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I. INTRODUCTION 

The ecological studies that have been made of Dona.x 

have been mostly concentrated on two special features of 

the life of the clam. The first is its remarkable ability 

to develop and maintain populations on wave-s~ept sandy 

beaches. an environment which is one of the most difficult 

of marine habitats. D9nax is so successrul in this habita t 

that it is one of the most abundant animals living on these 

beaches and, except for the mole crabs (Hippidea), has 

possibly the widest distribution throughout the world of 

any sand-beach dwelling animal. Enormous populations of 

Donax have been reported by Coe (1955) who estimated 

densities of over 20.000 clams per square metr e of beach 

for D. gouldi in Southern California , and by Loesch (1957) 

who estimated 32,000 clams per linear yard of beach for 

D. variabilis and D. tumidus o~ the Texas coast. So world­

wide is the presence of Donax on sandy beaches that Gauld 

and Buchanan (1956) have su6gested that a Donax zone should 

be recognised as a widespread feature of saa.dy beaches 

throughout the world. 

The second aspect of the e cology of Donrur which 

has often been deocribed is its ability to migrate 

synchronously with the tides and thus to maintain itself 

in t he same zono relative to the line of the breaking surf 
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at high and low tides. 

The attentiou that has been paid to these two aspects 

of DoAax has been so specific that other features of its 

ecology have bae·n almost completely ignored. As a result, 

while there is much published literature purporting to be on 

the ecology o'f the clam. we actually know very littl e of the 

less obvious but equally l:lportant ecological features . 

Except for tho work of Loesch (1957), there haa been ao 

attempt at a oomprohensive study of the ecology of Dona.x, 

although un.fortunately, Loeach'3 work ~uffered from two 

major S7t~acks. First , he was only able to study the c lams 

for eight interrupted mo~ths over a period of two and a half 

years, and second, hi& work was confined almost entirely to 

o~e beach in Texas . Because of this, there aro important 

omissions in what would otherwise have been a most thorough 

otudy. 

The work recorded by me in this section was carried 

out cniefly on D. denticulatus although wherever and whenever 

possible, similar studies were made on D. striatua. Observa­

tions ruid experiments »ere performed from October 1962 to 

Decmnber 1964 inclusive , a, period of twenty--seven months t of 

which twenty-four mon,;hs were spent in J'a.maica where ·the 

major work was done and the remaining three months in the 

Eastern Ca.ribbea.n (September 1963 and April-May 1964). In 

Janaica, field operations were based £rofil the Marine Labora­

tory of the University of the West Indies at Port Royal. 

From here, 'three sandy beaches on which Donax lived vtere 

easily accessible by boe.t, and when.ever necessar'J", clams 
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could be brought back to the laboratory and kept alive in 

sand in tanks with running sea water. Occasionally, other 

beaches aroU!'ld the i.slao.d on which Donax occurred were 

observed and sampled, but in these cases, it was not 

possible to keep the olams alive for further observation. 

Fixing was normally done in 4% Formalin in ~ea water. 

Ba~ic .f'ield equipment consisted of the followin~:­

(1) T~o sieve boxes of the following dimenaionss 

45 cm. long, by 30 cm. wide, by 20 cm. deep. Oue box had 

a coarae sieve of mesh size 3 mm~ and the other a fine 

sieve of mesh size 1.5 mm~. 

(2) A shovel with a 25 cm. wide blade , and a 

garden hand trowel. 

(3) A 10 metre cord line marked off at 5 cm. 

intervals, and a metre rule. 

(4) h spirit level. 

(5) Polyethylene buckets and basins. 

31. 

The use of this equipment varied witb the partio~lar 

study and will be described in the ro1evant sections. 
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II. HABITAT 

1. Description of sandy beaches 

Sandy beaches in tropical waters have not been 

studied extensively and such work as has been doue is so 

specific that general descriptions of the habitat are 

almost non-existent. Shepard (1948) developed an elab­

orate terminology for the physical characteristics of 

beaches in general , but as many of the features he des­

cribed do not exist in the West Indies, his terminology 

cannot be wholly applied. He defined three main areas , 

the offshore, the foreshore , and the backshore which, 

however, have found almost world- wide application. 

Hedgpeth (1953) adopted. this eeneral nomenclature in a 

description of beaches on the coast of the Gulf of Mexico. 

Dahl (1953) applied to sandy shores, the same criteria 

that had been previously applied to rocky shores. His 

zones were (1) the sublittoral fringe; (2) the midlittoral 

zone; (3) the subterrestrial fringe. Vi ith these zones he 

coupled a descriptiou of the characteristic fauna, and 

thus provided a biotic as well as a physical description 

of the beaches he studied. Gauld and Bucha.Jlan (1956) 

examined the sandy beaches of the Gol d Coast mainly in 

terms or the biotic environment and found that Dahl's 

idea of zonation could not be applied universally as 

32. 
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they considered that at least two more zones needed to be 

added. 

As a result of the absence of a proper description 

of sandy beaches such as exist in the West Indies , and the 

divergeace of opinion regarding the general zonation of 

beaches throughout the world, I have found it necessary to 

adopt my own terminology in respec t of the beaches I have 

studied on which Donax occ urs. In principle , however , the 

zones that I have demarcated may be loosely correlated with 

those of Shepara, Dahl, and Gauld and Buchanan. These zones 

are illustrated i.l:l Figure 9, and are:~ 

A. The Surf Zone: As the ocean waves break a few metres 

out from the beach, they roll on to it as turbulent surf and 

produce a well defined zone . Characteristic features are 

(a) the sand- roiled water, (b) the coarse shell-textured 

sand, and (c) the strong under currents. This zone, because 

of its high degree of disturbance, is very unsuitable for 

supporti ng animal s. 

B. The Wash Zone: When the surf reaches the beach , it makes 

its final splash and runs up the s l ope as a smooth and even 

film of water to cover that part of the beach designated as 

the wash zone . Between the surf aud the wash zones is a 

small but steep -scar p which clearly demarcates their bound­

ari es . The wash zone may be subdivided into two sub- zones: 

(l) The saturated zone: With each splash ~f the 

surf, there is a rapi d uprush of water followed by a less 

rapid backwash. Before any one backwash can recede right 

down the beach, however, it is encountered by a second 
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uprush which ruus up and covers the upper reaches of the 

beach again. As a result of this sequence, the lower 

reaches of the wash zone are always covered with a con­

tinuous slick of ,ater and provide an environment in 

which ·the sand is always saturated. 

(2) The unsaturated zone: Above the saturated 

zone is that part of the beaoh which drains out between 

each successive wash. In tho upper parts, it may be wetted 

only after a very large wave has broken, and thus becomes 

saturated only once in every ten minutes or so. This area 

of perio~ic wetting and drying is designated the unsatura­

ted zone. 

The upper limit o! tbe waah zone is defined by 

that level o! beach wnich is oocaeionally wetted at high 

tide by the largest waves and thus represents the high tide 

mark. Here may be washed up windrows or shells, sea weed, 

and deb~is. 

c. The Sprai Zone: Above the wash zone is a part or the 

beach which is never covered with sea water but which is 

usually dampened by spray and seepage. This is the spray 

zone ~din it may be found growing a few balophytio plants. 

D. The Coast : The landward limit of the beach proper 1s 

demarcated by a steep scarp at the upper edge of the spray 

zone . Above this, complete terrestrial conditions exist 

and thus repreoents the true coast line. 

In prorile, each of the £our zones is characteris­

tically sloped. The aurf Yoae has a gentler slope than 

the wash zone and between tho two is the previously 
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Figure 9 

Profile or typical sandy beaob in tho West 
Iildiea a owiAg surf, wash (saturated and 
Wlsaturatod)aud spra~ zonos, and coast. 
(see al3o ficure lOB). 

r 
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mentioned scarp. The wash zone is the steepest part of 

the beach and is well marked off from the spray zone 

which is flat. 

A comparison of this zonation and nomenclature 

with those of Shepard and Dahl is givea in Tabler. 

TABLE 1:- Three proposed systems of zonation and 
nomenclature of sandy beaches 

Shepard Cffshore Foreshore Eackshore Coast 

Dahl 3ublittoral Midlittoral Subterrestrial -fringe fringe 

Wade Surf Wash .Gpray Cos.at 
l)Saturated 
2)unsaturated 

2. The beach fauna. 

To study the distribution of the beach fauna, an 

interrupted line-transect method of sampling was used. 

First, a line was laid down across the beach from the top 

of the spray zone to well into the surf zone. At 20 cm. 

intervals along this line, one metre transects were laid 

36. 

down at right angles to it (Figure 10). With a haud trowel, 

sand the width of the trowel below the transect was scooped 

up 10 cm. deep and passed through the coarse and fine sieves 

successively. All the animals retained in the siovee were 

collected and counted. By doiug t hi s 9 the macrofau.na on 

the beach could be analysed according to their levels of 
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Fi gure 10 

A: Diagram of interrupted line-transect method 
of sampling beach fauna. 
B: Line-transect sampling of beach fauna at 
Green Bay, Jamaica. Note main line from top 
of wash zone into surf zone, one-metre transect 
line at right angles to the first, o.nd sieve 
boxes. Note also the zonation of the beach -
surf, wash (saturated and unsaturated) and spray 
zones, and the coast in the background. 
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distribution. Figure 11 represents the resul ·ts (Appendix IV) 

o! such a study carried out at two stations at ureen Bay, 

Ja, aica. The fauna was distributed as follows:-

(1) Spray zone, A few unidentified oligochaetes , 

pulmo~ates, and insect larvae were found near the coast. 

These are considered to be representatives of the terrestrial 

fauna. A talitirid amphipod, Talorchestia marcuzzi (Ruffo) , 

and. an isopod, Excirolana brazilie.o.sis (Richardson) were 

common. The talitrids are surf'-lce dwello.t•s llvint3 in the 

midst of debris and are confined almost entirely to the 

apray zone. The isopod was found in the cpray aud wash 

zones, but >:1as most abundant in the upper limits of the latter. 

(2) Wash zone: Other than the isopod, E. braziliensis, 

the inhabitants of this zone are the mole crab, Emerita 

nortoricensis (Schmidt), the clam, 122.._~denticula.tus, and the 

s-pionid .1orm, Scolelepis sguama.ta (Mu.:ller). The mol e crabs 

were most abundant just within the unsaturated zone while the 

worms were more concentrated at the ievel of the surf and 

saturated zones. D. denticulatus was found in the saturated 

and unsaturated zones. 

(3) Surf zone: The gastropod, Terebra cinerea ( Born), 

was found in sparse numbers 1~ the surf zoc..e. 

In later observations and on beaches other than at 

Green Bay, the following animals were found on a few occasions 

and in sparse numbers:-

Spray zone: Brachyura -

ash zone Anomura 

II ti Anomura 

Cc:ypode albicaus (Bose) 

H~ppa cubensis (.Saussure) 

AJ.. bunea 0?91:opthalma (.!.ieach) 
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f,ash zone : Bivalvio. - Heterodonax bimacula;tiys (Linne) 

Surf zone : Eehinoidea - MelLita qqinguiespertoratj 
(Liske 

In Table 2, the pattern ot zonation found Oil the 

local beaches ls oompared with those described by Dahl (195,), 

Gauld und Buchanan (19.56), and Rodriguez (1959). 

TABLE 2 2- The patterns of zonation 0£ tho beach f'sunc. 
in £our trop!oal areas 

Dahl Gauld & Buchanan .i.,Odrigue~ 

•··•-.alj.trid•1 

ade 

"'IC.:,j\Ode Oc;ypode Ocypode Ocypode • 
BACKSHOE.~ Excirolina Talorobestia 

Nerine 

- - "Tali trid ·' -
Cirolina - - .wXCirolina 

merita - . - Emerita 
Hippa 

.FORESHOF~ AlbUI.lea 

Do.nax Etlerita Do.a.ax 
Donax Heterodonax 
Tivela 

Hippa Scolelepis 

OFFSHORE 'ellite. Yellita 
Terebra 

Although these patterns vary in detail, they are 

basically similar , and reveal tbat in. the foreshore or wash 

zone, Donax, n mole crab , and an amph.i.pod are usually the 

predo inant fauna. On the beaches in the West Indiea, 

Don x ia usue.lly the oot abwide.nt of the three (Appendix !V) 

and comprises the largest biomass. t.s a result, it nny be 
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Figure ll 

The pattern of zonation of the beach faun.a at 
Green Bay, Jamaica, illustrated as relative 
numbers per level or beach. 

Ta. - Talorchestia marcuzzi 
Ex. - Excirolina brazilienais 
Em. - Emerita portoricens~s 
Do. ~onax denticulatue 
Sc. - Scolelepis sguamata 
Te. Teribra cinerea 
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concluded, that as in. other perts of the orld, Do.urx is 

onl3 c•! tbe t,mst succesaful inbnbita!lta of the foreshore. 

3. Zonation of Don.ax "f.>opulations 

Reports 01 .. the vertio~l distt·1.bution of Donax 

populations tave revealed that the patterus of zonation 

among species vacy couaiderably. Mori (19;e) !owid tnat 

st hiJh tide lh_semip.rauos~a h4d its maximum density ut 

high water t1ark. but that at low tide. ube maximum density 

va1.·led between hieh a.n1 low water mark. dependin.g on the 

slope of the beach. .Buchanan (1954) reported !l-acutruisulus 

(Deshayes) as being com.Iilon on the sanw .rd sida o~ tha line 

of tne breaking surr. and D. ru osua (Deshayes) as boing 

£ou.nd in the shallow water ~f the aurr zone. Goe (1955) 

observed that young D. 5ouldi are first !ou.ud iu a broad 

band near the middle of the intertidal- zone, but that they 

a.re later scattered widely by t.he aoti.on. ◊! t.he aur:t, 

principally to lower levels 3..tld somet.i..ro.es iuto vater beyond 

1-he low tide limit. .Pearoe, m.11m, ud ~hart;on (1942) 

indiauted that the population o! D.var-iabi~ia nt Fort liacon 

wa.: most dense near the low tide mark 9 whei•eas at Bird and 

. heep 's Bead Shoals, the greutest dens ::i. ty was near the 

high tide mark. LoeEch (1957) notvd tliat 1n ~axas. 

n. v-::.rio.bilis E.l.Jl.d D. tumid us were always found at tho water's 

edge in spring, but that Wi .,h the approach of .Jum.a.~r, 

D. tumidus could only be found io ga.i.:er o.ue to tlu:ee i'~ot 

deop. ~dgren (1959) found that on Clearwater wacb iu 

Florida, D.variabilie appeared to occupy e. relatively stable 

41 . 



Nati
on

al 
Lib

rar
y o

f J
am

aic
a

zone on the bes.ch close to tlle high 'tide 1J.ark. '1'ranseots 

across this zo.uo su_; eated ti. skewed distrihutiou that 

roughly approximated a normal curve with the tail extending 

toward the water. 

Turuer au.a Eelciing (1957) niade a aeries of obser­

vatione ou D.variabilis in North Carolina to determine 

whether or not this species was sorted accordi.~~ to size ou 

the beach , but found that no $UCn sorting took plaoe. 

Measure:ne1 .. ts have been made ii. t b is stt..dy ou 

beaches at Green. Bay .snd Port Hen.derson iu tfa:naica to deter­

mine the vertical distribution. of D. de.0.1,;iculatus both in 

terms ot the levels of abundance and ~he dogroG of sorting 

according to aize. The method aaed was euaentially the 

same as that desc~ibed for a study or the· beach fauna except 

tha.t transects were taJ.:::en. at closer iu·tervals. li'or each 

transect sari1ple , the clams collected were counted, measured 

for length. and the total volume estimated by water dis­

placement . Hevoril so!nples were taken at di.ffere.ut phases 

of the tide throughout the year on the two beaches and 

observations and less precise meaauremeuts ~ere also ilade 

on o t her ibeaches in Jamaica G.Ld throu.b'l1out the West Indies. 

The results obtained in eucb c ase ~ere easeut ially the same 

and showed tha~ Jh§_enticulatue had a very definite patte~u 

of zonation. This patter~ is illustrated iu Figures l~ and 13 

Y11!ich are grapbicel represeata.tions or the results (Appendix V ,A) 

of one sample takeu nt high t ide at Port Henderson in October 

1962. Four features of zouatiou emerge rrom these r~sulta. 

These are:-
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Fi gure l ?. 

The numbers and average volumes of clams ot 

a population of D. denticulatus at Port 

Henderson , Jamaica, occurring at different 

levels on the beach as sampled in a one­

metre band across the beach. 

Q 

( 
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Figuro 13 

The total volume of clams of a population of 
D. denticulatus at Port Henderson, Jamaica 
occurring at different levels on the beach as 
sampled in a one-met re band across the beach. 

--
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(1) Almost the entire population is confined to the 

wash zone. Only a few clans arc found in tho surf zone, and 

none in the spray zone. 

(2) The dist-ribution in the wash zone is uneven. 

The majority of tho clams are found on the edge of the 

saturated and unsaturated zones while, in the remainder of t he 

saturated zone, the clams are f a irly evenly distributed with 

perhaps a slight taper seawards. 

(3) There is a pronounced sortiug according to size. 

The adult clams are confined al.most entirely to the saturated 

zone while only the small clams are found in the unsa~urated 

zone. 

(4) As a result of the uneven distribution of numbers 

and sizes in the wash zone. more than 90~ of the biovolume is 

evenly distributed throughout the saturated zone. Less than 

10% of the biovolume is thus confined to the unsaturated zo~e. 

These results indicate that the saturated zone is that 

part of the beach which is most favourable for supporting a 

population of D. denticulatus. The reason for this is best 

understood on consideration of the habits of th~ clam and 

some of the features of the habitat. 

Normally, D.dentioulatus lives buried in the sand with 

its large foot exteuded to a.ct as an anchor, and its two siphons 

also extended and lying flu&h with the surface of the sand 

(Figure 14A). Occasionally, however, tnoy are fl~sh~d out 0£ 

the sand by the advancing surf. but then they quickly bury 

themselves againo To maintain a footing. it is essential that 

the sand be of the right texture, neither too coarse and loose 
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Figura 14 

A: The appearance of D. denticulatus when buried 

in the substrntum. 

~ F: Five stages in the burrowing of 

D. denticulatus. 
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or too :f'iue aud tight. '.rLl. ,;h~ surf ~ua.e, the turbule,.,ce is 

so great that all tho f.iue aaud pw:·ticles c-e washed out 

leaviug only very coarae particles such as shell frag~ents. 

Here the substratum is so loose aud the current so strong 

that the olu.ms eauaot remain bw:·ied. iL. it fvr any length of' 

time. Thia cau be aeen quite vividly when clams arc trans­

!err~d by haud to this zone. In tbe saturated zone, there 

is a continuous ~lick of water 011 ~,ho aurfs.ce and the inter-

stitial spaces between the aaud grain.a are saturated with 

water. i'urbuleace is uot as great as in ·t;he au.rt' zo.ne and 

tho sa:u.d grains maintaiu a greater s~ability. These features 

therefore provida au euviroumeAt in ntlich 1;r:;.e aubatratun is 

of such a texture ~hat the clams ea.a burrow quickly and 

• 
mediu.n of water providiug oxygen and food. In the unsaturated 

zone, drainage of the water between eaon wnsh and someti~es 

periodic drying betweeu lartie w_ves cause the enviro~i.lilent to 

be d..-y nnd ~i3ht Wld therefore uusui table for burrowin~ aud 

feeding. 

As the surf beats on the shore, flushin~ from tne annd 

anti subsequent burrowii:ig or the cla.m..,a vro:y with their abil1 ty 

fir~t to anchor firmly and tne~ to burrow 1uickly. lt hae 

been fcund that the iar~er the clams, the strou.e;er is tneir 

grip on the substratum tind the greater is tneir burrowing 

ability. Baca~su o! this, the ama11 cl~ms tend to be flushed 

out more aild waohed further up on the beach thau the large 

clams end, ~s a result, sor~i~g by size taltes place. 
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48. 

D. striotus 

Attempts at a study ~f t}'ta vertical distribution of 

!h_~triatus heve produced i1.1.concl usi ve rosul ts . In .Jamaica , 

this species was fnuna ouly in the sat;urated zon.e along with 

D. deuticulatus, but thA smull sizes of the populations made 

it i:wponsible to dett:rmine acy sorting. In Tri:tLida.d, I found 

~ctriatua str!im.dad iu the uneRturated zon.e in April and May 

1964, but J.S. KennJ~ (personal communication) reports having 

collected cla.n.s from the same looality in .3e1,>teruber aud 

October 1964 iu more thn.a one foot o:f wator. n.v... Trell.Ch 

(person~u coI!llllunicatiou) also reports this opaoies ao occurr­

ing in the sur!' ~one in British Honduras. 
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III. TIDAL MIG, TIOUS 

1. Introduction 

In Jamaica and tb.roufShout moat or the ,eat Indies, 

tho maximum tidal range is about 30 cm. although ill Trinidad 

it is greater and may reach up to 100 em. Although these 

tidal ranges lil'e not large, they do nevertheless have Bil 

errect on the nature of the beaches so that on a rising tide 

~be upper limits of the surf and ;ash zones advance shorewnrds, 

and on the eoot1de, tboy recede sen.tittrds. Tb.us ou a beach 

sloped 1:10, a vertical tidal raage o! 30 cm. results in a 

shift ot about three metros in the horizontal limits of those, 

zones. 

Measurements of tho zonation o! D. denticulatus at 

high and low tides (Appendix VA & B) revealed that the clams 

were able to maintain their position in the saturated zone 

despite the change in levels or the beach. To accomplish 

this, synchronous migration with th.e tides must have taken 

pl ce. Observations and experiments were thus performed to 

determine the meaua whereby this was done. 

The tidal migrations ot Dona.~ have been studied stuce 

1938. ori (1938 & 1950) o1n3erved the movetl!e:.ts of D. sem1sranos1_§ 

on a beach along tho coast of Japan and described the way in 

hi.ch migration.a took place. Hedgpeth (195~), Turaer and 

Beldi.ac (1957) • and Loesch (1957) l.o.ter report~d that 
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migrations were accomplished in much t he same way in some 

of the American speciea. According to them, tne clams accom­

plish their flood tide migration by JUI:'.lping out o1 the sand 

iJl advance of the uprush of the surf, thereby placing them­

selves in a position to be trauaported landward. ,bile 

riding the. surf up the beach, the f oot is exteuded so that 

as the velocity of the wash subsides, it can be inserted in 

the sand and the clam dug in before the backwash retreats. 

In this way ao. entire population may 0 hitch a ride 0 up the 

beaoh. On the ebbtide, the clams rema in below the ~urfaoe 

of the sand until the surf beeins to retreat down the beaah. 

They theA jump out into the backwash where they are carried 

seaward. 

This mechanism. of migration necessitates that the 

clams change their pattern of behaviour simultaneously with 

the change of the t ide. On the flood tide it was reported 

that jumping iu advance of the sur£ was i n fact a response 

to the accouatio ·shock geaerated in the sand by the break­

ing waves and that this jumping could be i~duced by arti­

ficially initiated shocks. On the ebbtide, however, the 

els.mo no longer responded to the acoustio shock but only to 

the flow of water over them by a backwash. Mori suggested 

that this change of behaviour was due to an intrinsic rhythm 

within the clams which was syuchronous with the tidal cycle, 

but Turner and. Belding regarded t his as an unlikely phenom­

enon. They, in turn, ~ut £orward three hypotheses by wuieh 

change of behaviour mi~ht be accomplished. First, they 

su&geoted that the clams may be capable of sensing some 
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variation between the cow:litions prevailing during the opposite 

phases of the ~ide run that t his perception triggers t he 

appropriate behaviour. Secondly, •it is possible that Do.f41.ix 

may be equipped ,1th a timing mechanism that acts as a con­

trolling stimulus. Thus, for exwnple, the acoustic stimulus 

would affect ouly t hose clams that had been situated iu 

saturated sand for a certain length of time on ~he rising 

tide, and on the ebb~ide the stimulus or ~he wash would 

sf.feet only those that had been long enough in tbe unsatu.r,tted 

saw. Finally, a trigger-and-memory hypothesis was proposed. 

According to this, it io possible that conditions that occur 

at each extreme of the tidal cycle trigger tbe clam to 

comm$nce the appropriate behaviour pattern for the particular 

phase and that tis patteru persists until reversed by the 

oppot!1 te stimulus. 

Neither tho eypotheses ot ~urner and .Belding nor 

that of ~ori waa experimentally testod by the workers, ruld 

so they remain unproven. They will be t.maly$ed further on 

in this aoeount, however, in the light o:t m::, f'iudings on 

Q. denticulatu9. 

Before describing migrations in o. denticulntug, the 

obsarvatio.a.s of tbrae other workers should be mentioned. 

Fearse, Humm, and ·vharton (1942) reported that D. variab111a 

moved up D.nd d01..,n the beach w1 tb the rise aud r all of the tide, 

but did not explain how this was accomplished. Jacobaon (1955) 

studied D. foasor and con.eluded that tbis spec~es was Derely 

flu.J.1 lo.', t · m thG , ,. a by t he surf u.ud waohed up aud down i th 

i-ll r1tJ1ng ~nc! obbiag iie. He could .filld no evideuoe or 
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either a response to an acoustic shock on the flood tide or 

to the !low of water on the ebbtide. Edgren (1959 ~ perao~al 

communicatiou, 1963) reported that at Clearwater .Beach in 

Florida, D. variabilis remained quiescent in the sand just 

below the high tide mark, and that there as no evidence to 

suggea~ a tidul migration !or this species on the beach. 

2. ~he mechanism of migration 

The tidal migrations o! D. denticulatus were 

observed regularly on two beaches at Green Bay and 'ort 

Henderson in Jau.~1ca. These beaches differed in their slopes 

and the texture of their sand graiue and provided useful 

variations in conditions. At Green Bay the beach sometimes 

had a slope of l:15 whereas at ort He~oerson, the slope was 

never gentler than 1:8. The saud at Greeu Bay r.as of a finer 

texture than at Fort Henderson. Observations at sprins tide 

proved to be the most profitable. 

On a risi.ug tide, clams 1n tho lower part or the 

saturated zone are flushed from the saild by the advaacing 

turbulent sur! and appear on- the surface as a wash passes 

over them. They are the~ transported up the beach in the up­

rush, and as the backwaoh recedes,~ ey are washed down again 

eveutually coming to rest in the saturated zone where they 

quickly dig in. On the backwash, however, the clams exte~d 

their oiphous and foot to act as a braking mechanism so that 

they are not carried down us far as their original lovel. 

Thus on a wave sequence, although the clams are tra sported 

in botn directioas, thoy are able to advD.1.1.ce landward so 
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that flood tide migration actually takes place gradually and 

in several steps. In the uprush, the clams are transported 

with their posterior end shoreward and their longitudinal 

axis at right angles to the sea, whereas in the backwash, 

their posterior end is seaward. 

On an ebbing tide, the upper limits of the saturated 

zone begin to dry out and the clams detect this. Their 

reaction is to withdraw their siphons and foot t hus losing 

their grip on the substratum. Sometimes they may even rise 

nearer to the surface 0£ the sand and lie half exposed so that 

as an uprush passes over them, they may be easily washed out 

of the sand and carried seaward in the backwash. Usually the 

backwash deposits them far enough into the saturated zone 

where they may dig in, but if not, they remain partly or fully 

exposed until another backwash accomplishes this. Later on in 

the ebb tide as the sand dries out further• the whole sequence 

takes place again so that migration seaward is gradual. 

Each phase of this migration mechanism has been treated 

experimentally. 

On a rising tide it has been claimed that Douax 

responds to an acoustic shock generated by the breaking waves 

by jumping o~t of the sand in advance of the uprush. This has 

been investigated at Port Henderson and Green Bay with varying 

results. At Port Henderson where the sand is coarser and the 

beach slope steeper, no jum.ping in advance of the surf was 

seen uo matter how big the broaking waves were or at what 

phase of the t ide observations were made . Moreover, it was 

impossible to induce jumping as Turner and Belding did by 
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splashing a bucket of water on the sand or by stampin~. 

At ~reen .Bay, jumping in advance of the uprush was seen on 

a few occa.sion.s only and at every inst1,nce, the beach was 

very heavily waterlogged as a result of unusually high tides. 

With clams from both these beaches, however, it was possible 

to observe jumping in response to an aooustic stimulus by 

placing them in a bucket nth sa~d completely covered with 

water and applyin~ a strong and sharp force to tho aide of 

tho bucket. This could be done with pogitivs results at all 

phases of the tide providing that the sand had enout~h inter­

stitial water. These results shov1ed that al thouc;h 

D. dentioulatus does exhibit a definite response of ~umping 

to an acoustic atimulus, this is iilfluenced primarily by the 

amount of interstitial water in the sao.d and not by the tidal 

phase. The role of the interstitial water is al~ost certaiuly 

to provide a continuous medium through which the shock can be 

transmitted, and this condition is much more likely to occur 

on gentle beaches with fine sand tbaa on steeper b~acbes with 

coarse aa.nd. It is interesti.ug to note in tbis respect that 

the beach on l'l1. lch Turner and Belding observed jumping had a 

slope of a.bout 1:40, while the beach on which Jacobson worked. 

and saw no jumping had a slope of about 1:5. The fact that 

jumping wao occasionally seen at Green Bay but never at Port 

Henderson supports this concluslou. 

In the uprush and backwash, the orientatio1.1. of the 

clams at right angles to the sea is iafluenced by the shape 

of the shell. Jacobson has suggested that the foot o.nd 

siphons may act an steering organs, but t his is not necessarily 
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so. To iuvestigate this, d~ad but int~et cl~~s were placed 

on bhe beach ~nd allowed to be transported freely in the 

wash. 1dthout the extens:1.ou of siphons ruid toot it v;as 

touJ..L.l that tn every oase tho clead clw~s bece.me orientated 

at right an~lea to the aea, showi~g that shape alone must 

bave beeu the influencing r ctor. 

~ad intaot clams were also used to detertiine the 

iroporte.nee of the aipho11s a.nd .foot as brakil1c organs. In 

repeo.ted ins't;I:J.nces • live ao.d dend clams o:f the sa..:ne sizes 

were placed side by aide in the saturated. zone und allowed 

t~ be waab.od up and down. In every case. both ~1ore w~shed 

up to th~ same level by tho U?rush, but in t~e bacl:wash, 

the dead clams were always washed dowA further , usually 

rit-bt Llto the surf zone. The siphono O..."l.d foot oould be 

claarly neen acting ao brakes in the live cla.~s, and at 

che b~gin.ning or every backwash usoumed characteristic 

positiono. • .. 1th the clam lying on one of its valves the 

55. 

foot is extended to its full le.agth and partly curved down­

wards probing the substratum (F.ir;ure 14B). 'l'he exhalant 

siphon bangs downwards and th~ inhalant b6ld upwe.rdo drawing 

in v,ater. A.s tb.e clam :ts washed into the satur:1ted zone, 

the foot whicb has beeu probing tho saud trcm the beginuiug 

of the baokwash now obtuin~ a purchase in it and begins to 

dig .vigorouoly. The siphons wnieh by thio time both bend 

downwards into th~ sand (Figure 14C) o.re theu ~ithdrawn 

(Figure 14D and E) , aud by three or four convulsive jerks, 

the clam coopletely buries itself in the saud. Braking by 

the siphons and foot is i.e. three ways . First , the increased 
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area they prose~t to the flcwinz wuter acts ;_;1,s a 'braking 

dovice. Second, the e;.-.:ualsut current of th~ ventr!;.lly 

placed. siphon c::-"'atea e. jet force iu a direction opposite 

to that o:r the wa!fjh. Third., the prol}ing action of t:he 

foot ereates increased f~ictiou bctwee~ the clam and ths 

substratum thus slowing it down, 

Beaiuaa bra.kin.,.~, there is t·mother mechanism. which 

ensuI•e,:; tl.at v.hoc D. d.cuticulntus is Ne.shed out of tbe 

aatld it only 't.mries agcill in ttte saturated zot1e. '::he 

frequeuc:, of wave o-plar;h u<}I'l:la~.ly varir:e !ron six to eight 

oeeouds. ·,he e. <~le.m ii:; -washed out• it take$ about three 

t1ecouds tc be co.r.l.'ioc'l u:p and dowu t.h.e l>cacll be.fore c0miug 

to r~st in the ~atul:'nted ,one. It then t;akes another two 

aecone.s of digging be:!'ore it is completely buried a.u;nin. 

Thie r.ot:m.:;; tha.t il..fte:r. bci::ig uneovered, tb.erf.? 1$ a lepse 

of o.pprox:lmately !'ive seconds: be.fore the clam r~~a ina its 

orie;iual ponition, auo thus by the tiue the next Ho.sh 

passe.fil over it~ it ls completely bu:tricd. If l)y ch(-1.n.ce a 

cla.m cocea to reat in tho uncaturated zone, burrowiug 

bccomce a difficult and ~low proceos because of the 

reletively d'i::f aud tie;ht saud, a1ld may take as muc.h ae ten 

se~outs. Uoually thu c~la.m never T'le.na~es to cover i toelf' 

com,pl{)tely, as by th.Po time tb.ti next vrash reachf}s it, it 

is only halr buried and thP.refore ee.::iily ·naahed, out on to 

tbe surf9.ce o.galn. 1~hu:; by a evrztb.i.nation or Ttave interval 

ti0e., !'.irrmoss or the substratum, and clig~:tne epeoi'l, t;he 

cle.ma are lrapt confi.111;d to the ~aturated s:one • 

Ou an '9bbtide, 12.:.. danticuLJtu::i me:, exhibit t ;v,-, 

56. 
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distinct patterns of behaviour. That which is moat commou, 

however, and responsible for soa~ard migration hes been 

sho~n to be influenced primarily by the amount of water in 

tho sa.1.1.d. aud not by the tidal phase. To demonstrate this, 

clams were takeu from the beach at all phaoes of the tide 

and placed 1n containers with satur~ted sand which was then 

allowed to drain freely. In every instance after a r.ew 

minutes as the water drained out the sand , somo of the clams 

retracted their siphons and toot while others raised them­

selves to a level where they bec1Ille half expoa~d before with­

drawing. The result in botb cases, however, waa to lessen 

their grip on the substratum, a si tue.tion \'Jhich on the beach 

would enable them to be washed out of the sand more easily. 

Mori, and Turner and Bel ding claim that on the ebbtide 

Donax migrates seawards by only responding to the flow of 

water over them in a seaward direction. Thus a clam remains 

below the surface as on upruah passes over it, bu~ then as 

the backwash begins ~o retroat dowa the beach, it Jumpa out 

of the sand aad allows itself to be waebed down. Thie 

behaviour has been examined in D. de tioulatus with thr.ee 

conclusions. First , in a normal tidal sequence, it ia not 

usually apparent. As a result, it appeared to me after 

several tidal cycles that this behavioural pattern did not 

oocUl~ at all in D. dent!oulatus. With further observations, 

however, and a change in ccndi'tions on the beach, it was 

observed. Second, for a clam to respond in this way, it is 

necess·acy for it to be left in the unsaturated zone for at 

least ten minutes. The first ti.me clams were observed 
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exhibiting this behaviour was occasioned QY the formatiou 

of a berm on thG beach reaultiug in several -clams being 

, stranded above the saturated zoae at low tide. It was 

noticed that _wheuever a very large wave produced a wash 

whtch reached the clam.a, they would jump out ot the sand 

as the water passed ovor them and lie exposed on the 

ourfaoe. If the backwash was sufficiently strong the 

clams were transported seaward, but if not, they attempted 

to burrow aG-,;d.il.. Subsequent experiment showed that this 

jumping waa indepeudout of the tidal phase and could be 

nade ·t;;o take place whenever the cle.ms were left in drying 

sand for at least teu minuteo. Uoreover, jum_pirig d:}.<:-.. not 

depend on the direction of tha flo~ of water over tbem. 

58. 

Thus if clama were made to be str3Uded by artificial means, 

jumping could be evok.ed by flowing "'nter over them .from any 

direction. The third conclusion on this behavioural pattern 

is that it ·aoes not nortially coutribute to seaward migration 

in lh,_dentioulatua since it requires the clacs to be in 

drying sand for a longer time than normally occurs cu the 

beach. It may however, play au importuat part in helping 

clams which are left strauded at low tide to right the~­

aelves ngaia. 

3. Strand.ing 

Al·thou6h tidal migrations normally occur iu l)ona.x, 

instances have been recorded ot a part or whole of a popula­

tion being left stranded above the water level at low tide. 

Thie phenomeuon has been observed in D. denticulatus and 



Nati
on

al 
Lib

rar
y o

f J
am

aic
a

D. otrio.tus. Stranded clams usually lie ht,lf exposed on the 

beach ;ith a little cir.clet of send about them. 

D. dentioulatua 

Straudiag in D. denticulatus usually results after 

oue or other of two occurronoes: 

(1) A very rough high vide followed by a very calm 
\r 

low tide: During the ;(lood tide , the clams are we.shed so 

high up on the beach th~t when the tide begins to recede, 

the smaller waves are unable to reach them and wash them 

down again . Usually, however, ~ith tha return of a moro 

normal sequence of tides, the clams regain tneir ~roper 

zonation. Occasioaally, as a result ot storm conditions, 

the clams may be de:positied so hi3h up on the beach that 

they never regain their position in the saturated zone, 

and in such cases they die. 

(2) A chauge in profile of the beach with the 

.f orma.tion or a berm: At some times of the year, lart;e 

amounts or sand are deposited on the beach resulting in 

the formation of a berm which, oceasionally, may have a 

slight slope landward. At high tide, clams may be 

deposited on this berm and remain stranded there whel:J. the 

tide :z:·ecedes siuce the opposite slope of the ber·m ttakes 

it impossible for backwashes to retreat seaward. Cla~s 

strand.ed on a berm usually never regaiu their proper 

zonation. 

D. strintus 

In Jamaica, the eo~ditions w ich prodaced atrand­

ing in D. denticulatus had similar effects on D. striatus. 
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Iu ~riilidad• however, straudi~g i~ D. striatus ~eemetl to 

occur Wld~r uo~m~l coudi~ious ~~d, in f~~t, over a period 

of oi..e month, t.idal mit;iZ·utious ~ere :40t observed at u.11. 

Trau.sects &cx-oas thf.l bett.ch at W.~h and lo·w ti·:les showed 

thut at hit5h tide• the populations o! D. deLLticulatus 

&.~d D. striatus .;.;ere mixed, whereas ut low tide, 

D. s~riatus rofila1aed above r.he water level while 

D. 6.eaticulatus mi~ruteJ. seay,ard. (;~ppe.u.<lix v: , :F igu.r·e 15). 

4. Co.uclu.sio.us 

I'roti the .t·ore$oiu:t aeco1.1u.t it ia poseible to dJ.~aw 

some couolus10na oa the tidal ,:.igr ati OJ.LS of D. de.ut;culatus 

ill p~rttcular , und. of the genus as a ~hole . rhoso conclu­

Gious ara here outli~ed.-

(:) Tiuul migravio~s .u D. dButicula~us do uot 

occur ~11 at ouoo at speoiflo phases of ~ho vide, but are 

e;ra<l.w1l ;,rooessas i.u. which the clams 1ildintai4 a dyua.mic 

equil ibriu.-n -ri•~h the GnVil Ow1J.<Wt by COil.St atly bel.ag 1.\'ashed 

60. 

Uf d.4d dowu ~he ~oucb , but oals bcill$ able tv oury themselves 

J..,. ",,;he iH3..tu.rut&d 2v.we. 1'his Dl'~Cuunisr:i is Si&ll,i.ficaat.ly 

clii'fel·e • .i. t :from tt~at descr 1.o~J. ~or D. se igraa.c.;.;l s by Mori 

(l93J ~ 1)50) ~uu for D. variabilis by Turner tilid Belding 

(1977) i~ which migratio~ lru:.dward or seaward ts.ke6 ~lace 

iu bl~ steps as a result ut traa.sportatio~ in oue direction 

only. 

(?) The mccha.nirrm of. mi[,.ration in D. de.u~ulatus 

does not necessitate that the clams change their pa~tern of 

·behaviour synchronously wlth the t idal phr.isq:::. Instead, 
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Figure 15 

Graphs showing the mixing and separation of 
populations of D. denticulatus and D. striatus 
at high and low tides at Mayaro, Trinidad. 
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the operative factors controlling migratioue are the changiag 

conditions of the enviroument as the tide moves i~ aud out. 

It is suggested £rom observations and experiments oa this 

species, that the apparent change or behaviour reported by 

Vori , o.ud Turner aad Belding is aerely incidental to normal 

migration aud, in tact, is non-tidal iA character vacying 

tram one beach to another. Thus ~t ·r1ghtsville, Turner 

and Belding observed jumping as a response to an acoustic 

shock in p. variabil~s, whereas at Rockaway Beach, Jacobson 

could see no such response in D. rossor, a species which is 

aow regarded ue a cold water variety of D. variabilis. 

Simila~ly at Green Bay, D. dentieulatua sometimes showed 

this response, whereas at .Port Henderson. jumping on tbe 

beach was never evoked either by the breaking waves or b7 

artificial means. It is uotewortby that Turner and Belding 

only observed~. variabilis on one beach aud ovGr o period 

ot throe days only (personal eo.m.mwu.eation). It is possible 

that had they observed this spec1es on more beacbes and over 

a longer period of time. they would b.ave seen other patterns 

o:f behaviour a.ad, perhaps like .Edgren, observe atrnndiri& an 

a frequent ooourreuce. 

(3) Since ~igrations as described tor D. deutioulatus 

and suggested to~ other apec1ea do not necessitate tidal 

changes in behaviour, we need uot expect to .find intrinsic 

timing mechanismo or tidal ayncbro°'-'1 in the cla~s. Moreover. 

if they did exist and were responsible !or migratious, we 

would expect tbem to be more widespread throughout ~he genus 

a.ad certai.o.ly w1thout variation in e. oia.gle species. The 
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reports of those who hs.ve observed migrations in l)o .. .Lax 

reveal, however , that species do behave d.if'ferontly , and 

that even within a single species, thero is muen v~J-iation 

in behaviour from one beach to the next. As a result 0£ 

this ,evidence, the hypotheses of Turcier and Bolding, and 

that of ~ori, therefore , appear to be without sound 

fou.o.da.tion. 

(4) The mobile siphons eud foot of Donax are 

itllportaut organa in e:t'f eotint-s •tidal migrations , and with­

out ~hem maintaining a zonatioh on the sandy beach would 

be impossible. These orgruis porform at least three main 

func·tions in this respect . First , the;y help the e.nit:als 

to grip be substratum and thue to maintain an aachorage 

iu the sand. Second, the large uuscular foot makes rapid 

digging possible enabling the animals to regain their 

position in tho sand when washed out. And t.hird, nhen 

carried up a.ad down tho beach in a wash. brakiug os the 

siphons and foot prevents the clams from being deposited 

iu the wisatu.rated zone er washed out iAto the surf zone . 

(5) The fuct that occupancy of wave-ewopt beaches 

by Donax would be impossible tithout the skilful use of 

the lo;cg mobile siphons aL.d the lai-ge muscular root has 

been overlooked by previous workers . Yonge (1949a) des­

cribed th ~se organs in the Tellinacea as adap~ations for a 

deposit-feediug habit . althou hit ls clear that in Donax 

they have assu~ed new :functions , and in so doing , have made 

it possible for members of the genus to live in a habitat 

which is WlSUitable for most other bivalves. 
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IV. DISTRIBUTION 

1 . Introduction 

The distribution of D. denticulatus and D. striatus 

in the West Indies is fairly well known ( Jarmke and Abbott, 

1961, and Abbott, personal communication) although there 

has been no previous attempt to determine the controlling 

environmental factors. This problem was therefore under­

taken in studying the general ecology of the two species. 

Collections were made throughout the West Indies 

to cover as wide an area as possible (Section A, chapter III). 

At each beach on which Donax was fou:id, saniples of the sand 

from the saturated zone were taken from the top 3 cm. for 

analyses . Some of the physical characteristics of the 

beaches were measured on the spot and any other significant 

features noted. On maey beaches, there were old Donax 

shells but no living animals, and although such beaches 

were examined, the data obtained were not used for analyses. 

As a result, the data reported and discussed in this chapter 

have been gathered from a study of twenty-two beaches on 

which I found live Do~ax. Their locations are listed below:-

D. denticulatus 

Jamaica: Port Henderson, St. Catherine; Green Bay,St. Catherine; 

Small Point, St. Catherine ; Farquhar's Beach,Olarendon; 

Gut River , Manchester; Alligator Fond, Manchester; 
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Nevis: 

Antigua: 

Black River, St. ~lizabeth; Hope Wharf , Westmoreland; 

Negril, Westmoreland and Hanover; Lucea , Hanover; 

Montego Bay, St . James; Puerto Seco , St. Ann; 

Port Maria, St. Mary; Port Antonio , Portland (Figure 16) 

Gallows Bay; Pinneys. 

Jolly Beach. 

st . Vincent: Callia quo. 

The Grenadines: Hamilton A, Bequia 1 Hamilton B, Bequia. 

Trinidad: Cocal Beach; Mayaro . 

D. strlatus 

Jamaica: Port Henderson, St. Catherine; Green Bay , St . Catherine; 

Hope Wharf , Westmorela...d, Lucea, Hanover. 

Trinidad: Cocal Beach; Mayaro. 

At Port Henderson and Green Bay in Jamaica , the 

occurrence of D. striatus is spasmodic and lasts for only a 

few months after breeding seasons. Population samples have 

shown that none of the clams reach a breeding condition and 

therefore suggest that this species has not been successfully 

established on these two beaches. 

2. Environmental factors 

In considering the environmental factors which 

determine the distribution of Donax in the West Indies , the 

observation of Holme (1954) should be borne in miud: 

"The distribution of any organism is controlled 

by a c omplex of factors, each of which may act at a different 

point in the life history of the individual . . . . Acy 

one factor interacts both with the organism and with its 



Nati
on

al 
Lib

rar
y o

f J
am

aic
a

Figure 16 

A distribution map of D. denticulatus in Jamaica. 

l - Port Henderson 
2 - Green Bay 

3 - Small Point 
4 - Farquhar's Beach 
5 - Gut River 
6 - Alligator Pond 
7 - Black River 
8 - Hope Wharf 
9 .. Ifogril 

10 - Lucea 
11 - ?,1ontego Bay 

12 - Puerto Seco 
1~ - Port Maria · 
14 - fo~t .Ant onio 
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environment, and it is often difficult to distinguish 

whether the action of a factor is direct or indirect''. 

From !ield observations, the influence ot the 

following environmental factors app~ared to be signif­

icant and were therefore analysed critically. They are 

discussed, however, in no particular order of i mportance. 

A. Nature of the sand: Beaohea in the West Indies are 

generally formed £rom voloanio and/or carbonate sands. 

Carbonate sands may be derived. either directly from cal­

careous deposits of marine animals aud plants or may be 

the result of weathering of limestone rocks 4eposited and 

uplifted thousands of yoars before. On the small coral 

islando common in the ~eat Indies, the sauds are formed aa 

direct deposits whereas on the larger islands, the carbon­

ate sands are ofteA formed from limestone weathering. 

The sands in which Donax was found were analysed 

in the Geology Department of the University of the lfiest 

Indies to determine their geological nature. The re$ulta, 

given in Table 3, show that or the twenty-two sands analysed, 

fourteen were predominantly volcanic, six predominantly 

carbonate, and two equally mixed, and suggest a definite 

preference of the clams for volcanic sands. These are 

composed mostly of quartz, epidote, and magnetite, and are 

derived from rooks in the vicinity. Some show signs of 

river rounding, but nearly all are of the angularity 

normally associated with beach conditions. 



Nati
on

al 
Lib

rar
y o

f J
am

aic
a

TABLE;,. The geological nature of the beach sands in 
whtch Donax occurs in the West Indies 

Loc*lit:y; 
Port Henderson 
Gree~ Bay 
Small Point 
Farquha.r's Beach 
Gut River 
Alligator Pond 
Black River 
Hope Wharf 
Negril 
Lucea 
Montego Bay 
Puerto Seco 
Port Maria 

Port Antonio 
Gallows Bay 
Finneys 
Jolly Beaoh 
Calliaquo 
Hamilton A 
Hamilton B 
Oocal Beaoh 
Mayaro 

% Volcanic 

95 
30 
25 
95 
95 
90 
75 
10 

0 

90 
70 
5 

80 
90 
80 

50 
5 

95 
50 

95 
95 
75 

;' Carbonate 

5 
70 
75 

5 
5 

10 

25 

90 
100 

10 
30 
95 
20 
lO 
20 

50 
95 

5 
50 

5 
5 

25 

Angulo.rit;y 
angular 
angular 
angular 
angular 
angular 
subangular 
angular 
angular 
angular 
subangular 
aubangular 
angular 
subangular 
subangular 
ao.gular 
subangular 
subo.ngular 
angular 
angular 
angular 
angular 
angular 

68. 

B. Size and sorting of the sand grains: Sand samples taken 

from the beaches were air dried and subject to grade analysis 

by mechanically shaking 100 gm. portions through a successive 

series of sieves of the following pore sizes:- 0.5 mm., 

0.21 mm., 0 . 105 mm., 0.05, mm. The amounts separated in 

each grade after 15 minutes shaking were then weighed and 

the results used in plotting cumulative curves for each 

sample (Appendix VII). From these, the Median Diameter 
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and the Coefficient of Sorting1 for each sand sample were 

calculated (Pettijohn, 1949). The results are given .in 

Table 4 . 

From a study of the habits of D. denticulatus, it 

has been found that the clams ce..rmot maintain a ~ootiug in 

coarse sand which packs together loosely nor in very fine 

sand which is firm and tight. Bet ween these t wo extremes, 

however, is an optimum siz~-rauge of sand in which popula­

tions are supported. ·From grade analyses, this range has 

been found to be between 0 . 150 mm. M.D. and 0.375 mm. M.D. 

(Table 4) although as Figure l?A reveals, the populations 

do not show a normal distribution pattern within this 

range. This 1s so because packing of sand grains is influ­

enced not only by their s izes but also by their degree of 

sorting. Thus, when the Coefficient of Sorting of the 

sands is co~bined with their Median Diameters , it is possible 

to arrive at a more critical measurement for the sands which 

are most suitable for supporting populatioas. This measure­

ment, the Size-Sorting Index , obtaiued by multiplying together 

Median Diameter and Coefficient of Borting , ranges from between 

0.182 to 0.541 for the sand samples, and when plotted agains t 

1Med1an Diameter is determined by the point 0£ 
crossing of the cumulative curve and the 500/4 line. 
Coerficient of Sor ting is determined as: 

So= jlu 
Q , 

where Q3 is greater than QI. Q3 and QI are the size values 
associa ted with the intersection of the 25% and 75% values 
with the cumulative curve ( Appendix VIIB, Figure 54). 
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Figure 17 

Histograms showing t he distribution of popula­
tions of D. denticulutus in respect of (A) 
Median Diameter, ao.d (B) Size-sorting Index 

of the beach ohnds . 
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the nucber or populations occurring iu eaoh grade, shows a 

nor:nal distribut:i,.,,n pattiern (Figure l?D). The greataot 

aumber o.t populationa of D. don.tieule.tus oocu.r in s~ud.s 

having a size-Sorting Indox of between. 0.3 and 0.4. 

~ABLE 4:- The ~edian Diauioter, Coefficient of Sorting, 
and Size-SortiQg Index of the beaoh s011ds in 
whioh Dgnax occurs in the ,est Indies 

Lo9alitJ; 
.Port Hende:t•sou 

Greeo. Bey 

Small Poi,t 
Farquhar'a Baach 
Gut River 
All igat-:>r .i:·ond 

Bl.a.ck River 
Hope Whart 
lfegril 

Iueea 
Lfontego Bay 
Puerto J eco 
l:·ort !3.a.x~ia 
E-crt .,~ntonio 
Gallows :say 
Pinueys 
Jolly Bee.oh 

Calliaq,uo 
Hamilton A 
liamilton B 
Cocal Beach 
t.ayaro 

o.;201:.m. 

.1?5 
• .;40 
.170 
.,25 
.180 
.aoo 
.;10 

.205 

.20; 

.;25 

.205 
• a45 
.155 
.265 
.200 
.21-.0 

.28.5 

.375 

.155 

.150 
0.165 

1.342 
1.225 
1.594 
1.277 
1.46!} 
1.442 

1.505 
l.546 
1.5;6 
1.54, 
l..360 
l.?68 
1.507 
1.,;o 
1.;o, 
1.526 
1.520 
1. 667 
1.265 
1.183 
1.21? 
1.217 

?- S.Ii 
o. ,~29 

,214 

o54l 

.21? 
• 11-75 
.259 
.301 
.4?9 
.!514 
,?16 
.442 

. 362 

. 369 

. 206 

. ,98 

.305 
,364 

.475 

.4?4 

. 183 

.l-32 
0.200 

71 . 

-----------·-·------------------
Beaohes with Donax generally have a depth of sand in 

the saturated };one of at least 2C cm. so that even 'II.hen there 

is maximum smd di!"Jturbar!ce ill roui..:,h seas, there ia su!i"ieient 
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sand oa tho beach to eunure a fair]J suitablo substratum. 

Sometimes the underlying sand is of a r:'ll.teh coarser texture 

than on the surraoe, but thia oeems ·t;o have little or no 

effect on tho clams as it never ueually torms their immediate 

environment. Loose rooks and stones o.re uot present on the 

benches on uhich Donax lives. 

c. g1ope ot the bea~h; The slooe or each beach was estimatod 

by laying a horizontal line aerooa the wash zone s.:~d measuring 

at a known distance ita height aoove the surface of the sand. 

The slop9 was ealculated by ~1vidin3 tbe horizontal by the 

vertical measuromeAte. The results are iven in Table 5. 

The slope of a beach partly depends ou the texture 0£ the 

sand grains (Kiag, 1951). As a result, the be~ches sampled 
' 

with the exception or two in 'frinidad all nad al.opes ot about 

the soue gradient end wera betwoen 1;6 a~d 1:10. The coarser 

sands tended to produce tho steeper beaches. 

D. Way~ e!pqaure: ~here 1s no way of m~king accurate meaaure­

monts of the degree of wave exposure ot a beach. Rough 

estimates may be made, however. from the frequency 0£ ~ave 

splash and in thia way ~ha beach classified u& having good o~ 

poor wave exposure. The beaches on which nonax is found in ...,, 

tb~ ~est Indies are ali exposed to the open aea 8.Ud have a 

treguency of wave splash o~ 0.1-ce every six to eight aeconds. 

Thin represents good vravo 0>..'1)osu.re. The m.ves coming in 

.i'rom the sea 'beat aguinst the boa.ch directly und th.us provide 

eontiAuoua su.r,r and wash couditi01a. Aa u rasult, uo Donax 

populetions are ever touud in sheltered bays or on beaches 

behiad offshox-e bars. 
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:r·ABLE 5,- The slooes o.f tho beaches on which Don.ax lives 
in the West Indies 

Locality Slope 

Port Henderson 1,7 
Green Bay 1:10 
Small Point li7 
Farqubar's Beach 1:8 
Gut River l:6.5 
i\lliga.tor Pond l:9 
Black River 1:6 
Hope 7har;f l:? 
Negril li? 
Lucea 1,7 
Moutego Bay l:? 
?uerto Seoo 1:7.5 
Port t:aria l:? 
Port Anto.a.io l!? 
Gallows Ba.y 1:10 
Pi.a.neys 1:8 
Jolly Jeaeh 1:10 
Callia.quo 1.8.5 
Hamilton A 1:10 
Hamilton B 1:9 
Cocal Beach. l~e.2 
Mayaro 1:19 

The degree of wave exposure or a beach partly 

determines its slope and both are related to the depth of 

disturbaa.ce o! the sand by the \;aves. King (1951) has 

shown that the disturbance varies directly with slope and 

exposure, and. si.ice Don.ax populations are only :fou11d o:a 

steep benches with good exposure, it may ~e concluded that 

the clams require au environment in which there is a fair 

; 
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amoUllt 0£ sand di~turbuuce. The roasod for this appears to 

be t,bree.told :-

(1) Continuous chUrilin.g ot the so.ad onsu.l!'es that 

the environment re~aiu.s well aerated and clean. 

(2) Crg$.llic detritus alLl be ~ept iu suspen3ion iu 

the sea water. koesch (1957) has showu that growth ceases 

wtum D. yariabili~ is removed to an env,iroament in which 

there is no wave action. 

(3) Tidal migrations C3U o.nly take pl~o~ where 

the wash is strong enoubh to flush the animals from the sand. 

E. Qrsaaio coute~t o! aSAd: The orgaLic content of sand 
' 

s~1:ples was detercu.u.ed by using ialkley ao.d BlacJ.t' s Rapid 

Titration Method with the Aecesse.ry oorroction~ made for 

the previously determiued chlo1•ide aouteu.t Cr•iper, 1942 ). 

This method is knoua ~ogive a moan recovery of about 7'::1/4 

orBa..u.iO carbon. and so the ~asults cannot be coas1dered as 

absolu·te. Values obtaiur::d by this method a.re reported as 

"Ort£aaio carbo.o., Walkley and :Black values". i~u estimated 

tttrue0 percentage ot orgauic cnrbo.n is obtf1ined by ?11ulti­

pl.yio.g tialkley ll.lid J,laok' s values by n. .fac1.or or 1.33. A 

r~ctor of 1.6 (Trask, 1939) is used to oonvort the value• 

from organic carbon into those io~ o~guuic mutter. 

The results obtti1Ued for tno organic eoutent analyses 

are {!;ivon in Table 6 and roves.l ttio.t the sands iu "1nich 

D. deuticulatus lives ere all low in org~uic content with 

a maximum esti.mated 0 trueu percent.age of organic mutter 

or 0.531 and a miuimum of 0.020. The &verase eatiuated 

•
1true •• poroentage ot org!illiC ctatter tor the twenty-two 
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TABLE 6:- Organic content of the sands in which Donax 
occurs in the West Indies 

Lo·cality 
Port Henderson 
Green Bay 
Small Point 
Farquhar's Beach 
Gut River 
Alligator Pond 
Black River 
Hope Wharf 
Negril 
Lucea 
Montego Bay 
Puerto Seco 
Port Maria 
Port Antonio 
Gallows Bay 
Pinneys 
Jolly Beach 
Calliaquo 
Hamilton A 
Hamilton B 
Oocal Beach 
Maya.re 

Organic Carbon Estim~ted true 
(Walkley & Black)Organic Carbon 

0 .045% 00060% 

.133 .176 

.144 

.018 

.008 

.018 

.005 

.218 

.222 

.059 

.088 

.169 

.059 

.059 

.016 

.179 

.065 

.011 

.020 

.029 

.138 
00060 

.191 

.024 

.011 

.024 

.065 

.290 

. 295 
0078 
.117 
. 225 
. 078 

.078 

.021 

. 238 

.086 

.015 

.027 

0038 
.183 

0.080 

Average 
values 0.080 0.109 

Esti mated true 
Organic Matter 

0 .108% 

. 317 

.344 

.,043 
0020 

.043 

.. 117 

.522 

.531 

.140 
0211 

.405 

.140 

. 140 

.038 

. 4 28 

.155 

.027 

.049 
0068 

.329 
0., 144 

0. 196 

sands is only 0.196. Generall y the carbonate sands have more 

organic matter than the volcanic sands (compare Tables 3 & 6) 

but this does not seem to be ecologically significant . 

On none of the beaches on which Donax lives is there a black 

layer below the surface of the sand indicating r educing con­

ditions. Where dead seaweed or other decaying organic matter 



Nati
on

al 
Lib

rar
y o

f J
am

aic
a

gets buried 1n and i.u.corporated in the sand, Doua.x: is absent. 

3. Discussion 

The dietrib"1t1on m~p or D. de.:itieulatus in Jamaica 

(Figure 16) reveala two important features. The first is 

that tb.G clams ar$ more common. on tho south coo.st t han on 

the north coast and offshore oeys. Secondly• populatioas 

are hequently round ~ear to tho moutn ot a river or swup. 

These features ean be explained on eonaideratiou of the 

envlro.amental factors outlined above. 

On the north sh.ore and o:C'l'shore cays or Jum.o.ica, and 

in Barbados, much o! St. Lucia, Antigua, e.nd Tobago, the 

b•acb.es have b&en .formed in association 11ith coral re.era nnd 

the a.:md 1$ eowpoaed o.f coarse calcareous deposits, mostly 

of deud alga and. coral. Such aan.ds m~y have a ~e<lie.n Diam­

eter of ilS much no 0.5 mm. and a Size- Sorting Iudex o.t 0.7. 

Thoy pac~ very looael.y together c.nd provide a ~ubatratwn 

which is so unstable th.at it QaA support only a few animals. 

On the south coast ot Jamaioa aa also in Navis. St. Vincent, 

The Grenadines, ond T.1·:lnidad • the beach$S a.re f ort11ed from 

alluvial deposits a.ud the saad is or a finer te:uture. They 

form a more stable sub$tratum than the algsl oe..uds, and 

prodt.uie beach conditione which the clnuis p:t-efer. 

because of the intera.ctiug lnfluea.cee of tho uature of the 

aaud gruine, their size -.\Ad soroiug~ and tho slope ot the 

beach, populations of D,. ga:uticy.latu~ tend to 'be more oon­

centrated in areas where there is no cor&l .foruiation. 

Although the s&uds in hhich L. <lor.t"ticul&tua lives 
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must be low in organic content, the clams nevertheless require 

much organic matter for food. This is provided most readily 

in the vicinity of rivers and swamps wh~re there is a con­

stant outflow of nutrients into the sea. Only on such 

beaches which are exposed to the open sea and have good 

exposure, however, is there a rapid turnover of these nu­

trients as well as organically clean sand, and it is on 

these that Donax occurs. Hence, the organic content of the 

sand and the degree of wave exposure seem to be the factors 

which influence the occurrence of populations near rivers 

and swamps. 

Throughout the West Indies, D. striatus has been 

found established on only four beaches and as a result, it 

is difficult to draw conclusions from the sparse data obtained. 

A few observations can be made , however. The most important 

is that of the four localities in which this species occurs. 

by rar the larger populations are found in Trinidad where 

the beaches have gentle slopes of 1:19 and 1:22. On these 

the depth ot the water table below the beach sand is never 

more than about 5 cm. and provides a condition where even 

at low tide 9 there is a fair amount of interstitial water 

in the sand. Remembering that on these be~ches, D. stristus 

does not migrate with the tides, it would seem that suoh 
' 

conditions favour a population which has to remain straaded 

above the water mark at low tide. In Jamaica, however, 

where there are steeper beaches and where D. striatus 

migrates up and down the beach. the same is not true. As a 

result. there is more overlap in habitat with D. donticulatus 
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resulting in greater inter-species competition. • It is not 

unnatural, therefore, that in such circumstances D. striatus , 
which appears to be the more recent and leas established of 

the t wo species in the Wast Indies, suffers at the expense 

of D. denticulatus and only just mao.ages to survive. Thus 

whereas on the steep beaches , p. stria tus is less coomon 

than D. denticulatus, on t he gentle beaches such as in 

Trinidad, it has been able to establish itself as the more 

abundant species. 
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V. POFULATI0?1S 

l . Introduction 

On all the beaobes on wbiob Uonax was to'Ulld, represen­

tative 88.lllples were taken to deter.mine the salient features 

o! the populations. Two methods of sampling •ere attempted 

at first as tollows:-

(1) A one-quarto~ metre qun~rat was laid down in 

the wash zone and the top 10 em. of sand within this was 

scooped up with a hand trowel and sieved. All the animals 

retained were counted and the density of populat1oo calcula­

ted £or one square metre of .beach by multiplying by sixteen. 

At one otation e.t l'oi-t Ueu.derson. this was done on successive 

occasions to determine its reliability f;Uld ~as found to be 

unsatietectory tor two reaoons. First, because or the uneven 

distribution or th& olams across the beach, quadrats fro~ 

dif£&rent level~ produeed varyiQg amounts ot clams thus 

mak1Ag it impossible to arrive at consistent density deter~-

1nat1ons. Second. since the auimala were sorted by siza o~ 

the beach, a quadrat from a.ey one level produced results 

with a de!iuite biae for clams of a certain size. Because 

o! these defects, this sampling method was discarded. (It 

should be noted here that both Coe (1955) and Loesch (195?) 

used this method in their work). 

(2) Using a shovel with a one-quarter metre wide 
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blade, a out ot sand ot the srui:ie width aud 10 cm. deep was 

scooped up trom tho upper limit of the wash zone to well 

into the surf zoa9 and sieved. The clams retaiued were 

counted &.nd the populati-on denoity estimated for one linear 

metre o! beach by !llultiplying by :four. This method ·ensured 

that all cute produced oamples whieh were represeatntive 

ot the entire population and was therefore pre!orrod to the 

~irst. ln e.xecution, howeve~• it was ~ore dif£icult s ince 

euta had to be taken right soroao the beach, and in higu 

seas1 this meant acooping ~ sand which was constantly bei.ug 

disturbed by the waves. As a result, samples taken wider 

such cotldit1ons usually resulted in a r~duotion of the number 

ot clams retained. Nevertheless, the margin o~ error waa 

small enough for the ~ethod ~o be adopted tor general W3e. 

The poro size of the fine sieve (l.5 mm~) determined 

that uo spat $maller than tnis were retained. 

2. Population features 

On analyais of twenty-two populations ot D. denticulatue• 

three important features woro revealed. These are; 

A. Densit1: The density of populatioas varies signi~ioantly 

at different looalit1ea and £rem one timo of tho year to the 

next (Table?). The greato$t density 0£ population recorded 

on four ocoaaio~s ovor a period of two yen.rs was at Farquhar's 

Beach in April 196, where thore were 4,120 clams per motre 

of beach. while cm two beaches, .Puerto Seco nnd Calliaquo, 

th9 densities were as low as ten ola:as per metre. The 

gr~atest fluotuatioa over t his period was at Farquhar'a aeach 
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whore from April 196; to Septe~ber 1964, the population 
density fell from 4,120 clams per metre to 360 per metre. 
TABLE 7t- The densities of populations of D. dentioulatus 

as clams per linear metre 0£ beacn ou beaches 
in the eat Indies. 

Localit: 
Port Henderson 
Green Bay 
!Jmnll oint 
Farquhar•e Beaeb 
Gut Ri-v,er 
Alligator !Jond 
Bla.ck iU.ver 
ope hart 

Negr11 
Lucea 
Uoutogo ~ 
Puerto ..... eoo 
Fort Maria 
Port Antonio 
Gallo a Bay 
Finne:,s 
Jolly Beach 
Oalliaquo 
Hn.milton A 
Hamilton B 
Cocal ach 
Uayaro 

!J>ril 162 
2370 
1810 

260 
412.0 

160 
390 
•• 

1800 
1270 

80 

?20 

10 
750 
40 

• • 
• • 
• • 
•• 
•• 
• • 
•• 
• • 

Sept. '63 A~r!l '64 
1390 1040 
440 2120 

• • 
•• 
• • 
• • 

• • 
•• 
•• 
•• 
• • 
• • 
•• 

520 
650 
820 

10 
120 

1450 

•• 

• • 

•• 
•• 
•• 
•• 
• • 
•• 
• • 
• • 
•• 
•• 
•• 
• • 
• • 
•• 
• • 
• • 
•• 
•• 
80 

570 

Sept. '64 
1010 

?50 
100 
360 
?40 
120 

1750 
3910 
1010 

0 

10 

300 
0 

•• 
• • 
•• 
• • 
• • 
•• 
• • 
•• 

B. size of the e,lame: There ar& signitioar.a.t differences 1n 

the sizes to which the clams or differe~t locnlitios gro. 
On some beaches. udult inaividunls are as large as 23 mm. 
in length, whereas en others they aay be dwarfed and seldom 
att1in 15 mm. For the Jamaican nopulations in eptembor 1964, 
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length frequency graphs were plottod af~er measuring every 

clam in each sample (Appendtx VIII). Figure 18 shows such 

graphs for four populations at Small Point , Bleck River , 

Gut River, and ~egril. At the time of sa11pling, apawuing 

had just commenced and the adult clams could therefore be 

considered as having achieved tneir marlmum .sizes1 • AS a 

result. the modal peaks o! ~he most advanced size-class or 

clams in an.y population in ~eptember 1964 were indicative 

of the sizes to which the clams grow. At Small Poiat , the 

adult peak was at 20 mm. and the largest clams 23 Jllll. in 

length, whereas at Negril, the a~Ul.t peak was at 9 mm. and 

the lai·gest clam.a only 12 mm. in length. Results or the 

size analyses for populations of D. deuticulatus in Jamaica 

are given in Table a. end Figure 19. shows photographs of 

adult clams from four localities. 

C. Ooloration; Although there is a great variety in 

colour and pattern of t~e shells of D. denticulatus, some 

populations o£ten sbow a distinct tendency towards one par­

ticular colour or pattern, At Negril and Puerto 3eco in 

Jamaica, !or exo..mple, the shells are nearly .all completely 

white while at L'anae aux Epines in Greaada, and Uayaro in 

Trinidad, the shells though light coloured are nearly all 

radially streaked with shades or cream, purple, or brown. 

Shells from Black River und Small Point mostly have a deep 

shade of purple while those from Port Maria are light 

1Moet clams die after spawning, but even those that 
survive ahow little 01· no subsequent increase 1~ size 
(Section C, ohapter III) 

82. 
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Figure 18 

Length-frequency graphs for samples of four 
populations of D. deuticulatus in ,Jamaica in 

S~ptemb~r 1964. 
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Figure 19 

Adult clams of D. dentioulatus from four 
differont loco.litiee s nowing variation in 
sizes. 
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l'igure 19 
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TABT.,E 8:- The adult modal peaks and maximum sizes of clams 
in populntio~s of D. deuticulatua in Jamaica in 
September, 1964. 

PoEulation Adult modal ,eeak . aximum size 
Port Henderson 18 mm. 25 mm 
Green Bay 14 20 
Small Point 20 23 
Farquhar's Beach 21 23 
Gut River 15 18 
Allif;a.tor Fond 12.5 16 
Black River 17 2; 
Hope V,har! 20 2, 
ttegril 9 12 
Lucea • • • • 
Mo.atego Bay • • 18 
Puerto Seco •• 12 
Port !.iari a 12.5 16 
l!ort Antonio • • •• 

purple and green. Figure 20 shows photographs ot anmples 

of these different colour tendencies. 

In view or the prominence that has been given to 

colour variation in Docax as a taxonomic !eature by some 

syatematists, it should be mentioned here that in personal 

communication, R.T. Abbott affirms that there are no sub­

species of D. denticulatua in the :eat Indian islands. 

In order to determin~ the reasons for the popula­

tion features exhibited by Donax in the West Indies, a 

co~prehensive study was made of the 11£e histor.y 0£ the 

clams abd of the envircn!llental .factors which regulate the 

populo.tious. The results or this study with an analysis o! 

the data co~prise Section C of tbia thesis. 
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Fi gure 20 

Snmpl ~s cf clams of D. denticulatus from four 
di!! er ent locali t i es ~~owi ug tendencies tow~rds 
cortai~ col ours and patterns . 

Top left 
'?op right 

Bottom left 
Bottom right 

Negril 
L'anse aux Epines 
.Port Maria 
Black River 
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Figttre .20 
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VI. PRBDATOHS, PARASJT.i.;s, COMMEilSALS 

l . Predators 

Several invert ebrates , birds, a.r...d fishes are kno,m 

to feed on species of Donax. Loesch (1957) l ists twelve 

different predators . Observations thr oughout the west 

Indies have sl~own that the fol lowi ng animals are regular 

predators on D. de~ticulatus and D. atriatus: 

A. Crab§:Three species of crabs are known ~o eat Donax in 

the '.Nest Indies. 

(1) Areuaeus cribrarius (Lamarck) . During the 

day the spotted crab lives in more ~ban one foot of water 

but moves up on to the wash zone of the beach at uight and 

feeds ac~ively on Donax. Night observati ons on the beach 

and in the day .111 th captured crabs have revealed certain 

features of this predatory habi t . First , the crab locates 

a clam to be oaten by diBgi~g i nto and forwards in the sand 
\ 

with its two pai rs of froat legs. If there is a clam buried 

u:aderneath the crab, t ~.is action scoops it out of the sand 

and deposits it just in front of the crab. It is then 

seized i~mediately by oue or both of the claws aud manipula­

ted to a position iu front of the mouth. hith its matillipeds 

the crab orie1J.tates the clam so that it is held firmly at 

right angles to the mouth with its anterior end inwarus. 

Pressure f rom one of the claws is thea exerted on the clam 
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88. 

untj_l the shell is cracked, after which the sh.all is carefully 

removed and rejected by the maxillipeds and the meat ingested. 

The whole process takes about one ::.iiuute . .Adult male crabs 

are able to crack the shellf3 of t he lnrgest clams i.u this 

way, but immature o..a.d female crabs arc only able to overcome 

the smaller ones. Sometimes , however , u clam too large to 

be cracked is opened by inserting a clo.w between the two 

valves and snippi.o.g the witerior adduotor muscle , but this 

seems to happen merely by chance after trial and error. 

To determine the number of clams eaten by adult crabs, 

a tank was set up contaiaing one huudred clams in sand and an 

adult crab, and the numbers eaten over each twenty-tour-hour 

period were checked. After one week , the adult crab was 

replaced by another and the experiment repeated. In one week, 

an average of eighty-four clams was eaten by one crab with 

as many as twenty-four being consumed in one night on one 

occasion. The cracked shells of ~hese t wenty-fo~r clams are 

shown in ]'i gure 21. 

(2) Oallinectes exasperatus (Gerstaecker). T.his 

crab handles and cracks the shells of Donax in much the same 
I 

way as Arenaeus does althoueh it locates the clam in a 

different way. With one claw inserted in the sand, the crab 

walks sideways until the claw comes upon a clam which it 

then grips and brings to the surface. ·:.alking ceuses and 

the crab settles down to open and ingest it. Occasionally , 

the crab may pounce upon a clam which has been r.ashed out 

of the sand, but this is not often. 

Cal1inectes has stronger clawn than Areuaeus a.ud 
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Fi3Ure 21 

The cracked shells o! twenty-four clMs ot 
p. denticulatus which were eaten by an adult 
crab,!.£.!tnaeus cribrar~, in one night. 
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2Q MM. 

Fi gure 21 
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imrJature crabo aro nblo to crack larger shells. • Their 

appetite for Dong;, ho~ever, seems to be about the sa•ne. 

(3) Ocypode albicnns (Boso). The ghoat cr~b w~s 

not observed eating~! at any time. On beaches, 

however, sholls were .freque~tl;y fou.:.i.d in the vicinity- or 

bu~rows, and in the labor.atory clams of!ered to the crab 

were eaten during the night. Loesch reports from ?erso~al 

oom:munieation ~i th :Surkenx-oad tnat 0
• • • ghost orabe 

were seen to roll Donax around iu their claws until they 

succeeded in opening the clams 11
• 

B. L.>S'ring gaat!_onpds: Drilled shell~ of Donux were 

f'requen.tly .round (Figure 22) altho\lc;h no borers were 

actually seen drilling. Ou moet boaehes, tho only borer 

praseut is Tere~ra ej.noroa (Horn) und it is believed that 

this gas~ropod is r~sp~nnible for the drilled shells. 

Moetly young ole.ms uro drilled. 

90. 

c. Birds: The sauderlin~. Crocetnia alba (Palla&) was 

observed eating Do~e.x on maey beaehes. This bird• thoue;h 

present throughout the year, is more cotcz1ou. in 1..-he wiuter 

months. Loesoh (1957) doscr1beo the w~ 1n which the 

sanderling eats Douax: 

0 'l'be bird probed with its b~ak iu the sand w~1 th 

its head completely u.o.der wat~r. A !)ouax about 12 tc 14 

mill1mete~& long was brought up. The bird rolled the 

clam arottlld in its beak so t~ut it was l a~gthwiae and then 

swallowed itt1
• 

No other bird ia known tn p.rey on .Donax in the 

Weat Indies. 
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Figure 22 

Shells of D. denticula tus believed to have 
been drilled by the ga.stro9od, Terebra cinerea. 
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Figure 22 
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D. ¥.~~al§; T~e pig is a rroquent predator on Do4ax on 
local beaches .. alking at the ater's ed6e, it digs its 
suout iu tb& sand Pnd scoops up hundreds of clams a.a it 
goes alon3. ?eriodicdlly, it stops _to crunch and swallow 
the clru:is it bas scooped up, and then noves ou again. Its 
appetite ia immense, and it seePJ.e tho.tone pig iu au hour 
ma:r devour ~ore tt1an that nll other predators consume in 

months. 

2. Fa.i--aei tes 

The pnrasitology cf s~veral spooioo of Uonax have 
been exte.a.sively studiec. 1 the past (Fels<:~ er, 1896; 

Giard , 189?a ~ b . ;Chotton & Lworr, 1923) and reoeut work 
is directed pri~a.rily to ards the descriptiou o~ new 
parasites. ~able (1956) 1•eport&d a Aev, cer·carial larva 

!row D. denticulntuG a.ad Hopkins (1958), i» the most 
recent ~aper on the para~ites of Donax, named aud described 
the t.x·em.atodes ot D. var1..ibil1§. 

In the samples of D. denticulatus fro1:1 fort Henderson 
allil Gr·ee.o. nay, Jo.roaice., a few adult clams "Gere fou.tld to be 

infected in the visceral mass ith a tre~a~ode larva sub­
sequently identified as Cercaria caribbea XLI~ (Oablti). 
~his ia a bucephalid cercaria similar to one described by 

Hopkins !or D. varlabilis. 

Cable comrnantoo on the life history of 
O. c ribbee XLIII as follow&: 

11
• • • it f48J be asau:med tb.at this species encysts 

in a fish that is eatun b;y a largex· fish serviug as a 
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definitive host. Thus the adult of this cercariae probably 

ls among the buoephalids thr.it (a:re) often f'ound in the 

intestines of .fishes 0 • 

In all the ciams in which Q. caribbea XL!.! were 

found. parasitic castration had taken place gnd the 

gonadial region had assumed a pale yellow colour. Other­

wise, however, the clams appeared normal. 

Unidentified flagellates and other protozoa were 

frequently seen in the visceral mass 0£ D. denticulatus. 

3. Oommensals 

A hydroid• 01:y;tia bakeri, and an nlga, 

Enteromorphu tlexuosa (~ulfen) grow on the posterior end 

of tbe shell of many species of Do.uax (Loesch, 195?). 

In the West Indies, a hydroid was fou.a.d on the shells of 

D. denticulo.tus and D .. striatus, but only in Triaidad . 

This b.;rdroid has not yet been identified because of the 

absence of gon-zooida on the polyps collected. 

Although algae do not nor0ally grow on the shells 

or D. dent1eulatus ana D. striatus in the West Indies, 

green blotches were once observed on the posterior slope 

ot aome shells of D. deutioulatus at Negril in Jamaica. 

Microscopic examination indicated the presence of a small 

filamentous alga, but tho material was so poor that iden­

tification was not possible. 

Loesch (1957) found that Donax having growths 

of either hydroids or algae were less frequently infested 

by oercarial or precercaria.l pare.sites. This has not been 
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observed in D. denticu1.atus and D. striatus. 
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VII. SUMMARY 

The ecological features of D. denticulatus and 

D. striatus are summarised here to illustrate the way in 

which these clams inhabit the wave-swept sandy beaches of 

the West Indies. 

The habitat in which the clams live is hostile for 

two reasons. Firstly, because of the pounding action of 

the surf on the relatively loose sand grains, the substratum , 

is more unstable than most others aud the animals live in 

danger 0£ being either flushed out of the sand or buried 

alive. Secondly tidal changes nec.essitate that the olams 

must be able to migrate synchronously with the tides or 

else be subject to frequent stranding and dessication. 

D. denticulatus and D. striatus occupy the • 

saturated region of the wash zone on the beach, but 

D. striatus may also be found at times in the surf zone. 

The pattern of zonation of the Donax populations is 

influenced by several factors of which the most important 

seem to be the turbulence of the substratum and its 

wetness. Occasionally with unfavourable environmental 

conditions, the clams may lose their normal pattern of 

zonation for a few days in which case heavy mortality may 

result,. 

Tidal migration occurs with each shift of the 
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tide. In D. denticu~.atus and D. striatua this is accoJ:J.plished 

by the clams being transported up end down the beach in the 

wash but only and always burying themselves in the saturated 

wash zone . In doing this, the large muscular foot and the 

mobile siphons play an activo role aud the~e organs are 

therefore essential for tho maintenance o! the moat favour­

able position en the bouch. Crigiually in tbe Tellinacea 

theoe organa bccomo ad~pted £or a depoait-feediug habit, 

but in Donax it is clear that they havo assuoed new 

fuuctiono ~hich ouable the clams to live on the boacb. 

D. denticuJetun occure:; in deu::;o populations through­

out the .e~t Indien ~hi lo D. otriatuo l s fouud :in l urga 

~umbers only in tho larger islai.;.ds. The factors whi~h 

influence the distribution of D. striatua are uncertain , but 

thoae which affect D. denticulatus are such as to determine 

that popul~tions cccur only on cle3..ll alluvial beaches which 

are t:-xpoGed to the open aea . Beaches of t hia sort are ·common 

throughout the Weat Indies and as u result D. deutioulatus 

is found in ~ost of the islanda . Evidence suggests that 

D. denticulatus is the older and more established of the two 

epecies in the West Indies. 

The populations of D. deMticulatus at different 

localities vary greatli in density, size of clru:is, and colour 

of shells, and there a.re '.Vide fluctuatio.ns in population 

denaities from one year to the next. Nevertheless , this cl8.ll1 

is usually the filost abundant animal on the sandy benches and 

comprises t he largest biom~ss. Few cW:~als challc~ o 

:!). denticulatus in its occupancy of the s~ t;ur•ated w9.ah zone 
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and the cl~ms appear t0 ouffer little from co~petition from 

the other beach-dwellers. As a result of their exposure, 

however, the clams are prey to soveral predators fro~ other 

habitats. 
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