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Abstract : The abundance and dominance of the major taxonomie groups (polychaetes, mali uses, crustaceans and 
other groups) of the macrobenthic (> 1 mm) fauna of the intertidal soft-bottom in Rfa de Foz (Galicia, NW Spain) 
was investigated. The estuary can be divided into five distinct habitats characterized by the nature of their sedi­
ments, tidal level , degree of exposure and presence or absence of seagrass meadows. The macrofauna increases in 
abundance towards the inner estuary. In sandy sediments, the macrofaunal abundance depends largely on the rate 
of exposure and the tidal level. In the exposed sandy beaches of the mouth of the estuary, the mean density was 
192 individuals m·', with the polychaetes and crustaceans dominating. In the sublittoral zone of the more sheltered 
sandy sites there was an increase in the mean macrofaunal density (855 individuals m·'), with a notable enhance­
ment of the quantitative importance of the molluscs. In the midlittoral zone of the sheltered sandy areas the mean 
density was 458 individuals m·', with crustaceans the dominant group. In the muddy sand flats , the mean macro­
faunal density was 3 499 individuals in these sites the polychaetes reached their highest abundance. The meadows 
of Zostera lloltii of the inner rfa support an abundant population of the mud-snail Peringia ulvae, with a mean 
macrofaunal density of 20526 individuals m·'. 

Résumé : L'abondance et la dominance des quatre principaux stocks (polychètes, mollusques, crustacés, autres 
groupes) du macrobenthos (> 1 mm) ont été étudiées dans les substrats meubles intertidaux de la rfa de Foz 
(Galice, NW Espagne). Dans cet estuaire, on distingue cinq habitats , caractérisés par la nature des sédiments, le 
niveau dans l' intertidal, le degré d'exposition et la présence ou absence d' herbiers de Zoslera. La macrofaune aug­
mente en abondance vers l'amont de l'estuaire. Dans les sédiments sableux, cette abondance dépend en grande 
partie de l'exposition dans l'intertidal. Dans les plages sableuses exposées, au débouché de l'estuaire, la densité 
moyenne est de 192 individus.m·' avec dominance des polychètes et des crustacés. Dans la partie sublittorale des 
zones sableuses les plus abritées, on constate une augmentation de la densité moyenne de la macrofaune (855 indi­
vidus.m'), avec un accroissement notable de l'importance quantitative des mollusques, tandis que, dans la partie 
médiolittorale, cette densité est de 458 individus.m', avec dominance des crustacés. Dans les zones sablo­
vaseuses, où les polychètes atteignent leur plus forte abondance, la densité moyenne de la macrofaune est de 
3 499 individus. m'. Les herbiers à Zoslera no/Iii de la partie interne de la rfa présentent une abondante population 
du gastéropode Peringia u!vae avec une densité moyenne de la macro faune de 20 526 individus.m·'. 

INTRODUCTION 

Amongst the factors considered to be of significance in the distribution and abundance 
of intertidal soft bottom macrofauna, sediment characteristics (Wolff, 1973 ; Eleftheriou & 
Nicholson, 1975 ; Grange, 1977 ; L6pez-Cotelo et al., 1982 ; Penas & Gonzalez, 1983), 
exposure to wave action (Eleftheriou & Nicholson, 1975 ; Eleftheriou & McIntyre, 1976 ; 
Dexter, 1983; 1988), tidallevel (Dahl, 1952; Salvat, 1964; Wolff, 1973 ; L6pez-Cotelo et 
al., 1982, Bally, 1983 ; Penas & Gonzalez, 1983 ; Raffaelli & Boyle, 1986) and, when pre­
sent, seagrass beds (Castel et al., 1989) have been recognized as of major importance. In 
this study we examine the abundance and dominance of four macrofaunal taxonomic 
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groups (polychaetes, molluscs, crustaceans and other groups) in five different habitats, from 

exposed sandy beaches to sheltered mud fiat seagrass meadows, along the Rfa de Foz 

(Galicia, NW Spain). Previous studies on macrofaunal species (Junoy, 1987 ; Junoy & 

Viéitez, 1988, 1990a, b ; Gibson & Junoy, 1991), community structure (Junoy & Viéitez, 

1990c) and cartography of superficial sediments (Junoy & Vieitez, 1989) have been presen­

ted in other papers . 

The Rfa de Foz (43 0 34' N, 7 0 14' W) is an intertidal estuary approximately 3.8 km long 

and 0.9 km wide at its mouth. The study area (2.4 km2
) covers most of the rfa (2.8 km'), 

from the mouth to a railway bridge about 2.8 km upstream. The whole of the area is subjec­

ted to regulat· tidal fluctuation . Although receiving the outflow from the Masma River and 

two other streams, the Rfa de Foz can best be considered an outer estuary, since it is subject 

to only a slight reduction in salinity (x = 31.5 %0). Sedimentary chat'acteristics graduate 

along the na from sandy with low organic-matter content in the outer, northern region, ta 

muddy with a high organic-matter content in the inner, southern region (Junoy & Viéitez, 

1989). 

MATERIALS AND METHODS 

The sampling programme was primarily adjusted to provide adequate information on the 

distribution of macrozoobenthic species, and consisted of widespread sample points visited 

over the four seasons. From a total of 99 samples taken during June, September, and 

December 1984 and Mat'ch 1985 we selected, for the purposes of this study, 88 samples at 

the following five habitats: 

10) Beaches . Represented by 22 samples 10cated in the exposed sandy beaches of the 

mouth of the rfa. The sedimentat·y type was medium sand (Median grain size, Md, x = 0.30 

mm, sd = 0.06), with low silt-clay (x = 1.32 % ; sd = 0.40) and organic-matter (x: = 1.60 % ; 

sd = 0.39) contents. The mean tidal level was 1.49 m (sd = 0.52). 

20
) Sublittoral sheltered sands. Represented by 31 samples located in the sublittoral 

zone of sheltered sandbanks, in medium and fine sands (Md, x: = 0.27 mm ; sd = 0.04) with 

low silt clay (x: = 1.86 % ; sd = 0.84) and organic-matter (x: = 1.69 % ; sd = 0.28) contents. 
The mean tidallevel was 1.59 m (sd = 0.39). ..... . 

30) Midlittoral sheltered saluls. With 18 samples located in the midlittoral zone of shel­

tered sandbanks. Sedimentary types were medium sands (9 samples), fine sands (6 sampI es) 

and fine muddy sands (3 samples) (Md, x = 0.26 mm ; sd = 0.04) with low silt-clay 

(x: = 1.47 % ; sd = 1.07) and organic-matter contents (x: = l.57 % ; sd = 0.19). The mean 

tidallevel was 2.3 m (sd = 0.19) 

40
) Muddy sand fZars. Represented by 9 samples located in the inner rfa, in fine muddy 

sand f1ats (Md, x = 0.19 mm ; sd = 0.35) where the silt-clay fraction reaches a maximum of 

39.40 % (x: = 13.08 %, sd = Il.14) . The median organic-matter content was 2.40 % 

(sd = 0.51). The mean tidallevel was 1.8 m (sd = 0.23) . 
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Sept . 1984 

Fig. 1 Location of 88 samples taken in the Rfa de Foz, Northwest Spain ; inset shows coastline of Iberian 
Peninsula. Mouth of estuary is to the north, at the tip of the maps. Dots , samples on beaches ; black tri­
ang les , sampi es on sublittoral sheltered sands ; open triangles, sampi es on midlittorul shel tered sands ; 
open qlludrats, samples on muddy sandy nats ; black qlladrats, sumples on seagrass meadows. 
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5°) Seagrass meadows. The inner ria was occupied by an extensive meadow of Zostera 
noltii Horneman, and sorne sparse patches of Spartina sp. A total of 8 samples were taken 
in these areas. Sedimentary types were fine muddy sands (2 samples) and mud (6 samples) 
(Md, x = 0.07 mm ; sd = 0.06). The silt-clay (x = 59.09 % ; sd = 27.14) and organic-matter 
(x = 6.55 % ; sd = 3.27) contents were always high. The mean tidal level was 2.42 m 
(sd = 0.27). 

Fig. 1 shows the spatial and temporal distribution of the samples of each habitat. Details 
of the sampling procedures can be found in Junoy & Viéitez (l990c). From the data obtai­
ned from each sample of 1 600 cm2 area by 30 cm depth, macrofaunal abundance, dominan­
ce of polychaetes, crustaceans, molluscs and other groups, and species density and frequen­
cy were caIculated for each habitat. The Shannon-Wiener diversity index (H') and evenness 
(1') were caIculated for each sample. 

Much doubt remained as to the COlTect identification of four species which displayed 
taxonomic characteristics between two other species, and these are refelTed to as Spio 
martinensis-decoratus, Eteone longa-flava, Sphaeroma rugicauda-monodi and Bathyporeia 
sarsi-pilosa. Two crustace an species with more than 30 cm depth burrows, Callianasa cf. 
thyrrena and Upogebia pusilla, were sub-sampled. Commercially important species, spe­
cially the bivalve molluscs Cerastoderma edule and Venerupis decussata, were subjected to 
human predation. 

RESULTS 

Figures 2 to 6 show the temporal distribution of the abundance and dominance of the 
polychaetes, molluscs, crustaceans and other groups in the beaches, sublittoral sheltered 
sands, midlittoral sheltered sands, muddy sand flats and seagrass meadows. Table 1 shows 
the me di an density and frequency on samples of species collected at each habitat. 

ln the beaches, the abundance of the macrofauna varied from 18.75 ind.m-2 (Sample 27) 
to 825 ind.m-2 (Sample 28), with polychaetes and crustaceans as the most abundant groups. 
Polychaete density ranged from 6.25 ind.m-2 (Sample 22) to 675 ind.m-2 (Sample 28), with 
Scolaricia typica, Scolelepis mesnili and Nephtys cirrosa as the most abundant species. No 
crustaceans were collected on four occasions (Samples 1, 2, 8 and 27), but thèy reached a 
maximum density of 312 ind.m-2 (Sample 42). The most abundant species were Urothoe 
brevicornis, Sphaeroma rugieauda-monodi and Bathyporeia pelagiea. Polychaetes and 
crustaceans together always comprised more than 90 % of aIl macrofaunal individuals. 
Polychaete dominance was more than 80 % in six samples (100 % in samples 2, 8 and 27) 
whereas crustaceans exceeded the 80 % of dominance in two samples. 

ln the sublittoral sheltered sands, with sediment characteristics similar to those of 
beaches, there was a notable increment in the macrofaunal abundance promoted by the 
more sheltered condition. This varied from 137 ind.m-2 (Sample 32) to 6 206 ind.m-2 

(Sample 61). Molluscs, polychaetes and crustaceans were the most abundant groups. 
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Fig. 2 : Abundance and dominance of polychaetes, crustace ans, molluscs and other groups in beaches of Rfa de Foz during the sampling periods. 
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Fig. 3 : Abundance and dominance of polychaetes, crustaceans, molluscs and other groups in sublittoral sheltered sands of Rfa de Foz during the sampling periods. 
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Fig. 4 : Abundance and dominance of polychaetes, crustaceans, molluscs and other groups in midlittoral she ltered sands of Rfa de Foz during the s<lmpling periods. 
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Fig. 5 : Ab undance and dominance of polychaetes, crustaceans, molluscs and other groups in muddy sand fi ais of Rfa de Foz du ring the sllmpling periods. 
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Fig. 6 : Abundance and dominance of polychaetes, crustaceans, molluscs and other groups in seagrass meadows of Rfa de Foz during the sampling periods. 
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sands, D : Muddy sand tl ats, E : Seagrass meadows. 
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Molluscs reached a density of 5 500 ind.m-2 (Sample 61), but no specimens were collected 
in two samples (Samp1es 32, 52). Cerastodenna edule, Angulus tenuis and Peringia 
(= Hydrobia) ulvae were the more abundant species. Polychaete density varied from 
31 ind.m-2 (Samp1e 32) to 425 ind.m-2 (Sample 61), with Nephtys cirrosa and Scolaricia 

typica as more abundant species. Crustaceans exhibited a density of between 6 ind.m-2 

(Sample 52) and 600 ind.m-2 (Sample 34), with two species of Urothoe, U. brevicornis and 
U. poseidonis, as the most abundant. As a consequence of these abundances, mollusc domi­
nance varied from 42.9 % (December) to 75.16 % (June), polychaete dominance from 
14.31 % (June) and 3l.80 % (September) and crustacean dominance from 9.86 % (June) to 
30.7 % (December). 

Macrofaunal abundance varies from 25 ind.m-2 (Sample Il) to 1 lO6 ind.m-2 (Sample 
87) in mid1ittoral sheltered sands. A1though no crustaceans were collected in Sample Il, 
this group was the most abundant and reached a density of 825 ind.m-2 (Sample 87), with 
Eurydice pulelu-a, Bathyporeia sarsi-pilosa and Haustorius arenarius as the dominant spe­
cies. Of the remainding macrofauna1 species, Cerastoderma edule and Ophelia bicornis 
were especially notable for their abundance. Crustacean dominance varied between 28.8 % 

(September) and 70.5 % (March). Molluscs (32.08 %) and polychaetes (26.8 %) had their 
highest dominances during September and June respectively. 

There was a notable increment in the macrofauna of the muddy sand flats, from 
250 ind.m-2 (Sample 78) to 6 456 ind.m-2 (Sample 76). Polychaetes were the most abundant 
group, with densities of between 218 ind.m-2 (Sample 78) to 5 487 ind.m-2 (Sample 76). 
Pygospio elegans, Capite lia capitata, Spio martinensis-decoratus and Streblospio benedicti 
were the most abundant species. Of the remaining macrofauna1 species the density of 
Scrobicularia plana was particularly notable. Polychaetes comprised more than 69 % of the 
specimens in all the samp1es. Polychaete dominance varied from 80.2 % (March) to 97.1 % 

(September). 
The highest macrofaunal density, from 14 462 ind.m-2 (Sample 86) to 29 062 ind.m-2 

(Sample 98) occurred in seagrass meadowns. These abundances largely depended on the 
Peringia ulvae density, and mollusc density varied from 8 000 ind.m-2 (Sample 86) to 
23 268 ind.m-2 (Sample 90). Other abundant species were the polychaetes Capite lia capita­
ta and Pygospio elegans, the amphipod Melita palmata, the isopod Idotea chelipes and 
indeterminate species of oligochaetes. Mollusc dominance was always more th'1,n 82 %. 

Figure 7 shows the distribution of the mean density of polychaetes, molluscs, crus ta­
ceans and other groups and total macrofauna at the five habitats of the Ria de Foz during all 
the study period. Excluding the polychaetes, which showed the highest density in the 
muddy sand flats, the remaining groups showed their highest densities in the seagrass me a­
dows. Mean macrofaunal density was 20 526 ind.m-2 at this habitat. Macrofaunal density 
was decreased from this region to the mouth of the rfa, with a mean macrofaunal density of 
3 499 ind.m-2 at muddy sand flats, 855 at sublittoral sheltered sands, 458 at midlittoral shel­
tered sands, and 192 ind.m2 at beaches. 

Polychaetes were dominant in muddy sand flats (84.14 %) and beaches (55.96 %), mol­
luscs in seagrass meadows (83.07 %) and sublittoral sheltered sands (6l.74 %) and crus ta-
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TABLE! 

Species median density (0) and frequency (F) on samples of species collected at each habitat. 

Beaches Sublitt. Midlitt. Muddy Seagrass 
sh. sands sh. sands sand fIats meadows 

Species 
D F D F D F D F D F 

ind.m-2 % ind.m-2 % ind.m-2 % ind.m-2 % ind.m-2 % 

Cnidaria 

Actiinidae sp. A - 3.1 12.5 

Platyhelminthes 

Policladida sp A 0.2 3.2 

Nemertini 

U nidentified species lA 18.1 1.8 29.0 6.2 72.2 8.3 66.6 28 .1 50.0 

Annelida 

Sco/aricia typica Eisig 39.7 50.0 34.2 77.4 9.7 50.0 304 22.2 

Paraollis fit/gell s (Levinsen) 10.2 4504 lA 19.3 

Malacoceros jit/igillOSlls 
(Claparède) 0.8 3.2 11.1 33.3 2.3 37.5 

Pygospio elegans Claparède 14.1 3504 204 16.6 1731 100 431.2 62.5 

Scole/epis lIle.mili (Bellan & 
Lagardère) 2204 36.3 1.0 604 

Sco/e/epis sqllalllata (Müller) 0.2 4.5 6.2 29.0 6.9 38.8 2.0 11.1 

Spio martinenesis-decoratus 0.8 13.6 13.1 64.5 268.7 77.7 0.7 12.5 

Spiophalles bombyx (Claparède) 1.8 19.3 

Streb/ospio belledicti Webster DA 3.2 265.2 88.8 81.2 50.0 

Mage/olla papillicornis Müller 0.6 604 

Poeci/oc/weflls se/pelis Allen 1.0 11.1 

Dodecaceria cOllcharum Oersted 0.7 12.5 

Call1leriella sp. 0.5 4.5 

Capifella capifata (Fabricius) 3.1 13.6 7.0 16.1 295.8 88.8 ••. 912.5 62.5 

Heferomasflls fi/iforlllis 
(Claparède) 2.6 12.9 0.3 5.5 150.6 88.8 107.8 50.0 

Mediolllasflls fragilis Rasmussen DA 3.2 4.8 22.2 21.0 25.0 

Arellico/a marilla L. 204 16.1 0.3 5.5 5.5 66.6 29.6 37.5 

Ophelia bicomis Savigny 1.7 18.1 3.8 9.6 39.5 61.1 

Ophelia lIeg/eefa Schneider 2.2 27.2 204 5.5 

Ophelia rathkei Mclntosh 2.6 3.2 0.3 5.5 

Allaifides IIII/cosa (Oersted) 1.0 12.9 1004 55.5 

Efeone fo/iosa Quatrefages lA 18.1 0.8 6.4 
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Eteo1/e 1()l/g(/~/7{llY{ 3.8 32.2 55.5 88.8 17.9 25.0 

Mysta pieta Quatrefages 0.8 12.9 0.3 5.5 4.8 33.3 11.7 25.0 

Miemphtlwlll/llS pselldaabe,.,.alls 
Campoy & Viéitez 0.2 3.2 

Hediste diversicolar (Müller) 0.2 3.2 75.0 77.7 131.2 75.0 

Glveaa alba Rathke 2.8 22.7 OA 6A 6.2 22.2 

Glvcera tridaetyla (Keferstein) 0.2 3.2 18.0 77.7 30A 37.5 

Nephtvs eirrosa Ehlers 21.8 95A 77.6 93.5 5.5 22.2 1.0 11.1 

Nephtys IlOli/bergi Savigny 30.5 88.8 -- 1.5 12.5 

Diopa/ra 'Ieapo/jla//({ 
delle Chiaje 0.2 3.2 

LUlIlbrineris impatiens 
(Claparède) 0.5 9.0 0.2 3.2 

Owenia jifsfFo/"lIlis 
delle Chi,~e 0.2 3.2 

Alkll/aria mli/Ulli Horst 28.1 25.0 

Fabricia sabella (Ehrenberg) 0.7 12.5 

MWlOylll1kio acs!lIorina (Boume) 1.5 12.5 

Oligochaeta sp. 102.7 77.7 894.5 87.5 

Mollusca 

Loripes IlIcillalis (Lamarck) 1.0 11.1 

Mysella bidelltata (Montagu) 1.0 5.5 

Cerastoderll/a edllie (L.) 0.5 4.5 250.2 90.3 64.2 72.2 60A 88.8 92.1 75.0 

Vmerupis declIssata (L.) 1.0 II.I 0.7 12.5 

Doua.\' vittatlls (da Costa) lA 13.6 0.3 5.5 

Allgllllls tCllllis (da Costa) 2.2 22.7 142.7 70.9 5.2 II.I 14.5 33.3 

ScrobiclIlaria plalla (da Costa) 0.6 3.2 0.3 5.5 252.7 88.8 143.7 87.5 

Gibbllia IIli/bilicalis (da Costa) 0.2 3.2 

Littorilla littorea (L.) 2.3 37.5 

Littorilla oblllsata (L.) 32.8 62.5 

Perillgia IIlvae (Pennant) lA 22.7 134.6 54.8 6.5 38.8 51.3 88.8 .... · 16780 100 

Crustacea 

Calliallassa cl'. thyrrella 
(Petagna) 0.6 II.I 

Upogebia pllsilla (Petagna) 0.7 12.5 

Carcilllls II/aellas (L.) 0.5 9.0 0.2 3.2 2.7 44A 28.1 100 

Portllll/llllS latipes (Pennant) 0.2 4.5 

Crol/grJ1] crol/g01/ (L.) 0.5 9.0 0.6 9.6 0.6 II.I 

Paragllathiaforll/ica (Hesse) OA 6A 0.3 5.5 75.0 25 .0 

Cymili/ra carillata (Kroyer) 1.8 3.2 0.6 11.1 46.5 66.6 16A 62.5 
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EII/)'dice Imlcllra Leach 2.2 22.7 13.5 22.5 142.0 94.4 

Dyl/all/el/e bidel/taw (Adams) 0.2 4.5 

Sphaerollw rllgiclfda-lIlVlwdi 11.0 31.8 0.6 9.6 0.7 12.5 

Idlllea cltelipes (Pallas) 0.6 9.6 2.0 ILl 208.5 62.5 

Idotea sp. 3.1 13.6 0.2 3.2 

Aswcil/a IOl/gieo,."i,,' (Sowerby) 0.2 3.2 

JOlie t"oradca Monlagu 1.0 11.1 

Batltl'poreia l'elagica (Bale) 10.7 36.3 0.2 3.2 0.6 5.5 

Balhyporeia sarsi-pi/osa 17.5 25A 51.7 66.6 

Hallstorills arel/arills (Slabber) 3.9 31.8 1.8 16.1 33.6 33.3 

Urolhoe brevicolïlis Bale 22.4 59.0 53.8 87.0 0.3 5.5 

UmtllOe poseidol/is Reibisch 45. 1 51.6 1.0 ILl 1.0 22.2 

Iv/elita p"II//[/la Monlagu 0.6 3.2 1.0 11.1 240.6 50.0 

CI/aetogal"'IIClnfs II/arilllfS 
(Leach) 1.5 12.5 

Hyale I/ilssol/i (Ralhke) 50.7 75.0 

POllIocrates arel/aril/s (Bate) 8.8 13.6 

Gastrosacclls sl'il/irer (Goës) 4.2 9.0 0.4 6.4 

GastrosaCClis ro.\·c(~tlel lsis 

Bacescu 0.2 4.5 

Pafalllysis !J(fcescoi Labat 0.3 5.5 

Par(llIlYs;,\' 1/OlI1'e/i Labat 2.6 19.3 1.0 ILl 2.3 25.0 

ClIlI/opsis goodsiri 
(van Beneden) 8.8 22.7 lA 19.3 lA 19.3 

Ipltil/oe cf. tel/el/a Sars 0.2 3.2 0.3 5.5 

InseclH 

Chironomidae sp. (Iarvae) 1.0 22.2 55.4 37.5 

Diptera sp. A (Iarvae) 0.4 6.4 19.9 50.0 5.5 66.6 78. 1 75.0 

Diplera sp. B (Iarvae) 1.6 3.2 12.5 16.1 

Coleoplera sp. A 1.2 6.4 29. 1 44A 0.7 12.5 
'''-. 

PltyloSllS .l'l'il/Uer Curtis 0.2 3.2 12.8 22.2 

Chordala 

Ammodyles tobi{/I1I1S L. 0.2 4.5 0.6 6.4 

ceans in beaches (40.2 %) and midlittoral sheltered sands (50.4 1 %). Other groups showed 

their highest dominance in midlittoral sheltered sands (17.48 %) (Fig. 8). 
Table II shows the number of species and diversity and evenness indices of the five habi-

tats. The highest number of species was recorded on sublittoral sheltered sands whereas 

beaches and midlittoral sheltered sands had the lowest species number. Excepting seagrass 
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TABLE II 

Number of species of polychaetes, crustaceans, molluscs, other groups and total; Shannon-Wiener diversity (H') 
and Pielou's evenness (J') indices ranges and means in each habitat of the Rfa de Foz. 

Beaches Sublitt. Midlitt. Muddy Seagrass 
sh. sands sh. sands sand flats meadows 

Species number 
Polychaeta 13 28 10 19 17 
Mollusca 4 5 7 5 6 
Crustacea 14 19 Il 9 10 
Other 2 7 6 4 6 
Total 33 59 34 37 39 

Diversity H' 
Range 0.19-3.12 0.86-3.43 0.81-3.10 1.37-3.48 0.19-2.16 
Mean 2.14 2.37 2. 11 2.48 0.95 

Evenness l' 
Range 0.02-0.82 0.17-0.57 0.25-0.53 0.16-0.65 0.02-0.19 
Mean 0.51 0.35 0.38 0.30 0.08 

meadows, where the diversity is reduced, this index is similar in aIl habitats with the maxi­
mum in the more stable sediments of muddy sand flats. Evenness fluctuated widely, from 
0.08 on seagrass meadows to 0.51 on beaches. 

DISCUSSION 

The five habitats recognised in the Rfa de Foz allow a comparison of the influence of 
different environmental factors on the distribution and abundance of the intertidal macro­
fauna. Beaches and sublittoral sheltered sands had a different exposure rate to wave action 
whereas they possessed similar sediment characteristics. A major environmental difference 
between sublittoral and midlittoral sheltered sands was the tidallevel. Muddy sand flats and 
seagrass meadows had more fine sediments and more organic matter content than the three 
other habitats. The presence of macrophytes and greater silt-clay and organic matter 
contents differ between muddy sands flats and seagrass meadows. .., 

Exposure to wave action determines an impoverished macrofauna compared with more 
sheltered sites (Dexter, 1983, 1988 ; Eleftheriou & Nicholson, 1975). The macrofauna of 
the beaches of the Rfa de Foz, compared with those of sublittoral sheltered sands, has lower 
macrofaunal density and lower number of species but a slightly lower diversity and higher 
evenness. The major faunistic difference observed between these two habitats is the increa­
se in mollusc abundance and dominance with increasing shelter, as observed in Scottish 
beaches (Eleftheriou & McIntyre, 1976). Other faunistic differences are the increase of 
populations of Nephtys cirrosa and Urothoe brevicornis on sublittoral sheltered sands, whe­
reas Paraonis fu/gens, species associated with exposed areas (Rasmussen, 1973, Castelli, 
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1985), and Scolelepis mesnili are more abundant and frequent on beaches. Bathyporeia 
pelagica is replaced in sub- and midlittoral sheltered sands by B. sarsi-pilosa, and U. posei­
donis is missing from beaches. 

The number of species and macrofaunal densities decrease as expected (McLachlan, 
1977 ; Dexter, 1983, 1988) from sublittoral to midlittoral sheltered sands. The cirolanid iso­
pod Eurydice pulchra and the haustoriid amphipod Haustorius arenarius, characteristic of 
the high tide zone on sandy beaches (Dahl, 1952 ; Faure, 1972, Dexter, 1983, 1988, 1989, 
Viéitez & Baz, 1988), have their highest densities and achieve high abundance and domi­
nance of crustaceans on midlittoral sheltered sands. Two polychaete species, Ophelia bicor­
nis and Scolelepis squamata, frequently recorded from high tidal level (Faure, 1972 ; 
L6pez-Cotelo et al., 1982 ; Harris, 1991), have their higher populations at this level where 
Scolelepis mesnili is missing, in accordance with the tidal segregation described by Bellan 
& Lagardère (1971). There are sorne populations of insects that, together with nemerteans, 
achieve an increase in the abundance and dominance of other groups compared with 
beaches and sublittoral sheltered sands. 

Macrofaunal density on muddy sand flats is approximately four times greater th an in the 
sublittoral sheltered sands, but there is a reduction in species number. This enhancement is 
principally caused by populations of spionid and capitellid polychaete species that live in 
both habitats and reach higher densities in sediments which are organically richer, namely ; 
Pygospio elegans, Spio martinensis-decoratus, Streblospio benedicti, Capitella capitata 
and Heteromastus filiformis. As noted by other authors (e.g. Clark & Haderlie, 1960 ; Clark 
et al., 1962; Amoureux, 1968 ; Lagardère, 1972 ; L6pez Cotelo et al. , 1982) Nephtys hom­
bergi replaces N. cirrosa in the finer sediments. Crustacean populations have their mini­
mum abundances, except for Cyathura carinata, a brackish-water species that needs stable 
substrates (Olafsson & Persson, 1986). Amongst the molluscs, Scrobicularia plana is the 
most abundant species. The enhancement of polychaetes, together with a decrease of crus­
taceans, has been described as associated with organic enrichment (Pearson & Rosenberg, 
1978 ; Dauer & Conner, 1980). 

On seagrass meadows there are extensive populations of the mud-snail Peringia ulvae. 
These populations achieve the highest macrofaunal density of the whole study area. According 
to Wolff (1973) this gastropod has high densities in sheltered areas with little water movement 
and less sediment instabiliy. The numbers of P. ulvae resulted in the lowest values of diversity 
and evenness of all the study area. There is a general decrease in polychaete populations that 
live on muddy sand flats, except those of Capitella capitata and Hediste diversicolor. This 
probably indicates that the amount of organic enrichment decreases oxygen concentrations to 
levels detrimental to more sensitive species whereas C. capitata, a species frequently cited as 
an indicator of organically polluted sediments (e.g. Reish, 1957 ; Grassle & Grassle, 1974) 
reaches its highest density. H. diversicolor has the highest density in Spartina patches, as 
observed by Jackson et al. (1985). Unlike the bare sediments of muddy sand flats, crustaceans 
have here their highest density, with Idotea chelipes and Melita palmata as the more abundant 
species. The oligochaetes, chironomids and larvae of Diptera (sp. A) are also more abundant 
and achieve the highest density of other groups. 
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CONCLUSIONS 

The five habitats recognised in the Rfa de Foz showed a different macrofauna abundance 
and composition. Exposure ta wave action determined a general paucity of the macrofauna 
in the beaches, whereas number of species, macrofauna density and mollusc populations 
increased with the more protected condition of the sublittoral sheltered sands. Peracarid 

crustaceans, variously represented on the beaches and sublittoral sheltered sands, domina­
ted the midlittoral sheltered sands. There was a notable increment of the macrofauna in the 
finer sediments of the inner Rfa, with the polychaetes achieving their highest populations in 
the muddy sand flats. Comparing Zostera beds with bare sediments, it was founëi that the 
abundance of macrofauna was higher in seagrass meadows where Peringia ulvae had 

extensive populations. 

Resumen : Se estudia la abundancia y la dominancia de cuatro grandes grupos taxonômicos (poliquetos, molus­
cos, crustaceos y otros grupos) de la macrofauna intermareal de sustrato blando en la Rfa de Foz (Lugo, NW 
Espaiia). En esta rfa pueden distinguirse cinco grandes habitats, caracterizados por la naturaleza de sus sedimentos, 
el nivel mareal, el grado de exposici6n y la presencia 0 no de praderas de faner6gamas. La abundancia de la 
macrofauna se incrementa hacia el interior de la rfa. En los sedimentos arenosos, la abundancia de la macrofauna 
de pende principalmente deI grado de exposici6n y deI nivel mareal. En las playas expuestas de la boca de la rfa, la 
densidad media es de 192 ejemplares.n,-2, siendo los poliquetos y los crustaceos los grupos dominantes. En la zona 
sublitoral de las Meas mas resguardadas se incrementa la densidad de la macrofauna (855 ejemplares.m-2), asf 
como la importancia cuantitativa de los moluscos. En la zona mediolitoral de las areas arenosas resguardadas la 
densidad media de la macrofauna es de 458 ejemplares.m-2, siendo los crustaceos el grupo dominante. En los fon­
dos de arenas fangosas , la densidad de la macrofauna es de 3 499 ejemplares.m-z ; en estos lugares, los poliquetos 
alcanzan sus maximas abundancias. En las praderas de Zoslera llo/Iii deI interior de la rfa hay una abundante 
poblaci6n deI gaster6podo Perillgia lI/vae, y una densidad media de la macrofauna de 20.526 ejemplares.m'. 
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