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Abstract The species composition and relative abun-
dance of the annelid benthic macrofauna (Polychaeta and
Oligochaeta) inhabiting the rocky intertidal zone of the ria
of Ferrol (Galicia, NW Spain) were studied during field col-
lections, from 2000 to 2002. A total of 14,619 specimens
(11,585 polychaetes belonging to 76 species and 24 fami-
lies and 3,034 oligochaetes belonging to 18 species and two
families) were collected from 98 quantitative samples taken
from 13 sampling sites. The general spatial distribution of
the annelid fauna reflects an increase of the diversity from
the inner to the outer part of the ria. The general patterns
found in the annelid composition suggest that the assem-
blages were dominated by oligochaetes in the inner shel-
tered sampling sites and polychaetes in the outer more
exposed sites. Several faunistical and taxonomical remarks
on selected species are presented. Two new species of oli-
gochaetes are described: Coralliodrilus artabrensis sp. n.
and Pirodrilus fungithecatus sp. n. (Naididae, Phallodrili-
nae). A new biological index, based on the oligochaete/
polychaete ratio (O/P), is proposed as tool to evaluate envi-
ronmental quality and to monitor future changes in the
environment.

Keywords Annelida - Polychaeta - Oligochaeta -
Intertidal zone - Faunal composition - New species - Spain
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Introduction

Polychaetes are relevant components of the marine benthic
communities, and have been the subject of many works on
benthic ecology all over the world and particularly in the
Galician rias (e.g. Currds and Mora 1991; Lépez-Jamar
1978, 1982; Loépez-Jamar et al. 1995; Mora etal. 1982;
Rodriguez-Castelo and Mora 1984; Sanchez-Mata et al.
1993). However, these studies were in most part devoted to
soft intertidal or subtidal sediments, while the rocky inter-
tidal zone was rarely investigated (Villalba and Viéitez
1988). Regarding oligochaetes, apart from the few data pro-
vided by Giere (1979) and Martinez-Ansemil (1990) on
subtidal sediments, there is a total lack of ecological studies
on the coasts of the Iberian Peninsula and particularly in
intertidal rocky shores. In general, and despite some nota-
ble studies such as that by Healy (1996a) on the distribution
of oligochaetes on an exposed rocky shore in southeast Ire-
land, little is known about the oligochaete fauna in rocky
intertidal marine environments in most parts of the world.

The polychaetologists McCann and Levin (1989), refer-
ring to the lack of knowledge on marine oligochaetes,
emphasized that “future research efforts on the ecology and
biology of this ecologically relevant annelid group are seri-
ously needed”. Giere (2006), in a brief analysis of the
recent literature dealing with the ecology and biology of
marine oligochaetes, stated that the ecological role of oligo-
chaetes in eulittoral ecotones “requires at least as much
intense scientific attention as do polychaetes” and considers
that “the lack of new ecological and biological studies on
marine Oligochaeta, since the 1982 review (Giere and
Pfannkuche 1982), is disturbing”.

The ria of Ferrol is a long, narrow and heterogeneous
embayment located at the NW corner of the Iberian
Peninsula. It has a dense human population and important
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industrial activities resulting in high pollution records,
especially at its inner part (Grafia-Carrodeguas and Macias
1987; Barreiro-Lozano etal. 1988; Cobelo-Garcia and
Prego 2004). Over the last three decades, six doctoral the-
ses and more than 25 published papers have dealt with
many benthic invertebrate groups in this area (i.e. Porifera,
Mollusca, Polychaeta, Isopoda, Ascidiacea, and meiofa-
una); most of these works, as is the case with those on the
Polychaeta, deal exclusively with taxonomy and faunistics
(e.g. Parapar 1991, Parapar et al. 1992a, 1993a, 1994a,
1995). In contrast to this, the oligochaete fauna of the ria of
Ferrol remains completely unknown as is almost the case
overall for the coasts of the Iberian Peninsula. In fact, the
marine and brackish-water oligochaetes identified from the
peninsula are scarce; to date, 21 species have been reported,
of which 11 have been found in Galicia, and exclusively in
subtidal sediments (Giere 1979; Martinez-Ansemil and
Giani 1980, 1987; Martinez-Ansemil 1982, 1984, 1993).
Despite the high number of new species of oligochaetes
described from marine habitats along the last three decades
all over the world, mainly as a result of the contributions by
C. Erséus (e.g. Erséus 1982a, 1990a, 1992, 2002), the
actual oligochaete diversity in intertidal rocky shores still
remains poorly known.

The aim of the present work is to ascertain the diversity
of the polychaete and oligochaete fauna in the intertidal
rocky shores along the ria of Ferrol, collecting material for
an accurate taxonomic inventory. Also through a joint anal-
ysis of both annelid groups at the species level, some gen-
eral ecological considerations are reported by comparing

their abundance in the different sampling localities. Finally,
considering the lack of specialists in animal taxonomy
nowadays, we prove a new biological index, based on the
oligochaete/polychaete ratio (O/P), which can be used as a
rough tool to evaluate environmental quality and to monitor
future changes in environmental conditions in areas highly
susceptible to acute pollution events, as is the case of the
Galician coast.

Methods

The ria of Ferrol (Fig. 1) is 15 km long, located at 43°27'—
43°30'N and 8°09'-8°21'W. Two small streams (Xubia and
Belelle) constitute the most important freshwater inputs.
The water exchange between the ria and the shelf occurs
through a narrow channel 2 km long and 350 m wide. The
main factor controlling the water exchange is the tidal forc-
ing, inducing a near-periodic circulation. This area is highly
populated and an important industrial center on the coast of
Galicia, with shipyards, a busy commercial port, and metal-
lurgic industries. Most of the human population and the
industries are located at the inner part of the ria, which is
highly polluted. Industrial and urban sewage effluents were
generally flowing into the ria with no previous treatment
(Barreiro-Lozano etal. 1988; Cobelo-Garcia and Prego
2004; Grafia-Carrodeguas and Macias 1987).

The intertidal habitat consists of stable bedrock covered
by seaweeds in the outer oceanic zone, whereas the inner
area is characterized by more sheltered conditions, and here
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extensive mudflats cover most of the lower mesolittoral
levels. The dominant intertidal zones on rocky shores are
those composed by the seaweeds Pelvetia canaliculata (L.)
Decaisne and Thuret, Fucus spiralis L. and Fucus vesiculo-
sus L. (both alone or growing on beds of the bivalve Myti-
lus edulis L.) in the most sheltered zones, and Fucus
serratus L., Chondrus crispus Stackhouse, Gigartina spp.
and Himanthalia elongata (L.) S.F. Gray in semiexposed
areas. According to Granja et al. (1992), the vegetation of
this ria has a remarkably northern character, particularly at
the supralittoral and upper mesolittoral fringe.

Thirteen intertidal stations, located at north and south
shores of the ria (Fig. 1), were sampled twice, in autumn
2000 and spring 2001. In addition, and based on the results
of this first survey, four of these stations (Sts. 2-Laxe,
3-Malata, 4-Caranza and 5-Caleira) were seasonally sampled
again in 2001-2002 with the same periodicity. The main
biotic assemblages and zones were identified, their length
measured, and the upper and lower limit of each zone mea-
sured in relation to chart datum (CD) using a level. High
measurements were taken along the shore transects, at suc-
cessive intervals, from the water line at the time of low
water. Positions in relation to CD were later calculated by
adding of the height of the tide above CD given in tide
tables. Figure 2 shows the distribution of the different zones

at the more extensively sampled four stations. In each zone,
two samples of 20 x 20 cm surface were taken at a time, by
scraping off the rocky substratum. Scrapped material was
subsequently washed through a 500 pm mesh sieve using
seawater. After collection, samples were fixed in the field
with 4% buffered formaldehyde solution. In the laboratory,
annelids were sorted under a stereomicroscope, preserved
in 70% ethanol, and identified to the species level if possi-
ble and then counted. A total of 98 quantitative samples
were taken.

Given the lack of knowledge of oligochaetes in this area,
the inventory resulting from this survey was supplemented
with qualitative samples taken sporadically in soft bottoms
with a corer.

To study oligochaetes, a number of specimens were
stained with paracarmine or haematoxylin. Stained and
unstained material was then passed through an ethanol-
xylol gradation series and whole-mounted in Canada
balsam. Some Naididae [including the former families
Naididae Ehrenberg, 1828 and Tubificidae Vejdovsky, 1876
according to the rule of ICZN (ICZN 2007: Opinion 2167
(Case3305); see also Erséus et al. (2008)] were dissected
prior to mounting. For accurate identification and complete
description of some taxa, additional samples were taken in
selected stations for in vivo observations. Enchytraeids
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were then fixed in 70°C hot Bouin’s fluid, stored in ethanol,
stained, and whole-mounted as described earlier. Taxo-
nomic descriptions of the enchytraeids will be provided
elsewhere.

Polychaetes and oligochaetes were identified using a ste-
reomicroscope and a light microscope provided with inter-
ference contrast optics. Line drawings were made by means
of a camera lucida drawing tube. Micrographs were taken
with a digital camera. The type series of the new species
were deposited at the Museo Nacional de Ciencias Natura-
les (MNCN), Madrid, Spain. Some selected specimens of
Eulalia clavigera (Audouin and Milne-Edwards) were
deposited in the Zoologisk Museum (ZMUC), Copenhagen,
Denmark.

Remaining specimens are kept in the personal collections
of the authors: Enchytracidae (R.M. Schmelz), Naididae
(E. Martinez-Ansemil) and Polychaeta (J. Parapar).

Samples were taken from the following stations (Fig. 1)
and zones [Ascophyllum nodosum (L.) Le Jolis (Asc);
Bifurcaria bifurcata R. Ross; (Bif); C. crispus (Cho); Over-
hang (Ovh); Fucus ceranoides L. (Fce); F. serratus
(Fse); F. serratus + M. edulis (FseM); F. spiralis (Fsp);
F. spiralis + M. edulis (FspM); F. vesiculosus (Fve);
F. vesiculosus + M. edulis (FveM); Gigartina spp. (Gig);
Lomentaria articulata (Hudson) Lyngbye (Lom); M. edulis
(Myt); P. canaliculata (Pel); Sediment (Sed)]:

St.1: Fornelos (43°28'07"N-8°18'52"W). Semiex-
posed. Placed at the mouth of ria. Sandy beach with rocks
[FveM, Lom, Cho, Ovh]. St.2: Laxe (43°27'51"N-
8°17'10"W). Semiexposed. Placed at the channel of ria.
Sandy beach with rocks. [Fve, Myt, Fse, Bif] (Fig. 2). St.3:
A Malata (43°29'22"N-8°15'09"W). Sheltered. Mud flat
with rocks at the bottom of a closed bay in the medium part
of ria. [FveM, FspM, Fsp] (Fig.2). St4: Caranza
(43°28'37"N-8°12"14"W). Sheltered. Mud flat with rocks
and stones at medium part of the ria. [Fve, FveM, FspM,
Fse, Fsp] (Fig.2). St.5: Punta Caleira (43°29'28"N-
8°11'11"W). Sheltered. Mud flat with rocks [Fve, FveM,
Asc] (Fig.2). St.6: A Faisca (43°29'46"N-8°10"27"W).
Sheltered. Mud flat with stones at the inner part of ria.
[Fve]. St.7: Xubia (43°30'51"N-8°09'11"W). Sheltered.
The innermost station of the ria, on the mouth of Xubia
stream. Mud flat with stones. [Fce]. St.8: San Valentin
(43°28'38"N-8°10'21"W). Sheltered. Mud flat with stones,
seasonally covered with green algae, at the inner part of ria.
[Fsp]. St.9: Maniiios (43°27'41"N-8°11'58"W). Sheltered.
Muddy to sandy flat with stones. [Myt, Fve]. St.10: O
Seixo (43°27'30"N-8°13'10"W). Sheltered. Sandy to
muddy flat with stones. [Fve, Myt, Gig]. St.11: Punta
Promontoiro (43°27'29"N-8°13'58"W). Sheltered. Sandy
to muddy flat seasonally covered with green algae [Myt].
St.12: Mugardos (43°27'51"N-8°15'22"W). Sheltered.
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Sandy flat with rocks and stones. [Fsp, Fve, Fse]. St.13:
Punta Redonda (43°27'41"N-8°16"09"W). Semiexposed.
Sandy flat with numerous rocks and stones at the channel of
ria. [Myt, FveM, Fse].

Results
Taxonomy and faunistics
List of species

Table 1 lists the species identified. Some oligochaetes
appear as “indet”; most of them are immature individuals,
which could not be identified to the species level. Raw data
concerning sampling and species composition per sample
are available through the authors.

Faunistical and taxonomical remarks

Eulalia clavigera (Audouin and Milne-Edwards, 1833).
St.1:  FveM 3; Cho 1; Ovh 14. St.2: Myt 5; Fse 6; Fve 3.
St.3: FveM 3. St.4: Fve 1; Fse 1; Fsp 1; FveM 5; FseM 3.
St.9: Myt 1. St.12: Fve 1. St.13: Myt 1; FveM 1; Fse 5.
Bonse etal. (1996) demonstrated that Eulalia viridis
(Linnaeus, 1767) is a complex of species in northern
Europe enclosing two species: E. viridis s.s. from Denmark,
German and Swedish waters and E. clavigera from south-
ern waters of England and France. Alés (2004) acknowl-
edged this proposed change of species denomination for
specimens reported from ibero-balearic waters. Our identi-
fication of Ferrol specimens as E. clavigera was confirmed
by Dr. Eibye-Jacobsen and a selection of specimens was
deposited in his museum with catalogue numbers ZMUC-
POL-1897/98.

Harmothoe cf. andreapolis (MclIntosh, 1874). St.12:
Fse 1. The only specimen found in the Fucus serratus zone
of St.12-Mugardos fits well with the description and draw-
ings of this species provided by Parapar etal. (1992b);
these authors reported this species from the same locality in
the ria which was the first record in the Iberian Peninsula.
Nevertheless, some discrepancies with the description
provided by Tebble and Chambers (1982) related to central
antenna, elytra and notosetae prevent a more accurate iden-
tification.

Ampharete sp. St.2:  Bif 1. The only specimen found in
St.2-Laxe fits well with the description of Ampharete finmar-
chica (Sars, 1865), a boreal species reported by Parapar et al.
(1993a) in the same area. However, a recent examination of
some specimens by Dr. I. Jirkov (pers. comm.) questions this
identification. According to him, the shape of the paleae
(with gradually tapering end) and number of abdominal
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Table 1 List of taxa found in this work

Table 1 continued

Orbinidae

Nainereis laevigata (Grube)
Spionidae

Aonides oxycephala (Sars)
Malacoceros fuliginosus (Claparede)
Malacoceros tetraceros (Schmarda)
Polydora caeca (Oersted)

Polydora ciliata (Johnston)
Polydora flava Claparede

Polydora hoplura Claparede
Prionospio multibranchiata Berkeley
Prionospio steenstrupii Malmgren
Pygospio elegans Claparede

Spio martinensis Mesnil

Streblospio shrubsolii (Buchanan)
Cirratulidae

Cirratulus chrysoderma Claparede
Cirratulus cirratus (Miiller)
Cirriformia tentaculata (Montagu)
Dodecaceria concharum Oersted
Tharyx marioni (Saint-Joseph)
Capitellidae

Capitella capitata (Fabricius)
Arenicolidae

Arenicolides branchialis (Audouin and Milne-Edwards)
Branchiomaldane vicenti Langerhans
Phyllodocidae

Eteone longa (Fabricius)

Eulalia clavigera (Audouin and Milne-Edwards)*
Eumida sanguinea (Oersted)
Phyllodoce laminosa Savigny
Phyllodoce mucosa Oersted
Polynoidae

Harmothoe cf. andreapolis (Mclntosh)*
Harmothoe impar (Johnston)
Lepidonotus clava (Montagu)
Sigalionidae

Pholoe inornata Johnston

Sthenelais boa (Johnston)
Hesionidae

Kefersteinia cirrata (Keferstein)
Syllidae

Autolytus benazzi Cognetti

Brania pusilla Dujardin

Exogone naidina Oersted
Haplosyllis spongicola (Grube)
Myrianida pinnigera (Montagu)
Odontosyllis ctenostoma Claparede

Parapionosyllis labronica Cognetti

Sphaerosyllis hystrix Claparéde
Sphaerosyllis pirifera Claparede
Sphaerosyllis taylori Perkins

Syllides edentatus (Westheide)

Syllis amica Quatrefages

Syllis cf. armillaris Miiller

Syllis gracilis Grube

Syllis parapari San Martin and Lépez
Syllis prolifera Krohn

Syllis vittata Grube

Chrysopetalidae

Paleanotus chrysolepis Schmarda
Nereidae

Hediste diversicolor (Miiller)

Hediste cf. diversicolor (Miiller)
Micronereis variegata Claparede
Perinereis cultrifera (Grube)
Perinereis marionii (Audouin and Milne-Edwards)
Perinereis oliveirae Horst
Platynereis dumerilii (Audouin and Milne-Edwards)
Glyceridae

Glycera tridactyla Schmarda
Sphaerodoridae

Sphaerodoridium claparedii (Greeff)
Lumbrinereidae

Lumbrineris funchalensis (Kinberg)
Lumbrineris gracilis (Ehlers)
Lumbrineris impatiens (Claparede)
Lumbrineris latreilli Audouin and Milne-Edwards
Dorvilleidae

Ophryotrocha labronica Bacci and La Greca
Sabellariidae

Sabellaria alcocki Gravier
Pectinariidae

Lagis koreni Malmgren
Ampharetidae

Ampharete sp*.

Terebellidae

Amphitritides gracilis (Grube)
Polycirrus sp.

Terebella lapidaria Linnaeus
Sabellidae

Amphiglena mediterranea (Leydig)
Brachiomma lucullana (delle Chiaje)
Fabricia stellaris (Miiller)

Potamilla torelli Malmgren
Serpulidae

Pomatoceros lamarckii (Quatrefages)
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Table 1 continued

Spirorbidae

Spirorbis spirorbis (Linnaeus)

Nerillidae

Meronerilla sp.
Enchytraeidae

Enchytraeus albidus Henle*

Grania sp.*

Lumbricillus cf. lineatus (Miiller)*

Marionina cf. appendiculata Nielsen and Christensen*
Marionina macgrathi Healy*

Marionina spicula (Leuckart) sensu Nielsen and Christensen*
Marionina ulstrupae Healy*

Marionina indet.
Naididae: Naidinae

Paranais litoralis (Miiller)
Naididae: Tubificinae

Tubificoides benedii (Udekem)*

Tubificoides galiciensis Martinez-Ansemil and Giani
Tubificoides indet.

Tubificinae indet.

Naididae: Limnodriloidinae

Limnodriloides agnes s.s. Hrab&*

Limnodriloides sp.**

Smithsonidrilus minusculus (Erséus)*

Tectidrilus sp.**

Limnodriloidinae indet.

Naididae: Phallodrilinae

Aktedrilus cf. sphaeropenis Erséus and Kossmagk-Stephan*
Coralliodrilus artabrensis sp. n.

Gianius sp.**

Pirodrilus fungithecatus sp. n.

Phallodrilinae indet.

* Species with faunistical and taxonomical remarks in text. **Probably
new species, to be described elsewhere

chaetigers (12) suggest that the Ferrol material belongs to the
“lindstroemi group”. The only Ampharete species reported
hitherto in the Iberian Peninsula, apart from A. finmarchica,
is Ampharete acutifrons (Grube, 1860), which differs from
our Ampharete sp. in having longer abdominal neuropodial
cirri and pygidial papillae.

Enchytraeus albidus Henle, 1837 s.I. St.4:  Fsp 2. Two
specimens were found, one of them mature; they differed
from those of northern populations in the small size of the
gland cells covering the spermathecal ectal duct and in a
widening of the midsection of the vas deferens up to ca.
60 um in diameter; a trait described for E. mediterraneus
Michaelsen, 1926, a member of a group of species morpho-
logically close to E. albidus. The entire E. albidus—group is
in need of revision. First record for Galicia. Cosmopolitan.

@ Springer

Grania sp. St.5: FveM 1. A single mature specimen,
investigated in vivo and as stained whole-mount. The char-
acter mosaic did not agree fully with any of the described
species. Possibly an accidental find, since species of Grania
generally live in sublittoral, truly marine sediments. First
record of Grania for Galicia.

Lumbricillus cf. lineatus St.2: Myt 1. St.3: Fsp 58;
FveM 70. St.4: Fve 12; Fse 33; Fsp 74. St.8: Fsp 197. St.12:
Fsp 1. Spermathecae vary among specimens, as between
forms described for L. rivalis Levinsen, 1883, L. kaloensis
Nielsen and Christensen, 1959, L. lineatus (Miiller, 1774) in
Ude (1929) but not in Nielsen and Christensen (1959), L.
rubidus Finogenova and Streltsov, 1978, or L. enteromorp-
hae von Biilow, 1957. More than one species may be
involved, but most specimens appear to belong to one spe-
cies. Since a similar form was found to be common in
sediments of the Baltic Sea (Schmelz, unpublished observa-
tions, see also Timm 1999) it seems that this is the species
usually identified as L. lineatus, the most-often cited Lum-
bricillus species in the European marine littoral. However,
this identification requires confirmation by resampling of
the localities, investigation of living material, and a system-
atic revision of the nominal species in question.

Marionina cf. appendiculata Nielsen and Christensen,
1959. St.3: FveM 4. St.4: Fve 5; Fsp 23. St.5: Fve 10.
[Identification includes the observation of four specimens
in vivo]. Specimens do not fully agree with the original
description, e.g. coelomocytes of the four living specimens
are pale and not “rather coarsely granulated” (Nielsen and
Christensen 1959). The specimens may therefore represent
a different species, perhaps a new one. Some specimens had
small subneural glands in all segments from III on.

Marionina macgrathi Healy, 1996. St.3: Fsp 1. St.4:  Fve
2; Fsp 598. St.5: Fve 26. St.13: FveM 1. [Identification
includes the observation of twenty specimens in vivo]. Spec-
imens are in good agreement with the detailed original
description. Noteworthy are the conspicuous transverse cop-
ulatory body muscles, accurately described and figured in
Healy (1996b, p. 1289, Fig. 1c), but misunderstood there as
surface striations of the clitellum. A further diagnostic char-
acter in our material is a large subneural gland in XIII, a
character not dealt with in Healy (1996b). First record of the
species after the original description which was based on
material from a wave-exposed rocky shore in SE Ireland.

Marionina spicula (Leuckart 1847) sensu Nielsen and
Christensen, 1959. St.4:  Fsp 69. St.5: FveM 5. M. spic-
ula is a mesopsammobiont specialist (Giere 1971) and
therefore, the finds in our samples from rocky shores are
probably accidental. First record for Galicia and Spain.
Widely distributed in Europe, Iceland, Greenland, Atlantic
coast of U.S.A., and Bermuda.
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Marionina ulstrupae Healy, 1996. St.2: Fve 1. St.3:
FveM 1. St.4: Fve 1; Fse 3; Fsp 1. [Identification includes
the observation of three specimens in vivo]. Specimens are
in good agreement with the original description, and easily
recognized by the peculiar coelomocytes with longitudinal
striations (comp. Healy 1996b, p. 1291, Fig. 2d), which
show well, even in ethanol-fixed specimens. First record of
the species after the original description of specimens from
a wave-exposed rocky shore in SE Ireland.

Tubificoides benedii (Udekem, 1855). St.3: FveM 187.
St.4: FveM 6. St.5: Fve 13; FveM 20. St.10: Gig 1. St. 12:
Fve 9; Fse 14. First record for the Iberian Peninsula. Very
common in estuaries of the Northeastern Atlantic coasts,
also present on the Atlantic coast of North America.

Limnodriloides agnes Hrabé, 1967 s.s. St.13:  FveM 1.
First record for the Iberian Peninsula. It is a common spe-
cies, previously known from Western Australia, China,
Canary Islands, Mediterranean and Black Seas.

Smithsonidrilus minusculus (Erséus, 1983). St.3:  Sed 2.
Except for the spermathecal ducts, our specimens are in good
agreement with the original description. The spermathecal
ducts of S. minusculus from Ferrol are short and without con-
striction as those of the Caribbean and Hawaiian material
(Erséus 1990b). First record for Europe and Eastern Atlantic
coasts. Previously known from Western Australia, Northern
Territory, Queensland, China, Hawaii, Bermuda and Belize.

Aktedrilus cf. sphaeropenis Erséus and Kossmagk-
Stephan, 1982. St.13: FveM: 1. This specimen belongs
to a small group of Aktedrilus species which have posterior
prostate glands that are not associated with the walls of the
penial sacs. The general morphology and arrangement of
the male apparatus seems like those of A. locyi Erséus,
1980, A. parviprostatus Erseus, 1980 and A. sphaeropenis
Erséus and Kossmagk-Stephan, 1982. The specimen from
St.13-Punta Redonda has the spherical penes devoid of dis-
tinct cuticular sheaths that characterize A. sphaeropenis,
but as the spermatheca of our individual is not fully mature,
we cannot verify that the particularly strong muscles
around the ectal part of the spermathecal duct, characteris-
tic of A. sphaeropenis (see Erséus and Kossmagk-Stephan
1982), will develop in the Ferrol form. A. sphaeropenis is
an euryhaline species only known from intertidal sediments
in North Germany.

Description of new taxa

Coralliodrilus artabrensis sp. n. Martinez-Ansemil and
Caramelo.

Holotype MNCN 16.03/3045, dissected and mounted in
Canada balsam.

Type locality Punta Redonda, Ria of Ferrol, Galicia,
Spain, 43°27'41"N, 08°6'09"W (15 November 2000)

Paratypes MNCN 16.03/3046-47, two specimens from
type locality, stained in haematoxylin, dissected and
mounted in Canada balsam.

Description (Figs. 3, 5a—c) Fixed material; no complete
specimens available. Length more than 1.8 mm, more than
17 segments. Width at XI 0.12-0.18 mm. Prostomium
roundish, about as long as wide. Secondary annulations
well marked, 1-6 annuli per segment. Clitellum extending
over 1/2X-XII. Somatic setae bifid, 32-49 pm long, 1.5-
2.0 pm thick, (3)4-5 per bundle anteriorly, (2)3—4 per bun-
dle posterior to clitellum. Anterior setae with upper tooth
slightly thinner and longer than lower, postclitellar avail-
able setae with teeth about equal in length, upper thinner
than lower (Fig. 3a). Penial setae present, 4-8 per bundle,
40-48 pm long, slightly sigmoid, with a much thinner ectal
part, about 1 um thick, ending in a strongly hooked tip
(Figs. 3b, 5a). Male pores paired, in line with ventral setae,
in posterior part of XI. Spermathecal pores paired, in lateral
lines, in most anterior part of X.

Pharyngeal glands in IV-VI. Normal alimentary system
developed. Male genitalia (Figs. 3c, 5a-b) paired. Vas def-
erens 4-7 pm wide, several times longer than atrium,
strongly coiled, entering apical end of atrium; atrium small,
cylindrical to ovoid, 32 um long (holotype), 16-22 um
maximum diameter, with thin outer layer of muscles and
granulated and ciliated inner epithelium. Atrium terminat-
ing in a pseudopenis, 25-30 pum long, 10-20 um wide at
base, enclosed into a deep invagination of body wall. Pros-
tate glands absent. Spermathecae (only visible in holotype;
slightly damaged at dissection) with duct 20-25 pm long,
maximally 13-16 um wide, and ampulla consisting of a
small, almost spherical ectal part (maximally 23-25 pm
wide, 25-27 um long) prolonged into a thin-walled, narrow
(about 12 pm wide; incomplete, more than 12 pm long)
ental part. Spermathecal ampulla with loose mass of sperm
(Figs. 3c, 5¢).

Etymology The Latin specific epithet artabrensis refers to
the Artabrian Gulf, where the ria of Ferrol is located.

Remarks The absence of prostate glands, combined with
the presence of a normal alimentary system, places this new
phallodriline species in the genus Coralliodrilus Erséus,
1979, as considered by Erséus (1992). The closest relative
to C. artabrensis sp. n. appears to be the Australian C.
parvigenitalis Erséus, 1981. The only major difference
observed between the two species concerns the male ducts.
The atrium of C. parvigenitalis is not histological bipartite
and opens directly to exterior through a simple pore, with-
out a particular copulatory sac (Erséus 1981). The atrium of
C. artabrensis sp. n. ends in a well-defined projection
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Fig. 3 Coralliodrilus artabren-
sis sp. n. a Tips of somatic setae,
free-hand drawings. a. anterior;
b. segment XIII. b Tip of penial
seta, free-hand drawing. ¢ Later-
al view of genital organs in seg-
ments X and XI. at atrium, pp
pseudopenis, ps penial setae, sa
spermathecal ampulla, sd sper-
mathecal duct, vd vas deferens

(pseudopenis) inside a copulatory sac; inner and outer parts
of atrium are histologically and functionally separate. C.
artabrensis sp. n. also shows some affinities to the Italian C.
tyndariensis Erséus, 1982 and the Saudi Arabian C. hama-
tilis Erséus, 1985. The atrium of C. tyndariensis exhibits a
clear tendency towards a bipartite histology but opens to
exterior through a simple pore (Erséus 1982b). The atrium
of C. hamatilis ends in a small protrusible projection inside
a small copulatory sac, but, contrary to C. artabrensis sp.
n., the atrium is folded, the spermathecal ampulla is large
and sacciform, and the upper tooth of somatic setae is
always shorter than lower (Erséus 1985).

Habitat Intertidal. Under mats of Fucus vesiculosus, at
high water mark.

Pirodrilus fungithecatus sp. n. Martinez-Ansemil and

Caramelo.

Holotype MNCN 16.03/3048, stained in haematoxylin,
dissected and mounted in Canada balsam.

Type locality Punta Caleira, Ria of Ferrol, Galicia, Spain,
43°29'28"N, 08°11'11"W (31 January 2002)

Paratypes Five specimens from type locality, mounted in
Canada balsam: MNCN 16.03/3048, one stained in haema-
toxylin and whole mounted; one unstained and whole
mounted. MNCN 16.03/3049, one stained in haematoxylin
and dissected; one anterior half stained in paracarmin and
dissected; one anterior half unstained and whole mounted.
Two specimens from Punta Redonda, Ria of Ferrol, Gali-
cia, Spain, 43°27'41"N, 08°16'09"W (15 November 2000),
stained in haematoxylin, dissected and mounted in Canada
balsam: MNCN 16.03/3050.

Other material ~ Three whole-mounted and six dissected
specimens from type locality (author’s collection). Other
specimens from type locality were also observed alive and
not preserved.
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Description (Figs. 4, 5d-g) Length 1.9-3.5 mm (fixed
material), 30-37 segments. Width at XI 0.15-0.25 mm.
Prostomium elongate, somewhat longer than wide. Fine
particles adhering to cuticle, scattered or arranged in a more
or less continuous layer over entire surface of worm. Clitel-
lum extending over 1/2X-XII. Somatic setae bifid, with
upper tooth shorter and thinner than lower (Fig. 4a). Bifids
30-49 um long, about 2 um thick, (2)3—4(5) per bundle.
Ventral setae of XI modified into penial bundles, each of
which contains 3—4 (exceptionally 2, 5 or 6), straight, sin-
gle-pointed setae, with somewhat curved tips, 38—48 pum
long, about 2 um thick (Fig. 4b). Male pores paired, in line
with ventral somatic setae, just lateral to penial setae, in
posterior part of XI. Spermathecal pores paired, in line with
ventral somatic setae, in most anterior part of X.
Pharyngeal glands in IV-VI (poorly developed in IV).
Chloragogen cells from segment VI. Coelomocytes not
observed. Male genitalia (Figs. 4c, 5d—f) paired. Vas defer-
ens long (3-5 times longer than atrium), entirely ciliated,
coiled, entering anterior face of atrium; ental part of vas
deferens narrow (up to 4-6 pm wide) and not muscular;
ectal part becoming distinctly wider and muscular (up to
8—12 um wide near the junction with atrium). Atrium
small, ovoid to kidney-shaped, with a wide lumen, heavily
muscular, entirely ciliated, ending in a small conical penis
(16—19 pm long, 11-18 um wide at base), enclosed in a
well-distinguished penial sac; maximum with of atrium
30-43 pm; maximum height of atrium plus penis 35-41 pm.
Atrium attached to ventral body wall by strong strands of
muscles. Prostate glands small and compact; anterior pros-
tate (12—15 pm) located at the junction with vas deferens,
attached to its basal part; posterior prostate (13-25 um)
attached to middle, posterior face of atrium. Spermathecae
mushroom-shaped, with a distinct rather long duct and a
small ampulla (Figs. 4c, 5g). Spermathecal duct 44—62 pm
long, somewhat enlarged near base (14-23 pm wide) and
progressively narrowing towards ampulla (up to 7-12 um
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Fig. 4 Pirodrilus fungithecatus
sp. n. a Tips of somatic setae,
free-hand drawings. a anterior, b
posterior. b Tip of penial seta,
free-hand drawing. ¢ Lateral
view of genital organs in seg-
ments X and XI. at atrium, m
muscular layer, p penis, pr; ante-
rior prostate gland, pr, posterior
prostate gland, ps penial setae,
psc penial sac, sa spermathecal
ampulla, sd spermathecal duct,
sm strands of muscles, vd vas
deferens

50um

wide at junction); large lumen, especially near the base.
Spermathecal ampullae 2240 pm wide. In post-copulatory
specimens, ampullae filled with fine granular secretion,
where a bundle of spermatozoa seem to be embedded;
sperm tails can occupy an important part of spermathecal
duct. Anterior and posterior seminal vesicles generally
extending through IX and XI, respectively. Egg-sac gener-
ally extending through XII and XIII.

Etymology This species is named after the mushroom
(=Latin “fungus”) shape of the spermathecae.

Remarks The general shape of the male apparatus of this
new phallodriline species suggests it could be included in
the genera Pirodrilus Erséus, 1992, Pirodriloides Erséus,
1992 or Inermidrilus Erséus, 1992. All of them have small
atria generally ending in plug-like papillae, and with two
small compact prostate glands located more or less oppo-
site to each other. When Erséus (1992) described Pirodri-
lus and Pirodriloides, he pointed out the similarities of
their male apparatus; Pirodriloides was proposed sepa-
rately to include Phallodrilus albanensis Erséus, 1990
because, opposite to the four species included in Pirodri-
lus, P. albanensis is devoid of penial setae and has the
spermathecal pores aligned with ventral setae (spermathe-
cal pores lateral in Pirodrilus). Moreover, the author
emphasized the presence of special coelomocytes (numer-
ous, elongated and irregular in shape) in P. albanensis, a
character not shared by the recently described second spe-
cies of Pirodriloides, P. breviclitellatus Erséus and Wang,
2005. As Pirodriloides, the monotypic genus Inermidrilus
is also devoid of penial setae and has the spermathecal
pores aligned with ventral setae, but the atria are clearly
kidney-shaped and not pear-shaped as in Pirodrilus and
Pirodriloides (see Erséus 1992).

The new species from the ria of Ferrol shares with Piro-
drilus the presence and shape of penial setae and with Piro-
driloides and Inermidrilus the position of the spermathecal
pores. The shape of the atria appears to be intermediate
between that of Pirodrilus or Pirodriloides (pear-shaped)
and Inermidrilus (kidney-shaped). The mushroom-like
shape of the spermathecae of Pirodrilus fungithecatus sp. n.
is unique and quite different from that of Pirodrilus, Piro-
driloides and Inermidrilus species.

The closest relative to Pirodrilus fungithecatus sp. n. are
Pirodrilus minutus (Hrab¢, 1973) (known from Black and
North Seas), Pirodriloides albanensis (from the Albany
area, southwestern Australia) and Inermidrilus georgei
(Erséus, 1987) (from Scotland and Ireland). As P. minutus
(see Erséus and Kossmagk-Stephan 1983), P. fungithecatus
sp. n. has several simple pointed penial setae and very small
atria, but opposite to P. minutus, P. fungithecatus sp. n. has
strongly muscular atrial walls and large atrial lumen.
Moreover, the anterior and posterior prostate glands of
P. minutus are similar in size (anterior very small in P. fun-
githecatus sp. n.) and the atria of P. minutus end in large
cylindrical pseudopenes that can be easily distinguished
from the small conical penes of the new species. Similar
considerations as for P. minutus can be made while com-
paring the atria and prostate glands of P. albanensis (see
Erséus 1990c) and the new species, but in P. albanensis the
atria are covered with a thin but distinct muscular layer.
The so-called “plug-like penial papillae” of P. albanensis
appear to be particularly similar to the penes of P. fungit-
hecatus sp. n. Although somewhat larger and curved, the
atria of 1. georgei (see Erséus 1987) are close to the atria of
P. fungithecatus sp. n.; they are also provided with a thick
outer layer of muscles and a wide lumen. Anterior and
posterior prostate glands of I. georgei are very small and

@ Springer



302

Helgol Mar Res (2009) 63:293-308

Fig. 5 Coralliodrilus
artabrensis sp.n. a Pseudopenis.
b Atrium. ¢ Spermatheca.
Pirodrilus fungithecatus sp. n.
d Penis. e Atrium. f Prostate
glands and penial setae.

g Spermatheca. at atrium,

p penis, pp pseudopenis,

pr; anterior prostate gland,

pr, posterior prostate gland,

ps penial setae, sa spermathecal
ampulla, sd spermathecal duct,
vde vas deferens entrance. Scale
bars: 10 pm

similar to the anterior prostate glands of P. fungithecatus
sp. n. A short ectal duct leads from the lumen of each
atrium to a small pseudopenial papilla in I. georgei; these
papillae look simple compared to structure of the penis of
P. fungithecatus sp. n. It is also interesting to note that the
thick muscular lining of atria and vasa deferentia of the new
species can be compared with that of Pirodrilus pinguis
(Erséus, 1983) found in bathyal fine sediments from W of
Brittany, France (see Erséus 1983).

Taking into account all the considerations described ear-
lier and waiting for a probable fusion of the genus Pirodri-
lus and Pirodriloides, we tentatively include the new
species in the genus Pirodrilus, the one that has been
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described first in the publication of Erséus (1992). The
fusion could also affect genus Inermidrilus.

Habitar Mesolittoral, under mats of Fucus vesiculosus.

Annelid assemblages

Tables 2, 3, 4, 5, 6 show the most important quantitative
data concerning the composition and structure of the
annelid assemblages at the seasonally sampled stations
(St. 2-Laxe; 3-Malata; 4-Caranza; 5-Caleira). An O/P index,
as the ratio in terms of abundance of the two taxa, is pro-
posed for the different sampled intertidal zones. Relevant
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Table 2 Number of families (fam.), species (spp) and individuals
(ind.) in Sts. 2-5. O oligochaetes, P polychaetes

Table 4 Most important data concerning the composition and structure
in Station 3

Stations St.2 Laxe St.3 Malata  St.4 Caranza St.5 Caleira
(samples) (14) an (18) @)
No. P fam. 20 8 14 6
No. O fam. 2 2 2 2
Total fam. 22 10 16 8
No. P spp 56 16 28 8
No. O spp 5 13 10 9
Total spp 61 29 38 17
No. P ind. 2,476 237 5,929 672
No. O ind. 9 634 943 129
Total ind. 2,485 871 6,872 801

Table 3 Most important data concerning the composition and structure
in Station 2

Station 2 Laxe

Zone (samples) Bif 3) Fse(6) Myt(6) Fve(2)
No. fam. 14 18 10 11
No. spp 24 49 15 17
Density (ind m~2) 6,658 6,037 367 1,862
O/P ratio 0 0.003 0.045 0.007
Dominant fam. (>20%)
Spionidae 26.0 242
Cirratulidae 22.8
Syllidae 49.9 35.2
Nereidae 22.8
Sabellidae 24.6
Dominant spp (>10%)
Malacoceros tetraceros 11.4
Polydora ciliata 11.8 14.1
Cirratulus cirratus 19.3
Cirratulus chrysoderma 10.2 22.8
Syllis vittata 329
Sphaerosyllis pirifera 12.9
Exogone naidina 34.5
Platynereis dumerilii 18.1 12.9 22.1
Fabricia stellaris 10.6

Amphiglena mediterranea  13.6 13.8

Abbreviations as in Table 2

differences concerning both species’ richness, density, O/P
index and dominant taxa in each locality were observed and
will be presented and discussed in the following.

The polychaete family Spirorbidae was not taken into
account due to its sessile mode of life and gregarious mode
of larval settlement (Knight-Jones et al. 1971, 1975). A pre-
vious study of this family in this ria (Parapar et al. 1994b)
revealed that four species were present in the area. Spiror-
bis inornatus 1’Hardy and Quiévreux is the most abundant,

Station 3 Malata

Zone (samples) Fsp (1) FveM (6) FspM (4)
No. fam. 4 10 9
No. spp 6 22 16
Density (ind m™2) 300 2,429 1,725
O/P ratio 2.000 3.318 1.816
Dominant fam. (>20%)
Enchytraeidae 384
Naididae 66.7 63.6 26.1
Dominant spp (>10%)
Perinereis oliveirae 16.7
Fabricia stellaris 10.5
Lumbricillus. cf. lineatus 12.0 37.3
Tubificoides benedii 32.1 16.7
Gianius sp. 16.7
Tectidrilus sp. 16.7
Tubificinae immat. 22.6
Limnodriloidinae immat. 25.0

Abbreviations as in Table 2

S. spirorbis (L.) is dominant in upper mesolittoral levels, S.
corallinae De Silva and Knight-Jones is usually present on
the red alga Corallina elongata J. Ellis and Solander in the
lower shore, and S. tridentatus Levinsen is restricted to one
locality at the channel of the ria.

The total abundance of many oligochaete species was
estimated considering the mature/immature ratio, as gener-
ally immature oligochaetes cannot be identified to the spe-
cies level.

Discussion

The study revealed a high annelid diversity in the intertidal
rocky shores of the ria of Ferrol. The 14,619 specimens col-
lected represent at least 94 species belonging to 24 poly-
chaete (11,585 individuals, 76 species) and 2 oligochaete
families (3,034 individuals, 18 species, at least 2 of them
new to science) (Table 1).

All the polychaete species found were already recorded
from the ria of Ferrol, in several studies devoted to this
group, mostly in 1990s (e.g. Besteiro et al. 1987; Parapar
et al. 1992a, 1993b, 1993c, 1994a, 1995). The species rich-
ness of polychaetes in the rocky intertidal zone of the ria is
rather high compared to that found in similar habitats of
other estuaries on the European boreo-arctic coasts (Oug
2001; Ing6lfsson 1996, 2006; Saier 2002), but similar com-
pared to the results obtained at similar latitudes
(Giangrande et al. 2004; Laborda et al. 1991). This high
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Table S Most important data

. o Station 4 Caranza
concerning the composition and

structure in Station 4 Zone (samples) Fve (2) Fse (2) FveM (4) FseM (4) Fsp (6)
No. fam. 8 8 11 12 7
No. spp 11 11 19 21 14
Density (ind m~2) 987 2,287 3,687 3,618 23,087
O/P ratio 0.145 0.452 0.055 0.007 0.183
Dominant fam. (>20%)
Spionidae 443 54.1 28.0 34.7
Syllidae 22.5
Sabellidae 34.1 29.0 83.7
Naididae 31.1
Dominant spp (>10%)
Polydora ciliata 34.38 57.99 26.62 33.85
Capitella capitata 11.46 11.53
Odontosyllis ctenostoma 15.04
Fabricia stellaris 32.63 28.72 77.59
Marionina macgrathi 14.42
Abbreviations as in Table 2 Lumbricillus cf. lineatus 12.5 19.53

Table 6 Most important data concerning the composition and structure
in Station 5

Station 5 Caleira

Zone (samples) Asc (1) Fve (2) FveM (4)

No. fam. 3 5 8

No. spp 3 6 16
Density (ind m~2) 250 875 4,456
O/P ratio 0 2900 0.111
Dominant fam. (>20%)

Spionidae 29.7
Sabellidae 80.0 56.2
Naididae 744
Dominant spp (>10%)

Polydora ciliata 1573 29.82
Fabricia stellaris 80 56.4
Marionina macgrathi 34.18
Marionina appendiculata 13.15
Tubificoides benedii 14.61

Abbreviations as in Table 2

diversity could be explained by several factors, such as the
emplacement of the ria, in the boundary between the East-
ern Atlantic boreal region and the Mediterranean-Atlantic
region, the diverse degree of exposure of the sampling
localities, and the high number of different microhabitats in
each of them, including the high amount of muddy sedi-
ments at the lower shore levels in the sheltered localities.
Our data concerning the oligochaetes can be only
roughly compared with the complete study by Healy
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(1996a) on the distribution of this group on an exposed
rocky shore in southeast Ireland. In this work, a total of 12
species were identified, with a high percentage of species
new to science or new to the area. Our results reinforce the
view of this author that many novelties are to be expected
in oligochaete communities of rocky shores.

The joint analysis of the polychaete and oligochaete
fauna identified to species level in the ria of Ferrol allows
some general ecological considerations concerning the ria
as a whole, and, in particular, the composition and structure
of the communities in the more intensively sampled
stations.

Although only four stations were sampled intensively,
and taking into account that local environmental conditions
can deeply determine the composition and structure of the
annelid communities, our overall data suggests that inter-
tidal specific richness increases from the inner to the outer
part of the ria. This general trend has already been observed
in other studies on similar estuaries, but those were devoted
exclusively to the polychaete fauna (Oug 2001) or dealt
with the entire invertebrate community (Garcia-Alvarez
et al. 1993).

In general terms, polychaetes are more diversified and
abundant in the outer semi-exposed stations, while oligo-
chaetes are so in the inner sheltered ones. No annelids
were found in the samples taken at the innermost station
(St.7-Xubia, F. ceranoides zone). The most frequent and
most widely distributed species was Polydora ciliata,
which was found in most of the samples taken, apart
from the inner (St.7-Xubia) and outer ones (St.1-Fornelos).
It is a well-known euriecious opportunistic spionid that
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can proliferate in organically enriched and reduced
sediments (Pearson and Rosenberg 1978; Villalba and
Viéitez 1985; Grall and Glémarec 1997; Cinar et al.
2005).

Stations 2, 3, 4 and 5 show marked differences in annelid
composition. The most oceanic station, St.2-Laxe (Fig. 2;
Tables 2, 3), with a semi-exposed condition, is the richest
in terms of species (61), with the highest number of poly-
chaete species in the area but the lowest number of oligo-
chaete species (56 and 5, respectively). Syllids, with 12
species identified, is the most diversified and dominant
polychaete group at this station, reaching around 50% of
the total abundance in the Bifurcaria zone, and 35% in that
of Mytilus. Ten polychaete species (three syllids, two spio-
nids, two cirratulids, two sabellids, and one nereidid) each
represents more than 10% of the annelid community in
their respective zones. In contrast, the most abundant oligo-
chaete population reaches only around 2% in the Mytilus
zone. The highest O/P value obtained at this station was
0.045 in the Mytilus zone. According to Giangrande et al.
(2005), syllids respond rapidly to an environmental distur-
bance. Most of the other dominant species (like Polydora
ciliata, Cirratulus cirratus, C. chrysoderma and Platyne-
reis dumerilii) are characteristically tolerant to organic
enrichment or may even proliferate in reduced sediments
(Grall and Glémarec 1997; Borja et al. 2000; Bellan 1984;
Bellan et al. 1988).

The situation in St.3-Malata (Fig. 2; Tables 2, 4) is quite
different. This station is located at the inner part of a semi-
closed bay in the middle of the ria (Fig. 1), with the lowest
tide levels characterized by muddy sediment. At this sta-
tion, the annelid community was clearly dominated by oli-
gochaetes in terms of abundance (O/P = 1.8-3.3), but the
specific richness observed was similar for both groups of
annelids (16 polychaetes and 13 oligochaetes, respec-
tively). This, together with the dominance of the naidid T.
benedii, the enchytraeid L. cf. lineatus and, to a lesser
degree, the abundance of the capitellid C. capitata complex
suggests that this locality may be regarded as a disturbed
environment. In fact, 7. benedii is considered as one of the
most successful inhabitants of hypoxic/sulfidic sediments
in European estuaries (Giere and Pfannkuche 1982; Giere
et al. 1999); L. lineatus is a well-known resistant intertidal
form, able to endure the impact of pulp mill effluents and
high concentrations of hydrocarbon (Coates and Ellis 1980;
Giere and Pfannkuche 1982); and the C. capitata complex
is a well-known indicator of organically enriched sediments
(Tsutsumi 1990; Pocklington and Wells 1992), which can
proliferate even in sediments reduced up to the surface
(Giere et al. 1999).

The annelid community of St.4-Caranza (Fig.2;
Tables 2, 5) is composed of a comparatively diverse assem-
blage of annelids, made up by common and well-known

species (28 polychaetes, 10 oligochaetes). Among these,
the most abundant taxa found in the ria of Ferrol, i.e. the
sabellid Fabricia stellaris and the spionid P. ciliata, were
dominant in all the sampled zones of this locality, sharing
dominance at the middle intertidal level, while F. stellaris
dominated in the upper intertidal and P. ciliata in the lower
one. Caranza was the only place where the population of
the commonly widespread naidid P. litoralis was relatively
abundant. The highest value of O/P observed in this station
was 0.45, in the F. serratus zone. The composition and
structure in the oligochaete community observed in this
sheltered station of the middle part of the ria, would reveal
environmental conditions not strongly disturbed (Giere and
Pfannkuche 1982). The high densities of F. stellaris and the
enchytraeid Marionina macgrathi in the F. spiralis zone (F.
stellaris density >23.000 ind m~?), representing both spe-
cies, more than 92% of the total annelid abundance
observed, are worth mentioning. In this particular zone, the
enchytraeids show the highest density values in the ria and
seem to reach the highest number of species with at least
five taxa present. This seems to be related to the presence of
an algal turf of Ceramium gaditanum (Clemente) Cremades
and Gelidium pusillum (Stackhouse) Le Jolis under the
mats of F. spiralis which could serve, in some way, as shel-
ter or food supply as was previously proposed by several
authors for other species of enchytraeids (see Giere and
Pfannkuche 1982). Moreover, the high surface/volume
ratio provided by both species of algae, along with the
resulting retention of high amounts of fine sediments would
contribute to increase the spatial complexity of this peculiar
environment (Cremades pers. com.).

Station 5-Caleira (Fig. 2, Tables 2, 6), located in the
inner part of the ria, with only eight species of polychaetes
and nine species of oligochaetes identified, shows the most
poorly diversified annelid community. This community is
composed of common species widely distributed all along
the ria (mainly P. ciliata, F. stellaris and T. benedii) and by
species restricted or mainly found in the inner part of the ria
(namely two species of small oligochaetes, the naidid
P. fungithecatus sp. n. and the enchytraeid M. macgrathi).
Although only two samples were taken in the F. vesiculo-
sus zone, and four in a bed of F. vesiculosus with Mytilus,
some aspects deserve to be emphasized: the overall low
number of annelid species, and the high dominance of
oligochaetes (only naidids) in the former zone (6 species;
O/P =2.9), while in the latter the specific richness is higher
and polychaetes dominate (16 species; O/P = 0.11). A simi-
lar trend was also observed in St.4 and could be related to
the increase of spatial complexity represented by the mus-
sel bed in the Fucus zone, which provides shelter and sedi-
mentary microhabitats occupied by a multitude of small
invertebrates (Giere and Pfannkuche 1982; Giinther 1996;
Svane and Setyobudiandi 1996; Elias et al. 2003; Surugiu
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2005). This seems to be especially noticeable for St.5,
where the finest fraction of the sediment (<63 um) reaches
about 20%, as a consequence of the anti-clockwise tidal cir-
culation that provides an intense deposition of fine particles
in the northern shoreline of the ria of Ferrol (Cobelo-Garcia
and Prego 2004).

According to Diaz (1980), “in areas where pollution or
other physical factors result in extreme environmental con-
ditions or reduced habitat diversity, estuarine oligochaetes
tend to become more important through an increase in den-
sity and a reduction in polychaete species that are able to
tolerate the extreme conditions”. Our results in the ria of
Ferrol seem to confirm this explanatory model. Given that
the resulting O/P ratio values support this panorama, we
propose this ratio as a useful tool to outline general envi-
ronmental conditions in intertidal rocky shores based on
annelid abundance values.

Many previously proposed biological indices to evaluate
environmental quality face the limitation of the necessity of
taxonomic skills (see Simboura and Zenetos 2002; Diaz
et al. 2004), but others, such as the oligochaete/chironomid
ratio used for lake monitoring (Wiederholm 1980), the
nematode/copepod ratio used in marine sediment monitor-
ing (Raffaeli and Mason 1981; Warwick 1981; Raffaeli
1987), and the O/P ratio proposed here to evaluate environ-
mental conditions in intertidal rocky shores, have the
advantage of not requiring taxonomic expertise, which is
scarce nowadays. At any rate, the use of the O/P ratio has to
be taken as a rough first tool, which by no way replaces
accurate studies at the population level.

On the other hand, the detailed catalogue of rocky inter-
tidal annelid species presented in this study is peculiar in
addressing the annelid community as a whole, giving high
relevance to the taxonomic accuracy in the identification of
the species. Nevertheless, many of the widely cited ‘indica-
tor species’ in environmental assessments should be used
with caution, because their taxonomic and biological vari-
ability suggests ‘species’ mixtures or complexes. Thus,
Parker (1991) states that ‘true species buried within the tax-
onomic complexes may respond quite differently to envi-
ronmental stresses, and their indicator value may vary
substantially’. At any rate, this limitation in the usefulness
of particular key-species in biomonitoring studies does not
reduce the importance of local faunistic cataloguing, espe-
cially in intertidal areas highly sensitive to acute or chronic
pollution events.

Intense tanker traffic makes the Galician coastline highly
susceptible for acute pollution events like oil spills, given
that the coasts become the final depository of the fuel. In
the past three decades, several oil spills have occurred in
this shore, with the Prestige tanker oil spill in November
2002 as the most recent one. In areas such as the Galician
coasts, that are permanently endangered by catastrophic

@ Springer

events, the availability of pre-impact data would permit to
conclude the oil spill responsibility of any presumed
change in the environment (Forde 2002). At the same time,
however, one must always take into account that the ana-
lysed communities also change over time and may exhibit
important inter-annual variations (Page et al. 1995; Wiens
and Parker 1995).
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