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ABSTRACT- In order to elucidate the role of mucus in particle transport on the gdl in suspension- 

feeding bivalves, the mucocyte distribution was examined on the frontal surfaces of 2 gill types known 
to a f e r  in structure and function: the heterorhabdic plicate gill of Placopecten maqellanicus 
(Pectinidae) and the homorhabdic gill of Mytilus edulis (Mytilldae). Microscopic counts of mucocyte 
abundance were performed both on whole mounts of gill segments and on histological sections stained 
with alcian blue and Periodic acid-Schiff (PAS). A very clear separation of mucocyte types was 
observed on the P. magellanicus gill: mixed-secretion mucopolysaccharide (MPS) mucocytes were 
found mainly in the pnnclpal fllament troughs, while acld MPS mucocytes were found mainly on the 
crests of the ordinary fllament plicae. This dlstnbutlon corresponds to the functional specialization of 
these 2 sites as revealed by direct endoscopic observation: feeding (pnncipal fllament) and cleaning 
(ordinary filaments). A more unlforn~ distribution and a broader range of MPS types was found for the 
M. eduhs gill, corresponding to the absence of anatomical specialization for the separation of feedlng 
and cleaning functions in this specles Although M eduljs gill functioning is characterized by the 
presence of a substantial mucus cord in the ventral groove, no mucocytes are located in this groove. 
Implications of these and further results are discussed in terms of theories of particle transport on 
different gill types. 

INTRODUCTION 

The role of mucus in bivalve suspension-feeding has 
been debated for over a century; theories of particle cap- 
ture, transport, selection and ingestion rely heavily on 
assumptions concerning the sites and conditions of 
mucus secretion (e.g. MacGinitie 1941, J ~ r g e n s e n  1966, 
1990, Beninger et al. 1991, Beninger et al. 1992, Ward et 
al. 1993). Recent s tudes  have confirmed the importance 
of mucus in particle ingestion, and suggested that muted- 
secretion mucocytes are characteristic of surfaces in- 
volved in parhcle transport and ingestion (Beninger et al. 
1991, Beninger & Le Pennec 1993). It is therefore some- 
what surprising that Little is known concerning the 
locations of mucocytes or the types of mucus secretions 
on bivalve gllls. Although J ~ r g e n s e n  (1990) assumed 
mucocytes on the bivalve gill to be 'isolated', qualitative 

data suggest that their dstribution may be patterned and 
their numerical density quite high (Nelson 1960, Owen & 

McCrae 1976, Ribelin & Collier 1977). Furthermore, 
based on endoscopic observations of normal feeding 
where there are copious amounts of mucus on ciliated 
tracts, it is apparent that mucocyte number and density 
must be substantial in at  least some structural elements 
(Ward et al. 1991, Beninger et al. 1992). These endo- 
scopic observations also suggested that in the scallop 
Placopecten magellanicus there are 2 types of mucus of 
different viscosities: a low-viscosity secretion associated 
with dorsalward particle transport (feeding) and a high- 
viscosity mucus associated with ventralward particle 
transport (cleaning). Although little is known about 
chemical composition and consequent properties of 
bivalve mucus, acidic mucopolysaccharides (MPS) of 
h p e t s  are highly viscous (Grenon &Walker 1978). 
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Basic differences in gill type and structure have 
been shown to correspond to fundamental differences 
in the roles and trajectories of mucus on the gill (Ward 
et al. 1993). The distribution of mucocytes on the 
gill might thus also be expected to present patterns 
characteristic of these trajectories and roles. The 
present study seeks to address this question by exam- 
ining the distribution and secretion types of mucus on 
the homorhabdic, filibranch gill of Mytilus edulis 
and the heterorhabdic, filibranch gill of Placopecten 
magellanicus. 

MATERIALS AND METHODS 

Specimen collection and preparation. A total of 
12 adult Placopecten magellanicus measuring 9.0 to 
12.1 cm (long axis parallel to shell hinge) were col- 
lected from Passamaquoddy Bay (Bay of Fundy, New 
Brunswick, Canada) and Bonne Bay (Newfoundland, 
Canada). A total of 10 adult Mytilus edulis measuring 
5.8 to 6.2 cm shell length were collected from the inter- 
tidal zone at Chamcook Bay (Bay of Fundy). All speci- 
mens were transferred to the Universite de  Moncton, 
maintained at 5°C and 33%0 in recirculating seawater, 
and fed once or twice weekly with spray-dried algae 
(Tetraselmis sp., Algal 161, Celsys, Inc.). The gills of 
both species were dissected and fixed for at  least 48 h 
in aqueous Bouin's solution (Martoja & Martoja 1967), 
which contains ethanol and picric acid and is therefore 
recommended for the histological detection of muco- 
polysaccharides (Cook 1990). After being very gently 
rinsed for at least 48 h in a full beaker to which a weak 
stream of cold running tap water was added, the gills 
were then microscopically dissected using microsur- 
gical instruments, in order to separate the demi- 
branchs and to remove the dorsal respiratory 
expansions of P. magellanicus (which interfered with 
observations in the dorsal regions of the gill). 

Staining and mounting of whole gill segments. The 
dissected gill fragments were placed in labelled tissue 
processing capsules and stained according to the 
following optimum staining procedure determined 
from preliminary trials: 1% Alcian blue 8GX, pH 2.5 
(5 rnin); distilled water rinse (5 min); 1 % periodic acid 
(3 rnin); Schiff reagent (30 S); 0.5% sodium meta- 
bisulfite (3 X 3 rnin). Diastase and saliva-treated con- 
trols were run on histological sections in order to 
verify the specificity of the Periodic acid-Schiff (PAS) 
and alcian blue stains (Cook 1990). This protocol 
stains neutral mucopolysaccharides red, acidic muco- 
polysaccharides blue, and mixed mucopolysaccha- 
rides various colors in the mauve-violet range, de- 
pending on composition and fullness of the mucocyte. 
Interpretation of staining affinities was standardised 

(Miller et al. 1979) using the Pantone Color@ Formula 
Guide (Pantone, Inc., Moonachie, NJ, USA). After 
staining, the ascending and descending lamellae 
were carefully separated. Gill fragments were 
mounted on microscope slides in Farrants aqueous 
medium. In order to preserve the 3-dimensional plical 
structure in Placopecten magellanicus, bits of broken 
glass coverslip were included prior to application of a 
whole coverslip. 

Mucocyte counts. Placopecten magellanicus: The 
gill was divided into 4 counting zones along the length 
of the descending and ascending lamellae (Fig. 1). 
Within each zone, counts were performed for complete 
plicae (2 principal filaments and their ordinary fila- 
ments) between 2 rows of cilifers (Fig. 2). The distance 
between cilifers (= ciliated spurs, Beninger et  al. 1988) 
was measured using a calibrated ocular micrometer, in 
order to standardize counts to 100 pm of lamellar 
length. Mucocytes were viewed and counted using a 
compound microscope at a magnification of 100x. For 
each principal filament, one count was performed in 
the dorso-ventral direction and one in the ventro- 
dorsal direction. In cases where the 2 counts differed 
by more than 2 (with a total count 25 to 50) or 3 (with a 
total count >50), a third count was performed. The 
resulting means constituted individual data points. 
This procedure was repeated on 5 to 8 principal fila- 
ments of 3 different specimens, and the resulting 
means and standard deviations of the individual data 
points were calculated. 

For the ordinary filament counts, target plicae con- 
taining 16 ordinary filaments were usually selected. 
The ordinary filaments were then divided into 5 
groups: OF-l, OF-2, OF-4, OF-5 each containing 3 fil- 
aments and representing the sides of the plica, and 
OF-3 containing 4 filaments and representing the crest 
of the plica (Fig. 2). [On 4 occasions, plicae containing 
15 ordinary filaments were selected. In such cases, one 
filament in elther OF-l or OF-5 was not counted (mini- 
mum mucocyte densities found in these filament 
groups).] Counts were performed as above for each 
filament in each group, and the means were calculated 
for each group. These means represented single data 
points. This procedure was repeated 5 to 8 times as 
above, and the resulting means and standard devia- 
tions were calculated. As these points represent muco- 
cyte numbers per 100 Lrn filament length, they are 
herein referred to as mucocyte densities. 

Due to the curved shape, filament fusion and thick- 
ness of the glll in the dorsal and ventral ciliated tracts, 
reliable counts could not be made in these regions. 
However, qualitative observations were possible. 

Mytilus edulis: The gills of 3 Mytilus edulis were 
divided into 4 zones as for Placopecten magellanicus. 
Counting was delimited dorso-ventrally by successive 
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Fig 1 Placopecten magellanicus. 
Schematic drawing of gill viewed 
along antero-postenor axls. Numbers 
designate counting zones, large ar- 
rows show particle movement on 
principal filaments (feeding), small 
arrows show particle movement on 
ordinary filament plicae (cleaning), 
and dashed line represents plane of 
sechon for Fig. 2.  A: gill arch (ciliated 
tract); DB: dorsal bend (clhated tract); 
DL: descendmy lamella; GA: g111 axis; 
VB: ventral bend (ciliated tract); 
X: anteriorward direchon of particles 
in dorsal ciliated tracts (A + DB: 
feedng)  perpendicular to plane of 
d rawng;  o: anteriorward direction of 
parhcles at ventral ciliated tract (VB: 
cleaning) perpendicular to plane of 
dralnng. The particle-mucus masses 
at the ventral bend are periodically 
dislodged by valve-clap movements 

Fig. 3.  I\4ytilus edulis. Schematic 
drawing of gill viewed along 
antero-posterior axis. Numbers 
designate counting zones, ar- 
rows show direchon ot particle 
movement on gill, dashed line 
represents plane of section for 
Fig. 4.  A: gill arch; AL: ascendng 
lamella; DB: dorsal bend; DL: de- 
scending lamella; GA: gill axis; 
VB: ventral bend; X: anterior- 
ward direction of particle move- 
ment in ventral groove perpen- 

dicular to plane of drawing 

rows of interfilamentar junctions; as this species is As for Placopecten rnagellanicus, technical diffi- 
homorhabhc,  no antero-posterior anatomical marker culties hindered quantitative estimations of mucocyte 
was available. Counts were therefore performed on density in the dorsal and ventral ciliated tracts. 
5 groups of 10 consecutive filaments at equal intervals However, qualitative estmations were possible in the 
along the antero-posterior axis in 3 specimens using dorsal tracts; following separation by longitudinal dis- 
the method outlined for the ordinary filaments section of the ascending and descending lamellae, 
of P. mageUanicus (Figs. 3 & 4 ) .  The results were such estimations were also possible in the ventral 
standardized to 100 pm filament length. groove, albeit with a greater degree of uncertainty. 

Histology - MyD'lus edulis ventral groove. Due to 
both the importance of the ventral groove in the 

Fig. 2. Placopecten magellanicus. Schematic stereodiagram of 
descending lamella, showing filament groups used for count- 
lng. Large arrows indicate dominant currents and trajectories 
of particles destined for ingestion, small arrows indicate 
movement of particles destined for rejection beneath the 
d o m a n t  currents. Asterisks show dorso-ventral boundaries 
for a given count. CF: row of chfers visible through ordinary 
filaments; D: dorsal; OF 1 to 5: ordinary filament groups 
conshtuting a plica; PFL: pnncipal filament lateral wall; 

PFT: pnncipal filament trough; V ventral 

interpretation of feeding in mussels, and to the rela- 
tive uncertainty of the whole mount results for this 
region, histological sections were performed. Gill 
tissue from 3 specimens was dehydrated in an ethanol- 
HemoDe (Fisher Scientific) gradient, embedded in 
paraffin (Paraplast Plus, Fisher Scientific), serially 
sectioned in the dorso-ventral plane at 12 pm 
(previously determined optimum section thickness for 

Fig 4 .  Mytilus edulis. Schematic 
stereodiagram of ventral region. 
Solid arrows show particle tra- 
jectones on frontal surface of g111 
filaments, open arrow shows 
oralward trajectory of mucus- 
particle cord. Asterisks indicate 
dorso-ventral boundaries for 
a q v e n  count. AL: ascending 
lamella; DL: descending la- 
mella; G: position of putative 
subepithelial glands; IFJ: inter- 
filamentar lunctlon; ILJ: inter- 
lamellar lunctlon; VB: ventral 

bend; VG: ventral groove 
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colour contrast), and rehydrated using a reverse 
ethanol-HemoDe gradient. The following staining 
protocol was adopted, based on preliminary trials: 
alcian blue 1% pH 2.5 (25 rnin); distilled water rinse 
(5 rnin); periodic acid 1% (5 min); Schiff reagent 
(12 min); sodium metabisulfite 0.5% (5 rnin); 
Hansen's trioxyhematein (30 S). Mucocytes were to be 
quantitatively assessed using stereological techniques 
(Beninger 1987). 

Endoscopic observations. Extensive videotape 
recordings of gill function under a variety of particle 
concentrations were re-examined for both Placopecten 
magellanicus and Mytilus edulis (Beninger et al. 
1992, Ward et  al. 1993). in order to provide func- 
tional correlates to eventual distribution patterns of 
mucocytes. 

RESULTS 

The Pantonem colour-standardised results of the 
PAS-alcian blue staining technique on the mucocytes 
of each species are presented in Table 1. Whereas for 
Placopecten magellanicus the mucocytes could easily 
be divided into 2 categories - those containing only 
acid MPS (blue) and those containing a mixture of acid 
and neutral MPS (violet) - the range of resulting 
colours was much broader in Mytilus edulis. The 
M. edulis mucocytes were therefore divided into 
2 categories: those containing dominantly neutral 
MPS, and those containing dominantly acidic MPS 
(Table 1). 

Placopecten magellanicus 

Qualitative observations revealed very few muco- 
cytes in the gill arch, and a total absence of mucocytes 
in the ventral bend. The preparation and staining 
technique also revealed that ordinary filament plicae 
fuse as they approach the gill arch, and that their 
homologues on the opposite side of the arch are 
principal filaments, giving an alternating arrange- 
ment of plicae and principal filaments on either 
side of the gill axis. 

Principal filaments 

The principal filament troughs show a gradient of 
increasing mucocyte densities from the ventral to the 
dorsal regions (absence in the ventral bend and most of 
zone 3, increasing densities in zones 2,  1 & 4 ) .  The vast 
majority (85 to 100%) of these mucocytes produce 
mixed secretions (Fig. 5). Despite lower mucocyte 
densities than in the troughs, mixed-secretion muco- 
cytes also dominate in the principal filament lateral 
walls, and display a similar ventro-dorsal gradient. 

Ordinary filaments 

In contrast to the principal filaments, the mucocytes 
on the frontal surface of ordinary filaments contain 
almost exclusively acid MPS secretions (Fig. 5). In each 
zone, the OF-3 group (plical crest) presents the greatest 
mean mucocyte densities (45 to 58 mucocytes per 
100 pm filament length); these densities decrease pro- 
gressively in the OF groups on either side of the crest 
(Fig. 5). 

Mytilus edulis 

The distribution of mucocytes on the Mytilus edulis 
gill was much more uniform than that of Placopecten 
magellanicus. Total mean mucocyte densities ranged 
from 13 to 33 mucocytes per 100 pm, with a slight 
majority of acid-dominant MPS in zone 1 and a slight 
majority of neutral-dominant MPS in zone 4.  As neither 
a priori nor a posteriori hypotheses could be advanced 
to justify statistical tests of significance, such tests were 
not performed. Zones 2 and 3 showed nearly equal den- 
sities of both mucocyte types (Fig. 6). There was no dis- 
cernable pattern among the filament groups. 

Both whole-mount stalning of separated demibranchs 
and serial histological sections failed to reveal the pres- 
ence of any mucocytes in the ventral groove of Mytilus 
edulis. However, subepithelial gland-like structures 
with PAS and alcian-blue staining affinities were ob- 
served dorsal to the ventral grooves (Fig. 4) ;  sirmlar, 
smaller structures were less frequently observed near 
the interfilamentar junctions. 

Table 1. Mucocyte secretion type and corresponding Pantone' standard colors. MPS: mucopolysaccharide 

Species Mucocyte secretion type Standard colors 

Placopecten magellanicus Mixed (acid + neutral) MPS 275c 
Acid MPS 2995c 

Mytilus edulis Neutral-dominant MPS 
Acid-dominant MPS 
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Fig. 5. Placopecten magellanicus. Mean mucocyte densities 
(f SD) for each of the counting zones illustrated in Fig. 1 and 
each of the filament groups illustrated in Fig. 2. OF 1 to 5: or- 
dinary filament groups 1 to 5; PFL: principal filament lateral 

wall; PFT: principal filament trough 

DISCUSSION 

Functional correlates to the observed mucocyte dis- 
tributions require information on direct observations 
of normal (undisturbed) feeding at the gill of these 2 
species. Such information is available in recent endo- 
scopic studies of these species (Ward et al. 1991, 1993, 
Beninger et al. 1992). Re-examination of the video- 
tapes of these experiments allowed functional 
inferences to be drawn from the mucocyte distribution 
data of the present study. 

'OI l 

zone 1 

zone 2 

zone 3 

zone 4 

Filament group 
neutral-dominant secrection 
acid-dominant secretion 

Fig. 6. Mytilus edulis. Mean mucocyte densities (k SD) of each 
counting zone illustrated in Fig. 4. Filament groups each 

consist of 10 consecutive filaments 

Placopecten magellanicus 

The qualitative observations by Owen & McCrae 
(1976) suggested a distribution of mucocyte densities on 
the gill of the pectinid Chlamys varia similar to that re- 
ported here, although no distinction was made on the 
basis of mucocyte type. The striking pattern of the dis- 
tribution of acid and mixed-secretion MPS mucocytes on 
the scallop gill observed in the present study under- 
scores functional differences in the principal and ordi- 
nary filaments. The overwhelming dominance of mixed- 
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secretion MPS in the troughs and lateral walls of the 
principal filaments agrees with previous observations 
that showed a dominance of mixed-secretion MPS 
mucocytes on surfaces involved in particle transport and 
handling in the oesophagus and peribuccal region 
(Beninger et al. 1990a, b, 1991). The observed increase 
in mucocyte densities from the ventral bend to the dor- 
sal regions of the principal filaments suggests that for ef- 
ficient particle transport in the scallop, mixed-secretion 
MPS must be added to particle streams prior to arrival in 
the dorsal ciliated tracts (gill arch and dorsal bend). 

Previous endoscopic observations have suggested 
that the mucus accompanying particles from the 
principal filaments to the dorsal ciliated tracts was of 
reduced viscosity (Beninger et al. 1992). Evidence 
from studies on the pedal mucus in gastropods shows 
that weakly acidic MPS are characterized by re- 
duced viscosity (Grenon & Walker 1978). The rnixed- 
secretion MPS of the principal filaments of Placopecten 
magellanicus would also be weakly acidic (combina- 
tion of acid and neutral MPS). 

Based on observed mucocyte densities, most of the 
mucus added to the particle stream in the principal 
filaments appears to originate in the floor of the trough, 
rather than in the lateral walls. This is not unexpected, 
as secretions from mucocytes on the lateral walls 
would be more easily lost from the principal filaments 
(given their proximity to the open side of the principal 
filaments). 

In contrast to the principal filaments, the ordinary 
filaments present almost exclusively acid MPS in a 
very specific distribution: maximum densities on the 
crest filaments, and decreasing densities on either 
side. Previous endoscopic observations have shown 
that the ordinary filament plicae appear to function 
exclusively in the rejection of particles when the 
scallop's ingestive or handling capacity become satu- 
rated (Beninger et al. 1992). Particles appear to be 
embedded in clumps of highly viscous mucus on the 
plical crest and directed toward the ventral rejection 
tract (ventral bend). The distribution of acid MPS 
mucocytes corroborates these observations, and indi- 
cates the sites of mucus secretion. Contrary to the 
principal filaments, this distribution of mucocytes is 
uniform throughout the length of the OF; this may be 
linked to the observation that a given particle or par- 
ticle clump may be ejected onto the plical crest several 
times as it moves ventrally in a looping fashion 
(Beninger et al. 1992). The quasi-exclusive presence of 
acid MPS mucocytes on the ordinary filament plicae 
underscores the functionally specific nature of these 
structures and the apparent specialization of acidic 
MPS in transport of particles for rejection. In addition 
to previous endoscopic observations (Beninger et al. 
1992), evidence from the sole glands of 2 species of 

limpets indicate that acidic MPS are highly viscous 
(Grenon & Walker 1978) and therefore mechanically 
stable. Such secretions would be well-suited for keep- 
ing particles close to the exposed rejecting epithelia, 
preventing re-suspension in pallial currents and thus 
increasing the cleaning efficiency. 

The very low mucocyte densities observed both in the 
2 dorsal ciliated tracts and the ventral bend, together 
with endoscopic observations of the presence of mucus 
in these tracts under various conditions (Beninger et al. 
1992), indicate that these regions transport particles 
previously embedded in mucus. The results of the pre- 
sent study therefore show that most of the transport mu- 
cus is added to the particle stream within the principal 
filament, rather than from mucocytes in the dorsal cili- 
ated tracts as originally postulated by Beninger et al. 
(1988). Together with previous data on the mode of 
particle ingestion (Beninger et al. 1991) and recent 
endoscopic studies (Beninger et al. 1992), these obser- 
vations confirm that in Placopecten magellanicus 
mixed-secretion MPS accompanies captured particles 
from the principal filaments to the stomach. 

From the foregoing it may be concluded that the 
Placopecten magellanicus gill exhibits a division of 
labour which is manifested both structurally (principal 
filaments: feeding; ordinary filaments: cleaning) and 
biochemically in the distribution and secretion types 
of mucocytes (mixed secretion: feeding, dominant on 
principal filaments; acid MPS: cleaning, restricted to 
ordinary filament plicae). 

The serendipitous observation that principal fila- 
ments and ordinary filament plicae alternate on either 
side of the gill arch is an interesting anatomical obser- 
vation in its own right, not previously observed using 
scanning electron microscopy (Beninger et al. 1988). In 
addition, such an anatomical disposition would result 
in a more uniform transfer of particles from the princi- 
pal filaments to the gill arch tract. 

Mytilus edulis 

In contrast to Placopecten magellanicus, mecocyte 
numbers were generally lower and more uniform 
among the gill filaments of Mytilus edulis. The nearly 
equal mixture of neutral-dominant and acid-dominant 
MPS in zones 2 and 3 in M. edulis mucocytes suggests 
that the resultant mucus probably presents a viscosity 
intermediate to that of the mixed MPS secretion and 
acid MPS of P. magellanicus. This would correspond to 
the 'all purpose' nature of the mussel gill, where parti- 
cles destined both for ingestion and rejection are trans- 
ported to the ventral groove. The lack of clumping in 
the ventral mucus cord (Ward et al. 1993) also supports 
the hypothesis of an intermediate-viscosity mucus; the 
semi-enclosed space of the ventral groove probably 
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shelters the cord from the currents of the pallial cavity, 
increasing transport efficiency. Binding particles in an 
intermediate-viscosity mucus would explain how they 
are transported close to the frontal epithelium without 
clumping in M. edulis, (Ward et al. 1993) whereas with 
the low-viscosity mucus of the P. magellanicus principal 
filaments, particles are transported hydrodynamically in 
semi-enclosed spaces (principal filaments). Although 
theoretical calculations show that hydro-mechanical 
shear forces may be sufficient to keep particles within 
the mussel frontal current without mucus (Sylvester & 
Sleigh 1984), the observations of Ward et al. (1993) and 
those of the present study strongly support the idea that 
mucus is intimately involved in particle transport on the 
frontal surface under normal feeding conditions. 

The observation of slightly unequal proportions of 
mucocytes in zone 1 (near the gill arch), and in zone 2 
(dorsal bend) is enigmatic, since these tracts do not 
normally transport particles anteriorward. Further- 
more, it is not certain that these apparent differences 
in mucocyte densities correspond to actual differences 
in mucocyte secretion or significant effect on particles, 
especially since all mucus secreted on this epithelium 
is combined in the vertical groove. Resolution of this 
question awaits further study. 

The lack of mucocytes in the ventral groove of Mytilus 
edulis, as revealed by the whole mount staining and lon- 
gitudinal histological sections, demonstrates that none 
of the mucus observed in the mucus cord (Foster-Smith 
1978, Jerrgensen 1981, 1990, Ward et  al. 1993) is pro- 
duced at this site. Previous endoscopic observations 
have shown that, contrary to the statements of Jsr- 
gensen (1981, 1990), all material intercepted by the 
mussel gill is transported ventrally and incorporated into 
a single mucus cord which travels anteriorward (Ward 
et al. 1993). The observations of the present study limit 
the possible origins of this mucus to 2 sites: the muco- 
cytes of the frontal surface of the gill filaments and/or 
the gland structures observed within the filaments dor- 
sal to the ventral grooves. Histochemical investigations 
now in progress indicate that these glands are similar to 

~ those found in the oesophagus (Beninger et al. 1991, 
Beninger & Le Pennec 1993) and peribuccal organs of 
M. edulis (P. G .  Beninger & S. St-Jean unpubl.). It is 
interesting to note that the position of these subepithe- 
lial glands corresponds to the site where ventrally trans- 
ported particles are shunted laterally between adjacent 
filaments immediately prior to reaching the ventral cili- 
ated tract (Fig. 4). 

CONCLUSIONS 

When combined with endoscopic observations, the 
whole-mount staining technique has proven to be a use- 

ful tool for the elucidation of the role of mucus in bivalve 
suspension-feeding. The present study demonstrates 
fundamental differences in the mucocyte distribution on 
the gills of Placopecten magellanicus and Mytilus 
edulis. Together with previous endoscopic observations 
(Beninger et al. 1992, Ward et  al. 1993), these differ- 
ences are shown to correspond to and participate in 
specific modes of function. The complex heterorhabdic 
scallop gill, which lacks a ventral groove, displays a dis- 
crete division of tasks: the principal filaments transport 
particles dorsally in a low-viscosity mixed-secretion 
MPS for ingestion, while the ordinary filament plicae 
transport excess particles ventrally in high-viscosity acid 
MPS clumps which travel on the ciliated surface. The 
entire feeding pathway of P. magellanicus consists of 
semi-enclosed spaces (principal filaments, dorsal tracts, 
oral groove and peribuccal region, oesophagus), and 
this corresponds to the dominance of low-viscosity 
mixed-secretion MPS on all of these epithelia. However, 
the rejection pathway of the gills is totally open (ordi- 
nary filament plicae and ventral tract), and this corre- 
sponds to the prevalence of high-viscosity acid MPS 
mucocytes and secretions in these regions. 

In the homorhabdic gill of Mytilus edulis all filaments 
are identical and all intercepted material is transported 
to the ventral groove in a homogeneous, intermediate- 
viscosity mixture of MPS, such that there is no distinc- 
tion between the tasks of ingestion (feeding) and rejec- 
tion (cleaning). The ability of the ventral groove to open 
as observed in video endoscopic recordings may, how- 
ever, constitute a means of ingestion volume regulation 
in this species. In addition, the mussel was observed to 
detach the dorsal bend from the mantle, thereby treat- 
ing a shunt similar to that described for Placopecten 
mageUanicus (Beninger et al. 1992). This would consti- 
tute a means of reducing particle clearance and hence of 
ingestion volun~e control. 

Although a theoretical argument has been made that 
at the low Reynolds numbers under which particle-gill 
interactions have been assumed to take place, water 
currents can and do suffice to transport particles des- 
tined for ingestion (Jsrgensen 1981, 1990, Jsrgensen et 
al. 1984), the experimental data are consistent with the 
use of mucus at all times. Furthermore, recent research 
has demonstrated that many benthic suspensivores 
actually feed using structures operating at intermediate 
Reynold's numbers (Shirneta & Jumars 1991); the exact 
situation in bivalves should thus be ascertained. 

The question of the mechanism of particle selection 
remains unanswered, although the current and previ- 
ous studies indicate that selection probably takes place 
in the presence of mucus of some type (see Beninger 
et al. 1992 for review). This question has proven in- 
tractable to date, and constitutes a challenging field 
for further research. 
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Given t h e  importance of mucus  in  t h e  feeding 
process, detai led histochemical s tudies  could allow the  
types of secretions a t  t h e  different sites of t h e  various 
bivalve gill types to  b e  characterized. Data available for 
t h e  composition of gill mucus  in  Crassostrea gigas show 
that  over 97 % is water ,  with t h e  remaining 3 % being 
composed of a s h  a n d  organic matter  (Bernard 1974). 
Data on energet ic  cost of m u c u s  production by  t h e  gill is 
not  available for a n y  suspension-feeding mollusc; how- 
ever ,  it should b e  noted that  only a fraction of t h e  mucus  
produced  i n  feed ing  is 'lost' to t h e  environment;  a n  un-  
k n o w n  a m o u n t  is ei ther  re-absorbed b y  t h e  peribuccal 
o rgans  (Beninger  e t  al. 1990a, b )  o r  ingested along with 
t h e  food particles. T h e  greatest  energet ic  cost would 
probably b e  incurred i n  t h e  production of pseudofeces, 
w h e n  t h e  bivalve uses mucus  to remove excess particles 
from t h e  gills, mantle ,  a n d  peribuccal o rgans  (Winter 
1978). In t h e  field, however ,  t h e  production of pseudo- 
feces would also b e  accompanied by  g u t  fullness, a n d  
h e n c e  a n  a d e q u a t e  e n e r g y  balance to support  m u c u s  
product ion for rejection. T h e  u s e  of m u c u s  is thus  a 
s imple,  a n d  probably energetically economical compo- 
nen t  of bivalve suspension-feeding.  
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