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ABSTRACT: lvlechanisms of pseudofeces voidance from the mantle were investigated in 3 of the 4 
major bivalve particle processing systems using scanning electron microscopy, to determine what 
mechanisms permit the isolation of pseudofeces transport in bivalves presenting discrete mantle rejec- 
tlon pathways, and how this contrasts with species which do not possess such pathways. The entire 
mantle surfaces of Mytilus edulis (homorhabdic filibranch), Mya arenaria and Spisula solidissima 
(eulamellibranchs), and Placopecten magellanicus (heterorhabdic filibranch) were surveyed and 
photographed. In both the homorhabdic filibranchs and the eulamellibranchs, the mantle rejection 
tracts previously located using video endoscopy were characterized by cilia which were extraordinar- 
ily long compared to the cilia of the general paUial surface. These long cilia were grouped into closely 
adhering tufts, herein termed composite cilia. In M. edulis and M. arenaria, the general pallial surface 
presented shorter simple cilia, whereas in S. solidissima the general pallial surface presented simple 
cilia dorsally, long composite cilia ventrally, and an intermediate band of short composite cilia. These 3 
species all possess a gill ventral particle groove; hence the site of pseudofeces production is the labial 
palp, and a discrete mantle rejection tract is necessary to transport pseudofeces to the inhalent siphon 
for expulsion. The long composite cilia within this tract may provide vertical isolation of pseudofeces 
from the general pallial surface; effective mucociliary transport using such long cilia can only be 
accomplished if they are grouped, as in all 3 species with mantle rejection tracts. In the heterorhabdic 
filibranch P. magellanicus, no specialized cilia were observed on the mantle; this corresponds to the 
absence of a mantle rejection tract in this system, which does not possess a gill ventral particle groove 
and relies on valve adduction to expel pseudofeces. These results suggest that elevation above the sur- 
rounding mantle cllia is the rule in species relying on mantle rejection tracts for the voidance of pseudo- 
feces. These results show the usefullness of cilia mapping in the study of bivalve suspension-feeding 
mechanisms. 
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INTRODUCTION 

Among the free-living aquatic invertebrates, suspen- 
sion-feeding is a widespread and successful trophic 
strategy, spanning phyla from the Ponfera to the Chor- 
data (Jsrgensen 1966). Two of the foremost problems 
faced by organisms which have adopted this mode of 
feeding are (1) the regulation of the volume of material 
processed and ingested (ingestion volume regulation), 
and (2) the sorting of edible seston from that which is 
inorganic, of low nutritional value, or even toxic (selec- 
tion) (Sierszen & Frost 1992). In suspension-feeding 

bivalves, both of these processes culminate in rejec- 
tion, which results in the formation of pre-ingestive 
rejecta termed pseudofeces. The production and void- 
ance of pseudofeces is thus an important physiological 
function (Owen 1966, Bayne & Newel1 1983, Iglesias 
et al. 1992), as well as being a major contributor to 
bivalve biodeposits in the aquatic ecosystem (Bayne & 
Newel1 1983, Kautsky & Evans 1987, Dame 1993). 

Pseudofeces elimination is the final rejection step in 
the cascade of particle processing events which begin 
with capture on the gill. One of the salient conclusions 
from the intense research effort in the field of bivalve 
feeding mechanisms (e.g. Beninger et al. 1992, 1997a, 
Tankersley & Dlmock 1993, Ward et al. 1993) is that 
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the type of particle processing, and hence the mode $ 
of pseudofeces rejection, is initially determined by the 2 

3 gill type itself (Beninger & St-Jean 1997a). Endoscopic m 
# 

observation of whole specimens has demonstrated that 2 - 
pseudofeces rejection involves well-defined mantle 
rejection tracts in bivalves presenting 2 of the 4 gill " : types: homorhabdic filibranch and eulamellibranch C 

a, 
(Table 1).  In the homorhabdic filibranch Mytilus edulis, tn 

the mantle rejection tract presents an extraordinary O 

density of acid mucopolysaccharide (AMPS)-secreting $ 
mucocytes (Ansell 1961, Beninger & St-Jean 199?b). 
which anchors the pseudofeces to the ciliated epithe- 2 
lium and hence enables the transport of pseudofeces ; 
counter to the prevailing pallial current (Beninger & g 

0 N 
St-Jean 1997b). 

Q :  

It has long been known that the general pallial sur- E 
face of the mantle is ciliated, and pseudofecal transport ; & 

"l 
has often been observed in dissected specimens (Wal- 2 g lengren 1905, Orton 1912, Kellogg 1915, Elsey 1935, % , 

D .- 
Ansell 1961, Foster-Smith 1975). Recent comparisons m 2 
with endoscopic observations have shown that pseudo- 3 d 
feces transport on the mantle appears unaffected by c 2 
dissection, validating the simpler technique of ob- <-z servation of inert particles deposited on the mantle + 4 
(Beninger & St-Jean 199?b, Beninger et al. 1997a). The 2% 
transport of pseudofeces along well-defined rejection E ai 

2 CL 
tracts situated on the general ciliated pallial surface ,-E 
raises the possibility of some form of isolation mecha- 5 g 
nism which would confine pseudofeces transport to 2 5 or= these tracts, such as ciliary specialization, in addition 

o-; to the aforementioned specialization of mucocyte types .- o-, 
D c 

and densities. Although the presence of cilia is fre- 2 
quently documented in studies dealing with the -$ 
mantle pallial surface (e.g. Morrisson 1993, Reindl & % 
Haszprunar 19961, no comprehensive survey of mantle X g 
ciliation has been performed, and hence very little 2 4 
information is available concerning the possible spe- $ F 

e .- 
cialization of cilia (either in type or density) in the 2 
mant1.e rejection tracts. Based on histological observa- .$ 2 
tions, Ansell (1961) stated that cilia on the mantle 5 
rejection tract of several species of Veneridae were 2 z 
longer than those outside the rejection tract; this poses .g 

U 

the problem of functionality, since long cilia have .: 
inherent limitations to effective mucociliary transport 
(Sleigh et al. 1988, Sleigh 1989). Given the importance $ 
of rejection i.n particle processing, we have performed 
a detailed survey of the ciliation of the bivalve pallial 
surface, using the technique of ciliary mapping 2 

0 
(Beninger et al. 1995). The present study reports on the % 
ciliary types and distribution on the mantle pallial 3 .- 
surface of Mytilus edulis (homorhabdic filibranch), 
Placopecten magellanicus (heterorhabdic filibranch), 
and Mya arenaria and Spisula solidissima (eulamelli- 3 

Q, 

branchs), and relates these data to the rejection mech- 5 
anisms in these species. c 
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MATERIAL AND METHODS 

Sampling and fixation. The size range of specimens 
was limited to individuals 530 mm (maximum size 
possible for observation of whole specimens in the 
SEM specimen chamber). Mya arenaria (size range 
15.3 to 30.0 mm antero-posterior axis) and Mytilus 
edulis (20.0 to 27.0 mm antero-posterior axis) were 
obtained from the intertidal on 24 May and 16 July 
1996 in Passamaquoddy Bay, New Brunswick, Canada 
(45" 07' N, 67" 05' W). Placopecten magellanicus (size 
range 26 to 30 mm antero-posterior axis) were cap- 
tured via SCUBA from the same site in the subtidal on 
16 August 1996. Specimens of Spisula solidissima were 
obtained at low tide on 5 June 1996 in Shediac Bay, 
New Brunswick (46' 13' N,  64" 29' W),  as well as on 16 
June 1996 in Passamaquoddy Bay. 

The adductor muscles of each individual of Mya are- 
naria, Spisula solidissin.~a, and Mytilus edulis were sec- 
tioned in the field, and specimens were immediately 
fixed in a hypertonic solution of cold 2.5 % glutaralde- 
hyde-sodium cacodylate buffer according to the proto- 
col of Beninger et al. (1995). Specimens of Placopecten 
rnagellanicus were transported to the laboratory in 
insulated coolers containing well-oxygenated sea- 
water from the sampling site prior to treatment as 
above. 

On the sampling dates indicated above, all speci- 
mens showed intense gametogenic activity, and it was 
often not possible to avoid small lesions to the mantle 
during dissection of such small specimens prior to fixa- 
tion. Mytilus edulis, Mya arenaria, and Spisula soli- 
dissima all present gonadic infiltration of the mantle 
when ripe, and gametes were thus unavoidably shed 
onto the mantle in some cases; this does not alter the 
observations of the present study, but does explain the 
presence of such particles in some micrographs. 

Specimen processing. Specimens were fixed for a 
minimum of 48 h and partially dehydrated in an 
ascending ethanol series to 70 % ethanol. At this point 
the visceral mass was removed under a dissecting 
microscope using micro-surgical instruments, in order 
to expose the entire mantle surface. The dissected 
specimen was further dehydrated to 100% spectro- 
scopy-grade anhydrous ethanol, critical-point dried in 
liquid 'bone-dry' COz, placed on an SEM stub with 
silver paint, and sputter-coated with gold. 

SEM observations were performed using a JEOL 
JSM 5200, equipped with both still camera and video 
port. Detailed observations were made of the entire 
mantle for each species, from the margin to the junc- 
tion of the gill axis. Narrated Hi-8 video recordings 
were performed and maintained as permanent records 
for each specimen, and photographs were obtained 
using the 4 X 5"  format Polaroid Land camera. 

RESULTS 

Cilia types 

Two types of cilia were distinguished, based on 
occurrence as single cilia or as discrete groups of 
closely adhering cilia, which we here term 'composite 
cilia' Within these 2 types, categories were established 
according to length; these 2 characteristics produced 
the following classification: 

Short simple cilia (SSC): individual cilia <5 pm 
Simple cilia (SC): individual cilia 5 to 15 pm 
Long simple cilia (LSC): individual cilia > l 5  pm 
Composite cilia (CC): group of closely adhering cilia 
10 to 15 pm 
Long composite cilia (LCC): group of closely adher- 
ing cilia > 15 pm 

It should be noted that these are lengths measured 
directly on SEM micrographs, and do not take into 
account fixation shrinkage (approx. 15 to 20%;  H. Sil- 
verman, Dept of Biological Sciences, Louisiana State 
University, Baton Rouge, Louisiana, unpubl. obs.) and 
the height of the microvillar layer (Beninger et al. 
199713). 

None of the cilia observed presented artefactual 
anomalies such as paddle cilia (Beninger et al. 1995), 
indicating that fixation and SEM processing did not 
alter surface features. 

Mytilus edulis (Fig. 1) 

The mantle ciliation of Mytilus edulis presented uni- 
formly dense SSC approx. 5 pm in length, with a dis- 
crete antero-posterior band of CC approx. 20 pm long, 
situated slightly ventral to the gill-mantle junction and 
extending to the ventralmost point of the base of the 
inhalent siphon (Fig, la-c,e).  At the base of the gill 
junction, the uniform cover of dense SSC became 
patchy (Fig. lb) ,  and the gill filaments themselves 
presented isolated groups of LSC (Fig. If). 

The individual cilia of the CC adhered closely to 
each other for approximately half of their length, 
diverging toward their distal extremities (Fig. Id) .  

Mya arenaria (Fig. 2 )  

The mantle ciliation of Mya arenaria presented 2 dis- 
tinct regions: SC approx. 10 pm long from the hinge 
region of the mantle (which also corresponded to the 
gill junction in this species) to the dorsalmost point of 
the base of the inhalent siphon (Fig. 2a-c,e), and CC 
similar to those of Mytilus edulis from this point to the 
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Fig. 1. Mytilus edulis mantle ciliation. (a) Locat~on of ciliated mantle rejection tract (CT) in relation to gdl junction with the mantle 
(GJ) and inhalent siphon (IS). A, D, P, V: anterior, dorsal, posterior, and ventral orientations, respectively. Specimen oriented with 
ciliated tracts as in subsequent micrographs. Lower-case letters (b to f )  designate locations of corresponding scanning electron 
micrographs (SEM); large arrows show direction of pseudofeces transport. (b) Low-power aspect of cihated mantle rejection tract 
(CT), clearly visible and separated from the gill-mantle junction (GJ) by an apparently smoother band. (c) Detail of ciliated mantle 
rejection tract (CT), showing groups of cilia, and the adjacent band presen.ting a dense cover of shorter cilia. (d) Detail of com- 
posite cilia [CC) within the ciliated mantle rejection tract. (e) Detail of short simple cilia (SSC) in adjacent band. ( f )  Detail of mixed 
chation at junction of gill filaments to mantle (GJ). Densely ciliated abfrontal surface of gffl filaments (typical of M edulis) visible 
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Fig. 3. Spisula solidissima mantle ciliation. (a) Location of ciliated mantle rejection tract (CT] in relation to general mantle surface 
(M), and inhalent siphon (IS). A, D, P, V: anterior, dorsal, posterior and ventral orientations, respectively. Specimen oriented as in 
subsequent micrographs. Lower-case letters (b to f )  designate locations of corresponding SEM; large arrows show direction of 
pseudofeces transport. fb) Dense long composite cilia (LCC) cover of mantle rejection tract. (c) Mucus-particle masses (MP] and 
mucus balls (MU) representing dehydrated residue of mucus-particle raft characteristic of mucociliary transport in ciliated mantle 
rejection tract, (d) Detail of cilia within ciliated mantle rejection tract, showing them to be of the long composite cilia type (LCC). 
(ej Detail of cilia on the intermediate band of the general mantle surface, showing them to be of the composite ciha type (CC). 

[e) Detail of cilia in the dorsal region of the general mantle surface, showing them to be of the simple cilia (SC) type 
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mantle edge (Fig. 2a-d,f). The mantle surface was 
thus divided into 2 antero-posterior bands, each char- 
acterized by a specific cilia type. 

Spisula solidissima (Fig. 3)  

As in the preceding species, the mantle rejection tract 
extended antero-posteriorly along the ventral mantle 
margin to the dorsal-most base of the inhalent siphon 
(Fig 3a-c). In contrast to Mya arenaria, the mantle of 
Spisula solidissima presented a dorsal band of SC, an 
intermediate band of SCC, and a ventral band of LCC 
(Fig. 3d-f) corresponding to the rejection tract previ- 
ously observed using video endoscopy (Beninger et al. 
1997a). The LCC (20-25 pm) of the mantle rejection 
tract were characterized by a greater density compared 
to the CC outside the tract (Fig. 3b-e). 

Placopecten magellanicus (Fig. 4 )  

The mantle ciliation of Placopecten magellanicus 
consisted of widely spaced tufts of LSC measuring 
approx. 15 pm in length. No pattern was discernible in 
the distribution of these tufts, and no region was more 
densely ciliated than another (Fig. 4a-d). No CC were 
observed anywhere on the mantle. 

DISCUSSION 

Although only specimens 130 mm were used (due to 
the technical reasons given previously), it is unlikely 
that the features described are limited to small indi- 
viduals. Few studies of the post-metamorphic develop- 
ment of bivalves have been performed, but observa- 
tions of particle behaviour on the mantles of larger 

Fig. 4. Placopecten magellanicus mantle ciliation. (a) Location of SEM (lower-case letters corresponding to b-d). A, D, P, V: ante- 
rior, dorsal, posterior, and ventral regions, respectively. AM: adductor muscle. (b) SEM showing sparse mantle ciliation in 
posterior region of mantle, consisting of tufts of long simple cilia (LSC). (c) Detail of tuft of long simple cilia (LSC), showing 

surrounding microvilli (MV). (d) Sparsely distributed tufts of long simple cilia (LSC) in anterior region of mantle 



266 Mar Ecol Prog Ser 

specimens confirm the location of the specialised cili- 
ated rejection tracts reported in this study (Kellogg 
1915, Ansell 1961, Beninger & St-Jean 199713, Benin- 
ger et  al. 1997a). 

MyD'lus edulis-the homorhabdic filibranch system 

The location of the antero-posterior tract of CC in 
Mytilus edulis corresponds to the location of the 
mantle rejection tract as previously observed using 
video endoscopy (Beninger & St-Jean 199713). In addi- 
tion, this tract presents a remarkable density of AMPS- 
secreting mucocytes, compared to the general pallial 
surface (Beninger & St-Jean 1997b); these secretions 
are essential for the counter-current transport of pseu- 
dofeces on the mantle. In M. edulis then, the rejection 
tract is characterized by the vertical elevation of trans- 
ported material above the reach of the surrounding 
cilia of the general pallial surface (accomplished by 
the CC) and by the use of high-viscosity AMPS which 
firmly bind rejecta transported counter to the prevail- 
ing current. The mucociliary transport of the pseudo- 
feces presumably conforms to the 2-layer model (Lucas 
& Douglas 1934, Silberberg et al. 1977, Yates et al. 
1980, Blake & Fulford 1984, Sleigh et al. 1988, Sleigh 
1989), recently observed directly in M. edulis (Benin- 
ger et  al. 1997b). 

Mya arenaria and Spisula solidissima- 
the eulamellibranch system 

In both Mya arenaria and Spisula solidissima, the 
location of the CC and LCC, respectively, corresponds 
to the location of the respective mantle rejection 
tracts, as previously observed using video endoscopy 
(Beninger et al. 1997a). The rejection tracts are situ- 
ated closer to the mantle margin than in Mytilus edulis, 
but their endpoint is the same: the base of the inhalent 
siphon. The gill junctions in eulamellibranchs are 
located close to the dorsal region of the mantle, well 
beyond the ciliated rejection tract. 

The data of the present study corroborate and 
extend those of Ansell (1961), who described the loca- 
tion of the mantle rejection tract in 12 eulamellibranch 
species, based on the behaviour of inert particles or 
of the alga Phaeodactylum sp. deposited on the 
mantle. In addition, his histological observations sug- 
gested that the cilia within the rejection tract were 
longer than those without, although the technique did 
not allow the distinction of simple and composite cilia. 
The results of Ansell (1961) and of Beninger et al. 
(1997a) are at variance with those of Wallengren (1905) 
and Yonge (1923), who described a much more com- 

plex trajectory for pseudofeces on the mantle in Mya 
arenaria. 

In both species of eulamellibranchs studied here, 
the pseudofeces rejection tract consists of CC whose 
length is greater than the cilia of the general mantle 
surface, thus permitting the vertical isolation of trans- 
ported rejecta. Interestingly, whereas in Mya arenaria 
the general mantle surface presents SC, that of Spisula 
solidissima presents a gradation from SC dorsally to an 
intermediate band of CC, and the vertical isolation is 
provided by LCC within the rejection tract. 

Although mucocyte counts were not performed in the 
present study, Ansell (1961) observed AMPS (alcian- 
blue positive) glands below the mantle epithelium, with 
ducts opening to the pallial surface in the 12 species of 
eulamellibranchs studied. These observations suggest 
that the use of AMPS on mantle rejection tracts is a 
general feature in bivalves possessing such tracts. 

Placopecten magellanicus- 
the heterorhabdic filibranch system 

The absence of a distinct ciliated tract on the Placo- 
pecten magellanicus mantle corresponds to the void- 
ance of pseudofeces via valve clapping rather than by 
mucociliary transport to the inhalent siphon (Yonge 
1967, Morton 1979 and authors' pers. obs.). Similarly, 
the lack of a distinct tract of AMPS (Beninger & St-Jean 
1997b) underscores the absence of a voidance system 
based on mucociliary transport. Like all pectinids, and 
in contrast to the other 3 species of the present study, P. 
magellanicus does not possess a gill ventral particle 
groove (Beninger et  al. 1988), and hence pseudofeces 
may be dislodged hydrodynamically from the ventral 
bend of the gill at any point along its course. The cili- 
ated mantle epithelium is therefore bereft of a pseudo- 
feces clearance function, corresponding to a lack of cil- 
iary specialization. 

Unifying principles 

The foregoing considerations converge to present a 
set of unifying principles regarding pseudofeces elimi- 
nation in the 3 systems studied. 

(1) Types of bivalves possessing clliated mantle 
pseudofeces rejection tracts 

Antero-posterior, infrabranchial pseudofeces rejec- 
tion tracts are necessary in bivalves which deposit 
pseudofeces in the anterior region, and which must 
transport these rejecta to the posterior region. This 
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situation is the rule for bivalves which possess a gill 
ventral particle groove, since pseudofeces can only be 
deposited by the palps in such a system, and the 
inhalant siphon is confined to the posterior end of the 
bivalve. The vast majority of bivalve families conform 
to this configuration, represented here by Mytilus 
edulis, Mya arenana, and Spisula solidissima. Notable 
exceptions are the monomyarians which void pseudo- 
feces by valve clapping: the superfamilies Pectinacea 
and Limacea (Yonge 1967, Morton 1979), represented 
here by Placopecten magellanicus (Table 1 ) .  

(2) Distinguishing features of mantle pseudofeces 
rejection tracts 

All mantle pseudofeces rejection tracts examined in 
the present study and in Ansell (1961) present both an 
elevation of rejecta above the general pallial surface, 
as well as the presence of a considerable density 
of AMPS mucocytes, which ensures counter-current 
transport (see Beninger & St-Jean 1997b), and reduces 
the risk of re-suspension in the pallial cavity. Elevation 
thus provides the essential vertical isolation from the 
rest of the ciliated mantle surface. 

Two mechanisms of horizontal isolation may also 
characterize mantle rejection tracts. The first of these is 
their location distal to the gill ventral particle groove. 
In all 3 of the species studied which possess mantle 
rejection tracts, the tracts are located far from the gill 
ventral particle groove. In the 2 eulamellibranchs, 
which have small gills and a ventral particle groove 
extending only one-third to one-half of the distance 
from the dorsal hinge to the shell edge, the mantle 
rejection tracts are situated in the ventralmost region 
of the mantle. In Mytilus edulis, where the gill and its 
ventral particle groove extend almost to the mantle 
edge, the mantle particle groove is situated in the dor- 
salmost part of the infrabranchial region of the mantle. 
The location of the mantle rejection tract far from the 
gill ventral particle groove would function to prevent 
entangling the antero-posterior travelling rafts of 
pseudofeces with the postero-anterior travelling strings 
of unsorted particles on their way to the labial palps. 
The second mechanism of horizontal isolation is the 
presence of protective mantle folds in the living speci- 
men. Such mantle folds have been reported for numer- 
ous species (Kellogg 1915, Yonge 1948, 1949, 1952, 
1953, Beninger et  al. 1997a), and appear to be the 
result of the contraction of mantle muscles along one or 
both of the dorsal and ventral boundaries of the rejec- 
tion tract. Folds of this type have been reported in 
undissected living specimens observed using video 
endoscopy (Beninger et  al. 1997a), but are not always 
evident in fixed specimens (present study). 

(3) Characteristics of cilia in mantle rejection tracts 

In the 3 species possessing mantle rejection tracts 
examined here, vertical elevation of the pseudofeces 
was accomplished by extraordinarily long cilia. Extra- 
ordinarily long simple cilia are presumed to lack the 
required resilience to propel a mucus raft (Sleigh et al. 
1988, Sleigh 1989), and in the 3 cases presented here, 
the rejection tract cilia were grouped to form com- 
posite cilia; the individual component cilia are thus 
able to provide mutual support, thus greatly increasing 
the propulsive efficiency (Sleigh et al. 1988, Sleigh 
1989). From the SEM micrographs of the present study, 
the mechanism of inter-ciliary adhesion appears to be 
less intimate than that of compound cilia, which are 
actually fused for much of their length (Warner 1974). 
Detailed studies of this aspect are in progress; it 
appears likely that whenever extraordinarily long 
cilia are required to propel a mucus raft, they will be 
grouped in some way. 

One major suspension-feeding system was not in- 
cluded in the present study of pseudofeces rejection 
pathways on the mantle: the pseudolamellibranch. 
Investigations have been completed on this system, 
which presents a unique combination of morphological 
characteristics: a heterorhabdic gill with a ventral par- 
ticle groove and monomyarian condition derived from 
the superfamily Ostreacea. 

Mantle pseudofeces rejection mechanisms in the 
overall context of bivalve particle processing 

Studies on the mechanisms of suspension-feeding in 
bivalves have revealed a hitherto unsuspected com- 
plexity in particle processing. In hindsight, this is not 
surprising, considering the inherent complexity of feed- 
ing on a heterogeneous suspension of microscopic par- 
ticles. Nevertheless, unifying principles are emerging 
from the information available over the past decade. 

All available data to this point indicate that suspen- 
sion-feeding bivalves present 3 levels of specialisation 
in particle processing: morphological (different pallial 
organ configurations corresponding to differences in 
processing sites and mechanisms; Beninger et al. 1992, 
1997a, Ward et al. 1993, 1994, Beninger & St-Jean 
1997a,b), biochemical (different MPS types accom- 
plishing different processing functions; Beninger et al. 
1993, Beninger & Dufour 1996, Beninger & St-Jean 
1997a,b), and ciliary, with specific ciliary types effect- 
ing different functions, such as particle interception 
(Silverman et al. 1996) or various types of transport, as 
demonstrated in the present study. 

The ciliary mapping approach used in the present 
study thus provides important information on bivalve 
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suspension-feeding mechanisms unavailable from other Foster-Smith RL (1975) The role of mucus in the mechanism of 
techniques such as endoscopy, and is therefore an feeding in three filter-feeding bivalves. Proc Malac Soc 

important element in the array of complementary Lond 4157 1-588 
Igleslas JIP, Navarro E ,  Alvarez Jorna P, Armentia I (1992) 

methods currently in use. Feeding, particle selection, and absorption in cockles 
Cerastoderma edule (L.) exposed to variable conditions of 
food concentration and quality. J Esp Mar Biol Ecol 162: 
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