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Various crab stages commencing with the invasive stage to adult stages of male and female
in the life cycle of Pinnotheres vicajii infesting the edible clam, Paphia malabarica, occurring
in the Mandovi estuary of Goa have been described. Except the adult male and female the rest
of the stages have been described here for the first time in this species. Zoeae larvae liberated
from the eggs carried by ovigerous females are characterized by the presence of 3 spines on the
carapace. Comparison of these larvae with those of other species has been attempted. Plank-
tonic zoeae larvae in the estuary occur almost throughout the year with 2 peak periods in May-
June and December-January, coinciding with high salinity conditions of waters. Egg counts
of 12 ovigerous females of different sizes show a minimum of 611 and a maximum of 3800 with
an average of 1853 eggs. An attempt has been made to study the host-symbiont relationship.
No signficant damage has been noticed on the soft parts of the host and there is no marked dif-
ference in the meat weight — whole weight relationships of the infested and non-infested clams.
However, a slight decrease has been noticed in the averages of meat weights of infested clams
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in the bigger whole weight groups.

some of the economic bivalve species, frequent

occurrerce of a small pirrotherid crab in
the mantle cavity of the clam, Paphia malabarica
(Chemnitz) has been noted. It has been ascribed
to the little krown species of Pinnotheres vicajii
Chhapgarl-2 with which it agreed in most taxoromic
characters with miror differences. All heterospe-
cific associatiors, other thkan predation are now
recognized to be symbiotic associations. The ecolo-
gical term, ‘ symbiosis’ meaning ‘living together’
is categorized into parasitism, mutualism, commen-
salism and phoresis®. Accordingly P. vicajii is a
symbiont within P. malabarica. A symbiont-host
relationship is difficult to be categorized witlout
a knowledge of the biology of both the species
involved and a thorough understardir g of tle rature
and extent of dependence, mutual or ore sided,
complete or partial ard whether such ar association
is accompanied by derivirg or conferring benefit
or causirg or receiving harm by one or the other of
the two partrers. Whether the type of association
of Pimnotheres spp with bivalve molluses could be

.WHILE studyirg the breeding periodicities of

" considered in gereral as ore of commensalism or

parasitism is rot fully arswered. Wkile Rathbun?
has considered a large number of Americar species
of Pinnotheres as commensals, Orton® ard Christen-
sen and McDermott® have regarded P. pisum and
P. ostrewm to be parasitic in the oysters causing at
times immerse injury to the host tissues. Silas
and Alagarswami’ have also roticed a species of
Pinnotheres parasitic in the clam Mereirix casta.
The main damage roted in all cases is the irjury
to the labial palps ard gill Jamellae. For a sym-
biotic association to be recogrized as parasitism,
there should be metabolic depercence of tle
symbiont on the host® as in mutualism. In case
of commensalism ard phoresis such metabolic de-
penderce of the symbiont on the host is wantirg.

It has been argued that if Pinnotheres ever habitually
feeds on the labial palps or the gills of the hLost, the
association could be recognized as parasitism. How-
ever, in all observed cases, Pinnctheres is krown to
{eed or mirute orgarisms brought into the mantle
cavity by ciliary currerts ard gettirg ertargled in
the mucus overlyirg the gills ard the palps of the
Lost3. Tke crab directs this mucus vertral to the
body with the help of the walking legs while the
chelipeds gather the orgarisms ard pass them irto
the mouth. It is in sbort a commersal mode of
feedirg. Itisin thisact, the vigorous movements of
the crab’s appendages brirg about a certain
amourt of injury to the host. By interferirg with
tke rormal feeding activity, the symbiort may still
bring e2tout a certain amourt of physiological im-
balarce in the host, but direct evicerce is lackirg.

Pinnotheres spp exhibit strorg sexual dimorphism,
tke males beirg recognizable irom the females rot
orly by tlLeir smaller size but also by their secordary
sexual characters. TLe crab plases irlabitirg the
host’s martle cavity differ irom ore arothker at
difierert growth stages. Mating in a few cases is
stated to take place in the macroenviorrmert i.e.,
tke ambiert ervironment of tke hLost ard in others
possibly within the microervirorment i.e., within
the host’s mantle cavity. Tke rumber of zoea stages
is also known to vary with species. Most pinro-
therid species {rom the Irdian subcontinert, in-
cluding P. wvicajii, are knowr hLitherto orly from
the adult structure of male ard females. In view
of the paucity of information on the subject ard
ready availability of tke material, ap attempt is
made here to study all the crab stages of P. vicajii
irfestirg P. malabarica, the iree livirg larvae, their
aburdarce ir the ambient environmert ard the
host-symbiont relatiorships as far as possible. P.
malabarica, being a much used clam as food in this
regior, a krowledge of the nature ard effects of its
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infestation by the symbiont will not be without
scientific interest.

Materials and Methods

In order to study various crab stages of both males
and females of P. vicajii, fortnightly samples of the
host clam, P. malabarica, were obtained over 2 yr
{from June 1972) from the Mandovi estuary close
to the Panaji city of Goa. Samples were brought
to the laboratory and a small number of clams were
examined in fresh condition to obtain the live crab
stages for careful macro- and microscopic examina-
tion. The rest of the sample was preserved in 59,
formalin for a week. The clams were then measured
(in mm length). After taking whole weights they
were opened to note the exact positions of the
symbiont crab in the mantle cavity and the extent
of damage, if any, on the host tissues. Number of
symbionts in each host, whether they were males
or females and their growth stages i.e., invasive,
prehard, hard and soft stages were noted. Meat
weights and sex of the host were also noted to find
out differences, if any, in the meat weight-shell
weight relationship in the infested and the non-
infested clams.

While examining fresh clams, berried female crabs
with eggs in advanced stages of development were
- carefully removed and kept in finger-bowls contain-
ing sea water, which was changed daily until the
zoea larvae were liberated. The structure of these
larvae was studied and compared with similar larvae
in allied species earlier described. Larvae were
reared in small groups in separate firger-bowls over
10 days, but no further development took place
under laboratory conditions.

Planktonic larvae conforming in structure to the
hatched out larvae were obtained in tow-net
collections in the estuary at 3 selected stations. In
these collections some megalopae with 3 rudimentary
carapace spines have been considered to belong to
the present species. Monthly frequencies of both
the zoeae and the megalopae from these stations
have been worked out to find out their seasonal
abundance.

Results

Mature female — Mature ovigerous females were
obtained in varying numbers in almost all months
of the year in the clams examined. In the total
females examined each month, they were on the
increase from January (29-419,) to April (72-29;);
February and March registered 35-89 and 45-169%,
tespectively. The numbers of the ovigerous females
gradually diminished from May (38-49,) to July
(nil 9%,). Description of the ovigerous females is
as follows:

Yellowish brown; carapace subquadrate with
width exceeding length (6-5x 5-8 mm); surface soft,
smooth, slightly convex; with one anterior median
oval elevation and 2 transverse elevations behind,
marked off by faint depressions on surface; front
slightly elevated; eyes small reddish brown and
partially covered by front; posterior margin of
carapace straight; broad and about 2% times wider

than front; orbits subcircular; antennules shorter

than diameter of orbits; antennae large; merus-
ischium of the pair of external maxillipeds evenly
curved on outer border and about 4 times larger
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than carpus, set with long hairs on flat side ard also
on anterior and inner borders; submarginal setae
on outer border extremely small; carpus small, round
and hairy on outer border; propodus lorg, broad,
distally rounded, extending a little beyond the inrer
anterior border of merus-ischium ard setose on its
outer border; dactylus long finger-like articulating
at about inner middle portion of propodus and hairy
at tip (Figs. 1-3). 3
Merus-ischium and carpus of cheliped slender;
palm flat elongated, length exceeding 3 times the
width; propodial finger and dactylus toothed at
opposing bases and overlapping distally at recurved
tips; dactylus with single tooth fitting in interspace
between 2 smaller teeth on opposirg face of pro-
podial finger; interspace on dactylus also with 2 or
3 minute denticulations (Figs. 4 and 5); walkirg
legs in 4 pairs, 3rd pair the lorgest; first pair
shorter than the 4th pair; left side apperdages oiten
slightly longer than the right side ones; dactyli of
all walking legs pointed at tips and gradually
increasing in length from the first to the last pairs;

Figs. 1-6 — Pinnotheres vicajii [Fig. 1: Dorsal view of ovi-
gerous female. Fig. 2: Ventral view of ovigerous female
with eggs. Fig. 3: External maxilliped of the same. Fig. 4:
Palm of cheliped showing the structure of dactylus and
pro&:mdial finger. TFig. 5: Magnified view of the inner portion
of dactylus (d) and propodus p) showing the arrangement of

teeth. Fig. 6: Dorsal view of the hard stage female] -
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coxae, inrer basal portions of merus-ischia of all
walkirg legs, irrer distal portiors of propodi of 3rd
and 4th and occasiorally of the 2nd pairs of walkirg
legs hairy (Fig. 1).

Abdomen broad, wider than the base of carapace,
flexed ventrally, extendirg from behird forwarcds
coverirg coxapodites of all walking legs; entire
margin finely setose; irrer surface of abdomen ard
outer surface of throrax hollowed formirg a pouch
holding rumerous eggs borre in clusters by 4 pairs
of abdominal apperdages (Fig. Z).

Carapace dimensions in specimens of ovigerous
females rarged from 4-5-7:8 mm in lergth ard 5-0-8-2
mm in width.

Hard stage female — Hard stage females corform-
ing to the following descriptionr Lave beer met with
sporadically.

Carapace circular, well calcified, lergih equal
or almost equal to width (2:7x27 mm); {ront
between eyves elevated, straight and % of the width
of carapace; eyes well developed and comparatively
smaller in size ard chelipeds ard walking legs
relatively slender ard lorger than in same stage
male; inner border of palm of cheliped hairy from
base to tip of propodial firger; teeth ard setae or
opposing fingers as in other stages; coxae of all four
pairs of walking legs setose; 1st pair of walkirg legs
with very few mirute setae on all joints; 2nd pair
of walking legs more hairy than the 1st especially
in joints of left side leg; 3rd and 4th pairs with
densely branched setae on merusis-chia, carpi and
propodi; dactyli of all walking legs minutely setose
(Fig. 6).

Abdomen very rarrow, about a % of width of
carapace, extending forwards ventrally, fitting into
sterral depressions; margin of abdomen hairy; dis-
tinguishable {from male by absence of copulatory
appendages and presence of minute biramous
apperdages in 4 pairs.

Posthard stages of female — Hard stage female
is stated to be in stage I, which undergoes successive
moltings resulting in soft stages II to V. In these
the carapace grows in dimensions, gradually ceases
to be roundish and assumes a subquadrate form;
the abdomen which is narrow to begin with, widens
and takes the form of a cup; and the abdominal
appendages from their rudimentary condition are
elaborated in structure becoming biramous and
setose. At stage V, the gornad, which is deep orarge
red is clearly seen through the translucent carapace.

The posthard stages of female met with in the
clam hosts were all above 3 mm of carapace lergth.
A good number of them in successive stages were
met with in clams examined in several months, but
were abundant in July 1974.

Hard stage male — These have been met with
round the vear. Colour grayish brown against a
background of pale yellow; carapace hard, convex,
smooth, well calcified without trace of anterior
angles; eves orbicular; front between eyes straight
and slightly elevated, measuring about 1} of
carapace width; posterior border broadly rourded,
but straight at articulation of abdomen; anterior,
middle ard posterior elevatiors on carapace rot
prominent and marked off by faint depressiors on
surface bordering them. Merus-ischium of external
maxilliped as in female, but relatively smaller;
carpus small and rounded and hairy on outer
border; propodus long; narrow extending consider-

ably beyond the level of merus-ischivm ard hairy
on outer border (Figs. 7 ard 8§).

Merus-ischium and carpus of cheliped moderately
stout; palm prominently bulged at base of claws;
dactvius claw-like, prominently arched and with
a sirgle promirert tooth at base; propodial finger
also claw-like, distally overlappred by recurved tip
of dactylus (Fig. 9); tooth ot dactylus fittirg in
interspace between two small teeth on inner suriace
of propedial finger; irterspzce also bearirg 2 or 3
other mirute inconspicuous teeth-like projectiors;
opposing inrer surfaces of the claws setose; palm
ard propodial firger hairy.

Walking legs in 4 pairs, 3rd pair being tke longest,
Ist pair about the same length as the last pair or
slightly longer, but alwavs more slender than
others; Zrd pair longer than the Ist ard the 4th;
dactyli of walkirg legs recurved ar.d skarp pointed;
brarched setose hairs presert on merus-ischium,
carpus ard propodus, both or upper ard lower sur-
faces in the 4th walkirg leg ard or the Tower
surfaces orly on Znd ard 3rd walkirg legs; dactyli
of all walkir g Tegs setose; coxee of all apperdages
also setose (Fig. 7).

Abdomen rarrow (Fig. 10), mecsurirg clovt a
4th of width of carapece, 7 segmented, fexed

Figs. 7-13 — Pinnotheres vicajii [Fig. 7: Dorsal view of the
hard stage male. Fig. 8: External maxilliped of the same.
Fig. 9: Palm of cheliped showing the structure of dactylus
and propodial finger. Fig. 10: Ventral view of the same
showing the narrow abdomen and the location of copulatory
pleopods.  Fig. 11: Copulatery pleopod. Fig. 12: Tip of
copulatory pleopod enIarged.allfig. 13: Dorsal view of soft
male]
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behind fitting ventrally in sternal depression, copu-
latory pleopods blade-like wide at base, narrow
distally, outer and inner margins hairy, tip minutely
lobed, channel running from tip to base (Figs. 11
and 12); 2nd pair of pleopods very small rod-like
and witkout hairs.

Carapace width of hard shelled males in the
samples rarged from 3-0-4-3 mm and length from
3:0-41 mm.

Soft-shelled male — Generally about the same
size as the hard stage male or slightly larger;
carapace soft, smooth and orbicular; front elevated
and % width of carapace. Eyes well exposed
dorsally; anterolateral angles of carapace slightly
rounded; anternules and antennae as in hard male;
chelipeds and walking legs slender and longer than
in hard male; coxae of chelipeds and of all walking
legs setose; all walking legs sparsely setose on upper
and lower borders. Hairs on Inner distal portions
of propodi of 3rd and 4th walking legs often longer;
some specimens marked by greater sparsity of
hairy outgrowth than others on the walking legs;
abdomen narrow, 4 the width of carapace, flexed,
fitting into sternal groove extending up to base of
chelipeds as in hard male (Fig. 13).

Carapace dimensions of specimens examined
ranged from 2-3-3-8 mm in length and 2-:3-3-8 mm
in width. This stage is usually termed the stage
IT male. In males there are no other stages
succeedirg this.

Prehard stage — Commonly obtained
monthly samples of clams.

Carapace round, length about equal to width
(2:1 ¢ 2-2 mm), soft and yellowish; front broad and
slightly elevated; eyes prominent and rounded;
chelipeds and walking legs slender and elongate;
hairy outgrowths on appendages sparsely distri-
buted; 3rd pair of walking legs the longest and the
last pair shortest; externally sexes indistinguishable
(Fig. 14).

Carapace dimensions of specimers examinred
ranged from 1-2-2-6 mm in length and 1-3-26 mm
in width.

Invasive stage — This is the smallest crab stage
observed in fair numbers in the host in March-April.

Light grayish brown against pale yellow
background colouration; carapace oblong, length
greater than width (1-3x1-2 mm); front elevated;
slightly bilobed, prominently angled at sides and
4 the width of carapace; posterior region rather
truncate at articulation of abdomen; eyes large,
teddish brown, very prominent; chelipeds stout;
palm hairy and proportionately wider than in other
stages; claws slender and much overlapping; walk-
ing legs in 4 pairs; 1st pair slender and shorter than
the 2nd and last pairs, 3rd pair the longest; 3rd
pair of walking legs with moderately long setae on
merus-ischium and much branched setose hairs on
upper and lower surfaces of propodus, those on upper
distal surfacz being the longest, extending far
beyond the tip of dactylus; last pair of walking legs
with branched setae on lower surface of propodus:
dactyli of all walking legs claw-like and sharp
pointed (Fig. 15).

Carapace dimensions of specimens examined
ranged from 1-3-1-4 mm in length and 1-1-1-2 mm
in width. '

Zoea larvae — After completion of the embryonic
development, fully formed zoea larvae were liberated
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in most

from the eggs carried by berried females kept urder
observation in finger-bowls (Figs. 16 and 17). In
structure they were typical of the crab zcea with
some special features as described below:

Colour light yellowish brown ; carapace 525 pm in
length by 415 pm in width ; rostral spine about 350 um
long directed forwards, lateral spines 1 pair,
directed slightly Lindwards; eyes large 150 pm in
diam. antennule uniramous, antennae biramous,

mandible with palp, maxillae in two pairs; maxil-

lipeds in 2 pairs, well developed ard biramous;
exopodite of each maxilliped with 4 lorg plumose
setae at distal joints; abdomen well developed, dorso-
ventrally flattened, narrow at crigin {rom cephalo-
thorax, considerably broad posteriorly, 5 segmented,
last segment widest about 300 pm broad; telson
trilobed, medien lobe ovate, lateral lobes large, free
margins produced into sharp spinous processes;
three setose spires on either side movably articulated
on lateral lobes adjoining median lobe (Fig. 18).

The zoeae could be kept alive for a maximum
period of one week, but most of them died even
after the 3rd day. An attempt was made t6 feed
them with phyteplankton, but no further changes
took place beiore they died.

Figs. 14-19 — Pinnotheres vicajii [Fig. 14: Prehard stage.

Fig. 15: Invasive stage setose hairs on the 3rd and 4th

walking legs may be noted). Fig. 16: A portion of the egg

mass enlarged. Fig. 17: Zoea larva lateral view. Fig. 18:

Telson of zoea larva showing the trilobed nature with setose
spines. Fig. 19: Megalopa]
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Megalopa — In the life-history of Pinnotheres
species in general the zoea stages are known to be
followed by megalopa. The zoeae of the present
species of Pinnotheres could not be reared up to
megalopa, but megalopae were obtaired in the
plankton collectiors made in the Mandovi estuary.
In the environment several types of megalopae were
met with, but those with much reduced rostral and
lateral spines on the carapace were considered as
belonging to this species ard have been figured and
described.

Colour pale yellowish brown ; carapace 600 pm long
and 500 pm wide, roundish, anterior border compara-
tively rarrower than posterior border, spines
unpaired rostral and paired laterals much reduced
but still discernable; eves large; cephalic appen-
dages as in zoea but better developed; thoracic
appendages well developed as in adult with 3 pairs
of maxillipeds, 1 pair of chelipeds and 4 pairs of
slender jointed, sparsely setose walking legs with
long dactyli, those of the last pair being the longest ;
abdomen slender, 7 segmented, smaller than cara-
pace, 400 ym in length and 100 ym in width with
4 pairs of jointed setose appendages (Fig. 19).

Frequency of zoeae in plankion — Frequency of
occurrence of zoeae larvae in the plankton samples
from Mandovi estuary conformirg in structure to
the larvae reared under laboratory conditions was
estimated for 1 yr from June 1972 to May 1973.
Three stations were chosen, 1st towards the sea, a
2nd right in the river mouth, and a 3rd a little
farther up the river.

The surface zooplankton samples were collected
using a modified WP-2 net (Unesco®). The plankton
net was made of nylon gauze with a mesh width of
0:3 mm. Duration of haul varied 3-5 min and on
an average 70 m® of water was filtered/haul. An
aliquot sample of 100 ml was examined for the
number of larvae, each fortnight and averaged for
each month at each station.

The larvae (Table 1) were found to occur all the
year tound except in the month of August. In

general their occurrence was greater at the 2nd
station and there were 2 peak periods of abundance,
i.e. in December-January and May-June periods.
It appears thus the species breeds round the year
and that the appeararce of the larvae in the surface
waters of the estuary is in fair to rich rumbers {rom
November onwards of 1 yr up to Jure oi the
followirg year.

Occurrerce of the megalopae in the plankton,
however, did not follow the same pattern as the
zoeae. They have been roticed orly in the months
of September and December in a few numbers. It
is likely that the megalopae irhabit the subsurface
layers of the water column rather than the upper
layers wherefrom dlone the plankton was collected
for estimation of larval aburdarce.

During the period of observatiors, taking all the
stations together, the water temperatures varied
only within a small rarge from 26°C (February) to
32:05°C (April) (Table 1). Salinity variatiors how-
ever, were in a wider range irom 3-76%, (July) to
35-84%, (May). From July to September the salinity
was low at aBstatiors and correspondingly the larval
abundance was also either very low or altogether
nil. During the highest abundarce of larvae in
December-January, the salinities were on the in-
crease in all the statiors as compared with those
obtained in previous months. During the month
of May also when 2rd peak of larval abundance was
noted, the salirity value remained fairly high.
There.is thus an irdication that higher ranges of
salinity of waters are favourable for the larvae to
thrive. Of the 3 stations, the one right on the inlet
has shown greater abundance of larvae.

Fecundity — Egg counts were taken in 12 oviger-
ous females with carapace ranging in lergth from
5-0-7-8 mm and width from 5-7-8-4 mm. Eggs with
initial stages of development, measuring about 400 .
in diam. were orange vyellow and those with
advanced embryos were larger in size and grayish
brown. The number of eggs varied from 611 in
the smallest crab of 5mm to 3800 in the largest one

TasLE 1 — LARVAL FREQUENCY, TEMPERATURE AND SALINITY AT THREE STATIONS IN MANDOVI EsTUuArY, Goa

Month Station 1 Station 2* Station 3% Three
L i T £ 2 stations
Temp. Salinity  No. of Temp, Salinity No. of Temp. Salinity No. of average
°C Yoo larvae °c Yoo larvae °C L7 larvae zoeae
, 1972
June 286 18:01 57 28-60 1772 3 28-80 16-99 3 21
July 269 8:37 0 26-90 8-32 3 27-00 3.76 0 1
Aug. 26-4 13-99 0 26-50 10-28 0 2720 436 0 0
Sept. 27-3 23-59 0 28-40 16-54 0 29.40 11-40 5 2
Oct. 29-98 34-30 4 30-40 2853 6 30-40 2422 0 3
Nov. 28-90 32-85 14 28-85 29-24 7 - 28-90 26-84 4 21
Dec. 2740 3411 122 27-90 3111 22 28-00 28-08 173 106
1973
Jan. 27-75 34-96 52 28-05 33-63 226 28-20 32-29 165
Feb. 26-10 35:59 9 25-85 35-32 11 26-25 35-05 g 142
March 29-45 36-42 14 29-50 35-01 95 29-70 3413 30 46
April 32:05 3567 8 32-00 35-52 70 31-80 35-67 6 28
May 312 35:64 10 30-00 35-84 294 30-50 35-58 43 117
Total — - 290 — = 737 - s 478 502
Avera.ge 28-50 2863 2418 28-58 26-42 61 2885 24-03 32 42

*Sept. — 1 megalopa.

fDec, ==-5 megalopae.

169



INDIAN J. MAR. SCI., VOL. 3, DECEMBER 1974

of 78 mm in carapace lergth. Average number
of eggs in 12 crabs was 1853. In the sample orly
2 crabs had less thar 1000 eggs each, 2 with
2003 ard above ard the rest between 1339 ard
1980.

In Pinnotheres sp. infestirg Meretrix casta, Silas
ard Alegarswemi? have roted 1700 to 2£00 eggs
with an average of 2250, rargirg in dizmeter irom
0-32to 0-38 mm in 6 of the individual crabs exemined.
In the present observatiors the minimvm number
of eggs is less ard the maximum rumber greater
than in the above findings.

It is rot krown how many times an irdividual
crab liberates the eggs in its life time, or in 1 yr or
even in ore breedirg seasor. In the presert
observatiors it has beer fourd that ore ovigerous
female after liberatirg all the larvae, molted 2t tke
erd of 40 hr ard became berried in the rext Z4 Lr.
However, in other berried females tkis behaviour
was rot observed urder laboratory corditiors.
From the above firdirg ard from thke occurrerce
of berried females in tke Lost clams ard also the
plarktoric zpea in the enviorr mert rourd the year,
the rate of fecundity appears to be very high.

Life-cycle — In the present species of Pinnctheres
from Paphia malabarica the earliest iree livirg stage
is the zoea which is followed by the megalopa, both
' stages being planktonic. The berried crabs carry-
irg advarced stages of embrvoric developmert
when kept in firger-bowls cortairirg sea water,
liberated fully developed zoea larvae descrited in
the foregoing account. The plarktoric larvae were
identified in the samples {from the ervirorment with
the help of hatched out larvae observed in the
laboratory.

The first crab stage met with in the host is the
invasive stage which is capable of swimmirg
movements with the help of powerful setose out-
growths on the 3rd arnd 4th pairs of walking legs.
The followirg stage is the prehard stage, which is
sparsely setose. The sexes are externally irdistin-
guishable in both these stages. In the next stage,
the hard stage, the males are with a promirert pair
of copulatory apperdages ard females with rather
small biramous appendages in 4 pairs on the flexed
abdomen. The hard stage individuals regarded
as stage I of both sexes are densely hairy on their
appendages, more so in males than in females. The
walkirg legs are relatively more slender in females
than in males. It appears from tke structure of
the setose appendages that the hard stage ores are
capable of leavirg their hosts in search of their mates.
In comparison with some of the American species
in which the life histories have been fully worked
out, it is possible that in the present species also
pairirg takes place in the waters outside the host.
Thereafter, mortality of males occurs in large
numbers whilst the females reenter the host’s mantle
cavity, often accomparied by one or two males.

The hard stage ores undergo molting, with
increase in growth ard resultirg in soft stage ones
of the resepctive sexes. The males do rot grow
beyond stage II ard they have been found not to
exceed about 4 mm whereas the females grow much
larger up to 8 mm in carapace width as a result of
greater number of molts passing through stages.II
to V. Molting takes place even after the liberation
of the first brood of larvae, as has been actually
observed on one occasion in the laboratory.
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Infestation by symbiont and-its effect on host — It
is understardable that Pimnctheres is berefited by
obtairirg food and shelter in the mantle cavity of
the host, but it is often difficult to assess the
harmful efiects produced on the host. In the present
observatiors in more than 999, out of over a
thousard clams examired, ro visible damage either
to the labial palps, gills or the mantle has been
roticed. In a regligible rumber i.e., 4 among in—
fested c'ams ard 7 @mong non-infested clams the
gill surface has shown small patches of erosion, but
it is difficult to attribute these injuries to the
irfestation by P. vicajii. '

To ascertain exact location of symbiorts in the
martle cavity of the host ard also relative propor-
tiors of various crab stages infestirg the clams, a
sample of 229 clams was examired durirg March
to Mayv 1974 when all the stages simultaneously
occurred. It was found that 91 clams (39:79)
were infested, 2 with 2 symbiorts each, 1 with 3
symbiorts and 88 with 1 symbiont each. Of the
total of 95 symbionts, Z0 were adult ovigerous
females, 16 soft ronovigerous females, 4 hard shelled
females, Z0 hard shelled males, 2 soft shelled
stage 11 males, 25 prehard stage crabs and 8 invasive
stage crabs. There were thus fair proportiors of
ovigerous females, Fard stage meles ard prehard
stage ores in the sample, but it may be roted that
these proportiors are expected to vary {from morth
to morth ard to some extent {rom sample to sample
even in the same month. Of the crabs 62-29 was
located on the left side ard 35-719, on the right
side of the martle cavity ard 1-789, in the irhalent
siproral region of the host. It Las been {ound thLat
the preserce of crabs on the left side of the martle
cavity of the Lost is more {frequert. Only thLe
invasive stages have been found sometimes in the
irhalert siplon.

To find out the differerces if any in the meat
weights of the infested and non-infested clams, more
than 130 clams under each category were examinred
at random. In Fig. 20 the meat weights of indi-
vidual clams urder tke 2 categories are plotted
against their whole weights. Also the clams have
been arrarged in whole weight groups at intervals
of 2-5 g ard the averages of meat weights have been

4
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Fig. 20 — Whole weight — meat weight relationship of
infested and non-infested clams of Paphia malabarica by
P. vicajii




shown against the .respective averages of shell
weights, seperately under each category (Table 2).
Fig. 20 shows close overlapping of values plotted
for infested and non-infested clams with only slight
fluctuations met with in both categories. It may
be seen from the table that in the whole weight
groups up to 12-5 g the meat weights have been about
the same or even a little higher but not lower than
those of the noninfested clams. In the whole weight
groups of 15 g and over the average meat weights of
non-infested clams, though regligible, were higher.

In some oysters it has been found that infestation
by Pinnotheres brirgs about in the host populations
a preponderance of male sex due to interfererce
with the host’s normal feeding activity®. An
attempt is made here to verify dominarce, if any, of
male sex in P. malabarica infested by P. wvicajii.
In this clam, males, females and those of indeter-
minate sex have been found to occur round the year.
From the samples collected over 2 yr about 1000
clams at random were examined to ascertain the
relative proportions of the 3 aforesaid sexual phases
in the infested and the non-infested clams, which
were 618 and 447 respectively, the former forming
58:029] in the total (Table 3). - Amonrg the infested
clams 509, was male, 26-189/, females and 24119
- of indeterminate sex, and among non-infested clams

‘TABLE 2 — SHELL-WEIGHT MEAT-WEIGHT RELATIONSHIP IN
- INFESTED AND NON-INFESTED CLAMS

KUMARI & RAO: LIFE CYCLE OF THE PEA CRAB, P. VICAJII

57-949, was males, 10-739, females and 31-319, of
indeterminate sex. It may be seen that the
infection observed is of a2 high order and that in
both the infested and non-infested clams the pro-
portion of males is higher than that of females.
However, surprisingly the infested clams bave shown
relatively lower percentage of males (509;) than
the non-infested ones (57-949%,).

Discussion

The first description of Pimnotheres vicajii by
Chhapgar® was based on the examination of 4
female and 2 male specimers obtaired in Paphia
malabarica off Bombay coast. In all details of the
structure of the carapace and the rature of appen-
dages in the adults, the specimens reported irom
Goa very closely agree with the first descriptior of
the species. Chief among the diagrostic characters
are the outline of the carapace, circular in male and
subquadrate in the female without ary large pig-
ment spots but only scattered grayish granules on
its surfece; merus-ischium of the external maxilliped
being broadly arched, convex on the outer margin
and concave on the inner margin with only slight
differences in the shape and relative positiors of
carpus, propodus and dactylus in the two sexes;
and in the claws of chelipeds the preserce of one
large tooth on the movable firger and two large
teeth on the immovable firger with reduced ones
in the interspace. In the original description it was
stated that the surface of the carapace presented

s_\ . Weight Tnfested clams Non-infested clams 1O elevations and the abdominal fringe in the male
P groups was without hairs, but these characters have been
{whole wt) hﬁltlv- Av. hA"- Av. found in a large number of specimers examined and
g shell wt  meat wt  shell wt meat wt  ,rocented in this account. P. vicajii is distinct
25 1-95 0'55 1-70 0-55 from Rathbun’s'® P. guadratus in that the carapace
30 374 0-67 362 0-66 of male in the latter species is subquadrate and its

75 5:55 1-08 5:67 0:99 . . .

: 100 575 1273 657 115 surface covered with large, irregularly shaped pig-
12:5 9-22 1-97 9-44 1-89 ment spots. Pinnotheres sp. infesting Mereirix casta
150 11-50 2:22 11-34 2-31 described in detail by Silas and Alagarswami’ is
%ZS 12:2‘; %gg }g:‘ﬁ gjg‘g also distinguishable from the present species be-
22-5 17-60 275 1776 3-20 cause of the smooth carapace without any median
250 o —_ 20118 2-85 elevations and also absence of teeth in the claws of

the chelipeds in the former.
TABLE 3 — SEXUAL PHASES OF INFESTED AND NON-INFESTED CLAMS
Month Infested clams Non-infested clams
Males Females Indeter- Males Females Indeter-
minate minate
: 1972
Aug. 31 61 1 9 13 -
Sept. 26 15 — 25 25 2
1973
Jan. 89 77 38 22 1 20
Feb. 23 1 16 21 1 &
March 7 _— 19 1 0 13
April. 25 2 29 34 4 43
May 5 — 1 18 — 4
June 17 = 5 55 — 9
July 21 2 12 8 1 4
1974
March 10 1 11 23 Z 31
April 41 — 12 34 2 5
May 14 1 5 9 1 2
Total 309 160 149 259 48 140
(50%) (25-89%) (2411%) (57-94%) (10-73%) (31-31%)
Total 618 (58:02%) - 447 (41-989,)
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Regardirg host specificity of P. vicajiz rot much
can be said in the light of presert krowledge sirce
in the earlier report and in the presert accourt, it
has been fourd orly in P. malabarica, but tke
possibility of its irfestirg other species of bivalves
or ary other hosts canrot be ruled out. Cloprall
has reported P. deccanensis, P. setnai, ard P. villos-
sima {rom holothurian species of the Irdiar waters.
P. gstrewm which rormally occurs in the martle
cavity of the Americar oyster, Crasscsirea virginica
is ofter foumd in association with other bivalves
like Muytilus edulis ard Aequipecten ard also in other
irvertebrates as the Chaetcpterus tubes®® Tle
European pea crab P. pisum wkich is commor in
Mytilus edulis oiten occurs in other hosts like the
cockles ard oysters. Arother New World species
P. maculatus occurs in a variety of bivalves, viz.
mussels, clems, scallops, Pinna ard also in other
hosts as the ascidiars ard arrelidan tubes®13. Some
of the Japarese pinrothkerids as P. gardcni are zlso
not absolutely hLost specific, cccurrirg in mussels,
oysters, clams, scallops ard one gastropod species,
Umboniumd.

Ir the life-history stages of P. vicajiz some poirts
need special merition Lere, in comparison with the
correspondir g stages obtaired by other workers in

. other species. The rumber of zoea stages is now
known to vary with the species, 5 in P. maculatus'®
41in P. ostrewm® and P. pisum™ and 2 in P. veterum?®,
and P. taylori’® In contrast with these species,
P. vicajii has only 1 zoea stage. While in P.
vicajii the carapace of zoea has 3 spines as in P.
maculatus, there are rone in the zoea of P. ostreum.
In P. vicajii, P. ostrewm and P. maculatus the Ist
crab stage or the invasive stage is met with in the
same host species in which the other growth stages
are also found, but in the case of P. pisum the
invasive stage is krown to occur in the clam Spisula
solidula whereas the rest of the growth stages from
hard stage onwards are completed in the main host
like the mussel. Arother poirt of some interest
is the occurrence of soft shell male in stage IT in
some pirnotherid species. Males generally do not
live beyond the hard stage I as in P. ostrewm, but
in some like P. maculatus ard P. vicajii they live
up to soft stage II. Silas and Alagarswami’ ob-
served a similar stage in Pinnotheres sp. o

In regard to larval aburdarce of P. wvicajii in
Mandovi estuary in relation to enviorrmental cor-
ditiors, it has been poirted out in the foregoing
account that the peaks of their occurrerce coirciced
with periods of high salinity corditiors ard that
they were poorly represerted, if rot altogether
absert, in periods of extremely low salirities. It is
pertirent in this conrection to rote that Beach?®!
has found salinity exerting a marked effect on the
larval development of P. ostreum, embryonic deve-
lopment in that species beirg rot possible in
salivities below 15%,, thLough the adults could
tolerate such low salinities. Kruckzrski** fourd
that P. maculatus in Bogue Sourd, North Carolina,

- all stages were more abundart rear the inlets of the
sourd where the salinities were high. 2 )

As regards the effects of Pinnotheres on host species
observed by various workers, the available irfor-

. mation has been reviewed by Silas ard Alagar-
swami?”. Gill erosior, demage to labial palps,
suppression of rormal dgvelopmert of gorad ard
digestive glard due to pressure exerted on the
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visceral organs by the symbiont in the mantle cavity
of the Lost are some of the adverse effects reported
in some species. In most cases, as in the present
instarce, such damages to host tissues are so
irfrequert that they canrot be attributed to any
defirite cause. In Tapes japcmicus irfested by P.
sinensts the meats were invariably leaner and
weigked less than in the ron-infested omes. In
Meretrix casta though there were clear visible damages
tothegiils, palps, etc., there was no significant differ-
erce between the meat weights of infested ard ron-
infested ores”. Ir Paphia malabarica infested by P.
vicajit there is a close overlappicg of values in meat
weights of infested ard ror-iriested clams. That
the bigger weight groups emorg infested clams have
stown slighktly lower meat values (Table Z) seems
to indicate that prolonged infestation may have
some adverse effect on the rormal increase in the
meat weights.

Barring a few which bring harm by heavy injury
to the Lost tissues ard are therefore regarded as
parasitic, the pinrotherids in gereral including P.
vicajii, are commensalistic in existance in their host
organisms.

The pinnotherids themselves are attacked by
otker orgarisms, like the ertoriscid isopods®?, some
sacculinids®™® ard a few marine furgi® all of which
are parasitic and thLe protozoar, Zoothaminium®
which is epizoic. In the present observations,
Zoothamnium colonies have often been found attached
to the chelipeds ard the walking legs.

Acknowledgement

The authors wish to express their sir cere gratitude
to the CSIR, New Delhi, for a grant-in-aid which
helped urdertaking the present work ard to Dr S. Z.
Qasim, Director, for corstant encouragement
ard facilities. They are thankful to Skri S. C.
Goswami of the Institute for makirg available the
plarkton samples for studying the larval frequencies
in the environment.

References

. CHHAPGAR, B. F., J. Bombay nat. Hist. Soc., 54 (1957), 505.

CHHAPGAR, B. F., Rec. Indian Mus., 53 (1958), 251.

. CuexG, T. C., Advances in marine biology, Vol. 5 (Academic

Press, London and New York), 1967, 315.

. Ratusun, M. J., Bull. U.S. natn. Mus., 97 (1918), 1.

. Ortow, J. H., Nature, Lond., 106 (1920), 533.

. CarisTENSEN, A. M. & McDermotT, J. J., Biol. Bull.,

114 (1958), 146.

. Sieas, E. G. & Avacarswawmi, K., Proceedings, sym-
posium on crustacea, Part 3 (Marine Biological Asso-
ciation of India), 1969, 1161.

8. UNESCO, Zooplankion sampling, Monograph on Oceano-

graphic methodology, 2 (1968), 1.
9. AwaTi, P. R. & Rar, H. S., Indian zool. Mem., 3 (1931), 1.
10. RatuBux, M. J., K. danske Vidensk. Selsk., 4 (1910), 333.
11. Cuorra, B., Rec. Indian Mus., 33 (1931), 303.
12. McDermotrT, J. J., Bull. ecol. Soc. Am., 42 (1961), 82.
13. WiLriams, A. B., Fish. Bull. Fish Wildl. Serv. US, 65
(1965), 1.

14. Suciura, Y., Krmara, M. & Suvcita, A., Bull. Jap.
Soc. Sci. Fish., 26 (1960), 565.

15. Costrow, J. D. (J1) & BooknrouT, C. G., Chesapeake Sci.,
7 (1966), 157.

16. Sanpoz, M. & Horkixs, S. H., Biol. Bull., 93 (1947), 250.

17. Atkins, D., Proc. zool. Soc. Lond., 124 (1955), 687.

18. LeBOUR, M. V., J. mavr. biol. Ass. UK, 15 (1928), 109.

19. Hart, J. F. L., Can. J. Res., 12 (1935), 411.

20. BeacH, N. W., Crustaceana, 17 (1969), 187.

21. Krucznski, W. L., Biol. Bull., 145 (1973), 482.

22. Atxins, D., Proc. zool. Soc. Lond, (1933), 319.

23. Semitu, K., Annot. Zool. Jap., 22 (1944), 173.

24. ATkINs, D., J. mar. biol. Assoc. UK, 33 (1954), 613.

25. RYDER, J. A., Bull. U.S. Fish. Comm., 1 (1881), 236.

N vk L=



	Life-cycle of the Pea Crab, Pinnotheres vzcaJzz Chhapgar, Infesting the

Clam, Paphia malabarica
	Results
	Discussion
	References

