fucicola, Aoridae spp. (undetermined females),
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Table 1 Position, depth, sediment and water temperature and sedimentary characteristics of sampling stations in the Ria de Alddn

Station Position Depth Surf Bottom Sed Gravel Sand Silt/clay Qs,  Sediment type S, Carbonates TOM
(m) temp temp temp (%) (%) (%) (mm) (%) (%)
0 O 0
2 42°20'15''N, 8°51'15""W 45 21.1 229 20.0 10.0 88.0 2.0 1.079 Very coarse =~ Moderate 73.9 2.6
sand
3 42°20'15''N, 8°50'45"'"W 36 214 223 20.8 479 490 32 1.983 Very coarse =~ Moderate 89.8 2.6
sand
6 42°19'45''N, 8°51'15"'"W 42 185 18.4 182 27.1 70.7 2.2 1.053 Very coarse  Poor 32.3 1.0
sand
7 42°19'45''N, 8°50'45"'W 38 17.0 17.7 174 0.3 974 24 0.485 Medium sand Moderate 67.4 1.4
8 42°19'45''N, 8°50'15"'W 25 22.1 214 19.6 0.1 97.0 29 0.211 Fine sand Mod. well 52.7 1.3
sorted
9 42°19'45''N, 8°49'45""W 12 18.7 18.6 17.9 0.2 96.8 3.0 0.202 Fine sand Mod. well 67.9 2.0
sorted
12 42°19'15''N, 8°50'45"'W 33 18.1 18.6 172 18.4 79.5 2.1 0.869 Coarse sand  Moderate 38.2 0.7
13 42°19'15''N, 8°50'15"'W 27 16.8 16.7 16.6 0.3 98.0 1.6 0.383 Medium sand Moderate 40.8 1.1
14 42°19'15'N, 8°49'45""W 10 173 174 170 0.8 96.5 2.8 0.391 Medium sand Moderate 57.0 1.3
17 42°18'45''N, 8°50'45"'W 29 199 212 20.2 135 84.2 1.8 0.623 Coarse sand  Moderate 32.6 0.5
18 42°18'45''N, 8°50'15"'W 25 184 183 17.7 527 44.8 2.5 2.224 Gravel Moderate  33.0 2.0
19 42°18'45''N, 8°49'45"'"W 17 18.4 18.1 17.1 0.5 96.1 34 0.331 Medium sand Moderate 64.1 1.7
20 42°18'45''N, 8°49'15"'W 15 18.7 18.7 176 0.8 95.3 39 0.300 Medium sand Moderate 55.9 2.0
21 42°18'22''N, 8°51'05"'W 4 21.1  20.8 202 2.3 932 45 0.290 Medium sand Moderate 70.0 3.1
22 42°18'15''N, 8°50'45'W 13 212 212 20.6 1.1 95.5 34 0.199 Fine sand Mod. well 55.2 1.9
sorted
23 42°18'15''N, 8°50'15"'W 22 227 233 23.0 0.2 94.5 5.3 0.203 Muddy sand  Mod. well 60.3 3.2
sorted
24 42°18'15''N, 8°49'45"'"W 16 20.6 214 214 21.6 742 42 0.919 Coarse sand  Moderate 65.5 2.5
25 42°18'15'N, 8°49'15"'"W 11 212 215 21.6 0.1 96.7 32 0.192 Fine sand Mod. well 54.2 1.6
sorted
26 42°17'45''N, 8°50'45"'W 8 214 212 21.7 0.7 92.7 6.6 0.142 Fine sand Moderate 59.4 2.3
27 42°17'45''N, 8°50'15"'W 18 17.1 173 17.3 6.0 348 59.2 0.050 Mud Poor 33.8 9.0
28 42°17'45''N, 8°49'45""W 19 18.7 18.2 17.6 8.9 313 59.8 0.050 Mud Poor 37.8 8.8
29 42°17'45''N, 84°9'15"'"W 8 179 182 18.2 8.8 872 4.0 0.210 Fine sand Moderate 59.9 2.2
30 42°17'15N, 8°50'15"'W 3 21.6 215 23.5 5.8 929 1.4 0.868 Coarse sand  Mod. well 41.9 0.7
sorted
31 42°17'15'N, 8°49'45"'"W 17 225 225 19.5 4.1 26.6 69.4 0.040 Mud Moderate 40.3 10.8
32 42°17'22''N, 8°49'22"'W 12 17.5 18.7 18.4 39 93.6 25 0.195 Fine sand Mod. well 63.0 1.5
sorted
33 42°16'45''N, 8°49'45"'"W 4 21.0 219 273 29.8 56.5 13.3 0.230 Muddy sand  Bad 38.8 5.0
34 42°16'40''N, 8°49'22"'W 4 213 229 21.2 8.1 864 5.6 0.317 Muddy sand  Poor 335 1.1

Bottom temp bottom water temperature, surf temp surface water temperature, sed temp sediment temperature, Qs, median grain size, S, sorting

coefficient, TOM total organic matter

Microdeutopus versiculatus (Bate, 1856), Guernea coalita
(Norman, 1868), Perioculodes longimanus (Bate and West-
wood, 1868), Leucothoe incisa Robertson, 1892, Ampithoe
ramondi Audouin, 1826 and Ampelisca typica (Bate, 1856),
and the cumacean Cumella sp. The remaining peracarid
taxa comprised less than 25% of the total abundance.

The most widespread species in the ria (at least found in
15 sampling sites) were the amphipods Leucothoe incisa,
Aoridae spp., Perioculodes longimanus, Photis longipes
and Arylus vedlomensis (Bate and Westwood, 1862), the
isopods Eurydice truncata (Norman, 1868) and Campeco-
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pea hirsuta (Montagu, 1804), and the cumacean Cumella
sp. (Table 3). About 55% of the species were only found in
one to four sites.

Multivariate analyses

The ANOSIM test revealed significant differences in fau-
nistic composition between all stations (global R, 0.865;
P, 0.001), except between St. 2 and 17 (R, 0.148; P, 0.14),
St. 17 and 19 (R, 0.108; P, 0.21), and St. 24 and 26 (R,
0.172; P, 0.05). The dendrogram obtained by cluster anal-
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Table 2 Number of species (S), total abundance per m? and 0.28 m?
(N), Shannon Wiener’s diversity index (H', log,) and Pielou’s even-
ness (J) for each sampling station in the Ria de Aldan

Station ~ Group S N@m?  N(0.28m? H’ J

2 B2 17 336 94 311  0.76
3 B2 29 750 210 3.90  0.80
6 B2 16 275 77 354 088
7 B2 21 443 124 359 082
8 A2a 16 243 68 342 085
9 A2a 18 629 176 356 0.85
12 B2 29 796 223 3.88  0.80
13 Bl 15 171 48 321 082
14 Bl 16 436 122 233 0.8
17 B2 18 361 101 318 0.76
18 B2 33 3,071 860 347  0.69
19 B2 25 286 80 378 081
20 A2a 26 1,132 317 335 071
21 A2a 23 9,464 2,650 079 0.8
22 A2a 19 2,693 754 143 034
23 Al 20 361 101 3.68 085
24 A2a 29 2814 788 146 030
25 A2a 26 671 188 3.96  0.84
26 A2a 29 1,386 388 3.68 076
27 Al 21 686 192 374 085
28 Al 30 1,025 287 385 079
29 A2b 38 5,389 1,509 320 061
30 A2b 30 1,639 459 332 0.68
31 Al 21 621 174 3.16 072
32 A2b 37 1,311 367 426  0.82
33 A2b 29 8,607 2,410 213 044
34 A2b 19 12229 3424 220 052

Cluster group to which each station belongs is also indicated

ysis showed the presence of two major groups of sites at a
similarity level of 20% (Fig. 2): group A (finer sediments)
and group B (coarser sediments). Group A was further
subdivided into group Al (St. 23, 27, 28, 31; mud) and
group A2 (fine sand), the latter was subdivided into group
A2a (St. 8,9, 20, 21, 22, 24, 25, 26) and A2b (St. 29, 30,
32, 33, 34). Group B was subdivided in subgroup B1 (St.
13, 14; medium sand) and B2 (St. 2, 3,6, 7,12, 17, 18, 19;
mostly coarse sand). nMDS ordination showed similar
results to those of the dendrogram (Fig. 3). Relative abun-
dance of peracarid orders in each assemblage is shown in
Fig. 4.

Group A was located in the sheltered area of the ria.
Subgroup A1 was constituted by muddy sites and had lower
number of individuals and species than the other subgroups
of A. The species that mostly contributed to similarities in
Al were Harpinia pectinata Sars, 1891, Leucothoe incisa
and Tanaissus lilljeborgi (Stebbing, 1891), whereas Meta-

phoxus simplex Bate, 1857, Harpinia pectinata and Micro-
deutopus armatus Chevreux, 1887) were the most abundant
species. Subgroup A2 was composed of sandy sediments
(from muddy sand to coarse sand). The species which
mostly contributed to characterize subgroup A2a (medium-
fine sand) were Perioculodes longimanus, Leucothoe incisa
(present in all stations), Siphonoecetes kroyeranus and
Apseudes latreillii, the latter being the most abundant spe-
cies. Subgroup A2b (fine-muddy sand) was located in the
inner part of the ria and showed the highest number of indi-
viduals of all groups. This subgroup was characterized by
Photis longipes, Microdeutopus versiculatus and Gamma-
rella fucicola, which were present in all stations; those spe-
cies and Apseudes latreillii were the most abundant.

Group B was located in the outer part of the ria. Sub-
group B1 had less total abundance and number of species of
peracarids than the other groups of the ria. Subgroup B2
showed the highest number of species of all groups; this
subgroup was determined by Guernea coalita, Haplostylus
sp. and Eurydice truncata, being Apseudes latreilli the most
abundant species.

SIMPER analysis showed that Guernea coalita, Haplo-
stylus sp. and Siphonoecetes kroyeranus explained most of
dissimilarity between groups A2a and B2. Guernea coalita,
Siphonoecetes kroyeranus and Iphinoe trispinosa (Goodsir,
1843) contributed greatly to the differentiation of B2 from
B1. Apseudes latreillii, Siphonoecetes kroyeranus and Lep-
idepecreum longicornis (Bate and Westwood, 1862) differ-
entiated group A2a from B1. Group A2a differed from A1l
due to Harpinia pectinata, Siphonoecetes kroyeranus and
Metaphoxus simplex. Gammarella fucicola and Microdeu-
topus versiculatus differentiated group A2a from A2b,
whereas Harpinia pectinata and Microdeutopus versicula-
tus differentiated group A1 from A2b.

Species affinities

Cluster analysis done on the abundance data of the domi-
nant species showed the existence of three major groups at
similarity level of about 15% (Fig. 5). Group 1 included
species mostly found in coarse sand (cluster group B2).
Group 2 comprised species found in muddy and fine sand
sediments. Subgroup 2a comprised species with higher
abundance in muddy sediments (cluster group Al), while
subgroup 2b was composed of species found in fine sand
sediments (cluster group A2b). Group 3 included species
mostly found in sediments composed of fine and medium
sand (cluster group A2a).

Relation with environmental variables

The BIO-ENV procedure showed that the combination of
gravel, very fine sand, silt/clay and depth had the highest

@ Springer



Helgol Mar Res (2008) 62:289-301

294

(49 L0T v v 4 001 v 11 24D uod (8681 ‘Qeg) SNLIDUIID $IIDID0IUOJ
€6 LOI ¢V v 9¢ 69L1 ‘19qQe[S PULIDW DIISYYJ
96cy  ¥S 891 1T 9¢l 96TC 81 6LI IT1 S¢  9¥ 00T L v oIl L uoy oyd (€681 “dIEA ®[[op) s2disuo] suoyd

(8981 ‘poomisop pue deq)
I1e LS 191 ¥ vie vl SLC SL L g¥ 9% 961 ST 14 v oIl uoj 424 SHUDUISUO] SIPONIOLI]
6L vl €v 11 1C ST ¢ 1 14 ddy ang (P81 “XoAQry]) snordsy snquivting
6LE 81 wny 2140 (€G8T “®1s0D) s1jpuny 2udU0Y2.10
ILT v0v 111 LOT ¢€¥8 14 424 21y (9GQ] ‘Qregq) smpnoIsLaa Sndomapodrpy
68 ¢81 1L wp o1 /881 ‘XNIAYD) SMIDULID SNAOINaPoLI1
(344 1L +9 wis jo LG81 ‘areg xapduiis snxoydpviapy
L (574 4! L id| 19 11 100 o)y 98] ‘UBWION SN0 sndoydun3apy
14 LS 6L L ¥ 1T ST 180 Sopy 6881 NOH $18v sndo.nppSap
v L 68 ¥ 19 L L ¥ L uaj avp (7981 ‘@rg) PULWINUI] D]]242D
8! L v ILy L 14 yio avpy (€Y1 ‘SPIeMPH-QU[IN) SIUOYIO DAV
SL 81 14 6¢ (8081 ‘NSBIUOIN) PUDWIISSOLS DLIDI
96 ¥ 00l Ic ¥ vOI ¥S ¥1I 6T ¢ 1IC 1T 9¢ +¥I 8II 8L v 81 Il ST I 14 ul nay T6ST ‘UOSIHIQOY DSIOUl 20Yj0oNaT
L 6C 6CI 9¢1 19 oad uvp] 1681 ‘sies vipuoad vrundivgy
ovL 6L1 I IT 6L 6L 89 ¥ eyl S§C LS LS ITI Do ang (8981 ‘UBWLION) D1jD0D D2UIIND
v 1c L 11 ST v 1C 1T v ‘ds sisdo.vuwiunoy
¥9¢ C8ES ¢ I ¢y ¥ 9¢l onfung (Y181 ‘Yoea]) pjodIONf D]j2IDUUDY
6C 1TC 0S1 <1 1ds xa(q (€181 ‘nSeIuON) vsourds 2unuvxa(g
oy 1L was 127 (7981 ‘@1Rq) SNIDLIISIUIS SNOOPDLI))
1T 11 149! 81 dds my ‘dds aouomy

(€681
1c 9¢ 14! 14 81 9¢ 9¢l ids ny “AeA B[[OP) SLUdATUIS "JO d0UOINY

(2981 ‘poomisop pue aeq)
14 vl 11 14 L ¥ v 6T IC SL 9 v S¢ & v paa Gy sisuawiogpaa snjsry
Icir 9% v v 9 v 6C 81 ¢S¢ 4 19 ILr v ¥ 6¢ ICI IT vl 11 dds 10y "dds seprioy
1T L09 V9 6T 1% 14 w4 duy 9¢81 ‘urmopny 1puown. aoynduy
e LS L 89 6€ vl 11T 6¢ 0S LS L1l 94 ddq dury (9581 “req) porddy vosyadury
¥ 191 SL vl  6C ¥l ¥ 81 ¢ 14 uay dury  GGQ1 ‘S10QaI[IT s1uL1001mua}) vosijadury
14 LS TIL TIL ¥9 001 %I 6TI 14 L L 24q duy (€SQT ‘®ISOD) S11L102142.4q DISI2dUWY
8 891 8! 14 11 190 19y (€181 ‘NSEIUOIN) DIPSNIqO DINIUWOPHIGY
pvpodiyduy

qzV 9TV ATV IV Qv qeV IV 1V BCV BCV BCV IV eV eV ety cd cd cd 19 19 ¢d ey ey cd ¢cd ¢d ¢d dnoip

¥E €€ TE 1€ 0€ 6C 8C LT 9T ST ¥T €¢ TC 1T 0T 61 8I LI #1 €1 TI 6 8 L 9 € T S°NS 9pod saradg saroadg

(18103 UT PAJOJ[[OJ S[ENPIAIPUI ()¢<) UBP[Y 9P BIY Y} Ul exe) pLiederdd juepunge jsout oy} Jo ISIT ¢ d[qe],

pringer

& s



295

Helgol Mar Res (2008) 62:289-301

W/S[ENpIAIpUL St passdidxa ST uonels Yora ut s[enpialput jo saquinu ‘sdsodind aaperedwod 10,4

14! ST ev 9¢ 1L LOC
& v 0§ 1T 11 14
Ices 6¢ Ice cec 81 68ce vI 191C 11 ¢l 689
8IT vl 11 ¢ v e vl
vy Y01 19 14
viv ¢ 11 L SL vyl ce 11 ¥ L L 6¢
L LS ¥ 81 ST ¥ vy v v
81 L 6L
vy v SC L 6 v v ¥ 14 L 14
(43! 14
L
v oL €6 vl L Tt
L v ¥ i4! L v v v ¥ 11 1¢C
I v L L ¥ ¥1 8 + I 14 94
¥ (94
L 98 81 ¢t L SL (414
Y4 98 cee 81 6C 81 v v
(434 [43
6cl 11 ¢v L
¥0S
6¢ ¥ 961 LS 6t 110868 6C L

1c ¥l 6C
4 L 1T
v L 14
6¢ 6L 6C L ¥1 ¥l
14 L
¥0C
v
v ey or 6c 6C L ¥9 ¥l
14 ¥ 9¢ 6¢
LS 9¢ ST ¥9
[43
Y4
8
[43
i4!
19¢ 19 6¢

muvy
aps dog

0] sdy

A28 ydy

nij png
ds wn)

md pog

“ds dvgy

(1681 ‘3u1qqa1g) 18.40qa[]11] snssiun
(ZH81 ‘1ekory]) 1{udians vijayooyday
(8T8 ‘SpIBMPH-SUIIN) 2]j12.411] Sapnasdy
D2IVPIVUD]

£98] ‘UBWLION DID.LI2S d0utyd]

(6S81 “@rq) vynypound) vjjacopnyg

“ds vpjouny)

(8L81 ‘s1es) vjjayond viyopog
D22DUINY)

“ds smjd1sojdoyy

vpis€py

(L8LT ‘snIouqe,) wnip.Lias vuio1avyds

“ds puunpy

D J1Y GSG1 ‘1A pue Jonboog vpodosiuv viavloio1py

“ds ox7g
naj Ang

A1 W)

DU 04[]
148 04N
212 04)
2.4q o4
uout 2§
{12 208§

ouy dig

“ds vwo.avydsoxsy

(8981 ‘UBWLION) DIPOUNA] 221pLAnT]

(4081 ‘n3eIuolN) pins1y vadodraduiv)
ppodosy

(LG8 ‘Qreg) vurivui 20y10.4[)

G681 ‘XNAIAYD 1ppuLLLS 20Y10.1))

1681 ‘@reg sundaja aoyjoaf)

7981 ‘Qeg S1LI0I1A2.4q 201]0.4[)

(G181 ‘nSRIUOIN) S2p10]Nnd20UOU 20Y10UIIS
7681 ‘U0s1qOYy snuppyiydoiyifia sauipI0g

9681 ‘@reg snuv.alo.ry sa12220uoydig

qcv acv acv IV Qv aev

ye €€ Tt I 0t 6¢

IV IV BV BV BV 1V

8C LT 9T ST T €C

eV erv ey cd cdTd 19 19 ¢d ey eey cd ¢d ¢d ¢d dnoip

[44

Ic 0c el 8I LI vI €l ¢I 6

8 L 9 ¢

7 SANS 9pod saradg

soroadg

ponunuod ¢ J[qe],

pringer

As



296

Helgol Mar Res (2008) 62:289-301

20 Al B
A2a A2b

40 A1

60

Bray-Curtis similarity (%)

80

100
2331272820222426 8259 2130333429321314 3 1819 6 2 177 7 12
Mud Fine sand Finesand = Medium Coarse sand
w/ medium sand w/sandy mud  sand

Fig. 2 Peracarid assemblages in the Ria de Aldadn as determined by
cluster analysis based on Bray—Curtis similarity coefficient

correlation with faunistic data (p,, 0.516). Very fine sand
was the variable that alone showed the highest correlation
(py, 0.277), followed by depth (p,, 0.270) and fine sand (p,,
0.238).

The nMDS ordination of sites with superimposed values
of the mentioned variables showed that stations appeared
distributed from right to left following an increase in very
fine sand and fine sand fractions in the sediment, accompa-
nied by decreasing values of depth (Fig. 3).

The forward selection of CCA selected median grain
size, silt/clay, sorting coeflicient and depth as the variables
explaining most of the variance in the species data (P:
0.002). Axes I and II were the most important in the CCA
ordination, accumulating 21.2% of species variance and
27.9% of species-environment variance. Cluster groups
with higher content of coarser granulometric fractions were

distributed on the left of the ordination, while assemblages
located in fine sand-mud were distributed on the right, fol-
lowing a gradient defined by a decrease in median grain
size (Fig. 6).

Discussion
Peracarid diversity

The peracarid fauna diversity of Ria de Alddn was higher
than in other European temperate waters, having been
recorded the typical species from shallow sediments of
those waters (Dauvin etal. 1994; Conradi etal. 1997,
Cunha et al. 1999). The total number of peracarid species
founded at Ria de Aldan was 125, while Dauvin et al.
(1994) reported 99 peracarid species from the western
English channel (circalittoral suprabenthic coarse sand
community), Cunha et al. (1999) reported 61 peracarid spe-
cies from Ria de Aveiro (Portugal), and Conradi and Lépez
Gonzélez (2001) reported 67 peracarid species from Algec-
iras Bay. Table 4 shows a comparison of the peracarid
fauna between the Ria de Ald4dn and other nearby geo-
graphical areas.

The large peracarid diversity at Ria de Aldan was mainly
due to the contribution of amphipods (79 species). For
example, Garmendia et al. (1998) found 66 amphipod spe-
cies in Ria de Ares-Betanzos, Conradi etal. (1997),
recorded the presence of 53 amphipod species in Algeciras
Bay, Parker found 26 subtidal amphipod species in Belfast
Lough, Jimeno and Turon (1995) found 71 gammaridean
amphipods along the Catalonian coast and Arresti et al.

Fig. 3 nMDS ordination of
sampling stations showing
groups determined by cluster
analysis and ordination of sites
with values of some environ-
mental variables superimposed
(very fine sand, depth and fine
sand)

Stress: 0,18 ~ Very fine sand

B2

Q Depth . Fine sand
oS ;
o 0O ’ Ooo O o S ODQ. ° 0
0° o o 0o o
i Ne2
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Mysida

[] Amphipoda
[] Isopoda
B Cumacea
Tanaidacea

A2b

P

Fig. 4 Relative abundance (%) of each peracarid order in the groups
of stations determined by multivariate analyses

(1986) found 40 amphipod species in the Abra de Bilbao
(Pais Vasco, Spain). Again, this gammaridean diversity was
larger than in other similar areas, apart from the English
Channel where Dauvin et al. (2000) reported 142 gammari-
dean amphipods.

Thus, the total number of species of the Ria de Alddn is
high enough to consider those soft-bottoms as particularly
rich in peracarids. Polychaetes and molluscs also show a
high number of species in this ria (Lourido et al. 2006,
2008). This fact may be due to the granulometric heteroge-
neity existing in this area. Normally, heterogeneous sedi-
ments provide many microhabitats which may support a
greater biodiversity of species than homogenous sediments
do (Gray 1974).

The second peracarid groups in number of species were
isopods and cumaceans; whereas, the former was more
widespread, the latter was more abundant, both being found
from gravel to muddy sediments. Isopods live in most

Idu lon
Orc nan
Pon are
Sip kro
Meg agi
L Iph tri
Pse lon
3 Uro bre
Orc hum
Gas san
Mic ver

Dex spi

Amp ram

Iph ser
te mon

Gam fuc
Exo sp.
Abl obt
Aor spp

2b Per on

Mic arm
2a Met sim

1b ,

Fig. 5 Dendrogram based on cluster analysis showing the classifica-
tion of species with a numerical dominance >4% at any given site.
Species code are given in Table 3, except: Amp sp., Ampelisca sp.;
Amp spi, Ampelisca spinipes; Aph bis, Apherusa bispinosa; Bat ele,
Bathyporeia elegans; Bod sco, Bodotria scorpioides; Che ass, Chei-
rocratus assimilis; Con cyl, Conilera cylindracea; Gas san, Gastros-
accus sanctus; Idu lon, Idunella longirostris; Iph tri, Iphinoe
trispinosa; Lep hir, Leptocheirus hirsutimanus; Lep lon, Lepidepecre-
um longicornis; Mon car, Monoculodes carinatus; Nat neg, Natatol-
ana neglecta; Pse lon, Pseudocuma longicorne; Orc nan,
Orchomenella nana; Zeu nor, Zeuxo normani

marine habitats, being more diverse in the deep sea (Kens-
ley 1998). Cumaceans can live in all kind of benthic habi-
tats, mud, sand, gravel and on natural rock formations
associated with algae or with sessile invertebrates (Alfonso
et al. 1998). Nevertheless, other authors state that cuma-
ceans may be more abundant with higher organic matter
content and higher proportion of silt/clay in the sediment
(Corbera and Cardell 1995).

In the Ria de Ald4n, cumaceans showed their highest
abundances in muddy sand, being Cumella sp. and Iphinoe
serrata Norman, 1867 the most abundant species.

Mysids were poorly represented in our samples. This
may happen due to the fact that mysids are sampled more
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Fig. 6 Canonical correspondence analysis (CCA) ordination of sta-
tions and environmental variables relative to axes I and II for the Ria
de Aldan. Gravel, G; very coarse sand, VCS; coarse sand, CS; medium
sand, MS; fine sand, FS; very fine sand, VFS; median grain size, Qs;
sorting coefficient, Sy; bottom water temperature, bottom temp; surface
water temperature, surf temp; sediment temperature, sed temp; calcium
carbonate content, carb; total organic matter content, TOM

efficiently by using epibenthic sledges (Brandt 1995) rather
than the grab used here. Tanaids showed a small number of
species but a high number of individuals. This fact is due to
the numerical dominance of Apseudes latreillii at some sta-
tions. Although this species may proliferate in conditions of
organic enrichment (Grall and Glémarec 1997), content of

organic matter was not high at stations where Apseudes
latreillii was dominant. In the Ria de Aldan, this species
showed a high number of individuals in different kind of
sediments [1,490 individuals/m? in st. 34 (muddy sand),
641 in st. 24 (coarse sand) and 605 in st. 22 (fine sand)].

Peracarid assemblages and environmental conditions

Two major peracarids assemblages were determined in Ria
de Aldan through multivariate analyses whose distribution
agreed mostly with that of granulometric fractions. Simi-
larly, the distribution of molluscan and polychaete assem-
blages in the Ria de Alddn also shows the same pattern
(Lourido et al. 2006, 2008).

Groups Al and A2b can be included within the ‘Abra
alba community’ (Petersen 1918). This community has been
reported along European coasts in different types of muddy
sediments (Glémarec 1964; Cabioch 1968; Gentil et al.
1986; Carpentier et al. 1997) as well as in other Galician rias
(Cadée 1968; Olabarria et al. 1998; Moreira et al. 2005).
The most abundant peracarids in the muddy sediments of
group Al were Metaphoxus simplex (exclusive), Harpinia
pectinata (constant) and Microdeutopus armatus (exclu-
sive). Constant species of this group were Eudorella trunca-
tula (Bate, 1859), Tanaissus lilljeborgi, Leucothoe incisa
and Leptochelia savignyi (Kroyer, 1842). In group A2b
(muddy sand and fine sand sediment), Photis longipes (con-
stant), Gammarella fucicola (constant) and Apseudes latreil-
lii had a high abundance (>1,500 individuals/m?). Dexamine
spinosa (Montagu, 1813) and Phtisica marina Slabber,
1,769 were constant and exclusive species of this group.

Faunal composition of group A2a (fine sand) can be
ascribed to the Venus gallina community (Thorson 1957).

Table 4 Comparison of peracarid diversity between the Ria de Aldan (this work) and other nearby geographical areas (Galicia, Basque country

and Portuguese coast)

Amphipoda Isopoda Mysida Cumacea Tanaidacea Total
Ria de Aldan (Galicia, Spain; this work) 79 20 7 14 5 125
Ria de Arousa (Galicia, Spain; Lépez-Jamar 1982) 7 2 0 1 1 11
Ria de Ares-Betanzos (Galicia, Spain; Garmendia et al. 1998) 73 9 0 13 2 97
Ria de Foz (Galicia, Spain; Junoy and Viéitez 1988) 12 11 5 2 1 31
Miiio Estuary (Galicia, Spain; Mazé et al. 1993) 8 5 1 0 0 14
Panxén (Ria de Vigo, Galicia, Spain; Anadén 1975) 24 8 2 0 0 34
Abra de Bilbao (Basque Country, Spain; Arresti et al. 1986) 40 0 0 0 0 40
Continental shelf (Basque Country, Spain; Martinez and Adarraga 2001) 40 5 3 18 1 67
Hendaya beach (Basque Country, Spain; San Vicente and Sorbe 2001) 19 3 12 5 0 39
Western Portuguese coast (Sousa Reis et al. 1982) 20 8 5 5 0 38
Albufeira and Obidos lagoons (Portugal; Rodrigues and Dauvin 1985) 36 0 5 4 0 45
Mondego Estuary (Portugal; Marques et al. 1993) 18 10 1 0 0 29
Ovar Channel (Ria de Aveiro, Portugal; Cunha et al. 1999) 26 6 9 1 2 44
Mira Channel (Ria de Aveiro, Portugal; Cunha et al. 1999) 30 9 12 3 2 56
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In this community, Siphonoecetes kroyeranus (constant)
and Apseudes latreillii (constant) were the most abundant
species. Furthermore, Bathyporeia elegans Watkin, 1938
was constant and exclusive, Ampelisca sp. exclusive and
Perioculodes longimanus, Ampelisca brevicornis (Costa,
1853) and Leucothoe incisa were constant.

The most abundant peracarid in group Bl (medium
sand) was the amphipod Siphonoecetes kroyeranus. The
characteristic species were Eurydice truncata, Iphinoe tri-
spinosa, Lepidepecreum longicornis and Pseudocuma lon-
gicorne (Bate, 1858) (all constant) and the amphipod
Leucothoe spinicarpa (Abildgaard, 1789) (exclusive). The
mysid Gastrosaccus spinifer (Goés, 1864) (constant and
elective) was also a typical species of this kind of sediment.

The coarse sandy sediments of group B2 has a fauna that
could be included among the different varieties of the
‘Branchiostoma lanceolatum-Venus fasciata community’
(Thorson 1957). Several authors have reported the presence
of similar faunal associations in other areas of Galicia such
as the Ria da Corufia (L6pez-Jamar and Mejuto 1985), the
Ria de Ares-Betanzos (Troncoso et al. 1993, 2005) and the
Ensenada de Baiona (Moreira et al. 2005), and in other
areas outside of Galicia, such as the Baie de Morlaix in the
Manche Occidental (Dauvin 1988b).

Apseudes latreillii was the most abundant peracarid of
this group. Guernea coalita, Haplostylus sp. and Atylus
vedlomensis were constant species, while Socarnes erythr-
ophthalmus Robertson, 1892 and Ceradocus semiserratus
(Bate, 1862) and Ampelisca spinipes Boeck, 1861 were
exclusive.

Among factors determining distribution of peracarids
and composition of assemblages in sediments are tempera-
ture, stability of substrate, grain size, organic matter con-
tent, food availability, burrowing ability, the role of
pollutants and diel activity changes determined by specific
behavioural patterns (endogenous rhythms, predation, etc.)
(Corbera and Cardell 1995; Weisshappel and Svavarsson
1998; Cunha et al. 1999). Grain size is, however, one of the
most often reported (Robertson et al. 1989).

Our results suggest that sedimentary composition and a
number of environmental gradients existing in the ria
related to depth such as hydrodynamism, sedimentation,
carbonates, organic matter and the presence of seaweeds
are the major factors controlling peracarid spatial distribu-
tion. The number of species tended to be higher in fine sand
and coarse sand assemblages than in muddy sediments.
Similarly, Biernbaum (1979) reported higher number of
species in coarse sand and Dauvin et al. (1994) found a
high peracarid diversity in circalittoral coarse sands from
the English channel. In the Ria de Aldén, total number of
individuals is higher in muddy sand sediments than in other
sediments. This fact can be due to the great variety of habi-
tats present in sampling stations close to the river mouth

which are, in addition, colonized by a number seaweeds.
The presence of seaweeds increases the number of micro-
habitats and there are more ecological niches. Furthermore,
seaweeds contribute to stabilize the sediment, food avail-
ability is greater than in naked sediments, and seaweeds
give protection against a number of predators.

Acknowledgments The authors want to express their gratitude to
laboratory colleagues for their invaluable help with many tasks, includ-
ing sample collection and Dr Jean Claude Sorbe (Station Marine d’ Ar-
cachon) for his help in identification of the peracarid taxa reported in
this paper. Two anonymous referees provided valuable comments
which contributed to improve earlier versions of the manuscript. This
study was a part of PhD (A.L.) supported by a FPU scholarship of the
Spanish Ministry of Education and Science Ministry.

References

Alfonso MI, Bandera ME, Loépez-Gonzilez PJ, Garcia-Gémez JC
(1998) The cumacean community associated with a seaweed as a
bioindicator of environmental conditions in the Algeciras Bay
(Strait of Gibraltar). Cahiers de Biologie Marine 39:197-205

Anadoén R (1975) Aportacién al conocimiento de la fauna benténica de
la ria de Vigo (NW de Espaiia) I. Pycnogénidos y crustiaceos de
Panjon. Investigaciones Pesqueras 39:199-218

Arresti A, Iturrondobeitia JC, Rallo A (1986) Contribucién al conoc-
imiento faunistico y ecoldgico del orden Amphipoda en el Abra
de Bilbao (C. Vasca). Cuadernos de Investigaciéon Bioldgica (Bil-
bao) 9:89-125

Beare DJ, Moore PG (1996) The distribution, growth and reproduction
of Pontocrates arenarius and P. altamarinus (Crustacea: Amphi-
poda) at Millport, Scotland. J Mar Biol Assoc UK 76:931-950

Biernbaum CK (1979) Influence of sedimentary factors on the distri-
bution of benthic amphipods of Fishers Island Sound, Connecti-
cut. ] Exp Mar Biol Ecol 38:201-223

Brandt A (1995) Peracarid fauna (Crustacea, Malacostraca) of the
Northeast Water Polynya off Greenland: documenting close ben-
thic—pelagic coupling in the Westwind Trough. Mar Ecol Prog
Ser 121:39-51

Cabioch L (1968) Contribution a la connaissance des peuplements
benthiques de la Manche occidentale. Cahiers de Biologie Marine
9:493-720

Cadée GC (1968) Molluscan biocoenoses and thanatocoenoses in the
Ria de Arosa, Galicia. Zoologische Verhandelingen 95:1-121

Carpentier P, Dewarumez JM, Leprétre A (1997) Long-term variabil-
ity of the Abra alba community in the southern bight of the North
Sea. Oceanol Acta 20:283-290

Clarke KR, Warwick RM (1994) Changes in marine communities: an
approach to statistical analyses and interpretation. Natural Envi-
ronment Research Council, UK

Conradi M, Lopez-Gonzilez PJ, Garcia-Gémez JC (1997) The amphi-
pod community as a bioindicator in Algeciras Bay (Southern Ibe-
rian Peninsula) based on a spatio-temporal distribution. Mar Ecol
18:97-111

Conradi M, L6pez Gonzélez PJ (2001) Relationships between environ-
mental variables and the abundance of peracarid fauna in Algec-
iras Bay (Southern Iberian Peninsula). Ciencias Marinas 27:481—
500

Corbera J, Cardell MJ (1995) Cumaceans as indicators of eutrophica-
tion on soft bottoms. Scientia Marina 59(Suppl 1):63-69

Cunha MR, Sorbe JC, Moreira MH (1999) Spatial and seasonal chang-
es of brackish peracaridan assemblages and their relation to some

@ Springer



300

Helgol Mar Res (2008) 62:289-301

environmental variables in two tidal channels of the Ria de Aveiro
(NW Portugal). Mar Ecol Prog Ser 190:69-87

Curras A, Mora J (1991) Comunidades benténicas de la Ria del Eo
(Galicia-Asturias, NW Espafia). Cahiers de Biologie Marine
32:57-81

Dauvin J-C (1988a) Role du macrobenthos dans 1’alimentation des
Poissons démersaux vivant sur les fonds de sédiments fins de la
Manche occidentale. Cahiers de Biologie Marine 29:445-467

Dauvin J-C (1988b) Structure et organisation trophique du peuplement
des sables grossiers & Amphioxus lanceolatus-Venus fasciata de la
baie de Morlaix (Manche Occidental). Cahiers de Biologie
Marine 29:163-185

Dauvin J-C, Iglesias A, Lorgeré JC (1994) Circalittoral suprabenthic
coarse sand community from the Western English Channel. J] Mar
Biol Assoc UK 74:543-562

Dauvin J-C, Vallet C, Zouhiri S, Mouny P (2000) Main characteristics
of the Boundary Layer Macrofauna in the English Channel. Hyd-
robiologia 426:139-156

De Grave S (1999) The influence of sedimentary heterogeneity on
within maerl bed differences in infaunal crustacean community.
Estuar Coast Shelf Sci 49:153-163

Duffy JE, Hay ME (2000) Strong impacts of grazing amphipods on the
organization of a benthic community. Ecol Monogr 70:237-263

Field JG, Clarke KR, Warwick RM (1982) A practical strategy for anal-
ysing multispecies distribution patterns. Mar Ecol Prog Ser 8:37-52

Figueiras FG, Labarta U, Fernandez MJ (2002) Coastal upwelling, pri-
mary production and mussel growth in the Rias Baixas of Galicia.
Hydrobiologia 484:121-131

Fincham AA (1974) Intertidal sand-dwelling peracarid fauna of Stew-
art Island New Zealand. J Mar Freshw Res 8:1-14

Garmendia JM, Sanchez-Mata A, Mora J (1998) Inventario de la mac-
rofauna benténica de sustratos blandos submareales de la Ria de
Ares y Betanzos (NO de la Peninsula Ibérica). Nova Acta Cienti-
fica Compostelana (Bioloxia) 8:209-231

Gentil F, Irlinger JP, Elkaim B, Proniewski F (1986) Prémieres don-
nées sur la dynamique du peuplement macrobenthique des sables
fins envasés 4 Abra alba de la Baie de Seine orientale. Actes de
Colleques. IFREMER 4:409-420

Glémarec M (1964) Bionomie benthique de la partie orientale du Golfe
de Morbihan. Cahiers de Biologie Marine 5:33-96

Go6mez-Gesteira JL, Dauvin J-C (2000) Amphipods are good bioindi-
cators of the impact of oil spills on soft-bottom macrobenthic
communities. Mar Pollut Bull 40:1017-1027

Grall J, Glémarec M (1997) Using biotic indices to estimate macroben-
thic community perturbations in the Bay of Brest. Estuar Coast
Shelf Sci 44(Suppl A):43-53

Gray JS (1974) Animal-sediment relationships. Oceanography Mar Bi-
ol: an Annu rev 12:223-261

Guerra-Garcia JM, Garcia-Gémez JC (2004) Crustacean assemblages
and sediment pollution in an exceptional case study: a harbour
with two opposing entrances. Crustaceana 77:353-370

Jimeno A, Turon X (1995) Gammaridea and Caprellidea of the north-
east coast of Spain: ecological distribution on different types of
substrata. Polskie Archiwum Hydrobiologii 42:495-516

Junoy J, Viéitez JM (1988) Crustaceos intermareales de sustrato blan-
do de la Ria de Foz (Lugo). Actas III Congreso Ibérico de Ento-
mologia 529-540

Junoy J, Viéitez JM (1989) Cartografia de los sedimentos superficiales
de la Ria de Foz (Lugo). Thalassas 7:9-19

Junoy J (1996) La Ria de Foz, comunidades bentdnicas. Servicio de
Publicaciones de la Diputacion Provincial de Lugo, Spain

Kensley B (1998) Estimates of species diversity of free-living marine
isopod crustaceans on coral reefs. coral reefs 17:83-88

Lopez-Jamar E (1982) Distribucién espacial de las comunidades bent-
6nicas infaunales de la Ria de Arosa. Boletin del Instituto Espaifiol
de Oceanograffa 7:255-268

@ Springer

Loépez-Jamar E, Mejuto J (1985) Bentos infaunal en la zona submareal
de la ria de La Coruiia I. Estructura y distribucion espacial de las
comunidades. Boletin del Instituto Espafiol de Oceanografia
2:99-109

Lourido A, Gestoso L, Troncoso JS (2006) Assemblages of the mollus-
can fauna in subtidal soft bottoms of the Ria de Aldan (north-
western Spain). J Mar Biol Assoc UK 86:129-140

Lourido A, Cacabelos E, Troncoso JS (2008) Patterns of distribution of
the polychaete fauna in subtidal soft bottoms of the Ria de Aldan
(north-western Spain). J Mar Biol Assoc UK 88:263-275

Marques JC, Bellan-Santini D (1990) Benthic amphipod fauna (Crus-
tacea) of the Portuguese coast: Biogeographical considerations.
Mar Nat 3:43-51

Marques JC, Rodrigues LB, Nogueira AJA (1993) Intertidal macro-
benthic communities structure in the Mondego Estuary (Western
Portugal): Reference situation Vie Milieu 43(2/3):177-187

Martinez J, Adarraga I (2001) Distribucién batimétrica de comunid-
ades macrobentdnicas de sustrato blando en la plataforma conti-
nental de Guiptzcoa (golfo de Vizcaya). Boletin del Instituto
Espaiiol de Oceanografia 17:33-48

Mazé RA, Laborda AJ, Luis E (1990) Macrofauna intermareal de su-
strato arenoso en la Ria de El Barquero (Lugo, NO de Espaiia). II-
Estructura de la comunidad. Zonacién. Cahiers de Biologie Ma-
rine 31:47-64

Mazé RA, Lastra M, Mora J (1993) Macrozoobentos del Estuario del
Miiio (NO de Espaiia). Publicaciones Especiales. Instituto Espa-
flol de Oceanografia 11:283-290

McDermott JJ (1987) The distribution and food habits of Nephtys bu-
cera Ehlers, 1868 (Polychaeta; Nephtyidae) in the surf zone of a
sandy beach. Proc Biol Soc Washington 100:21-27

Moreira J, Quintas P, Troncoso J S (2005) Distribution of the mollus-
can fauna in the subtidal soft bottoms of the Ensenada de Baiona
(NW Spain). Am Malacol Bull 20:75-86

Nombela MA, Vilas F, Evans G (1995) Sedimentation in the mesotidal
Rias Bajas of Galicia (north-western Spain): Ensenada de San
Simén Inner Ria de Vigo. Spec Publ Int Assoc Sedimentologists
24:133-149

Olabarria C, Urgorri V, Troncoso JS (1998) An analysis of the commu-
nity structure of subtidal and intertidal benthic mollusks of the In-
let of Bafio (Ria de Ferrol) (northwest Spain). Am Malacol Bull
14:103-120

Palacio J, Lastra M, Mora J (1991) Distribucién vertical de la macro-
fauna intermareal de la Ensenada de Lourizan (Ria de Ponteve-
dra). Thalassas 9:49-62

Parada J (2004) Cartografia biosedimentaria y comunidades benténi-
cas de los fondos blandos submareales de las Rias de Pontevedra
y Aldan y la Ensenada de A Lanzada. PhD thesis. Universidad de
Santiago de Compostela, Galicia, Spain

Parker JG (1984) The distribution of the subtidal Amphipoda in Belfast
Lough in relation to sediment types. Ophelia 23:119-140

Petersen CGJ (1918) The sea-bottom and its production of fish-food. A
survey of the work done in connection with the valuation of the
Danish waters from 1883—-1917. Rep Danish Station Biol 25:1-62

Prato E, Biandiolino F (2005) Amphipod biodiversity of shallow water
in the Taranto seas (north-western Ionian Sea). J Mar Biol Assoc
UK 85:333-338

Robertson MR, Hall SJ, Eleftheriou A (1989) Environmental corre-
lates with amphipod distribution in a Scottish sea loch. Cahiers de
Biologie Marine 30:243-258

Rodrigues AM, Dauvin J-C (1985) Crustacés Amphipodes des sédi-
ments meubles subtidaux des lagunes d’ Albufeira et Obidos (Por-
tugal). Péracarides (Amphipodes, Cumacés et Mysidacés) de la
zone cotiére de la lagune d’Obidos. Ciénc Biol Ecol Syst (Portu-
gal) 5:251-267

San Vicente C, Sorbe JC (2001) Temporal changes in the structure of
the suprabenthic community from Hendaya beach (southern Bay



Helgol Mar Res (2008) 62:289-301

301

of Biscay): a comparison with a northwestern mediterranean
beach community. Boletin del Instituto Espafiol de Oceanografia
17:107-120

Sénchez-Mata A, Lastra M, Mora J (1993) Macrobenthic crustacean
assemblages characterization of an estuarine area. Crustaceana
64:338-355

Sousa Reis C, Monteiro Marques V, Calvdrio J, Marques JC, Melo R,
Santos R (1982) Contribui¢do para o estudo dos povoamentos
benténicos (substrato mével) da costa ocidental portuguesa. Oec-
ologia aquatica 6:91-105

Ter Braak C (1988) Canoco—a Fortran program for the canonical
community ordination by partial, detrended, canonical correspon-
dence analysis, principal components analysis and redundancy
analysis. Agricultural Mathematics Group, Ministry of Agricul-
ture and Fisheries, Ithaca, New York, 95 pp

Thorson G (1957) Bottom communities (Sublittoral or Shallow Shelf).
Memoires of the Geological Society of America 67:461-534

Trask PD (1932) Origin and environment of source sediments of petro-
leum. Houston Gulf Publications Co., Houston

Troncoso JS, Urgorri V, Parapar J (1993) Cartografia de los moluscos
infralitorales de sustratos blandos de la Ria de Ares y Betanzos
(Galicia, NO de Espaia). Publicaciones Especiales del Instituto
Espaiiol de Oceanograffa 11:131-137

Troncoso JS, Moreira J, Urgorri V (2005) Soft-bottom mollusc assem-
blages in the Ria de Ares-Betanzos (Galicia, NW Spain). Iberus
23:25-38

Viéitez JM, Baz A (1988) Comunidades bentdnicas de sustrato blando
intermareal de la Playa de Lapaméan (Ria de Pontevedra, Galicia).
Cahiers de Biologie Marine 29:261-276

Weisshappel JBF, Svavarsson J (1998) Benthic amphipods (Crustacea:
Malacostraca) in Iceland waters: diversity in relation to faunal
patterns from shallow to intermediate deep Arctic and North
Atlantic Oceans. Mar Biol 131:133-143

@ Springer



	Assemblages of peracarid crustaceans in subtidal sediments from the Ría de Aldán (Galicia, NW Spain)
	Abstract
	Introduction
	Material and methods
	Study area
	Sample collection and processing
	Data analysis

	Results
	Sediments
	Peracarid fauna
	Multivariate analyses
	Species aYnities
	Relation with environmental variables

	Discussion
	Peracarid diversity
	Peracarid assemblages and environmental conditions

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


