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REGENERATION OF THE INHALANT SIPHON OF
MESODESMA MACTROIDES (DESHAYES, 1854) (MOLLUSCA: BIVALVIA)

Jesus D. Nufiez!. 2, Marcelo A. Scelzo?.2 & Maximiliano Cledén?. 2*

INTRODUCTION

Infaunal biota faces the compromise between
predation avoidance and contact with the sur-
face to maintain such biological functions as
feeding, excretion, respiration, and reproduc-
tion. A compromise is attained, in the case of
bivalves, through the siphons, optimising the
interaction with the superficial environment
(McLachlan et al., 1995). However, the expo-
sure of these structures can enhance the risk
for predation, making infaunal bivalves more
vulnerable to tissue cropping by browsing feed-
ers, such as crabs (Kamermans & Huitema,
1994), pelagic juvenile flatfishes (Trevallion
et al., 1970) and birds (Zwarts, 1986). Siphon
cropping has been reported for several bivalve
species (Trevaillon, 1971; Hodgson, 1982; Pe-
terson & Quammen, 1982; Zwarts, 1986).

Many bivalve species have siphons, which
can be seen as a renewable resource, if they
regenerate after cropping (Penchaszadeh,
1983; Pekkarinen, 1984; Riera, 1995; Luz-
zatto & Penchaszadeh, 2001). Such processes
function as secondary production to higher tro-
phic levels in food webs. However, regeneration
occurs at the expense of somatic growth and
reproduction, affecting fithess (Geller, 1990;
Peterson & Quammen, 1982; Kamermans &
Huitema, 1994; Irlandi & Mehlich, 1996).

The yellow clam Mesodesma mactroides is
an intertidal suspension-feeder, well adapted
to its life mode (Narchi, 1981). It is an endemic
infaunal inhabitant of the Atlantic coast of
South America from southern Brazil to northern
Patagonia, Argentina (Castellanos, 1970). In
Argentina, its populations occur over 375 km
of sandy beaches.

The inhalant siphon of M. mactroides is
fringed with three series of unpigmented ten-
tacles. The innermost series comprises eight
tentacles, the largest and most ramified of the
crown, which are directed inward as water en-
ters the mantle cavity. These primary tentacles

are interspersed with by small foliose tentacles,
which are also inwardly directed, so that the
inhalant aperture is, in effect, covered by a
coarse sieve when active (Narchi, 1981).

In this study, we conducted the regeneration
process of artificially cropped inhalant siphon of
M. mactroides at different seasons and levels
of artificial severing to establish regeneration
time in each condition.

MATERIALS AND METHODS

Individuals of M. mactroides were collected
at Punta Mogotes beach, Argentina (37°59’S,
57°33’'W). For a standardized of size range,
only clams with shell length 4—6 cm were used.
They were placed in 96 cm3 plastic aquariums
with sand in an open system of unfiltered
seawater. Before starting the experiments the
animals were maintained for acclimation under
these conditions for two days. In order to main-
tain a stable photoperiod characteristic of each
season, artificial illumination was controlled.
Water temperature was measured with an alco-
hol thermometer to the nearest 1°C and salinity
with a refractometer to the nearest 1 ppm. The
averages winter and spring temperature were
10.5 (£ 2.9)°C and 15.7(+ 3.4)°C respectively.
All systems simulated reported field densities
of 577 individuals/m2 (Bastida et al., 1991).To
make the siphon nipping, the inhalant siphons
were cut using surgery scissors after being
placed in low oxygen sea water and relaxed
with a solution of MgCl,, following the proce-
dure of Miloslavich et al. (2004).

Morphology of regenerating tentacle crown
was studied on fixed tips (4% seawater form-
aldehyde) of nipped siphons under a stereos-
copic microscope. The regenerating crown
of two randomly choosen individuals was
photographed each two days, during a 20-day
period and then at day 30. Pictures were clas-
sified according to the regeneration degree
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FIGS. 1-6. Mesodesma mactroides. Sequence of regeneration of the tentacle crown during
spring. primary tentacles (p), secondary tentacles(s), tertiary tentacles (t). FIG. 1: One day; FIG.
2: Two days; FIG. 3: Four days; FIG. 4: Six days; FIG. 5: Eight days; FIG. 6: Twelve days.

of siphons, as described in previous studies
on the genus Donax (Miloslavich et al., 2004;
Luzzatto & Penchaszadeh, 2001).

The primary tentacles were used as a param-
eter of siphon regeneration, because they grow
until full regeneration. In the following experi-
ments, the lengths of the 5 primary tentacles of
two individuals of each group were measured
(ten tentacles in total) under stereomicroscope
each two days until the tentacles stop growing. To
avoid the tentacles retraction, each individual was
relaxed and inhalant siphon was cut thereafter.

Effect of Siphon Nipping at Different Cut-Levels

To study the effect of the level of cut on time
and regeneration pattern, 80 yellow clams
were divided into two groups. The distal 1 cm
of the inhalant siphon was cut in one group and
the distal 5 cm in the other. The clams were
returned to the tank.

Seasonal Regeneration Rate

In order to compare differences in regenera-
tion rate between winter and spring, the distal 1
cm of the inhalant siphon was cut to one group
of 40 individuals in each season.

Effect of Laboratory Conditions

Afield experiment was conduced in a plastic
tank of 96 cm3 during spring. It was burrowed
into the beach until flush with the sand and
covered with a plastic net of 1-cm mesh size
to prevent the escape of clams. The distal 1 cm
of the inhalant siphon was cut to one group of
40 individuals.

Data Analysis

Data were analysed with repeated mea-
surements ANOVA (rmANOVA). The principal
effects were adjusted for sphericity violation
using the corrections of Greenhouse-Geisser
(G-G), Huynh-Feldt (H-F) y lower bound esti-
mate (Lowr. Bnd). The results were analysed
a posteriori with the test of Tukey.

RESULTS

In the winter experiment, clams developed
the first rudiments of siphons at the first day
after treatment. On the sixth day, the second-
ary tentacles started developing. On the twelfth
day the tertiary tentacles started developing. In
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FIG. 7. Inhalant siphon of Mesodesma mactroides.
Rate of regeneration of primary tentacles in differ-
ent seasons. The black bars correspond to winter
experiment and the white bars to spring experiment.
Stars indicate statistical significant differences.

— 0.45+
£

£ 0.40 M
0.35+
0.304
0.25+
0.20
0.15+
0.10+
2 0.05+
@

-1 0.004 S mEl EE T
2 4 6 8 10 12 14 16 18

Time (days)

h of primary tentacle

FIG. 8. Inhalant siphon of Mesodesma mactroides.
Rate of regeneration of the primary tentacles in
different levels. The black bars correspond to the
individuals nipped at 5 cm and the white bars those
nipped at 1 cm.
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FIG. 9. Inhalant siphon of Mesodesma mactroides.
Rate of regeneration of the primary tentacles in
different experimental conditions. The black bars
correspond to the laboratory experiment and the
white bars to the field experiment. Stars indicate
statistical significant differences.

spring, the regeneration took place faster than in
winter. The first rudiment of siphon appear at the
first day after treatment (Fig. 1), the secondary
tentacles appeared six days after cutting (Fig.
3) (as in winter), but the tertiary tentacles eight
days after that (Fig. 5). Figures 1 to 6 show the
sequence of regenerations in spring.

Effect of Siphon Nipping at Different Cut-levels

No significant differences were found be-
tween treatments (F = 1.67; df = 8; p > 0.05).

Seasonal Regeneration Rate

Significant differences were found between
winter and spring treatments (F = 9.19; df = 5;
p < 0,05), and the test of Tukey showed differ-
ent spread from the eight day until the end of
the experiment.

Effect of Laboratory Conditions

Significant differences in tentacle length of
spring field and laboratory treatments were
found (F = 7.66; df = 5; p < 0,05). The test of
Tukey also demonstrated significant differ-
ences as early as the fourth day, showing a
faster growth in the laboratory experiment than
in field experiment.

DISCUSSION

The regeneration process started a day after
the ablation of the distal end of the inhalant
siphon, when the primary tentacles initiate
their development. The most dramatic events
in the regenerating process of the inhalant
siphon were detected within the first 96 hours
after the treatment, with fast regeneration of
primary and secondary tentacles, whereas
the regeneration of tertiary tentacles delayed
until the twelfth day in winter and eighth day
in spring. Therefore, primary and secondary
tentacles must play a more important role in
providing basic functionality to the siphon.
The slow process of regeneration observed
within the first day after ablation of the tentacle
crown occurs probably due to the malfunctio-
ning of the siphon addition the physiological
adequation needed for the tissue reparation,
therefore limiting the food and oxygen intake
of individuals with removed tips.

The regeneration time registered during
both season experiments was longer than that
reported by Luzzatto & Penchaszadeh (2001)
for Donax hanleyanus, Miloslavich et al. (2004)
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for D. denticulatus, and Pekkarinen (1984) for
Macoma balthica.

The time in the regeneration process of the pri-
mary tentacles was related with the season (Fig.
7). Similar results were found in Nuttallia oliva-
cea by Tomiyama & Kinuko (2006). This could be
explained by the higher temperatures in spring,
which accelerates the process or a higher food
intake due to spring algal blooms. The rate of
regeneration in M. mactroides was independent
of level of siphon ablation (Fig. 8).

In the field experiment, the total time required
to complete regeneration was similar to that
under laboratory conditions, but in the former
case, the process started sooner (Fig. 9). The
rapid initial tentacular growth in field conditions
suggests a reallocation of energy to crown
formation. The delay in the regeneration start
in the laboratory experiment probably was due
to some non-simulated environmental variable,
such as wave frequency.

This optimizes filtration, which would be of
high energetic cost for the individuals of the field
experiments due to the amount of suspended
matter to filter.

Siphon loss reduces burrowing depth (Zwarts
& Wanink, 1989; Zwarts et al., 1994; de Goeij et
al., 2001; Meyer & Byers, 2005), increasing the
risk of lethal predation by crabs or shorebirds,
and decreasing feeding activity (Peterson & Skil-
leter, 1994; Skilleter & Peterson, 1994; Zwarts et
al., 1994; de Goeij & Luttikhuizen, 1998). Rapid
siphon regeneration is probably necessary for
bivalves to attain sufficient reburial depth as soon
as possible (de Goeij et al., 2001). In M. mactroi-
des, siphon nipping reduces the deep of burrow-
ing increasing the mortality by predation (Cledén
et al. submitted), as reported in the bibliography
in other bivalves (Haddon et al., 1987; Smith et
al., 1999; Whitlow et al., 2003). So the clams
would need to regenerate the tentacle crown to
improve filtration optimising the available energy
for recovering the normal deep of burrowing.

In this study was observed that individuals be-
longing to the same clam population increased
the regeneration rate from winter to spring. It is
still to be tested if these rate influences in the
time that the clams remain exposed predators.
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