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ERRATA

P. 19, para 2, line 1, insert (Appendix III) after 6.

P. 90, para 2, lines 5 and 6, delete a three day old and a

nine day old larval stages, insert an early zoea and an

advanced zoea.

P. 92, Fig. 40, delete 3 day old larva, insert an early zoea.

P. 93, Fig. 41, delete 9 day old larva insert an advanced zoea.
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ABSTRACT

Aspects of the biology and environmental ecology of

ThoLossLna onomalo (Herbst), the mudlobster, locally called

"mana", are presented.

The study defines the range of distribution of the

mudlobster in relation to environmental factors. The

morphological adaptations for a burrowing mode of life are

discussed. Aspects of i ts life history, including larval l i f e ,

are described. Finally, the socio-economic significance of the

mudlobster in Fijian fishery and local traditions are discussed.











INTRODUCTION

ThQlasslno anomola (He rbs t ) , was f i r s t described under

the name Cancer (Astacus) onomotus» by Herbst in 1804. I t was

given the name Tholosslna scorplonoldes by La t re i l l e In 1806.

Subsequently, several specimens purpor t ing to belong to the

same species or d i f f e r en t races of the spec ies were described:

T. q r o c t l t s Dono (Dana, 1852), J . c h l l e n s l s (Steenstrup and

Lutken, 1862)*, T. onomotQ (Bate , 1888)* and T. onomoLq

squomlfero de Man (de Man, 1915); t h i s t h a l a s s i n i d was also

known as T. maxima (Hess, 1865?)*. More r ecen t ly , de Man (1928)

recognized only two r a c e s : T. Qnomoto a r q c l U s Dano. and T. anofnolo

squatnlfero. de Man, but he conceded that a l l specimens described

h i t h e r t o might prove to be i d e n t i c a l to or be races of the same

spec ies . The genus i s now bel ieved to be tnonotypic, with probably

only one species (Glaessner , 1969). Therefore the c l a s s i f i ca t ion

adopted in t h i s study, below the ordinal l e v e l , follows that of

Glaessner (1969):

Order Decapoda

Suborder Pleocyemata

Infraorder Anomura

Superfamily Thalassinoidea

Family Thatass inidae

Genus Thalqsstno

Species onomaLd (Herbst) .

Ba te ' s desc r ip t ion of the g i l l s of T_. onomoLo and

Professor Mar t in ' s observat ions of i t were quoted by Horst (1883);

Borradaile (1903) considered i t s taxonomic s t a t u s ; Pearse (1911)

described the burrowing hab i t of the tnudlobsterj de Man (1915,

1928) gave an account of i t s ex te rna l morphology; Dammerman

(1929) commented on i t s d e s t r u c t i v e e f f ec t s on the seedlings of

Nlpo f ru t l c ans ; Hornell (1940) and P i l l a i (1972) described the

t r a d i t i o n a l F i j i an and the Ph i l ipp ine methods respectively of

trapping the mudlobsterj Scharff and Tweedy (1942) br ief ly

*Cited from de Man (1928).



discussed this animal in relation to malaria control in

Singapore, and they have suggested a method of preventing them

from burrowing in dykes ; in a more recent review of food and

feeding in Crustacea, Marshall and Orr (1960) have observed on

the food of this thalassinid; the observation of Marshall and

Orr prompted Johnson (1961) to examine a few specimens In Malaya

and comment on what they feed on; Sankolli (1963) described the

burrowing methods of T. onomalo; he (Sankolli, 1967) also gave

an incomplete account of i ts larval development under laboratory

conditions; Bennett (1968) commented on the burrowing activit ies

of the mudlobster on Australian shores; MacNae (1968) considered

the distribution of this thalassinid on a wider geographic basis

- i t s occurrence in the Indo-West Pacific region; Sankolli (1970)

examined the taxonomic status of the Superfamily Thalassinoidea.

Gayen and Ghoudhary (1973) described the occurrence and burrowing

habits of T. onomalQ in Bengal, India. In spite of these studies

very l i t t l e information is available on factors which govern the

range of distribution of this species, much less i t s biology.

Furthermore, the mudlobster is a fairly large decapod,

and specimens measuring 26cm in length and 250g in weight are

not uncommon. In the coastal regions of the countries of South

East Asia and in the islands of the Indo—West Pacific region

where it abounds, the burrowing act ivi t ies of the species are

known to hinder aquaculture; in F i j i , however, i t constitutes

an important source of traditional food. Our remarkably scanty

knowledge of the biology of this decapod is largely due to i t s

cryptic mode of l ife, and the fact that i t s capture requires

considerable skills in setting up an ingenious trap.

T. anomalo. occurs on tropical estuarine shores and

fluvial banks, in association with mangal, where conditions are

favourable.



Aspects of the external morphology of T. onomalq have

been described before: Herbst first described the species in

1804; Dana's (op. cit.) description of a single specimen from

Telegraph Island near Singapore is incomplete and can be mis-

leading since it is based on a juvenile (6.4cm long), de Man's

(1928) account of individuals obtained from the Indonesian

archipelago, although more detailed and reliable as it was based

on a sample of 25 individuals, is inadequate in that it is

confined largely to the carapace, the number and disposition of

tubercles on the abdominal sterna and the chelipeds. Sankolli's

(1970) fuller description of J. ononnala was made on specimens

collected from the western shores of India. In addition to the

carapace, abdomen and chelipeds he considers the remaining

pereiopods; furthermore, most appendages are illustrated.

However, the description of the pereiopods is inadequate,

because the study does not give complete description of each one

of the six podomeres of the second to fifth pereiopods. Moreover,

although the remaining fifteen pairs of appendages have been

illustrated, they are not described. In summary, de Man and

Sankolli have described only certain aspects of the morphology

of T. anomoLq. Their description was largely an account of the

major grooves, spines and tubercles but no attempt was made to

name the major grooves and spines, and the setations were not

considered in full.

Therefore in this study all aspects of the external

morphology of the mudlobster was undertaken for four reasons:

firstly, to ascertain whether the mudlobster found on the Fijian

shores is identical to or different from those described by de

Man and Sankolli. Secondly, to describe the external morphology

of this animal in its entirety and to assign specific names to

the major external morphological characters such as spines and

ridges not considered by Sankolli. Thirdly, to investigate the

mudlobster's functional morphology. Fourthly, to identify those

morphological features that are adapted to the animal's burrowing

mode of life.



CHAPTER 1

THE HABITAT

1.1 Study Area

The area chosen for the study of T. anomala was on the

protected leeward shore of Laucala I s l ands which forms the

western bank of the p r i n c i p a l mouth of the Rewa River , the

la rges t in the F i j i a rchipe lago ( F i g . 1, 2 ) . The s i t e / l o c a t i o n

is poorly drained by a t r a n s i e n t t i d a l c reek on the southern

boundary and by small t i d a l creek on i t s n o r t h e r n boundary

( i n s e t , Fig- 3 ) . Ground water l eve l in the middle of the s i t e

i s approximately 30cm below the s u r f a c e . Both the seaward and

landward edges of the site are slightly elevated; the micro-

relief is strongly broken due to the mudlobster mounds, and to

a lesser degree by raised areas around the roots of Excoecario.

QQqLLochQ.

1.2 Materials and methods

Line transects, 5 metre wide, extending at right angles

from the seaward to the landward edge of the mangal were taken.

Each transect was then divided into 5ra x 5m quadrats. All plants

and mudlobster mounds were counted in each quadrat (Tables 1-4,

Fig. 4 and Appendix I ) . A small hole - the length and width

of which was equal to the width of the blade of a spade (15cm) -

was dug in each unit until the water table was reached; salinity

and pH of each was measured using a salinometer (ref ractometer,

American Optical Go.) and a portable pH meter (EIL portable model

30 30), respectively, after appropriate calibrations (Tables 3

and 4 and Appendix II). About 0.5kg of soil was collected from

each pit for subsequent soil particle size and organic content

analyses in the laboratory.

Each soil sample was divided into two subsamples. The

first subsample was dried in an oven at 70 C for 48 hours until

all moisture was driven out) a small amount (about lOg) of the
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The second subsample was wet-sieved in order to analyse

grain size distribution by passing the sample through a series

of sieves (Appendix III). The weight of sand retained by each

was expressed as a percentage of the whole; weights of the

different fractions of each sample were added together to obtain

a cumulative curve (Figs. 5, 6 and 7). The sieve rnesh sizes

were converted to phi numbers (logarithms to the base two) as

suggested by Brafield (1978) (Fig. 7 ) . By such a statistical

trea tment s he showed tha t transposing the median phi value (Md<f>),

i.e., that corresponding to the 50% level, gives the median grain

diameter; this value expresses the properties of the whole sample,

and indeed the whole shore: while one half of the weight comprises

smaller grains, the other half of larger.

Phi quartile deviation (QD<j>) of selected samples were also

computed from the equation:

QD* = k (Q3$ - QH)

where Q3<|> and Ql^ are the phi values corresponding to the 75% and

25% levels respectively. This value indicates the extent to which

particle size varies.

Soil samples from Transect 9 were, however, given a slightly

different treatment: each sample from this transect was divided

into three, rather than two subsamples j while the first two sub-

samples were treated in the usual manner described above, to

determine organic content and grain size, the third subsample

was subjected to particle size analysis by Stokes1 Law, in order

to determine the percentage composition of clay and silt more

accurately as much of these fractions are lost during wet-sieving

processes (Table 5) .

1.3 Results

1.3.1 Temperature

Temperatures on the mangal floor, which is covered

by mangrove canopy, varies less than the air temperatures
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outside. Temperature measurements below the surface

indicated that there was a gradual f a l l in temperature

with increasing depth; this fa l l was characterized by a

regular pattern: for every 30cm increase in depth, there

was a 0.5 C drop in temperature (Fig. 8 ) .

1.3.2 Salinity

Salinity and pH measurements were taken during a

single low tide period; measurements showed that there

existed a salinity gradient which, as expected, decreased

with increasing distance from tide levels (Fig. 9 ) ; it was

also evident that the mudlobsters could tolerate a range of

salinities (8-30 ppt).

1.3.3 pH

Measurements of pH indicated that soil conditions in

the mangal, where the mudlobster occurred, were acidic

(Tables 3 and A, Fig. 9 and Appendix II). It also indicated

that these thalassinids could tolerate not only a wide range

of pH but also extremely acidic conditions - pH values as

low as 3.1.

1.3.4 Organic matter

Percentage organic matter content determinations

showed that the habitat of the mudlobster was rich in

detritus, ranging from 4.5-11.7% (Tables 3 and k and

Appendix I I ) . Particle size analyses, to be discussed

later, clearly showed that there was a positive correlation

between the organic matter content and particle size (Fig.

10).

1.3.5 Grain size

Grain size analyses, both by wet-sieving and by Stokes1

Law, indicated that the mudlobster prefers a deposit which is

fine-grained. Transposing the median phi values of the three

beaches (Fig. 7) into median grain diameters showed that in a





typical shore where these decapods occur, half ( b y w e i g h t )

of sediment was of smaller grains than < O»26mm i n d i a m e t e r ;

the corresponding values for beaches where few o r n o mud-

lobsters occurred, were < 0.35mm and < 0.73mm in d i a m e t e r ,

respectively. The average percentage composit ion o f s i l t

and clay of the former (where mud lobs te r s abound) w e r e a s

follows: 6.4% and 8.5% respect ively (Table 5 ) . S u c h d e p o s i t s

were shown by Dale (ci ted from Bra f i e ld , 1978) t o "be r i c h e r

in organic matter. Phi quar t i l e dev ia t ions (QD4>) s Cwhich

indicated the extent to which grains ranged in s i z e ) o f the

three beaches (Fig. 7) showed that beaches where f e w o r no

thalassinids occurred were character ized by high QD<J» va lues ,

i . e . , QD.J) 0.83 and 0.9 respec t ive ly ; on the o ther h a n d , tho

QD4> of the beach where mudlobsters occurred was l o w , v i z . ,

0.45 (Fig. 7) . In other words, the l a t t e r compr i s ed g r a i n s

of mostly similar sizes whereas the former c o n s i s t e d o f

grains of a range of s i zes .

Table 6 shows that beaches where no or few m u d l o b s t e r s

occurred, were characterized also by low organic m a t t e r con ten t ,

1.4 Discussion

1.4.1 Temperature

Five environmental parameters, namely temperature, pll,

salinity, organic matter content and grain size d i s t r i b u t i o n

were examined on the study site. Of these s tempera tu re docs

not appear to play a role in limiting the d i s t r ibu t ion of

T. Qnomalo.. As the burrows of the mudlobster are constructed

on the mangal floor the animal is not affected by d i r e c t sun-

light. The burrowing habit of this thalassinid, moreover, is

such that its mode of life is almost entirely sub t e r r a nean,

and it comes to the surface only occasiona 1 ly to unload mud.

In this way diurnal temperature fluctuations do not influence

the species. However, there exists a vert ica 1 tempera ture
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gradient; temperature decreases with depth (Fig. 8 ) . As

the water table remains relatively close to the surface,

and there is plentiful supply of food in the surface

layers, exploiting food resources at grea ter depths , where

temperatures are bound to be lower, is clearly wasteful of

energy; furthermore, oxygen level decreases sharply with

increasing depth. Therefore, the presence of a vertical

temperature gradient per se does not limit the distribution

of the mudlobster.

1.4.2 Salinity

Data on salinity can not be accepted on their face

values because while digging, water of different sa l in i t ies ,

trapped in burrows of both anomurans and brachyurans flowed

into the pit . This interfered with accurate measurement of

the salinity of the burrow. Even so i t was not surprising

to find that salinity is a major factor limiting the d i s t r i -

bution of the mudlobster since the tidal range in the area

of study is less than 2 metres. These animals are not

found outside the landward fringe of the manga 1, where other

conditions may be favourable, because salt water does not

penetrate this zone. Admittedly, rainfall and fluvial

floods can appreciably lower the salinity of the overlying

estuarine water, just as evaporation and tidal inundation

can increase i t ; but the interst i t ial water of fine deposits

is less labile in its salinity due to poor drainage and

reduced permeability . However, the mudlobster ' s occurrence

in a range of salinities indicates that i t is an euryhaline

decapod.

1.4.3 Organic matter content

Over the main part of the mudlobster's range, organic

matter content of the beach is the most important factor

limiting its distribution (Fig. 11). The detrital content

of the mangrove swamp, which is ordinarily high, originates
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from a variety of sources: it may be derived from the

particulate organic matter brought down by the river;

similarly the inflowing tide may bring with it detritus;

but probably the bulk of the organic matter is autochthonous,

that is, it is produced locally, largely by the decomposition

of mangrove litter. The amount of organic matter varies

inversely with the particle size (Fig. 10) . Longbottom (3970)

working on the distribution of another littoral deposit feeder

viz., ArenlcoLo. morCno, obtained straight line relationship

when organic nitrogen or carbon contents were plotted against

median particle diameter on logarithmic scales, with most

organic matter in substrata with smal1» rather than large

particles.

1.4.4 pH

Andriesse et, a l . (1973) working on mangrove soils

of Sarawak, have shown that although the topsoil is more

acidic than the subsoil under field conditions, upon drying,

however, the latter becomes very acidic; the burrowing

activity of T. anomaLa plays an important role in the

development of acidity of the surface layers by bringing

material rich in sulphur and organic matter up to the

surface where oxidation causes strong acidif icat ion.

The extremely low pH values obtained from the landward

edge of transect 8 and the whole of transect 9 are presumably

due to the decompositon of exceptionslly large amounts of

decaying l i t t e r present in muddy pools on a hot summer day.

Such high acidity is not encountered well below the surface

(Andriesse et. at. (op. c i t . ) where the thalassinids spend

most of their l i fe . Since pH ranges from 3.1 to 7,0, i t is

not likely that the hydrogen ion concentration of the hat i ta t

is a limiting factor, after al l acid conditions are concomitant

with high organic content.
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1.4.5 Grain size

Grain size imposes limitations on the distribution

°f ! • QnomaLg. Grain size in turn determines a variety of

attributes of a beach. It is well known that fine grains

hold more water than coarse grains; as the former is more

porous and less permeable, the water table tends to stay

higher because of greater capillarity (Webb, 1958). It is

therefore not surprising that the mudlobster, which requires

water for both digestive and respiratory purposes shows a

propensity for fine-grained deposits where the water table

stays fairly high even during periods of t idal emersion.

The water content of a beach is of considerable

ecological significance; the ease with which a detritus

feeder can sieve i t , or a burrowing animal can progress

through i t , is dependent upon the quantity of water present.

Chapman (1949) showed that fine grain deposits with their

higher water content are generally more rthixotropic ' , that

is , they are easier to penetrate when pressure is applied,

whereas coarse grained ones are usually 'd l la tant ' , that is ,

they are difficult to penetrate because application of

pressure causes them to harden. The mudlobster being a

detritus feeder and a burrower obviously colonizes fine-

grained beaches.

Grain size determines the oxygen content of the beach.

Brafield (1964) has shown significant correlation between

oxygen level and fine sand; he (Brafield, 1972) also showed

that beaches containing > 10% fine sand are poorly oxygenated

Since the average percentage composition of fine sand of the

beach investigated (Transect 9) is of the order of 44%, the

oxygen content of this beach is likely to be very low. Low

oxygen tension of such deposits is largely due to poor

drainage and the heavy oxygen demand exerted by tnicrobial

Jecomposition of large quantities of organic matter; fine

it,"
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grains present an enormous surface and thus can accomodate

vast populations of micro-organisms; hence it is not

surprising that Dale (cited from Brafield, 1978) found that

the bacterial population per gram dry sediment in fine sand

with a mean grain diameter of 0.01mm, exceeded those with a

mean grain diameter of 0.2mm, by a factor of 25. Low oxygen

tension, characteristic of such deposits, per se, is not a

limiting factor; the mean grain diameter, however, is the

chief factor limiting the distribution of the mudlobster

on estuarine shores.

From these considerations it is clear that a variety

of abiotic environmental factors either severally or

collectively, govern the distribution of T, anotnalo; of

these factors an interplay between salinity, organic matter

content and mean grain size appears to be the chief determinant.

Heavy annual rainfall — in excess of 5000mm — in the

centre of the catchment, the area of which is about a third

of the whole island of Viti Levu (Derrick, 1957), results

in an enormous mean annual run off of 156m s~"'(Ryland, 1981);

this ensures a regime of estuarine salinities over the

deltaic region; large amounts of sediment and possibly

organic particulate matter also, are brought down by the

river.

The mouth of the Rewa River is deflected northward.

A break in the barrier reef, called Rewa Road (Squires, 1962)

opposite the Nukulau Mouth, the principal mouth of the river

(Figs. 1 and 2), allows oceanic swell an unimpeded run

against the fluviatile discharge, the resultant flow of

which is therefore predominently westward. Also as a

consequence of stronger wave action, the shores of the south-

eastern Laucala Island are steeper and coarse-grained and

thus unsuitable for colonization by J_. onomoLo.
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The mixing of fresh water and salt water effects

sedimentation in complex ways (cited from Barnes, 1974) .

Silt particles which are transported in suspension in the

lower reaches of the river, tend to flocculate and sink on

contact with sea water; clumping and sinking processes are

rapid at the halocline, or at the interface of 'pure' fresh

water and water of higher cattonic concentration; some clay

fractions flocculate in low salinities whereas others do so

over a wider range. Although floccules tend to sink, they

may be resuspended by wave or tide action.

Floccules and particulate organic matter brought down

by the river, or detritus stirred up by wave action from the

lagoon, are therefore largely transported westward, and tend

to accumulate on the shallow protected western shores;

mangroves facilitate dissipation of wave energy as i t

progresses landward; thus the finest inorganic grains and

organic matter tend to be deposited on the landward edge.

Environmental conditions in the mangrove swamps of

Laucala Island are ideal for inhabitation by J . anomolq.

The mangal BruQulero gumnorhlzo. is a reliable indicator plant

delimiting the lower boundary of the mudlobsters ' distribution

(Table 1 and 2 and Appendix I) • The upper limit of their range

is demarcated by high water of spring (HWS) ; however, this

boundary may extend above the HWS mark if salt water can

penetrate i t , and if other conditions are favourable. Within

the deposits of this zone the mud lobster leads a cryptic,

burrowing mode of l i fe . As a result of i t s burrowing activity

elevated mounds are built with the large quantities of subsoil

material that is brought to the surface. This plays a

pivotal role in ecological succession, and terrestr ial izat ion

of the mangrove swamp.
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CHAPTER 2

THE MOUND

2 . 1 The Burrow

Thalassinid mounds, ranging from a few centimetres to,

exceptionally, almost a metre in height, are familiar features

of the mangrove swamps of F i j i .

The mudlobster spends almost i ts entire l ife underground,

coming to the surface to unload mud s and presumably also to search

for mates, and to disperse i ts larvae. Reports of animals having

been seen outside the burrow only during moonlit nights (Sankolli,

1963), or rainy/cloudy days (Pearse, op. c i t ) , seem to have a

physiological basis (to be discussed later in this chapter).

The burrowing habit is adaptive, for i t protects members of

the species from predators, desiccation and extreme fluctuations

of temperature, salinity and pH * The burrow terminates at the

water table. Data for organic content at this level (see Tables

3 and 4 and Appendix II) show that there i s an abundance of food.

Not only feeding but also copulation can take place within the

security of the burrow. Also, the burrow provides refuge during

ecdyses. At this time crustaceans are particularly vulnerable

to predation-

X* QnomalQ constructs permanent burrow, which extend tn the

water table; the animal probably feeds as i t digs. Presumably

sediment from which most of the organic matter has been sifted out

by the mouth-parts while feeding, and possibly also mud derived

from caving-in of the burrow, is excavated and deposited outside.

Its accumulation around the burrow entrance results in a dome-

shaped superstructure, characteristic of thalassinid mounds.

The method of burrowing by 1[. anomala under laboratory
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conditions has been adequately described by Sankolli (1963).

Pearse's paper (op. cit.) gives a brief account of the burrow

architecture.

The eyes of T. anomalo. are poorly developed; they are probably

adapted to do no more than discern light intensity; this is borne

out by the fact that visual stimuli do not elicit aggressive or

defensive response in live, healthy individuals held in captivity -

physical contact appears to be necessary for it, when outside water;

however, movement of individuals through water can be detected

without the need for body contact.

The eyeglow or eye shine of the mudlobster was examined at

a relatively gross level to determine whether photoreceptors

undergo degeneration when exposed to light as suggested by Loew

(1976), who investigated the effect of light on the eyes of the

Norwegian lobster, Nephros norvep,Ccus. He showed that eyeglow

is a characteristic feature of the lobster particularly in the

dark-adapted state; the glow results from the reflection of

incident light. After exposure to light, when the receptors

have degenerated, eyeglow could no longer be seen.

When dark-adapted eyes of J_. anomalo. were observed under

red light from a hand torch3 in order to avoid possible bleaching

of the visual pigment, it was found that they had an orange eye™

glow, and that they had an extremely small reflecting surface.

Similar investigations with light-adapted eyes showed that exposure

to light did not cause the receptors to degenerate.

2.2 Associated Fauna

The mound of T. anomala is usually colonized by three

brachyuran familes: Ocypodidae, Grapsidae and Gecarcinidae.

Ocypodids are represented by Uco 'merLonLs. Sesenrno erythrodQctyto,

the most abundant of the brachyurous decapods, and GnQpsus sp.

are the grapsid representatives. The gecarcinid, CordLsorno carnlfex,
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is the largest of the crabs that may, in addition to the others

mentioned, secondarily tunnel the mudlobster1s burrow.

Conditions at the top of those mounds, situated near the

upper limits of the mudlobster's distribution, are completely

terrestr ial . Hence, it is not uncommon to find the common

earthworm PhenetLrno sp. inhabiting them.

Other fauna associated with the mudlobster 's burrow include

larvae of the mosquito, Aedes suvo.e, two copepods, Haltcyclops

thermophllus and an unknown species, and also ceretopogonids s

turbellarians, amphipods and nematodes (Toohey, 1979 ; personal

communication) .

2 .3 Nearest neighbour analysis

A large number of mudlobsters' mounds were dug up to

asceicain whether the burrows were occupied by one, or more than

one, individual- This line of investigation had to be abandoned

because in most cases i t was impossible to dig them out . Moreover,

the burrows anastomose, and their lower ends terminate at the

water table via more than one branch. At these ends i t is

impossible to tel l where a burrow associated with one mound ends

and where that of another begins, for terminal ends of burrows of

two adjacent mounds may overlap at the water table .

Traditional Fijian mudlobster traps were also set to get an

estimate of the population size. These also had to be abandoned

as the trapped animals were prone to theft, vandalism or even

attack by mongoose.

The spatial pattern of distribution of the thalassinid was

examined using nearest neighbour ana lysis as suggested by

Professor J, S. Ryland (personal communications, 1981, 1982). As

the presence of wet mud at the mouth of a burrow is indicative of

occupancy by a mudlobster, i t was assumed that such a burrow has
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a single occupant. If an apparently single burrow had two

entrances, and if both were topped with wet mud, it was assumed

that there were two individuals. Thus the number of adult

individuals living in the study site was determined by counting

the number of occupied burrows .

For each individual in turn in the study area (Chapter 1)

the distance r, to its nearest neighbour was measured and plotted

to scale on mm squared paper with the aid of a pair of dividers

and a ruler. In this way all burrows in each one of the five 5m

wide belt transects were counted. If the nearest neighbour of a

burrow happened to lie in the adjacent transect, transect

boundaries were ignored, and that burrow was counted as its

nearest neighbour. Thus the entire study area comprising 25 x
2

60m was sampled, The data were transcribed into actual nearest

neighbour distances in metres, and frequency table compiled

(Table 6). In order to minimise errors each burrow was marked

as it was recorded•

Area sampled

Number of burrows

.'. Population density P

= 2 5.x 60m

= 508

= number of

area In

= 508
1500

= 0.3387

2

burrows
2

tn

From these values the expected frequencies, given by the

equation 2
F(r) = 1 - e-rar

(where m = frp) were calculated and tabulated (Table 6). Then a

histogram of observed frequencies was drawn and the expected

values superimposed (Fig. 12).
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•I

The data clearly show an absence of burrows at distances ''

less than 0.3m, at 0.7m and at 1,3m. When the distance is equal

to 0.4m, both the observed and the expected frequencies are about

the same. At distances of 0.5m, 0,6m, 1.0m, 1.1m, 1.2m and 1.9m

there are too many. Overa 11, these discrepancies are significant.

The burrows are not randomly spaced, primarily because they do not

occur close to each other; i.e., when the distance is less than }
i

0.3m, there are hardly any. I

i
When the data of Table 6 was put to the the chi-squared '

test , a X value of 53 .48 was obtained; on 17 degrees freedom, j

this is significant at 0.005 in Table 7. This indicates that the [

lack of fit is marked and the distribution of the burrows is j

strongly non random.

A Kolmogorov-Smirnov test , (Table 8) which is a non parametric '

test applicable to continuous frequency distributions often having j

greater power than the chi-square test , was applied on the same

data; it confirmed the result at the same level of significance.

In other words, there can be no doubt that the distribution of

the burrows is non random.

2.4 Discussion j

Abiotic environmental parameters monitored in this study I

(Chapter 1) are fairly constant within the range of the mud-

lobster's distribution. The only major difference among the r

various parts of the thalassinid's distribution range lies in

i t s biotic associations.

Some of the fauna associated with the mud lobster ' s mounds,

e.g., brachyurans) occur because of overlaps in their respective

ranges. Others, for example 3 mosquito larvae, copepods s the

common earthworm, etc owe their existence to the mudlobster ' s

burrowing activities £ priori . Hence it seems unlikely that

fauna associated with thalassinid mounds play a role in determining
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Analysis of resul ts) using X (Table 10), c l ea r ly indicates

that there is an inverse relat ionship between the presence of

large mangrove trees nnd the density of mounds (P <0,001), In

fact areas devoid of t rees have almost twice as many mounds

(averaging 17) as those with large t rees (averaging 9 ) ,

The root systems of these and most other mangroves are

characterized by being shallow. Also, they often cover a wide

area and may spread quite th ickly . The numerous 'knees• and

flanges arising from the cable roots of BruQuLero and XyLocorpus

respectively indicate the extent to which the i r roo ts ramify.

These roots which are halophytic adaptations i n t e r f e r e with the

burrowing ac t iv i t i e s of the mudlobster.

Table 10.

Mangroves

Mangrove?

absent

present

0

52

43

95

35

59

95

E

.625

.375

(0-E)2

E

7.5628

4.5161

12.0429

((0-E)-0.5)2

E

7.074.1

4.2445

11.3168

Ghi-squared test for homogeneity of data from Table 9. The final

column incorporates a correction for continuity (Sokal and Rohlf,

1969). X'
0.001(1)

= 10.83.



CHAPTER 3 (

FUNCTIONAL MORPHOLOGY OF THE ADULT MUDLOBSTER

Morphology of the carapace, thorax and abdomen ff

The body of the anomuran, T. onomaLa, (Figs. 13 and 14) like 'i

that of all Decapodaj consists basically of two regions: an ^

anterior cephalothorax which is covered by a cylindrical carapace, ^

and a posterior abdomen that is divided into distinct, movable |'

segments. All the nineteen segments or somites of the adult ,

bear a pair of appendages. The entire exoskeleton is either \

bright reddish orange in colour or parts of it have a silvery

sheen. The eyes are remarkably small in comparison to the rest ,S

of the body.

3 .1 Carapace '*

The carapace (Figs. .15 and 16), a tubular posterior !£

extension of the head integument, fuses with all the cephalic f̂

and thoracic terga. The anterior margin of the carapace is l<

medially produced into a short triquetral rostrum which bsars an }'

exiguous furrow along the mid-dorsal line. The lateral margins ^

of the rostrum are carinated. These tend to be progressively

dentate towards the apex. The posterior margin of the carapace

medially forms the posterior semi-circular notch. The upper ,

rim of this notch is drawn out into a deflexed pointed structure, j

the posterior spine, which rests on the strongly calcified antero-

dorsal surface of the first abdominal tergum. The carapace is

attached to the underlying tissue on its mid posterior, and !

anterolateral aspects. As a consequence of these attachments,

the carapace overhangs much of the posterior and lateral portions

of the cephalothorax, to form the branchiostegites which constitute

the outer walls of the branchial chambers. I
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The carapace of J\ anomalo. Is sculpture by systems of

grooves, lineae, elevated areas, punctae, spines, ridges and

rugae.

3.1.1 Grooves

Grooves are transverse, longitudinal or oblique

(Figs. 15 and 16). The most prominent depression is the

transverse cervical groove, which delimits the anterior

cephalic and posterior thoracic regions. Besides these

there are three more transverse grooves: the post cervical

groove (2nd transverse groove) is a shallow indistinct

furrow interrupted in the middle. Near i t or in i t lie the

two posterior gastric p i ts . The cardiac groove (3rd

transverse groove) designated the second cervical groove

by Sankolli (1970) is well defined and is followed by the

post cardiac groove (fourth transverse groove) . As

dissections have shown that the anterior and the posterior

boundaries of the heart are delimited approximately by

the third and the fourth transverse furrows respectively,

i t is suggested that assigning them the names anterior and

posterior cardiac grooves is more appropriate. From the

ends of the cervical groove, on either side of the head,

extend the longitudinal gastro-orbita1 grooves anteriorly.

Also running anteriorly, but somewhat lateral ly, from the

posterior notch are the branchiocardiac grooves. The most

important muscle insertion on the carapace, namely, attractor

epimeralls (= tergoepimeral muscle) follows this groove.

These grooves unite with the junctions of the cervical and

gastro-orbital grooves and then swing downward before

terminating blindly. The barely perceptible antennar groove

runs ventrally and then swings posterodorsally from the bases

of the antennae. Posteroventral to this depression lies the

ill-defined hepatic groove. The inferior groove, which

separates the branchiostegite into anterior branchial chamber
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in many Decapoda 3 is represented by a shallow broad con-

cavity which extends ventrally from the posterior end of

the hepatic groove. Also arising from the posterior end of

the hepatic groove, but traversing posteroventrally, is

located a prominent oblique groove - unique to T. anoma la

— the dorsal rim of which is lined with dense setae. The

free margins of the branchiostegite are bordered by a groove,

the marginal groove, from the antennal spine to the posterior

notch o± the carapace. From the middle of the posterior

notch originate two short but deep furrows 5 the posterior

oblique grooves, which run anterolaterally on either side of

the carapace. In each of these depressions lies a delicate

sulcus or a furrow. Two indistinct grooves may also be seen

emanating near or from the junctions of the cardiac and the

postcardiac grooves with the branchiocardiac groove. The

anterior one extends anterolaterally before terminating a

short distance away. The posterior one traverses laterally

and disappears a short distance below its interception with

the sulcus located in the posterior oblique groove.

3 .1.2 Lineae

The carapace of J. anomala is characterized by the

presence of a weakly calcified line along which it splits

during moulting. In the mudlobster this 1 ine is superimposed

on the branchiocardiac-gastroorbital groove. It was named

LLneo thQlosslnlco, by Boas (1880) .

3.1.3 Spines and ridges

Excluding the gastric, anterior cardiac and antennal

regions, spines and tubercles constitute a regular feature

of the carapace (Figs. 15 and 16). Tubercles are present

along the anterior margins of the branchiostegite, from the

bases of chelipeds to the antennae. Mid upper region of the
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branchiostegites between the oblique and the branchiocardiac

grooves are heavily spinose. The region anterior to the

postcervical groove may be smooth or bear two or three spines;

but the area posterior to it, between the post cervical and
i

cardiac grooves, bears two to four times as many spines. The

supraorbital spine is we11-developed. The suborbital spine

is present. Sometimes, two suborbital spines may be present. '

They may be discrete or coalesced. Branchiostegal and antenna!

spines are well-developed. The junction of the anterior end

of the antennar groove and the branchiostegite bears a

robust spine - the pterygostomial spine. The anterior margin A

of the antenna 1 region is armed with a series of blunt teeth.

The ridged posterior rim of the anterior end of the branchio-

cardiac groove is armed with three or four robust spines.

The oblique groove is serrated on its dorsal margin. Its

armature comprises about fourteen spines, the anterior-most

being by far the largest. Two short ridges extending ante-

rolaterally from the posterior notch of the carapace are

strongly spinose, each bearing three or four spines. On

the outer sides of the rostral carinae lie the edentate

orbital carinae, each terminating in one or two blunt teeth

at the bases of the supraorbital spines. The free margins

of the branchiostegites, particularly on their posterolateral

aspects are ridged. Other ridges include those associated

with the gastroorbital, antennal, branchiocardiac and

cervical grooves. The entire free branchiostegal margin

is setose.

3.1.4 Punctae

The carapace is sculptured by punctae, or circular

depressions, the largest pair namely, the gastric pits are

found associated with the post cervical groove. Two similar,

but smaller pits may be seen on the post cardiac groove.

True punctae located dorsally in between the lineae thalassinica
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are irregular in their number and distribution.

3.1.5 Rugae

Rugae are present along the posterior end of the

gastric region, and the area between the cardiac and the

post cardiac grooves.

3.2 Gephalothoracic sterna

On the ventral side, the head region is largely represented

by a shield-shaped plate called the epistome. The epistome is

not fused with the carapace in the Infraordor Anomura. On the

posterior border of the epistome is attached the labrum.

The sterna of the thoracic segments are clearly delimited

by transverse grooves (Fig. 14). The last thoracic sternum is

free. The articulation of this with the penultimate thoracic

somite permits side to side movement, a characteristic which is

unique to only a few anomurans amongst the decapods. This

feature facilitates movement through intricate burrows. The

sterna of the sixth and seventh thoracic somites, especially that

of the latter, are well defined and spinose.

The sternal (ventral) and endopleural or epimeral (lateral)

aspects of thoracic portion of the exoskeleton extend internally

to form a weakly calcified but complex endoskeleton - the .

endophragm. As a result of this infolding sternal boundaries

assume wall-like shapes called endosternites. The outer walls

of these constitute the inner wails of the branchial chambers^

while the ventral element forms a median tunnel-like passage that

contains a portion of the ventral nerve cord. In each segment

the lateral component is so produced into the body, that it forms

compartments for attachments of appendicular muscles. Between

the coxae of the third through first thoracopods, lies a median

groove. The groove passes vertically upwards between the bases

of the chelipeds and the maxillipeds. Along this groove, detrital



matter could move forward during the forwardly directed

respiratory and the feeding currents.

3*3 Abdomen

The abdomen is narrow, depressed and elongate. It is

slightly broader in females than in males (Chapter 5). The six

abdominal somites and the telson are articulated with one another

dorsally and ventrally by means of flexible arthrodial membranes.

These segments thus can move upon one another only in a vertical

plane. Hinges formed between tergal and pleural junctions preclude

side to side movement. Abdominal armature and ornamentation

include grooves, elevated areas, punctae, ridges and spines.

The first abdominal segment is the smallest and narrowest;

the remainder tend to become larger posteriorly, usually the

largest being the third or the fourth somites. The first

segment and the telson are longer than broad whereas the rest

are broader than long. The abdominal pleura of T. onomala

are reduced, and the margins are serrated. Pleural/tergal

junctions are ridged. These decrease in prominence posteriorly.

Those of the first somite are sharply carinated. The tergal

plate of this segment is further strengthened by a strongly

calcified, somewhat x-shaped elevated area. The ridges of the

second tergum are dentate and those of the more posterior ones

are edentate. The terga of the second through sixth somites are

transversely grooved. The grooves cut through the tergal carinae

of the abdomen and then tend to become shallower and finally

disappear near the mid-dorsal line. The telson is triangular

in shape. The posterior margin bears a delicate notch from which

extends a short distance forward a small groove.

Abdominal sternites (Fig. 14) are narrow, and increase in

size posteriorly, the fourth sternum is ordinarily the largest.

Each sternum is transversely ridged. Behind both the anterior

and posterior margins of the sterna lie broad grooves which run
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parallel to their respective borders. These may give the sternal

margins a ventrally-directed flare. On the mid-ventral aspects

of some of these, and also those of the transverse ridges are

located one or more tiny rounded tubercles. The lateral borders

of the telsonal sternum also bear similar grooves.

3.4 Discussion

de Man's (1928) basis for recognizing two different

varieties of mudlobster, namely T. cmomalo. (Herbst) and T. onomolq

(Herbst) vop squojnLfera were firstly, presence or absence of

antennal scale, and secondly the number and position of median

tubercles on the abdominal sterna. The latter can be dismissed

as of little significance as their number and position is not

constant in any of the many individuals investigated in this

study. The abdominal sternal tubercles in the Fijian variety

resemble both de Man's varieties, and also that of Sankolli.

All local individuals in this study, like the squamlfera

variety, are characterized by the presence of a small antennal

scale, the scaphocerite or acicle, which is presumed to be the

remnant of a reduced exopod. Sankolli (1970) reports that the

acicle is generally absent in the Indian variety but a well-

developed one was present in a single female studied by him.

While the Fijian variety is identical to the two varieties

described by de Man in all other respects, all of them (i. e.

T. ononmlo, T. q. var. flrocLLLs and the Fijian variety) collect-

ively and severally, differ from the Indian variety in the

following ways: (i) the cervical groove of the Indian variety is

characterized by being 'armed with two to twelve spines' whereas

the others are smooth; (ii) there are four transverse furrows

posterior to the cervical groove in the Indian variety while the

others possess threej also, while the first groove is 'distinctly

visible1 in the Indian variety, it is barely distinguishable in

the others; (iii) the carapace bounded by the two cardiac grooves

(Fig. 15) is spinous in the Indian variety, and in all others,



50

however, it is smooth.

From the foregoing considerations it is evident that

morphological differences in the varieties described so far are

largely confined to spines, grooves and tubercles, and these

differences are of little significance. Presence or absence of

the antennal scale seems to be the only feature of morphological

dissimilarity. In view of the identical nature of all other

features, the sole difference does not appear to be of sufficient

taxonomlc utility, de Man's (1928) division of the genus into

two species which according to him were sympatric was tentative.

He said that it must be left to later researchers to examine

whether the characters of the squomlfera variety 'are indeed

constant, so that the possession of the scaphocerite constantly

coincides with the characters of the sternal ridges'- Hence the

grounds for the division of the genus into two varieties appears

to be based on very minor morphological differences. The genus

Thalo.ssi.na thus appears to be monotypic.

3.5 Functional morphology of the appendages

The appendages of the mudlobster are typically those of

the crustacean biramous limb. In its full form such a limb

essentially comprises an axis which is divisible into a proximal

podomere or coxa and a distal podomere or basis. From the latter

arises two jointed rami: an inner one, the endopod and an outer

one, the exopod. Lateral outgrowths of the basal podomeres are

called endites when borne on the medial side and exites when

present on the outer margins. The former are ordinarily concerned

with feeding, whereas the latter are associated with respiration.

Limbs may be phyllopodial or stenopodial in structure. The

relative sizes of the appendages vary greatly.

The body of the mudlobster bears nineteen pairs of appendages.

The cephalon bears five pairs, the thorax eight, and the abdomen

six pairs, respectively.
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In order to investigate the mudlobster's feeding, burrowing,

respiratory, defensive and offensive behaviour in the laboratory,

glass aquaria were constructed. Each aquarium (90cm x 45cm x 45cm)

was partially-filled with mangrove mud. The mud was dug up at

the water table level at low tide from a mangrove swamp close to

the University of the South Pacific, Laucala Campus. Mud from

the water table is less likely to have been exploited by detri-

tivores such as ucidSjetcetera, and therefore should be

sufficiently charged with organic matter which serves as food

for the mudlobster under observation. Sea water collected from

the Laucala Bay was added to the mud. It was diluted to 10%eby

the addition of tap water. The diluted volume was such that there

was a minimum of 5cm of water at the bottom of the aquaria. The

aquaria were drained out on alternate days and replenished with

10°/U sea water. The mud was replaced twice a week with a fresh

supply in the manner described above. The following account

is based on extensive observations of mudlobsters held in

captivity in aquaria.

Field observations were also carried out. However, these

were successful only in eliciting information on how the mud-

lobster unloads mud and pushes it away from the burrow entrance.

With respect to the investigation of the functional morphology

of the appendages, each limb was carefully removed from the body

to study its constituent podomeres.

An attempt was also made to render pereiopods transparent

in order to visualize clearly the pivot of the propodus-dactylus

joint. For this purpose whole chelipeds were decalcified and

deproteiniaed using the following methods: (a) the appendages

were refluxed in 10% EDTA for 48 hours and then refluxed in 5%

KOH for a further 48 hours, (b) they were first refluxed In

5% KOH for 48 hours followed by 107. EDTA for 48 hours, (c) they

were refluxed in 5% HC1 for 48 hours. It was found that the HC1
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treatment was the most effective way of decalcifying and

deproteinizing the exoskeleton. The chelipeds thus treated were

washed in running water, dehydrated in absolute alcohol and then

'cleared' in xylene. Such treatment rendered the limb completely

transparent, Finally they were stained with Kraj ian's method

(cited from Gray, 1954).

This series of treatments prevented distortion of joints,

thus facilitating a precise location of joints and the pivot.

The stain helped to enhance visual contrast between surfaces

and spaces. The treated pereiopods were photographed and from

these photographs diagrams of joints were made (Fig. 17) .

fixed finger

Figure 17 . Inner view of the propodus .
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Investigations re la t ing to the computations of mechanical

advantage were also carried out. Freshly removed pereiopods

were dissected to examine the closer and opener muscles and

their respective apodemes (Fig. 58).

opener apodeme

closer apodeme

Figure 18. Side view of a propodus showing the opener and c loser

muscle apodemes. (The inner exoskeleton of the

propodus has been cut away.)

Lever length measurements were based on Warner's (op. c i t . )

method. The shortest distance between the pivot and the point

of attachment of the closer apodeme was taken as the length of

the lever 1; s imilar ly , the shortest distances between the pivot

and the bi t ing edge, and the t ip of the dactylus were measured

to obtain 1 ? and 1, lever lengths respec t ive ly .

A simple instrument was designed and constructed to measure

the arc of movement of the t ip of the dactylus . The device

basical ly consisted of a Helix protractor mounted on a 10cm x 10cm

x 2cm wooden board. An outl ine of a cheliped with a l l podomeres
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nails were partially driven into the board along most of the

outline, leaving only the dactylus free. Chelipeds were placed

within the outline and rendered immobile by drawing the nails on

opposite sides towards each other firmly with the thumb and the

index finger. The angle of rotation of the tip of the dactylus,

from a fully extended to a completely flexed position was measured.

A range of chelipeds was used so that monomorphic as well as di-

morphic types of both sexes were included. The selection also

contained a few of the exceptionally bulky chelipeds (Fig. 19).

Joints

Generally each appendage consists of a series of segments

which can be moved by muscles inserted on thin flat apodemes.

The segments are joined to one another by flexible articular

membranes. Movements are brought about by antagonistic muscles

acting upon a lever system operating between any two successive

segments. By alternating the plane of movement at each joint of

an appendage a wide range of movements is possible (Fig. 19).

c 2

m

Figure 19. A whole cheliped showing planes of movement at

successive joints. Circles indicate movements in

vertical plane and lines represent movements in a

horizontal plane. (cl,coxa; bl, basi-ischium; m,

merus; c2, carpus, p, propodus; d, dactylus.)
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3.5.1 Antennules

In the prezoea, the hatching stage of T. anomqlq ,

the antennules are uniramous. In the adult they acquire

two rami (Fig. 20).

f 1

Figure 20, Right antennule, ventral view. 1-3, podomeres;

flj and fl2 , flagella.

The adult antennule has an axis of three podomeres

ending in two filiform flagella which have many jo in ts .

Of the two flagella, the medial one is slightly longer.

The antennules are generally used in feeding and

also presumably as organs of touch and chemoreception. By

being held vertically downwards, across the feeding current

and in front of the mandibles, they help trap some of the

organic matter that has escaped the mouth par ts . Detritus

adhering to the setae of the antennules is combed off by

the setae of antepenultimate, penultimate, and possibly the

terminal endopodal podomeres of the third maxiilipeds.

These particles are then presumably passed to the mouth.
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3.5.2 Antennae

Although the antennae are biramous in th^ prezoe.a ,

they are essentially uniramous in the adult (Fig. 25).

Figure 21• Right antenna, ventral view, pr, protopod;

en, endopod; ex, antennal scale; fl, flagellum.

The protopod consists of two podomeres, the proximal one

of which bears the openings of the antennary or green gland,

on the ventral side. Both protopodal segments are armed

with two or three tubercles of which the proximal ones are

more robust. The distal segment bears a highly reduced

antennal scale or acicle on the outer side and a three

jointed endopod on the inner side. The distal extremity

of the endopodal axis bears an elongate annulated flagellum.

In Crustacea the accepted functions of the antennae are

chemo- and mechanoreception.
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3.5.3 Mandibles

The mandibles are strongly calcif ied. The exopod

is presumably lost before hatching, and the d i s t a l part

of the protopod together with the two-iointed endopod

form the setose palp (Fig. 22). Medially, the mandible

is armed with a row of eight teeth. The molar process

which is the chief masticatory structure of natantians

such as PoLaemon is lacking in the mudlobster. This is

because masticatory functions have been taken over by

the denticles of a well-developed gastr ic mi l l ; whereas

in PoLoemon there is no gastric mill at a l l . As a

consequence, the mandibles are largely involved in passing

food into the mouth. The mandibular endopodal setae could

be used for scraping food from the labrum and pushing i t

into the mouth,

eni

1 cm

Figure 22. The right mandible, ventral view.

en, endopod; pr, protopod.
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3.5.4 Maxillules

The maxillule is a small, f la t , delicate structure

(Fig. 23).

Figure 23 . (a) The left maxillule, ventral view. en, endopod;

ex, exopod; pr, protopod.

(b) View of the medial margin of the endopod.

The exopod Is narrow and comprises two segments.

The endopod bears two endites; the inner margin of the

distal endite is densely setose and that of the proximal

one is spinulose. The maxillules are associated with food

gathering. While the setae of the distal endite are

adapted to sieve the substrate of organic matter, the

elongate spines of the proximal segment function as a

brush in combing detritus from the setae of neighbouring

appendages,

3.5.5 Maxillae

The maxilla is also thin, flat and weakly calcified.

The protopod bears four deeply incised endites all of which
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are setose on their inner margins (Fig. 24).

pr2

pr 1

1. cm

Figure 24. The left maxilla, dorsal view, en, endopod;
ex, exopod; pr, protopod.

The endopod is represented by a narrow lamella and the

setations on this are similar to those of the endites.

Medial endopodal setae and those of the endites play a

role in wafcing detrital matter towards the mouth.

The base of the broad, somewhat concave, exopod is

prolonged posteriorly into an elongate extension which bears

a tuft of few but long setae. The anterior end of the exopod

is also setose, A groove extends along the entire expodal

length. Vibratory motions by the anterior end of the exopod

provides the motive power for generating a respiratory current.

This current enters the branchial chambers, principally through

the inhalent openings located at the bases of the pereiopods,

and leaves through the exhalent apertures situated near the

anterior end of the antennar groove.

The grooved posterior portion of the scaphognathite

is situated high up in the epi-branchial chamber (Fig. 25).
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an 2

Figure 25. The right branchial chamber showing the location

of the maxilla, after the removal of the branchio-

stegite.

1-5 , pereiopods j anl, antennule ; an2 s antenna ;

eo, excurrent opening; ep, epipod; g , gi11; mx3,

third maxillipedJ sc, scaphognathite.

This arrangement is adaptive for it ensures that

the current entering the delicate pump chamber is almost

completely free of sediment. The current is transported

along the groove and delivered directly on to the baler

which expels the current through the exhalent openings.
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3.5.6 First maxillipeds

The first maxillipeds are associated with feeding.

They are small) foliaceous and flexible appendages (Fig. 26).

en pr2

(b)

Figure 26. The right first maxilliped. (a) ventral view;

(b) dorsal view, en, endopod; ex, exopod;

pr, protopod.

The protopod bears two setose endites. The setae of the

proximal endite arise along the raid ventral line and are

plumose. These probably trap fine detrital matter travelling

anteriorly along the mid ventral groove. The endopod is a

narrow lamella comprising two podomeres both of which possess

setae. Endopoda1 setae and those of the distal endite

generally aid in sifting organic matter and guiding it

towards the mouth.

The exopod is spatulate distally where it bears a

sparse tuft of setae. Vibrations of this segment set up

a current that probably aids in feeding.
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3.5.7 Second ntaxillipeds

The second rnaxilliped and the successive thoracopods

progreasively become stenopodial and more heavily calcified.

Maxillipeds subserve both trophic and respiratory functions.

Both the rami of the second maxilliped are of about equal

length (Fig. 2 7 ) . The protopod, which consists of two

segments is setose on its inner margin. The endopod has

Figure 27. The right second maxilliped, ventral view.

en, endopod; ex, exopod ; gl, gillj pr, protopod.

four joints. The proximal segment is densely setose; the

antepenultimate segment lacks setae; the penultimate podomere

bears a few elongate setae on its distal margins; and the

terminal segment is armed with five acutely curved spines.

The setae on the proximal endopodal podomeres and those on

the inner margins of the protopod assist in gathering food.

The five spines on the terminal endopodal segments are

adapted for scraping detritus clinging to the setae of

neighbouring appendages. Setae borne at the distal extremity

of the penultimate segment of the endopod aid in sifting

detritus.
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On the lateral side, evagination of the proximal

protopod gives rise to a podobranch dlstally and an epipod or

mastlgobranch, proximally.

The exopod is made up of three podomeres which bear

scanty setae. The terminal segment is spatulate, the rim

of which bears a ring of setae. Vibratory movements by

this contributes towards the generation of feeding currents.

3.5.8 Third maxUlipeds

The third maxUlipeds of the zoea are extremely long.

The length of the maxilliped is three-fifths the total length

of the animal. The third maxUlipeds of the adults are also

elongate, narrow and strongly calcified (Fig. 28).

1 cm
Figure 28. The right third maxilliped, ventral view, en,

endopod; ex, exopod; pr, protopod.
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The protopod Is dentate on the medial margin and

setose along the antero-ventral and lateral margins. It

bears a podobranch distally and a mastigobranch proximally.

The endopod consists of five podomeres. The proximal segment,

i.e. the ischium, has well-developed crista dentata on its

medial margin. Besides being denticulated the ischial

margin is also setose. The lateral border is edentate but

a row of setae is present along its mid ventral line.

Dense setae are borne on the outer margin of the ventral

surface of ischium. The remaining four segments are also

covered with dense setae. The setae on the inner border

of the antepenultimate segment comb the antennules of

trapped organtc matter and pass it on to the mouth parts.

During the combing process both the third maxillipeds are

raised up simultaneously, held apart, and then contact with

the antennules near their proximal ends is made by adduction.

Then, the maxillipeds are moved downwards. The endopod as

a whole is utilized in raking mud/detritus towards the mouth.

Furthermore, the broad ischia protect the delicate mouth

parts when 'bulldozing' mud. When mud is transported to the

surface the ischial segments form the posterior wall of the

mud pellet and the remaining endopodal podomeres arewrapped

around the dorsal and the anterior aspects of the mud pellet.

Upon reaching the burrow entrance the endopods play a role

in pushing the pellets away.

The exopod is represented by a three-jointed structure,

of which the first one is incompletely setose on both the

inner and the outer borders, but elongate. The second podomere

possesses setae only on its outer margin. The terminal segment

is spatulate and bears a ring of setae on its rim. The few

setae on the proximal expodal segments presumably aid in the

retention of particulate matter. The distal segment along with

its counterparts on the first and the second maxillipeds is

responsible for generating the feeding current.
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3.5.9 Chelipeds

The first pereiopods or chelipeds are subchelate,

and they may be monomorphic or dimorphic between individuals

and sexes (Fig. 29). In larger individuals, however, the

chelipeds are usually dimorphic (Fig. 19).

Figure 29. The right cheliped of a male, viewed from the outer

side, bl, basi-ischium; el } coxa, c2 , carpus; <3,

dactylus; m, merus; p, propodus.

On the lateral side the coxa bears a podobranch.

Except for its ventro-lateral posterior margin which ts

armed with a few spines, all other aspects of the proximal

margins of the coxa are edentate. The anterior dorsal margin

is armed with three or more acute spines. The anterior

ventro-lateral aspects are also spinose.



The basi-ischium is a Y-shaped, composite podomere,

and the suture between the two segments is well defined.

It is densely setose a long its lower border. The setations

are interrupted in the region of the suture. The lateral

margin of the lower surface is edentate on the basis but

finely serrulate on the ischium. A row of about ten

denticles, which progressively become much larger anteriorly,

is located along the entire length of the basi-ischium>

media 1 to the 1 inear setae. The dorsal border is armed with

three robust, compressed teeth.

Merus

The merus is a large flat podomere, triangular in

cross section; its armature on the dors a 1 margin consists of

a row of ten to thirteen teeth, two or three of which are

large} sharp and forwardly curved. Both the inner and the

outer ventral margins are serrulate. Two to three spines

towards the distal end of the latter are well—developed.

Strong denticulations are present on the mid ventral line

towards the proximal extremity. These progressively become

smaller anteriorly. The outer border of the denticulation

is setose.

Carpus

The carpus is relatively small. Its inner upper

margin is armed with about six strong, compressed teeth. The

somewhat triangular outer surface of the podomere is sculptured

with minute tubercles near its lower anterior border. Fine

serrulations are present on the lower half of the anterior

margin of the segment, whereas the upper half is armed with

a few minute blunt teeth. The lower margin of the outer

surface of the carpus is armed with a few tubercles terminating

in a sharp spine anteriorly. This segment 's inner surface

is smooth.
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Propodus

The propodus is the largest podomere and excepting a

narrow marginal zone a long the upper, Inner and outer

surfaces of the distal margin, its entire surface is

granulated. Granules on the lower medial surface are com-

paratively larger. The lower as well as the upper borders

of the outer surface are serrated. The teeth are blunt

and compressed, but those of the lower border are larger.

A longitudinal row of small closely placed tubercles runs

parallel to these borders, in the middle of the outer

surface. The inner border of the upper surface is strongly

serrated. The twelve teeth that comprise this border are

robust, compressed and blunt. They become larger posteriorly.

A row of tubercles, which disappears on reaching the fixed

finger, delimits the inner border of the lower surface.

Lines of setae-bearing punctae traverse parallel to, but

just outside of, both the inner serrated borders of the

upper and the lower surfaces of the propodus. The entire

anterior margin of this segment is armed with small teeth.

Fixed finger

The fixed or immobile finger varies from 25% to 75%

the length of the dactylus. When chelipeds of the same

individual show considerable dimorphism, the length of the

fixed finger is greater in the larger member. The cutting

edge is armed with a row of teeth. In some individuals,

in addition to the mid dorsal row of teeth, the proximal half

of the outer, or the inner, or both margins of the upper

surface of the fixed finger are sculptured with oblique rows

of spines.

Dactylus

The dactylus is compressed, and a longitudinal row of

punctae runs along its smooth outer surface. Both the upper

and the loser borders of the outer surface are armed with a
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£ew depressed teeth, at the proximal extremity. The rest

of the two borders are smooth. Just outside, but parallel

to the upper and the lower margins of the outer surface of

the dactylus, extend two setose grooves which become con-

fluent at the tip. Depressed teeth which become larger

anteriorly constitute the upper border of the inner surface

of the movable finger. In moderate sized chelipeds, the

mid point of the lower margin o£ the dactylus is modified

into an arched cutting edge. Viewed in profile the edge

can be seen to consist of two shallow unequal notches. The

relatively deeper proximal one accounts for a third to more

than half the total length. In the larger chelipeds, however,

the arch is missing. Armature of the opposing edges of both

the dactylus and the fixed finger vary in different individuals.

Bulky dactyli are invariably armed with two or three extremely

robust teeth, proximally. In some individuals the inner

surface of the dactylus has proximally two additional,

incomplete rows of serrulations. Their orientations are

longitudinal; while the upper row is located in the middle

of the inner surface of the dactylus, the lower one runs

more or less parallel to the cutting edge.

Functions of chelipeds

From the foregoing considerations of the morphology

of the chelipeds, it would appear that they serve feeding,

burrowing and offence/defence functions. Since there is

usually little dimorphism in the chelipeds of the two sexes,

the first pereiopods perhaps play essentially the same role

in combat.

Levers

Working on the chelae of a variety of brachyurans,

Warner and Jones (1976) and Warner (1977) have shown that

by varying the length of levers, and the magnitude of the

applied muscular force the resultant force can be varied.
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Applying their methods to the mudlobster, i t can be

shown that contraction of the large closer muscle (force

£1) results in the strong downward movement of the dactylus

about the pivot, whereas contraction of the small opener

muscle results in a weaker upward movement of the terminal

segment.

When the closer muscles contract work can be done at

the point a, roughly mid way along the biting edge or b, the

tip of the dactylus (Fig. 30), Application of force fl

Figure 30- Side view of a dissected chela with a l l muscles
removed. Contraction of closer muscle produces
force El which results in force of different
magnitudes (f2) at the cutting point a or at the
digging tip b.

results in different forces at a and b, which are different

in magnitude not only from each other but also from the

force applied (f 1) ; force differentials at a and b are due

to differences in lever lengths which are measured as the
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shortest distance between the pivot and the line of action

of the force.

In a frictionless pivot the relationship between the

forces and lever lengths is given by the equation

f l h = f2 ]2 •

Thus it is apparent that an increase in 1,. or a decrease in

1- results in an increase in magnitude of f _ . The magnitude

of the force altered, that is, the mechanical advantage is

given, by the ratio f« and is equal to the ratio I. (Warner, 1977) .

Hence the mechanical advantage obtaining at a is

greater than that at b. Furthermore, contraction of the

closer muscle will result in b moving further and faster

than a. The relationship between lever lengths and velocity

is given by the equation

vl = V2

(where v. and v, are the velocities of f.. and f respectively).

In other words, greater speed of action is only possible at

the expense of mechanical advantage.

In short, in the mudlobster appendage each lever (control-

ling the joints: thoracic-coxa, coxa-basi Ischium, basi

ischium-merus, merus-carpus, carpus-propodus , and propodus-

dactylus; Fig. 19) has a mechanical advantage so chosen as

to permit a variety of complex movements.

The mudlobster digs either to feed, or to extend/

maintain its burrow, or both. The morphology of the 'hand'

of the dactylus (propodus and dactylus), and the lever system

operating therein are admirably adapted to serve these functions.

The shorter distance between the cutting edge and the pivot,
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confers a high mechanical advantage at a, averaging 0.36,

wich a standard deviation of 0.024. The maximum value

obtained at this point was 0.70. Greater mechanical

advantage at this point, which could crush a potential

opponent's exoskeleton, is clearly advantageous in defence

or offence. Instances where an opponent's chelipeds are

completely severed from the body during combat have been

observed in the laboratory. Since f. 1. = f „ 1« , the crushing

power of heavily built chelipeds is further increased by

increasing 1* j i • e *', the distance between the pivot

and the point of attachemnt of the closer apodeme to the

dactylus .

Although the velocity of movement of the tip of the

dactylus has not been measured, it can be inferred from the

equation

that the speed of movement of the tip of dactylus is

increased by lengthening I (the distance between the pivot

and the tip) at the expense of mechanical advantage. The

mechanical advantage obtaining at this point averaged 0.184

with a standard deviation o£ 0,011. In brief, the mudlobster

can control the mechanical advantage by choosing the position of

a or b (Fig. 30).

Another unique way in which digging efficiency

is further improved is by making the cutting edges of

dactylus/fixed finger non-opposable; thus contraction of

the closer muscle results in the tip of dactylus swinging

well past the tip of the fixed finger; the arc of movement

of b in every case computed was found to be I10°(cf.

Carcinus maenus - 75°; Warner, 1977). Such a remarkably

large angle is probably not present in any other crustacean.
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The greater speed of movement of dactylus t i p , and

the attendant decrease in mechanical advantage, could be

adaptations for loosening soil for feeding or burrowing

purposes. The wedge-like lower surfaces of the bas i -

ischium and the proximal end of the merus, form efficient

blades for 'bulldozing' mud.

The chelipeds are also used in a manner analogous

to the action of the scoop of a mechanical front-ended

loader in the transportation of mud pel le ts to the exterior

of the burrowj on reaching the entrance, the pellet is

given a push by extending the dactyli so that the ball of

mud does not ro l l into the burrow.

3.5.10 Second pereiopods

The second pereiopods are also subchelate (Fig* 31),

1cm

Figure 31. The right second pereiopod. bl, basi-ischium;

cl, coxa, c2, carpus; d, dactylus; m, merus; p,

propodus.
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Although all segments of the second leg are basically

of the same shape as those of their counterparts on the

chelipeds, they are characterized by being highly compressed

and densely setose. Almost the entire lower margin, from

the basi-ischium to the dactylus, appears like the edge of

a wedge. The armature of the coxa Is similar to that of the

cheliped. The basi-ischium is considerably compressed.

While its outer and the inner upper borders are edentate,

the lower margin is armed with eight acute spines. The merus

is also very compressed. The upper border of the merus which

bears setae distally possesses ten sharp, forwardly curved

spines. The lower border is densely setose. Setae situated

towards the middle are the longest of all. Those on either

side progressively become smaller. The carpus is setose on

the upper as well as the lower margins. The propodus is

smooth. Both its upper and lower margins are densely setose.

The proximal setae on the lower margin are elongate, and

these diminish in length anteriorly. The size and disposition

of setae on the lower margin of the propodus (Fig. 31) are

considerably different from those figured by Sankolli (1.970;

Fig. 4h, p. 245). This may be due to inaccurate drawing by

Sankolli or it may be a real variation. However, de Man

(1915) has given drawings that more closely resemble the

setation shown in the present study (Fig. 31). The serration

on the b'iting edge of the fixed finger is more or less uniform.

The dactylus is equipped with a row of setae, which become

shorter anteriorly, along its outer margin; the inner border

is also setose proximally. Admittedly, gross morphological

similarities between the cheliped and the second pereiopod

are indicative of broadly similar functional adaptations.

However, minor differences in the morphology of the second

pereiopods confer upon them functional specialization which

is unique to them. Dense setations and the highly compressed

nature of the appendages adapt them to draw mud loosened by

the chelipeds closer, and sift them of organic particulate
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matter. The plane of movement of this pair of appendages

is more or less horizontal. The appendages are used as

the floor of the 'scoop' in the transportation of mud

pellets.

3.5.11 Third pereiopods

The third pereiopod is narrow and compressed (Fig. 32).

Figure 32. The right third pereiopod. bl, basi-ischium;

cl, coxa; c2, carpusj d, dactylus; m, merus!

PJ propodus.

The coxae of the third through fifth pereiopods are

progressively more numerously armed with spines, although

they are basically similar to one another. The gonopores

are located on the coxae of these appendages in the female.

The basi-ischium is also similar to its counterparts on

the other pereiopods. The upper border of this is sparsely

spinulate. A row of forwardly curved acute spines is present

on the upper border of the merus. The lower border is broader
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anteriorly and bears two rows of spines, which are similar. i

The carpus differs from those of the preceeding pereiopods

in that it is elongate. While both the inner and the outer

borders of its ventral surface are smooth, the upper margin \

is armed with acute spines which progressively become larger 1

distally. The propodus is relatively small; its lower border '

is setose; the upper surface has an ill-defined border and ^

is studded with tubercles in the depressions of which are *

located tufts of setae. A similar row is situated in the [
'1

middle of the outer surface of the propodus. The dactylus

is slender but as long as the propodus, and its lower border f

is setose. A linear row of setae demarcates its upper inner

margin; its outer margin, on the other hand is armed with a ;̂

few stout, blunt tubercles. j

The third, fourth and the fifth pereiopods are ambu- I

latory in function. Elongation of the carpus and the dactylus f

permit greater angles of rotation by their respective distal

extremities, The tips of the dactyli thus can be anchored

against the burrow wall almost anywhere on its dorsolateral-

ventrolateral arc; this would facilitate progression through

a burrow particularly near the entrance which is invariably

vertical.

3.5.12 Fourth pereiopods

The fourth pereiopod is similar to the preceeding one

although a little smaller (Fig. 33). Although both serve

similar functions each pair complements the other. This is

particularly important while the mudlobster is moving up the

vertical shaft with a load of mud.
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Figure 33 . The right fourth pereiopod. b], basi-ischium;

cl, coxa; c2, carpus; d, dactylus; m, merus;

p, propodus.

3.5.13 Fifth pereiopods

The fifth pereiopods are more or less tubular (Fig. 34).

1 cm

Figure 34. The right fifth pereiopod. bl, basi-ischium;

cl, coxa; c2, carpus; d, dactylusj ra, merus;

p, propodus.
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The coxae, in the male, bear gonopores which are located

close to each other on either side of the mid-ventral line

of the body. Appendicular spines on all segments save

those of the coxa are fewer and blunt. The propodus is

elongate and strongly tubular. The dactylus is singular

in that it is unguiculate, curved and triquetral. Further-

more, the PD (propodus-dactylus) joint allows the tip of

the dactylus to move through an arc of 180°.

The claw-like tips of the dactyli ensure firm

anchorage as the animal is moving up the vertical shaft

of the burrow. The unique PD joint of the appendage and

the curved nature of the terminal segment enable the

dactylus to be raised directly above or below the carapace

and anchored against the roof/or the floor - indeed a very

useful adaptation particularly for progression through this

part of the burrow.

3.5.14 Pleopods

The abdominal appendages or pleopods are usually

biramous, weakly calcified, delicate structures. In the 'i

male the first pair is uniramous, well-developed and forwardly j

directed (Fig.35(a)), The endopods are modified as gonopods I

with appendix interna. Much of the posterior margin and the "It

proximal aspects of the anterior margin are setose. In the 4\

female, on the contrary, the first pair is vestigial. The ,',

second pleopods are also well-developed in the male (Fig. 35(b)). '5)

The protopod is elongate and two segmented. The exopod is i !

slender, annulated and filiform; its distal extremity bears ,'J

a tuft of setae. The endopod is compressed. The distal 171

end bears a delicate many jointed filiform segment laterally js'

and a complex process called appendix masculina, medially. g

The distal half of its anterior borders is furnished with 1'

setae. V1!
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(a)

-pr

Figure 35. Inner views of Che male (a) first right pleopod,

(b) second right pleopod, and (c) third right

pleopod. en, endopodj ex, exopod; pr, protopod.

The second to fifth pleopods in the female are well-

developed, whereas in the male the third to fifth pleopods

are reduced (Fig. 35(c), Fig. 36(a) & (b ) ) . Typically,

each pleopod consists of a two—segmented protopod the

distal extremity of which bears a many jointed exopod on

the outer side and a many-jointed endopod on the inner

side. The endopod is marginally longer than the exopod.

The female pleopods are also characterized by being more

setose, particularly during the breeding season.

In the male, the first pleopods have been modified as

gonopods. Members of the pair move together. This is made

possible by marginal setae which in terd ig i ta te . The tubular
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distal end and the appendix interna facilitate transference

of sperm. In the ma le, the second pleopods with their

appendix masculina, undergo specialization to function as

accessory intromit tent organ. The appendix masculina i s presumably

used as a plug that prevents the sperm mass from flowing

out of the posterior end of the tubular first pleopods,

thus ensuring that it is forced out during extrusion only

through the opening located at the anterior end of the

opposed gonopods.

The larger second, third, fourth and fifth pleopods,

together with the elaboration of their setations are

adaptations for carrying eggs. In the berried female,

the vast number of eggs are attached to the innumerable

setae on these appendages.

3.5,15 Uropods

The uropods are strongly calcified, lanceolate,

biramous and somewhat depressed proximally (Fig. 36(c))»

(a) (b)

1 cm

Figure 36. Front views of the male (a) fourth right pleopod;

(b) fifth right pleopod; (c) the right uropod .

en, endopod; ex, exopod; pr, protopod.
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The two rami are of equal length and both curve inwards

distally and they lack diaeresis. The ventral surfaces of

both the endopod and the exopod bear elongate setae specially

along their distal halves.

The tail fan therefore is rounded at the posterior

extremity - a structure that faci l i tates backward progression

through the burrow or backing into thixotropic mud.

3.6 Adaptations of the body for a burrowing mode of life

From the foregoing considerations i t is clear that the sub-

terranean existence imposes adaptive structural changes to the

appendages. This is conducive to burrowing mode of life in

mangrove concretions. The appendages of this crustacean show

remarkable serial differentiation. Each pair is highly specialized

to serve a specific function.

3.6.1 Carapace

The free margins of the branchiostegites of J_. ooomolo.,

from the pterygostomial spine to the posterior notch, are

setose (Fig. 16). As the mudlobster lives in an extremely

muddy environment, the setae keep the branchial cavities

relatively free of mud particles which tend to get drawn

into it during the normal forwardly directed respiratory

current. Notwithstanding this, a l i t t l e mud gains entrance ^

into the gill chambers. Entry of mud into the delicate "1

pump chamber which houses the scaphognathite, however, is 0,i

minimized by the development of a unique maxilla the posterior ^ i

extension of which is closely applied to the roof of the /i

branchiostegites (Fig. 25). The height of the branchial '< ,
* 1

cavity, and therefore that of the posterior extension of the

scaphognathite is further raised by the shape of the carapace, r,J

which is slightly compressed rather than depressed. Thus, y,

the presence of marginal setae and the elevated location of ^

the posterior extremity of the scaphognathite are respiratory

adaptations.



The carapace of the mudlobster, like those of many

burrowing decapods, is flexible. Carapace flexibility

permits branchiostegite adduction whereby the normal

forwardly directed respiratory current is reversed. As in

the sand-dwelling brachyuran, Corystes cossLvelounus

(Arudpragasam and Naylor, 1966) presumably in the mudlobster

also, current reversals serve gill cleaning functions; or

they may be useful in irrigating the postero-dorsal aspects

of the gills as in another brachyurous form Macroptpus puber

(Arudpragasam and Naylor, op. cit.).

The shape of the carapace is basically tubular

(Fig. 15). An organism which is circular in cross section

lends itself to ease of movement through tubular burrows,

like a piston moving up and down in a cylinder.

3.6.2 Thorax

On the mid ventral line of the thorax lies a groove.

It is well defined in the anterior region where it passes

vertically upwards between the bases of the chelipeds and

the maxillipeds (Fig. 14). Detrital matter moves anteriorly

along this median groove during the forwardly directed

feeding or respiratory currents.

The last thoracic sternum is free; its movable

articulation with the remaining fused anterior sterna

augments the side to side movements which only the thoracic/

abdominal joint is capable of in some decapods.

3.6.3 Abdomen

The narrow, depressed abdomen with reduced pleura

is structurally adaptive: reduction of abdominal weight

allows the light abdomen to be simply dragged along by the

ambulatory pereiopods. Furthermore, a dorsoventrally flattened

abdomen probably provides greater protection to eggs in berried

females.
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Abdomina1 joints are characterized by considrable

degree of mobility. Consequently, the abdomen can be

readily flexed or extended. By carrying eggs in a flexed

condition of the abdomen, the eggs are protected from

abrasion, when berried females aerate them, or move about.

Mobile articulations facilitate movement through tortuous

burrows.
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CHAPTER 4

LARVAL HISTORY

4.1 Introduction

Early larval history of T. anomalg was first studied by

Sankolli (1967). Although he claims that the larvae of these

decapods are hardy compared to those of EroerLto, or porcellanids,

he does not explain his failure to rear larvae beyond the third

developmental stage. Sankolli observed that "As the breeding

period of this species is confined to the month of October, egg

bearing females were hard to find. In all, only three berried

specimens could be collected during 1961-63". However, he did

not attempt to give any reason why berried females should be so

scarce.

In order to study the complete larval history of the mud-

lobster, traditional mudlobster traps were set up over the past

four years (Table 11). Non—availability of professional trappers

on a regular basis militated against systematic data collection,

however.

An analysis of the trapping results indicates that there

exists a clearly defined peak in the breeding biology of the

mudlobster. This peak falls between September to November.

Interestingly enough the breeding period of the Fijian mudlobster

coincides with that of its Indian counterpart.

The eggs of the mudlobsf.er, like those of other higher

decapods which are characterized by suppression or confinement of

the typical crustacean naupliar stage within the berried state,

are attached to pleopodal setae after extrusion. Attachments

are confined to the second through the fifth pleopods. The con-

comitant increase in both the number and the length of pleopodal

setae during the breeding season are adaptive, i.e., they

accommodate the maximum number of eggs.

v I
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4.2 Fecundity studies

Fecundity studies were carried out on seven preserved

specimens of berried females. Eggs of the f i rs t individual,

were painstakingly separated manually from the setae. The

number of eggs borne by this individual was determined with

the aid of a plankton divider (Rigosha, model 2561C). The

result thus obtained was 103,040.

This method was found to be unsatisfactory for two reasons:

f i rs t ly , some eggs could not be separated from the more delicate

setae of the pleopods; secondly, unlike the less dense plankton

the determination of the density of which the plankton divider

was designed, the denser eggs of the mudlobster tended to set t le

quickly.

The remaining second to seventh berried specimens were

therefore given a different treatment. Since preliminary

investigations indicated that 10% K0I1 was more efficacious in

freeing eggs from setae than 10% EDTA, each individual was

immersed in 200ml of the former for 24 hours. Brisk, but

careful, shaking of the animal freed most eggs. The few

remaining eggs s t i l l attached to the setae were detached

manually with a soft paint brush. The eggs were then transferred

to a 10 l i t re plastic bucket containing four l i t r e s of water.

The eggs were agitated manually In order to disperse them evenly.

A known volume of suspended eggs was removed and counted on a

perspex trough. The procedure was repeated thrice and the

results averaged. The total number of eggs was estimated by

dividing the total volume by the sample volume and then multi-

plying the quotient by the mean number of three aliquots.

This method proved to be quite satisfactory in computing

the number of eggs borne by a single large individual - 106,777.

Surprisingly, most eggs of other specimens (3rd-7th) ruptured

under a similar series of treatment. This is probably due to
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the use of excessively concentrated KOH solution which could

have deproteinized the egg membranes to such an extent that the

eggs were rendered extremely fragile and thereby readily ruptured .

Since the eggs of the first individual subjected to an identical

treatment stood up to it quite well, it is likely that the cause

of egg rupture lies elsewhere - possibly in the fact that the

second individual was freshly preserved whereas the third through

the seventh were stored for more than four years.

From this investigation, limited as it is, it appears that

the average number of eggs borne by the larger females as appro—

ximately in the order of 100,000.

Newly laid eggs of the mudlobster are bright orange. The

contents gradually change colour to pale brown and then finally

to dralt brown or Uhaki as the larvae develop* Colour changes

are accompanied by changes in shape and size also. Fresh eggs

are almost spherical, averaging 0.75mm in diameter, but at hatching

stage they tend to become elongate and somewhat pyriform. At this

stage the average maximum length of the egg is 1 .06mm and its mean

maximum width is 0.87mm (Fig. 37).

b)

0 5 mm 5 mm
Figure 37. (a) newly laid egg of the mudlobster. (b) and egg

just before hatching.
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The mudlobster probably comes to the surface during

nocturnal high tides to disperse the freshly hatched larvae.

Dispersal is presumably facilitated by vigorous flexion of the

abdomen. This behaviour has been observed in berried females

aerating their eggs in the laboratory.

That the larvae of brackish water decapods spend the early j ft

part of their life history in water of higher salinities and then j l|

migrate to estuarine regions is well documented. Since the US

maximum salinity recorded in the mangal during high tides was j M\

307.. (Chapter 1 ) , it was hypothesized that freshly-hatched larvae jt

of the mudlobster must encounter similar salinities and not •;

oceanic salinities. These larvae probably take to a pelagic mode j H !

of life soon after and return to brackish water during the later j lip

stages of their life history. | K

The fourteen berried females trapped from September to i Hi

November 1981 (Table 11) were initially kept in aquaria containing [ B

20%. seawater, and fed on mangrove mud (Chapter 3 ) . Water was ; 1;

changed every day and egg colour and shape changes were monitored | §|H

both at the gross and microscopic levels. When the eggs turned jW

dark brown or khaki, individuals bearing these were washed in lip

clean 20%. sea water and transferred to clean glass aquaria con- ! ill

taining sea water the salinity of which was adjusted to 3O7..by j j||

diluting sea water (obtained from a nearby barrier reef off the || jB'j

Laucala Campus) with distilled water. The volume of the diluted j M!

sea water was such that the animal was partially emersed. It was

fed with the deep sea prawn, Heterocorpus spp. ground to a paste.

The tank was aerated and the water changed daily.

When the eggs were close to hatching, a stage that could be

readily determined microscopically, feeding was suspended and the ,; _

animal was transferred to a clean perspex aquarium (32.5cm x ; •

22.5cm x 20.5cm) containing 307.. sea water. The salinity was '! jj

progressively increased to 367.. over the next three days and then ; •



1 o w o r o d by 1-2%,, da :i.ly .

J u s t : b e f o r e h a t c h i n g t h e egg . m e m b r a n e s o f a t ! , egg;.-; o b s e r v e d

rn [ c r o s c o p i c a I. I. y w o r e f o u n d t:o be c o v e r e d wi f .h s e v e r a l V o r i : L e e '.. La

c o l o n i e s a m i a l s o wi ! :h what; a p p e a r e d to be. ep i p h y (: i c f u n g i , o r

f i l a m e n t o u s a l .ga ( f i g . 3 8 ) .

/ '') \ ' " : . , ' • - . " •

' • • - - : • ; • ' i . ! ' ' • • - . < ' r

• ; - . - ^ , ' ••'.,• • ; • • \ • ; . - . . • •

guro 38 f £i) . ':4'.B men!bra ne; o f a ire. sh 1 y h.-i tic IICKI egg showi np

wha t tipper rs to be ep iphy t.ic fungi or f: 1 Lament; ous

a \gu . Print: ma grin f t cat-ion t.3OX (l'iia,sc-coni::r;.iBt:) .
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F i g 38(b) [•L.g, 3 8 ( c )

S-JM^ I • Filament showing what appear t o he un i.nuc I. ea ted
c o l l s , MagriLf Lent Lori I400X (Phase c o n s t rust ) .

£_J!i*JjL2 • •' i 8 h e r m *» g n t. f i c ;i t i o n ( 2 000X) o f a s 1 n g t e f i. !. a m c n r.
5; how i ng a opt) re ri tr. cons t ri c t ions (;.i r rowed ) -
(Phase c o u s t r a s t ) . '

Ho tch i tig 1 s not e_n_ m<i_s_s_e_. I nstciad i t t a k e s p l a c e i n s t a g e s

One i nc! i viduit I wn s observed to t a ke 5 d;i ys t o conip Le f.e the p ro~

ce s s . A L though ha tch i.ng i s cont. i nuous , 11: appea v s t h a t i t peak s

dur i ng the n i.ght .

As the nun 1 n purpo se of th i s 1 rive s t i ga t i on wa s t o ob ta i n a

coirip let.e I. ;u~va t h L s to ry , p a r t i c u 1 ar !.y tha \~. re I a 1.1 ng t o the: V a t e r

s t age s ( not documented by Sa nko 1.1 i. ) , much t" ime a nd e f f o r t H;I s

sI>eat keepi.vig the 1 aruae a 1 i ve . Lin£oxtuna t e I y , a s a r e su11 of:

a seri . e s of mi shaps and/or f a u l t s i n t e c h n i q u e s Che La rvao con !. d

not be kept a 1. i ve beyond the 9 th day . Fur the rmore t ma ny 1 nd i vi. —

dua I s dl scarded the i r eggs prenui t ure 1 y .
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If

Various combinations of d ie t s for the larvae were t r i e d .

These included diatoms, yeast, the green algae Scenedesmus and

Chlorella, freshly-hatched nauplii of the brine shrimp, Artemlo.

so lino, and crushed deep water prawn, Heterocorpus spp,

4.3 Larvae

The hatching stage of the larva as reported by Sankolli

(1967) is the pre-zoea (Fig. 39) . I t measured 2.99mm in length .

Within a period of nine days of post-hatching development, the

larvae increased i t s length from 2.99mm to 4.26mm. Figures 40

and 41 i l l u s t r a t e a three-day old and a nine day old la rva l

stages respectively recorded in th is inves t iga t ion . The stages

shown in these figures have not been recorded by previous workers.
r,
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Q 1 mm

(e)

0 5 mm

02 m

( f )

02mm

Figure 39. a, one day old larva; b , Celson; c, antennule,

d, antenna; e, f i r s t raaxilllped; E, second

maxilliped; g> third maxill iped.
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Ib)

'(e)

Figure 40. a, 3 day old larva; b, telson; c, antennule; d,

antenna; e, first maxilliped; i, second maxilllped;

g, third maxilliped; h, maxillule; i , maxilla; j ,

mandible; k, cheliped.
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uto)

Figure 41. a, 9 day old larvaj b, telson; c, antennule; d, antenna;

e, first raaxilllped j f, second maxilliped; g, third

maxilliped; h, maxillule; i , maxilla; j , mandible; k,

chellpedj l-o, second to fifth walking legs. The scale

refers to Figure 41 (a) only.
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CHAPTER 5 1

MORPHOMETRIC RELATIONSHIPS

5 . 1 Introduction

In this chapter, the relative growth of several body parts

°^ I* onomoLo. is examined and discussed in ralation to its

behaviour and habitat. The relationship between length and

weight is also considered.

As the traditional Fijian mudlobster trap was of no use

in catching smaller individuals, especially post larvae and

juveniles, sever a 1 mounds were dug up In the hope of finding

them. Laborious digging of almost a hundred mounds yielded few

juveniles. Consequently the sise range of the sample does not

include as many smaller individuals - particularly females - us

would have been desirable.

5.2 Relationship between carapace length and width

The carapace width and length of both sexes were pooled*

From the pooled data carapace width was plotted as a function of,

carapace length (Fig. 42). The relationship between the two

variables, i.e., carapace length (CL) and width (CW) in T. onomalo

was found to be linear according to the equation

CW = a + vCL

where v is the slope and a i s a constant . .» '

CW = -0.06 + (0.527 + 0.045) CL. jj

The value v = 0.527 + 0.045 was obtained by geometric mean MJ

functional regression. The linear regression coefficients used | | '

in this and the succeeding : analyses of relat ive growth follows f|j

the rationale outlined by Ricker (cited from Ricker, X978) . Si

This is so because both the x and y values may be subject to jjj

natura 1 variability and we cannot say with any certainty which •m!

is the predictor variable. Sh



Where the association between x and y Is a very close one,

this method gives essentially the same equation as standard linear

regression.

The regression coefficient (r) was found to be +0.991, thus

indicating that the relationship between the variables is indeed

a close one.

The regression line passes almost through the origin.

Presumably this indicates that the animal is growing isoraetrlca lly

and there Is no change In relative growth throughout l i f e . This

is of functional significance as a change in shape resulting in,

widening of the carapace, would have deleterious effect on the

burrowing activities of the mudlobster. It is a forward burrower

and therefore moves only forwards or backwards through the burrow.

An increase In width will not only alter cylindrical shape of the

body, but also is energetically wasteful as i t would require

widening of the burrow. However, in many brachyurous side-burrows,

e.g., Sesermo. eruthrodqctula and CardLsorna carnlf ex, there is a

change in carapace shape during growth. It becomes wider and

shorter. This is adaptive as an increase in width does not a l t e r

the inherent cylindrical shape of this burrower.

5.3 Relationship between carapace and abdominal lengths

Plotting abdomen length as a function of carapace length

for the two sexes clearly indicates that the regression line

slopes are similar for both sexes - 1.92 for females and 1.84

for the males respectively (Fig. 43). The y values for the two

sexes are given by the equations

y = -1.11 + (1.918 + 0.061) x for females, and

y = -0.69 + (1.836 + 0.042) x for males.

There is an extremely close association between x and y

with a correlation coefficient, (r) values of +0.984 for females
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5.4 Relationship between abdominal length and width

Fig. 44 shows that when the abdomen width is plotted as a function

of abdomen length the slopes of the regression lines for females and males

of T. anomoLo are 0.271 ± 0.098 and 0.197 + 0.014 respectively.

Again regression coefficient values of +0.986 for females

and +0.988 for males indicate that the relationship between

abdomen length and width is a close one. Stat is t ical comparison

at the two slopes show, that the difference in the slopes is not

a significant one.

The shape of the abdomen in the raudlobster is basically

the same in both sexes though i t s relative width varies in them.

Abdominal width of females are slightly larger than those

of males. In brachyurans, however, there is striking

dimorphism. Wider abdomen in females is of functional significance

as the developing eggs are carried attached to the pleopods after

extrusion. Elongate abdomen, which constitutes about 65% of the

total length, presumably allows for a large number of eggs to be

carried without affecting the burrowing ability of the female. A

significant increase in the width of the abdomen would have an

adverse effect on the burrowing activities of the mudlobster.

5.5 Relationship between abdomen and first pleopod lengths

Fig. 45 shows that the slopes of the regression lines of

the abdomen and first pleopod length plot is considerably

different for the two sexes. The values for the slopes are

0.115 £ 0.075 and 0.151 + 0.025, for females and males respectively.

A regression coefficient (r) = +0.994 for males denotes

that the relationship between the variables considered is almost

perfectly rectilinear. On the other hand, a regression coeffi-

cient value of +0.761 for females does not indicate a similar

relationship«
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The first pleopods of the two sexes are characterized by

significant dimorphism. In adult females they are vestigial

averaging only 0.79cm in length. If these appendages had been h

of normal length and carried eggs, movement of the last free

thoracic sternum and flextion/extension of the abdomen would ^

damage the delicate eggs as these limbs are situated close to *

the bases of the last pair of pereiopods. }

I

In males , howevery the first pleopods are modified as *

intromittent organs for the transfer of sperms. Hence these
i

appendages a r e e l o n g a t e , a v e r a g i n g 2.6cm i n a d u l t s . Young »

males a l s o have e longa t e f i r s t p l e o p o d s . T h i s , as Ha r n o i l if.

(1974) pointed out, probably enables them to mate with a wide

range of fema le sizes. The distal extremity of the male

first pleopods are ordinarily carried tucked in between the

closely situated coxae of the fifth pair of pereiopods and

the last thoracic sternum. It is because of the manner in

which the elongate intromittent organs are carried, that the

burrowing life style of the mudlobster does not pose any

problem to the safety of these delicate structures.

5.6 Relationship between length and weight

The relationship between length and weight has the form

y = bx and hence the curve is an exponentia 1 one (Fig.46).

The functional regression values for the slopes were found

to be 3.167 + 0.103 for males and 3,077 + 0.075 for females.

Since the value of b approximates 3, body length/weight relationship is

isometric, that is , there is no change in body form with

increase in weight.

The correlation coefficient for females, r = +0.996

indicates that the relationship between total length and weight

is very close indeed. Similarly the correlation coefficient
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(r) for males which =+ 0.997 is also indicative of exceptionally

close correlation between x and y. Sta t is t ica l comparison of

the two slopes indicates that the difference in the slopes is

not a significant one.

Logarithmic plot of total length (L) and weight (W)

(Fig. 47) gives a straight line according to the equation

W = aLb

log W = 3.17 log L -4.5 for males

log W = 3.08 log L -4.38 for females

Their corresponding parabolic relationships are as follows:

,3.17
W = 0.011 L for males

W = 0.013 L 3 ' 0 8 , for females.

Since a <lfor both males and females, growth is positively

isometric in both sexes ,
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CHAPTER 6

SOCIO-ECONOMIC CONSIDERATIONS

6.1 Social considerations

The mudlobster is an important source of sea food in

Fiji. In the Philippines, Indonesia and Sri Lanka, however,

it is considered a pest, for its burrowing activities interfere

with coastal aquaculture as it causes leaks in dykes (Pillai,

1972).

It is noteworthy that within the small and fairly homogeneous

indigenous Fijian population of Viti Levu, only those inhabiting

the southeastern coastal areas, namely the Rewans, apparently

not only eat the mudlobster but also consider it a delicacy 'par

excellence'. A lack of dietary preference for the mudlobster

on the part of those living outside this area is difficult to

explain in view of the fact that the occurrence of the mudlobster

is not confined to the estuarine regions of the Rewa. Indeed it

is found in all brackishwater mangrove swamps of Fiji.

The mudlobster, or 'mana' as it is called in Fijian, has

a dietary as well as a historical significance for the people

of Rewa.

The legend surrounding the first Roko Tui Dreketi appears

to have a historical basis. Roko Ratu, also known as Roko

Melasiga, the father of the first Roko Tui Dreketi lived at

Nadoria, then known as. Dreketi (Fig. 48). He had two sons, namely

Roko Rawalai, the older and Ro Senico, the younger.

One day, when the father was having a siesta, he was

disturbed by people shouting and clapping their hands on the

village lawn. On getting up and investigating, he found that his

sons were indirectly responsible for the noise. For, they were
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The people of Burenivalu (which comprises the villages of

Nadoi , Lokiaj Drekena, Vunuku and Narocivo) wanted the brothers

to leave Burebasaga and live with them and become their chief.

According to folklore, the Rewans (Burenivaluans) went over to

Burebasaga with building materials to construct a house for them.

They also prepared a feast for the brothers. The feast included,

among others, a specially prepared mudlobster dish. All these

were used as 'vecei' (enticement). The brothers found the 'mana '

preparation ineluctable. On enquiring as to where they (Bureni-

valuans) obtained the animals from, the Burenivaluans1 spokesman

told them that they were plentiful in their land, whereupon the

older son, Roko Rawalai acceeded to their request. The Bureniva-

luans built him a chiefly house called 'Na Mana1*, remnants of

which still exist, at Lomanikoro.

In the meantime, their father, Roko Ratu began to be

concerned about the welfare of his sons. After learning that

his sons were in Burenivalu, he made up his mind to go there

and see them. There, he installed Roko Rawalai as the Roko Tui

Dreketi, a title which interestingly enough he himself did not

formally adopt. He also pledged the support of his people in

Dreketi in looking after his needs. Consequently his son, Roko

Rawalai, is recognised as the first Roko Tui Dreketi.

The appellation attached to the first Roko Tui Dreketi and

his descendant is 'kaumai e na mana' usually abbreviated to 'mai

e na mana' which probably means he who was won over by the 'mana1.

The title has been further shortened and renamed: 'Komai** Na Mana1

which either means the chief of/or owner of 'Na Mana1, or he who

has the mana, that is, special power endowed by God to a chief.

* 'Na Mana1 includes the raised foundation as well as the house

**'Komai' is the abbreviated form of 'Koya mai1 wich either means

'the person from1 or 'the chief of 1.



Figure 49. The mudlobster trap. A, illustrates how a trap is set. B, shows a trap in situ.

1
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The people of Burenivalu are the traditional trappers and

suppliers of the mudlobster to the Roko Tui Dreketi. Adi Lady

Lala Mara, wife of Ratu Sir Kamisese Mara, the Prime Minister

of Fiji, is the present Roko Tui Dreketi.

6.2 Fishing methods

In Fiji the mudlobster is usually caught by the traditional

'mana' (mudlobster) trap (Fig. 49) which was first described by

Hornell (op. cit.). The trap is indeed an ingenious one which,

contrary to Hornell1 s assertion does not require the use of bait.

The trap is made of simple components, all of which are available

in the mangal: prop roots of RhLzophoro. spp. , a sapling - [j

ordinarily a young Bpuqulero, plant, the fibrous outer layer of </
y"

H. tlLLaceus, and a short length of bamboo - usually found washed fl

ashore. The traps are usually set at low tide and picked up

before high t ide.

The other method of catching the mudlobster is known as

'kucukucu' locally. This method is employed only at high t ides . r'j

I t involves the location of one of the lower ends of the burrow \>
i i

and pressing into it vigorously in rapid succession with one's j

foot. This sets in motion the column of water inside the burrow. i

The up and down movement of water column inside the burrow 'f

usually breaks the mud plug and forces the occupant to come to I I

the surface, when it is caught with the hands. If the pumping \> \

action does not break the plug, then it is quickly broken with j

the hands after a series of pumping actions. The animal, if u p

present, is then caught, f

Trapping skills are transmitted from one generation to

another. Almost every adult Rewan living in the deltaic or H

estuarine regions of the Rewa River passes on his skills to his n

sons- • ]

v
i i
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6.3 Economic importance

It is only since 1977 that the Fisheries Division of the

Fiji Ministry of Agriculture and Fisheries established a system

of data collection with respect to fish and aquatic non-fish

products marketing in Fiji. Data on sale volume, species compo-

sition and price of decapods were collected by the Fisheries

Division from the municipal markets where official records are

kept.

As the market surveys were undertaken on a selective basis,

the data is incomplete in that decapod sales for each day the '^

markets were open to business during the entire year are not L>

available. Consequently conclusions drawn from the data must be f

tentative. This is so because individual factors such as weather,

seasonality of species, and choice of the day of the week for

conducting the survey could put a bias on figures for the

annual sale volume of each species. This is particularly true I

of the mudlobster which completely disappears from the market $ j

I '
counters between July to December, because the females are either **

I 1

in berried state (Chapter 4) or they are not ovigerous. In the f\

latter state) when the eggs may be seen as an orange mass through [i

the arthrodial membranes of the abdominal sternites, the mudlobster ^ ]

sells at a premium. JJ

i
Table 12 shows species composition and sale volume of :

decapods sold in municipal markets from 1977 to 1980 (Annual *

Reports 1977-80). During 1980, 27 tonnes of mudlobster were sold. >'
t

This accounts for 18.7% of the total decapod sales in Fiji's
|

municipal markets. „

Table 13 illustrates species composition of decapods sold

by weight in tonnes and percentage at each market in 1980. In

the Central Division generally, and in the Suva Market in »

particular, the mudlobster is a very important source of sea j

food. Indeed it accounts for 21.99 tonnes, that is, 387. of the
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SUMMARY

1 . The mudlobster occurring in Fiji was examined to ascertain

whether it is identical to or different from those described

by de Man (op. c i t . ) and Sankolli (op. c i t . ) . The study

revealed some minor variations.

2. The functional morphology of the mudlobster was investigated

with particular reference to i ts adaptations for a burrowing

life style. Results indicate that the thalassinid is [

admirably adapted for life in the estuarine mangrove swamps I

\

3. The functional morphology of the nineteen pairs of t

appendages were also examined. The unique cheliped of the [I

mudlobster was studied with respect to mechanical advantage I

and the speed of movement obtaining at the cutting and j

digging points of the dactylus. !

4. Selected environmental parameters limiting the distribution

of the mudlobster at the Laucala Island were investigated.

Of these salinity, grain size distribution and the availabi-

lity of detritus appear to be the chief determinants.

5. Patterns of spatial distribution by nearest neighbour analysis

was undertaken. Results show that the distribution of the

mudlobster is clearly non-random. It was hypothesized that

a lack of substrate may be the principal factor militating

against random distribution. Further investigations indicated

that there is an inverse correlation between the size of the

mangrove and the number of mudlobster mounds. In short)

other things being equal, within the mudlobsters' range,

fewer mounds are to be found around large trees. This is

largely so because their numerous aerial roots take up a

lot of substrate and interfere with the animal's digging

activities.
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6. Fecundity studies were carried out. These Indicate that the

mudlobster is particularly fecund; larger individuals bear

eggs in the order of 100,000 per animal.

7. Larval history, especially pertaining to the later develop-

ments was investigated. Although two new larval stages,

not recorded so far, were obtained, a l l larvae died before

reaching the post larval stage.

!

8. Morphometric relationships between selected organs were !

analysed to see how they relate to, and facilitate the j

burrowing habit of, the mudlobster. Results indicate that i

the elongate but essentially cylindrical body shape remains j

basically unchanged from the post larva onwards. From a \

burrowing standpoint this is adaptive. |

t

9. Market surveys of Fiji's municipal markets were undertaken.

The surveys indicate that the mudlobster Is an important

marine food resource. The Rewan cuisine 'mlti ' (a special

preparation of the mudlobster in coconut milk, seasoned with

chilli, onion, lemon and salt) is considered the ultimate

in culinary triumph by the Rewan.

10. Interviews of several Rewans suggest that the mudlobster

is of historical significance to the people of Rewa. Indeed

legend and history surrounding the mudlobster is a part of

the fabric of the Rewan ethos.
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