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I. THE BIOLOGICAL JUOCESS 0F DCNAX IN TH~ WEST tNDIES 

In this disou~aion rui attempt is made to assess 

with what degree of succass Qoaa~ inhabit$ the wave-owept 

sandy beaches of the ~est Indios. Li.nee, ~owever, thore 

is only scattered data. on one of the two speetes in the 

West Indies, D. stpiatuq, this discussion must be confined 

to t;he other species, n. deuticul~t,.ug,, ou which a more 

thorougll .study has been W3.de. 

Tho r;uc,iess o.t· Donax must be considered along two 

main lines i first, tha ability of the clams to maJ.ntain 

themselves in their relatively unstable habitat, and second, 

their ability to keep populatious goi.Ag trom oue year to 

tho uex:t. 

The oxposed ·e~ndy beaches on which .ti,g~~! lives is 

a <li:fioult habitat f or. several reasons chiefly because 

of the instability of the oub'3tratum and tbe changing 

nature of the b~aah ,;i th ench tidal s hift. The first 

danger, th.at of be-ing either buriod alive or flu::;hed from 

tbe a~ud • necessitate~ that an a.umo.l. living on tlle beach 

must ba able to obtain a sood anchora3e 1u the substratum, 

and then to quiokly bur;y itself again if washed out of 

the saud. ]oth of t}rnne D. dentioula tus is able to do 
---....... • /ow I .,.., 

and it is therefore capable of maintaining a fixed pat·ter.n 

of zouation o.u. the ~~.ct.es in the eet I.adies. The second 
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danger, that of being stranded in drying sand above the 

water level at low tide, is overcome by a synchronous 

migr ation of the clams with each tidal shift and this 

involves on thei r part a remarkable ability to appre­

ciate their immediate environment and to bury themselves 

only where the substratum is suitable. 

· Mortali ty resulting from washing out of the 

substratum or stranding is normally low, although 

occasionally, with severe environmental conditions; it 

may be greatly increased. Such c onditions may be brought 

about by high seas and unusual tidal sequences , but as 

these do not occur often, the clams suffer little from 
J 

them. Uever tb.eless , they remain as potential dangers. 

The types of beaches on which Donax may live are 

present on most of the West Indian islands and , as a 

result, Douax i s d i stributed widely throughout the 

i s l ands . Only on those in which all the sands are of 

c alcareous origin is Douax absent . I n many localities, 

e specially in Jamaica , Antigua , a.ad Trini dad , populations 
' 

of Donax reach great densiti es , and more than 4_000 clams 

per linear metre of beach have been recorded. The Dona.x 

populations are usually in excess both in ~ensity and 

biomass of those of the associated beach fauna, and it 

may therefore be feasiblt: to regard Donax as a dominant 

species in its habitat. 

Despi te the fact th~t large populations of Donax 

frequently develop in many localities in the uest Indies , 

populations may fluctuate greatly from year to year . The 
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2?.l . 

most important factors responsible for tbis seem to be 

enviroo.mental and affect both the rate of natality and 

mortality. Those which affect natality are reduced salinity, 

fouling 0£ the water, tidal and ocean curreuts, and lack of 

wave action. while those which affect mortality are reduced 

salinity, fouling of t~e water, and high seas. Of these, 

there are three in Jamaica (reduced salinity, fouling of the 

water, and high seas) which are likely to occur twice a year 

especially during the rainy seasons (Uay and October), and 

in 1963, for example, these had adverse effects on popula­

tions. Because of the- possibility of failure of spat to 

settle or of sudden mass mortality resulting from the above 

conditions, the establishment and mainteuance of populations 

from one breeding cycle to the next becomes more difficult, 

and in some localities, it appears that some populations 

have been exterminated as a result. Nevertheless , the 

evidence suggests that in most places even where these con­

ditions have been most severe, populations have managed to 

survive and/or recover in a short time, and they have 

therefore been able to perpetuate themselves . 

Many of the factors w ich affect Donax populatious 

in other places do not have the same influence in the West 

Indies. Fluctuations in temper3ture and solar radiation, 

for example, are not important factors , and parasitic in­

fection and predation are not known. to deplete populations 

significautly. As a result, there appear to be fewer 

factors in the West Indies which have a continuous regula­

tory effect on Donax populations than in other places where 
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similar stuaies have been made. 

The clime.tic factors which determine the geor,raphical 
range of D. denticuli:.i.tus are Ullknovm and so is tb.e history 

of the species in the .est l~dies. Conaequontly it 1s not 
:possible to ausess its evolutionary- success in those parts 
or to aay what the trend may be in regards to its diotri­
bution at.Id numbers. From the above considerations, however, 
it may be concluded that at tb.o present tie:e iu the iieot 
Indies. D. denticulatus achieves a high degree or success 
bot}, 1n securing itoelf in its dj,ffioult habitat and iu 

main.taining populations. 
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II. EVOLUTION WITHIN THE GENUS DONAX 

The possible course cf evolution within the 

Telliuacea was discussed by Yonge (1949a) who noted that 

the Donacidae had evolved within the group as one of the 

less specialised families of deposit feeders. Yonge was 

u.a.able to consider, however, the course of evolution 

within the Donacidne since his and yrevious studies had 

beon concorned with only one member of the family, 

D. vittatus. Since then subsequent studies of d.ifferent 

species of Douax have thrown light on some of the eco­

logical tr~nds within the genus, and this knowledge 

considered alon~ with the preseut findings on 

D. denticulatus and D. striatus may now be discussed in 

order to elucidate the possible course of evolution ~ithin 

the genus, 

It is clear, as has been pointeQ out by Yonse and 

further substantiated in this study, th~t Donax represents 

a line of evolution within the 'relli.aacea away from the 

~eposit-feediu0 habit towards that of a suspension feeder. 

This has been co.:1currE1nt with (a) a chM3e in. the morphol-

ogy of the animals, and (b) tt.e occupancy of ae'?t habitats. "t.. 

Because these two are very cloceJ.y rel~teat this di scussion 

of the evolutionary trend within the genus must include a 

aonsiderc.tion of both. 
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224. 

Al tllou{1'.h members of the Tellinacea are n<.1w foUI.ld in 

all types o.f bottom material at varyiub depths• the e~u>liest 

t~pes almost cectainly lived in soft muddy subst~ata in the 

aublitt~ral zo~e from BLd out ot which Donax ap oars to 

have evolved a.nd moved into £1rmer substrata in the litteral 

zoue. Tit.ts shi!t i to tho littoral. zone necessitated morpho­

logical ndaptatioua for coping with the rigours of a tidal 

environment, nnd corralated ~ith the reduction in the organic 

content of the aubstrata was the :need ror a suspensiou­

feed!ug habit. 

Ecolo ical studies have shown that the grea·t;est 

dangers Donax races i~ the iutert~dal zone are t!ooe of 

beins either fluohed from the sand or buried alive, and 

bGing stranded above the water level at low tide. ~o 

proveat an.v of th se from happening, rapid burrowing and 

a high degree of mobility are requ~red, and these Donr:.x 

baa achieved ittl great success. 'Yonge (1949a) bas shown 

that o! the burrowing bivalves only the Tellinacea can 

move actively in both horizontal and vertical d1reet1ons 9 

ud tnis is d.oue ~.1th the help or a foot o! maximum .size 

8!1.d notivity. In its rate of burrowing Donax is more 

rapid thrm other ~embers of the TeL11nacea and possibly 

all otber bivalves, and tLia is undoubtedly duo, as has 

b~~n pointed out by Yonge, to the prcseuce iu the cl~m or 

a ~ore rotund and anteriorly pointed toot as well a an 

additional elevator pedis muscle. The wedge-shu.ped type 

of ehall also favours rnpid burrowing and the posterior 

end with its trunc ted margins easures that the clams do 
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not have to bury very deeply before they are completely 

covered by the substratum. The mobility of the siphons·, is 

reduced iu Don~"t, but is retained sufficie11tly for tho clams 

to -move them about as braking devices on the beach; 

The morphologica.l adaptat:.. ons for suopension-

f eeding in Douax have occurred mostly in the siphons, ctenidia 

and labial palps , and stomach. The siphonn bave aaswncd a 

new role of passively but selectively takin~ in water. with 

_ food particles and have developed sensitive straining tenta­

cles wi~h associated musculature and nervous supply. The 

labial palps have increased in size and efficiency and the • 

ratio of gill size to palp size has been reduced. The 

stomach has become better suited for dealing with small 

particles by the develop~ent of an additional pouch and 

sorting area, and its orientation has changed; it has also 

lost its tri tura ting f unction end the po st ero-d.orsal caecum 

has become reduced in size and impo:rta..uce. 

QQE..e! occupies habitats i.11 both the subli ttoral and 

littoral zones although most members of the genus are con­

fined to the latter1• D. vit~~ ••extends into the sub­

littoral zone down to depths of about ten fathoms'1 (Yont5e • 

1949a), and is therefore unlike most other s9ecies w ich 

live only in the intertidal habitats. Among these, however, 

are species w1,ich occur at different levels includine; some 

found only in the shallow water of the surf zone (D. rugosus , 

D. acutangulus) and others confined entirely to the wash 

zone (p. semigranosis, D. variabili a); then there are also 

1s0e 3ection B, Ch~pter II for a review of the 
zouation of Donax populations. 
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a few which occur at different depths throughout the year 

(D. gouldi, D. tumidus). It would appear that species which 

extend into deep water represent the earlieat types in the 

genus and that those which are confined to the wash zone 

the most receat; those which occu.r ouly in shallow , ater 

would therefore be of earlier or~gin than those which move 

up into the wash zone only at certaiu times of the year. 

If the above is vali<1, then 1 t is to be expected t;ha.t species 

which occur in deep water will be 1?1ore similar to the 

deposit- feeding Tellinacea than those ~hich live in the wash 

zo11.e, arid thia is borue out by the features described for • 

D. vittatus, D. denticulatus and D. striatus. 

D. vittatus, like the deposit feedors , projects its 

si1,hotLs beyoud the surface of the sand while !eedi.o.g whereas 

D. denticulatus 81ld D. striatua l~eep theirs flush with the 

surface. Furt~ermore, there is indiscriminate int&ke of 

ma'teria.l in the first while the latt\;r two, Wllike any 

dcposi t feeder• selectively strain a.o.d reject particles above 

a cei•tain size. The a.,;omach also in D. vittatua is more 

representative of those fouad in the depoait feeders, while 

that in D. de.ut;iculatus aAd D. s ·triatus possesses Jl'auy 

features similar to the stomach ~n suspension foed0rs . 

.A noticeable poiut is tlu.1 . .-c in one importaut respect, 

that is the size and functioning of the postero-dorsal 

caecum, D. stri3tus is more like che deposit feeders than 

D. deuticulatua, and suggests that t hia species is of 

earlier origin tho.n D. denticulatus. ihis is $Upported by 

tne f~ct that whereas D. denticulatus is confin$d entir ely 
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to the wash zone, D. striatus in~erchauges between the surf 

and wash zones. 

In conclusion it mny be noted again that Donax 

occupies a niche on exposed beaches ia which few other 

bivalves can survive. The ability of Donax to do this 

i s due mainly to certain morphological structures· woich 

ori ginally became adapted in the Tellinacea for deposit­

feeding but which have evolved along nevr lines in the 

genus for performing new and different functions. These 

adaptations have helped to improve tho mobility of the 

clams unl change their mode of feeding, lUld they have 

"therefore been fund.a.mental factors in ensuring tho sur­

vival and success of the gen~s in its difficult habitat. 
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229. 

SlJMUARY 

1. Beach clams of the genus Donax are small active 

bivalve molluscs which live ia the intertidal zone of sandy 

beaches throughout the world. 

2. Previous work on Donax has been concentrated 

on a few interesting aspects of the life of the clam and 

there has been no comprehensive study of any one species. 

3. D. denticulatus (Linne) and D. striatus (Linne) 

are the representatives of the genus in the \lest Indies 

and are available for study throughout the year. 

4. D. denticulatus and D. striatus can be readily 

identified by features based on the markings, shape, and 

colour of the shells. 

5. D. denticulatus occurs only in the wash zone of 

the beach. The other main occupants of this zone in Jamaica 

are the isopod, E:xcirolina brazi1iensis (Richardson), t he 

mole crab, Emerita portoricensis (Schmidt), and the spionid 

worm, Scolelepis sgua.mata (Muller). 

6. D. denticulatus is sorted according t o size in 

the wash zone and the adult clams are confined almost 

entirely to the saturated region. As a result, more than 

90% of the volume of populations is distributed throughout 

the saturated zone. 

7. The turbulence of the substratum and its degree 
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of wetness are the main factors which influence the pattern 

of zonation in D. denticulatus 

8. D. striatus is not always confined to the wash 

zone but has been observed in the surf zone in Trini dad aud 

British Honduras. The reaso~s for these differences are not 

known. 

9. Both D. denticulatus and D. strintus migrate 

synchronously with the tides. This is accomplished by the 

clams being transported up and down the beach in the wash 

but only and always burying themselves again in the satu­

rated zone. No intrinsic mechanisms are necessary in this 

process. 

lOo 'l'he large muscular :f c ot and the mobile siphons 

are important organs in maintaining the clams in their 

right position on the beach. 

11. Stranding of the clams above the water level 

at low tide sometimes occurs especially after high seas 

and the formation of a berm on the beach. 

12. D. denticulatus occurs throughout the West 

Indies while D. striatus i s found in large numbers only 

in the larger islands. 

13. The factors which determine the distribution 

of D. denticulatus are the nature of the beach sand, the 

size and sorting of the sand grains, tlle slope of the 

beach, the degree of wave exposure, and the organic 

content of the sand. 

14. Most populations of D. denticulatus occur on 

alluvial beaches near the mouths of rivers and swamps. 
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15. The factors which determine the distribution 
of D. striatus are uncertain. but the larger populations 
are fouad in Trinidad where the beaches have vory gentle 

slopes. 

16. It appears that D. denticulatus is the older 
and more established of the two species in tho West Indies. 

17. Populations of D. deuticulatus from different 
localities vary greatly in density, size of clams, and 
colour of shells, and there are wide fluctuations in 

population densities from one year to the next. The 

largest population of grown clams recorded had a deusity • 
of more tha.a 4,000 clams per metre of beach. 

18. Don.ax has several predators. In the ,,est 

231. 

Indies three species of crabs, Arenaeus cribrarius (Lamarck), 
Callinectes exasperatus (Gerstaecker), and Oozyode albicaus 

(Bose), - a boring gastropod, Terebra cinerea (Born), - a 

bird, Crocethia alba (~allas), - and pigs are known to prey 
on D9nax. 

19. A trematode larva, Cercaria caribbca XLII (Cable) 
parasitises D. denticulatus and causes parasitic caotration. 

20. An unidentified ~yd.roid grows on the shells of 
D. denticulatus alld D. striatus in Trinidad aud an un­

identified filamentous alga has been fou.ud on one occasion 

on the s hell of D. denticulatus in Jamaica. 

21. D. denticulatua is dioecious and there is an 
equal proportion of the sexes in p opulati ons. The gonads 

are ripest in Jamaica between August and Janua~. 

22. D. denticulatus has t wo planktonio larval forms 
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each of which lives for at least a week . 

23. Reduced salinity and fouling of the \tater, tidal 

and oceaa currents, and low wave action are known to have 

considerable effects on the larvae of D. denticulatus . 

24. Settlement of spat of D. denticulatus in 

Jamaica is highest in December and lowest in !larch , June 

and July, and October. Low settlements in March and October 

are as a result of unfavourable environmental conditions, 

and in June and July as a result of low breeding activity. 

25. D. denticulatus breeds contiauously through-
• out the year in Jamaica with maximum activity in and around 

December ao.d minimum activity in June and July. 

26. There is evidence to suggest that in Jamaica 

D. striatus has a similar breeding activity as D. denticulatus. 

27. The environmental couditions which favour the 

pattern of breeding activity in D . denticulatus are not known. 

28. The growth of clams of D. denticulatus is constant 

for the first seven months of l i fe while the gonads are develop­

ing , but then as they become r i pe and spawning commences it 

slows down and eventually ceases. The maximum growth rate 

measured as increase in shell length is about 3.0 mm. per 

month. 

29. The growth rate of clams of D. denticulatus 

at different localit ies differ appreciably ao.d as a result 

the maximum sizes to which the cl..ams grow vary. 

30. Marked increases in the growth of clams of 

D. denticulatus in Jamaica occur during the rainy seasons. 

Growth rings and concentric colour bands are formed at such 
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t i mes . 

31 . Growth rings and colour bands i n D. deuticulatus 

ar e formed as a direct result 0£ the sudden increace in food 

content of the sea. 

32. The growth rate in D. de ticulatus is directly 

correlated wi th the amoWJ.t of foo d i n the sea and food supply 

i s t he main limiting factor on growth . 

33. Proxicity to a river, rainfall , aild the degree 

of wave action , determi ne the amount of food available to 

clams and theref ore i nfl uence their growth. 

34. The chief causes of death i n D. denticulatus 

are r educed sali nit y and fouling o f the water, dessi cation, 

and predation. 1-arasiti sation does not appear to be an 

important mortalit-y factor. 

35. In the f irst four onths of life of a popula­

tion of D. denticul a t us , a t l east 70% of the clams die, but 

mortality is not hi gh again unt il the ad·f.11 ts spawJ'.l i n about 

the eleventh month. 

36. Only about l ¾ of a p o p ulation of D. denticulatus 

survives after the first year and the maximum life span has 

been estimated as approximatel y eight een months. 

37. Populations of D. deuticulatus in Jamaica have 

thei r highest densi t i es in Dec ember and l owest densities 

in Oct ober. Hi gh densi ty i n December is as a result of 

r ec ent settlement and l ow density i.n October i s as a result 

of death of the adul ts after spawni n ~ and death of spat 

due t o unfavouro.ble envir onmeutal cond1.tions . 

38. D. denticulatus 8.lld D. striatua feed by 
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drawing in food-laden water through the inhalant siphon. 

39. Adult clams of D. denticulatus are capable 

of filtering more ttan 300 cc. 0£ water per hour although 

this rate is reduced when there is very much material in 

suspension. 

40. The orifice of the inhalant siphon is lined 

by forty-eight seusitive tentacles which selectively 

prevent particles above abou·t; 250 µ in diameter from 

entering the mantle cavity. 

41. The structure and nervous supply of the 

inhalant slphon are adap'ced for the selective rejection 

of particles. In the distal region of the siphon are 

layers of circular muscle wL.ich c oustrict the aperture 

when particles are caught on the teataclest and in the 

tentacles tbe~aelves are sub-epit.nelial nerve cells which 

apparently serve as mechano-receptor units for detecting 

the presence of the particles on _the tentacles. 

42. The organs of the mantle cavity are adapted 

for dealing With much fiu.ely particulate material and there 

is much rejection of par~icles on the labial palps. 

43. The stomach is more suited fo1• dealing with 

particles loss than 200 µ in diam.eter. It has t wo large 

food pouches ttnd does not perform a tri turatiug function. 

The po1::tero-dorsal caecum is reduced in size and function. 

44. The major part of the diet of the clams is 

comprised of organic detritus and phytoplauktont but other 

organic material in suspension may also be taken in and 

digested. 
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45. The general conclusion of nutrition in D. denticulatus 

and D. striatus ia that these clams are better adapted for 

feeding on material in suspension than ou bottom deposits. 

46. It is concluded th.at at least o.ue of the two 

species of Dona:x: in the Oest Indies, D. dcnticulatus, has 

attained a high degree of success. 

47. The poosiblc course of evolution within the 

genus Donax is discussed o..ad the view expressed that the 

trend he.s been away from a deposit-feeding habit in the 

sublittora.l zone towards a suspension-feeding habit in the 

littoral zono. 
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API'ENDI X 
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APPENDIX I 

Average length, depth, and thickness measurements 
for clams of D. d-e_ .... +_±~:latl.l.S of l mm. size intervals. 

Length DeEth 1.rhiokness 
3.9 mm. 2.8 mm. 1.8 mm. 
4.5 3.2 2.0 
5.5 3.9 2.5 
6.5 4.5 2.8 

7.4 5.5 3.5 
8.5 6.3 3.8 
9.4 6.5 4.2 

10.4 7.7 5.0 
.. 

11.5 8.2 5.5 
12.5 8 .8 6.0 
13.4 10.0 6.? 
14.5 10.8 6.8 
15.4 11.3 7.3 
16.5 12.1 8 .0 
17.5 12.0 8.0 
18.7 13.7 9.2 
19.5 14.1 a.5 
20.6 15.0 9.5 
21.5 15.5 9.8 
22.7 16.5 10.4 
23.1 16.9 10.6 

Regression Values 

Length: depth b-+0.732 Length: thickness b=+0.462 
a= 0.09 a=+0.043 
P= 0.001% p. 0.001}$ 
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APPENDIX II. 

Average length, depth, and thickness measure~ents 
for clams of D. striatus of l nun. size intervals. 

Length Depth Thickness 

3.7 mm 2.8 mm 1.6 mm 
4. 5 2.9 1.7 
5.7 4.4 2.2 

6.5 4.6 2.4 

7.4 5. 2 2.8 

8.4 5.9 3.2 
9.5 7.0 3.8 

10.6 7.8 4.5 

11.4 8 .3 4.6 

12.0 8.5 4.? 

14.6 10.9 5.6 
15.7 11.4 6.7 
16.5 11.5 7.0 
17.5 12.4 7.5 
18.4 13.1 7.0 
19.9 14.? 9 . 0 

20.5 14.4 9.0 

Re5ression va3.. ues 

Length: depth b=+0.697 
a=+0 .25 

p,., 0.001% 

Length: thickness b=+0.442 
a=+0.373 
P= 0 .001% Nati
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.al l:'ENDL III 

Average length and depth measurements for clams of 
D. striatus of l mm. size intervals from two differeut lo­
calit!es. 

Looaliw; A. Locality B. 

Length Depth Length Depth 

21.3 mm. 16.3 mm. 21.6 mm. 14.8 mm. 
22.2 16.6 22.4 14.9 

23.8 17.4 23.5 14.,5 

24.6 l?.6 24.5 15.3 
25.3 17.7 25.5 15.9 
26.4 18.8 26.4 15.8 

~ 

27.4 18.6 27.4 15.9 
2a.3 19.4 28.2 l?.4 
29.5 19.0 29.4 17.0 

Regression values 

Length: depth b•+0.382 
a-+8.248 
p. 0.1% 

Length: depth b=+0.349 
a=+6.782 

P= 0.1% 
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APPENDIX IV• 

Numbers of animals taken in an interrupted line 
transect sample of the beach fauma at Green Bay in Jar-aica 
in January, 1964. Transects weree taken at 20 cm. intervals. 

Transect Talorchestia Excirolinaa Emerita Donax Scolelepis rerebra 

l 1 1 

2 3 4 

3 12 46 

4 23 46 

5 48 262 

6 41 140 5 3 

7 2 224 - l 

8 145 - - • 
9 107 - 2 

10 72 9 1 1 

11 . 42 132 7 -
12 5 245 275 7 . 
13 183 515 -
14 162 669 31 

15 38 288 ? 
16 24 260 7 

17 6 131 1 

18 1 68 4 

19 1 38 10 

20 1 39 12 

21 25 3 

22 24 63 

23 10 52 1 

24 2 - 1 Nati
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-
APPENDIX V. 

A. 

Results of a line transect sample of a population 
of D. denticulatus at high tide at Fort Henderson, Jamaica , 
in October 1962. Transects were taken at 5 cm. intervals . 

Transect Nos. Total Vol. Avera~e Vol . Max. Len~th !Jin. Length 
1 1 8.0 IlIIl. 8 . 0 mm. 
2 2 0 . 04 ccs, 0.020 ccs. 7. 5 4.0 
3 6 10.5 4.0 
4 5 0.38 0.076 9.0 5.0 
5 20 11.0 4. 0 
6 7 0 . 35 0.050 9.0 4.0 

7 14 11.5 3.0 
8 9 0.55 0.061 11.5 4.5 
9 13 18.5 4.0 

10 39 2.60 0.066 10.5 4.0 
11 22 13.0 4. 5 
12 57 3 . 00 0.053 12.5 4.0 

13 56 19.0 4.5 
14 68 5 .60 0.082 22.0 4.0 
15 68 19.0 4.0 
16 ,5 4.30 0.123 19.5 4.0 

17 38 21.0 4.0 
18 59 5.00 o.oa; 22.0 4.0 
19 33 20.0 4.0 
20 34 4.70 0.140 21.0 4.0 
21 22 22.0 5.0 
22 15 6.00 0 . 400 19.5 6.5 
23 13 20.5 7.0 
24 12 3.80 0.317 21.0 6.0 
25 20 21.5 6.5 
26 24 9.50 0.400 22.5 6.0 
2? 8 22.0 8.0 
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APPENDIX V (Cont d. ) 

Tran.sect • Nos . Total Vol . AveraR:e Vol . Max. Lenu.:th Min. Len,i:th 

7 

28 10 4 . 10 cc ai.. o . 410 cc. 21.5 mm. 6 . 0 mm. 

29 7 - - 21 . 0 4-.0 

30 15 5. 30 0 . 360 20. 0 5 . 0 

31 14 - - 20 . 5 6 .0 

32 9 6 . 00 o .660 20 . 5 9.0 
33 14 - - 22.0 5 .5 

34 7 3.70 0 .530 20 . .5 5 . 0 

35 8 - - 17.5 6 . 0 

• 36 11 5. 50 0 . 500 22.0 6 . 0 

37 4 - - 20.5 6 . 0 

38 3 1.00 0 . 330 20 . 5 9. 5 
39 0 - - - -
40 2 o.ao 0.400 21.0 11.0 

41 l - - 11.0 11.0 

42 l 0 .10 0. 100 10. 5 10. 5 

43 2 - - 9;5 7.5 
44 0 

. - - - -
45 l - - 9. 5 9. 5 
46 0 - - - -

I 
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APPENDIX V 

Results of a line-transect sample of a population 
of D. dent1eulat90 at low tide at Fort nenderaon, Jamaica, 
October 1962. Transects were taken at 10 cm. intervals. 

Tr anoeet Nos. Tot al Vol . AvP:.. Vol. • !ax. hei.tht Miu. heillht .. .. 
l 19 0.15 ce 0 . 008 oc 6.0 mm 3.0 mm 
2 '~ 0 . 22 0.005 6.0 2.5 
3 49 0 . 30 0.006 6.0 2. 5 
4 62 0.7a 0 . 012 9.0 :;.o 
5 59 o.so 0.013 9.5 2 . 5 
6 41 1.10 0 . 0 27 10.0 2.5 
7 16 0.65 0 . 040 10.5 3 . 0 
8 34 2 . 30 0 .070 16. 5 4.0 

9 26 1 . 40 0 . 055 11.0 3.0_. 
10 23 2.00 0.090 13.0 3.0 
11 21 5.10 0.243 21. 0 4.0 

12 29 4.00 0.140 20.0 3.5 
1, 28 5.00 0.19a 1a.o· ;.o 
14 ~l 2.50 0.227 21.0 5. 5 
15 ,1 1.,0 0.2,5 21.0 4.0 

16 10 1.ao o.1ao 20.0 4.0 

17 16 3.20 0.200 19.0 4.5 
1a - 15 2.00 0.133 20. 0 4.0 

19 5 l . ~O 0.240 18. ; 6.0 
20 6 1.30 0.216 19.0 4.5 

?.l 4 1.00 0.250 17.0 5.0 
22 7 1.50 0.214 13.0 7.0 
23 4 1.00 0.250 11.5 7.5 
24 5 1.00 0.200 11.s 10.0 

25 6 1.,0 0.216 17.5 5.5 
26 6 0.50 o.oa3 12.5 5.0 

27 ? 1.30 0.186 18.0 a.o 
28 

' 
0 .. - - -
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APPENDIX VI. 
Numbers of animals takea in transects across ayaro Beach, Trinidad, at high and low tide in April, 1964. Transects were taken at 0.5 metre intervals. 

Hip;h Tide 

Transect D. striatus D. denticulatus 
l 1 l 
2 1 8 
; 2 4 
4 9 4 
5 1 2 
6 l 
? l 
8 l 
9 - • 

Low Tide 

Triu1soct D. striatus D. deutioulatuo 
1 0 
2 3 
4 2 
6 l 
8 1 -

10 2 ..... 
12-26 

28 4 
30 4 
32 2 
34 3 
36 2 
38 6 
40 l 
42 l 
44 l 
46 
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APPENDIX VII 

! 
Results of t he size-grade analysi s of the beach 

sauds i n which Douax occurs i n the l:est Indies. 

Si~e- Grades 

0 . 0~3- 0.105- v .21-
.LOCUli ties o . 0 1 ; w.o 0.105uL 0.21mm 0 . 5mm 0.5mm 
l:ort Hender son O.lgm 1.5gm 2l.3em 68.9gm o .2gm 
Green Bay - 1.1 ?6.2 21.9 0.8 
t ri.to.ll .?oi ut - O.l 2?.4 48.0 24.5 
Far quhar 's Beaoh ... 5.3 68.8 24.8 1.1 
Gut Ri ver 0.1 0.7 24.7 62.0 12.0 
Alli~at or .t'ond. - 10.s 58.l ;0.5 0.9 
Black River - 0 • .5 56.8 39.1 3.6 
Hope ,Hi,~r f - 0.2 31. 2 51.5 17. 1 
Negril 0.1 1.6 50.6 42.8 4.9 
I.ucea. - o. 5 50.a 43.2 5., 
Uo.ute~o J!ay - 0 .4 18.9 75.9 4.8 
Puerto Seoo - 4.4, 46.5 26.6 22.5 
Port Mar in - 0 . 1 4,3.4 55.8 0.7 
.iort Ant onio o.;; 19.5 6;,.6 11.7 4.7 
Gallows bay - 0.2 36.6 61.1 2.1 
Pin~ieya - ?.8 51.7 41.4 4.1 
Jolly Beach - o. 5 43.1 55.1 1.3 
Cal l i aquo 0.3 a.5 28.2 4-5.7 17.3 
Hamilton A - 0.3 l • ;~ 82 • .) 16.0 
Hnmilton B 0.2 5.9 a5.3 a.5 0.1 
Cocal Beach 0.1 3. 6 77.2 16.3 1.8 
Mayar o 0.1 7.5 88. 5 , . 7 0 . 2 

~ 
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A cumulative 
a beach sand showing 
and Q3 and Q1 values . 

100 

qo 

! 70 
V 
a: 
..., bO 
4. 

APPENDIX VII 

B 

curve for a size-grade analysis of 
the determination of Median Diameter 

(See page 69) 

.... so------------- - - ------
> 

20 

10 

0.5 0.-1- a~ o., Mo a, o., 0 

SIZE-GRADE MM. 

Figure 54 

246. 
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APPENDIX VIII 

Length-frequency percentages for samples of populations 
of D. denticulatus in Jamaica in September, 1964. 

Len~th t-t . Hend. G. Bay Small Pt. F. Beach Gut River Al. Pond 

2 mm. 0. 8 2% 3.21/4 

3 18.42 19.25 
4 23.60 17.65 1.08% 

5 12.10 10.69 1.62 

6 5.74 7.49 5.94 

7 6 .71 5.34 11.89 5.71% 

8 7.92 1.60 14.59 8.57 
9 7.24 2.67 15.13 2.86 

10 6.83 4.81 11.89 25. 71 

11 2.51 10.69 8 .65 a.57 
12 1.6? 6.42 4.86 14.28 

13 1.01 2.14 7 . 56 14. 2{3 

14 0.82 3.21 6% 5.40 a.57 

15 0 .55 2.14 6 1.1% 5.94 5.71 
16 1.02 2.14 4 • 2.70 5.71 

17 0.77 • 2 1.1 1.08 

18 1.31 • 10 5.5 1.08 

19 • • 14 6.6 

20 0.72 0.53 34 26.6 

21 0.11 14 42.2 

22 0.11 8 1.1 

23 0.11 2 0 . 55 
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AFP£IDIX VIIJ (Contd.) 

Len~b ul. River II. 'iiharJ: 'NeP-ril. Y.o.Bav P. Seco r-t. Maria - . ~ , 

2 mm. 
;$ 

4 ;.80% 

5 l.45% 0.92% 6.33 
6 1.45 2.?8 201 7.59 
7 6.42% 4.35 18.52 40 a.as 
8 ?.34 7.25 23.15 zo 12.66 

9 2.75 e.21 26.85 20 16.45 
~ 

10 4.59 9.66 19.44 10.1, 
11 5.50 5.31 6.48 6.33 
12 4.59 12.oa 1.s, 7.59 
1, 9.17 1~.25 33.3% 7.59 
14 10.09 a.al • 5.06. 
15 7.34 7.73 }3.3 5.06 
16 11.00 5.31 • 2.53 
17 15.59 5.ao • 
18 9.17 2.41 }3.; 
19 2..,75 1.45 
20 0.92 2.90 
~l 0.92 l.45 
22. 0.92 0.96 
2, 0.92 o.48 
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A.r ; "JSNDD. IX 

POh'r HENDCRSON 

Composite length-frequencv data for monthiy popula-
tion eample$ ot D. de4ticulatus at Port Henderson expressed 
as llUlilbers and percentages per metre of beach. (Figure 24). 

21.2.6~ ,2:4•2~ 2~-!2-6~ 
h ~fos. ,.,. 

~ Nos. l lloB. c,,., .Nos. 
2 mm 12 o.6 
3 6 0.2 9 0.4 89 5.1 4 0.2 3 o. ;79 17. 
4 68 ,.1 ?O 3.0 31 1. 4 o.?. 4 o. ,30 15. 
5 120 5.4 77 3.3 60 3. 19 0.9 14 o. 6 o. 
6 100 4., 80 3.4 40 2. 105 5.0 26 1. 0 

? 155 6.4 134 5.7 ,6 2. 114 5.4 22 l. 17 o. 
8 163 6.6 129 5.5 43 2. 40 1.9 118 r· 3 :,. 10 o. 
9 120 5.4 127 5.4 66 3. 53 z. 140 6., 13 o. 

10 103 4.5 155 6.6 66 55 206 72 3.2 64 • 3. 
11 137 6.1 145 6.2 72 55 a.6 47 2.1 90 4. 
12 142 6.2 13,4 5 .. 7 114 G. 91 4.3 40 1.8 66 3. 
13 170 7. - 129 5.5 112 6. ?2 ,. '72 3.2 49 2. 
14 2;7 10.5 209 8.9 161 9. 78 ,. 115 5.1 77 3. 
5 ~00 13. 329 14.0 2.57 14. 154 1., 177 7.9 120 5. 

246 10.9 312 1;., 290 16. 192 9.1 263 11.a 144 6. 
105 4. 169 7.2 208 ll.. 412 19. 38? 17.3 240 11. 
}l l.~ 63 ?...? 66 ?;.? 429 ao.3 452 20.2 }09 14. 
30 3? 1.6 22 l.. a 209 9.9 218 9.5 1,1 6. 

20 9 o. 13 0.5 l 0.1 46 2.2 64 2.9 56 2. 
21 2 0 .1 14 0.6 ? o., 11 o. 
22 2 0.1 ' 9.1 2 0.1 

i'OTAL2 2242 3c?l 1?36 23.48 ~244 c'.]32 Nati
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AP: rmr,i. J.~ (CONTD. ) 

..,..,, 9 '-\2 
'"· ~.. . • 0 ?4.l0.62 21.11. 62 18 .1?.6,2 ",2.1.~ ?.0.?.64 

.Let..1.,-{th Noa. ,~ lioa. ,;, Nos. " os. 5~ J~os. % Noa • % 

2r:m.. l O.l 0 - l .. r: .,, ,,) ? .6 35 0.'1 15 0. 5 0 -
~ .,, .50 3.6 l 0.1 459 25.9 535 13.4 167 5.4 64 2. 8 

I' 

4 267 19.2 6 0.8 562 ~l.? 759 19.0 512 16.7 138 6 .1 ) 
5 129 9.3 7 l.O 8? 4 . 9 ?54 l.8.9 464 15.1 21; 9.5 
6 4 o.; 18 2.5 9 0.5 599 15.0 420 13.? ?43 10.8 
7 l 0.1 3, 4.5 5 0. 3 487 12.2 378 12.3 221 9.a 
·a 6 0 .4 31 4.3 12 o.? 296 ?.4 309 10.1 239 10.6 

9 4 0.3 l4 1.9 30 1.7 82 2.1 234 7.,6 209 9.3 
1.0 12 0.9 1 0.1 39 2.2 10 O.P 168 5.5 214 ~ 9.5 
ll 24 1.7 1 0.1 46 2.6 ~ .,, 0.1 65 2.1 152 6.? 
12 50 3.6 3 0.4 46 2.6 16 0 .4 19 o.6 112 5.0 
13 82 5.9 9 1.3 12 O.? 20 0.5 8 0.2 74 ,;. 3 
14 64 4.6 9 1.:, 4 0.2 "5? 0.9 18 0.6 12 0.5 
15 64 4.6 21 2.9 4 o. 2 35 0.9 37 lo2 28 1.2 
16 116 8 . 4 49 6.8 14 o.a ? 0.2 37 1.2 35 1.5 
l? 173 12.5 10? 14.8 25 1.4 ll 0.3 16 0.5 55 2.4 

18 206 14.8 182 25., 55 , .1 39 1.0 23 O.? % 2.0 
19 95 6.9 135 18.5 78 4.4 81 2.0 62 2.0 55 2 .. 4 

20 2, 1.7 ?4 10.3 112 6.3 117 2.9 76 2.5 103 4 . 6 
21 3 0.2 16 2.2 43 2.4 52 l.~ 35 1.1 42 1.9 
22 0 - 3 0.5 16 0.9 17 0.4 5 0.2 4 0.,2 

:rOTA:L 1:;74 718 179., 3992 3068 2261 Nati
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Lal). th 

2mm 

3 
4 

5 
6 

7 
8 

9 
10 
ll 
12 

13 
14 

15 
16 

l? 
18 

19 
20 

21 

22 

23 
24 

TOTAL 

APPENDIX IX (Contd.) 

1-'0RT HENDERSOU 

12.2.64 2~.4.64 26. .64 22.6!64 

Nos.. % lfos • ,1, Nos. 1:1 

~ o. 0 - 34 
13 o. o. 25 2.4 142 

63 3. 15 l. 58 5.5 61 

167 B. 31 3. 44 4 .1 105 

240 12. 54 5. 44 4-.l 34 
161 8. 56 5. 26 2.5 56 

175 8. 73 ?. 23 2.2 37 
166 8. 53 5. 27 2.5 23 
148 7. 64 6. 40 3.8 14 

150 ?. 69 6. 35 ,.; 19 

125 ?7 7. 35 3.3 16 

116 94 9. 49 4.7 31 
89 11. 71 6 . ? 17 

39 2. 7. :62 1.2.5 54 5.0 
24 1.2 44 4. 143 l.3. 5 83 7.6 
53 2.7 32 .3.1 65 6 .1 101 9.4 
51 2.6 37 ,. 61 5 .8 73 6.8 

55 2.7 33 3. 50 4.7 58 5.3 
97 4.6 56 5. 69 6.5 '77 6.3 
46 2. 3 ;a 3. 45 4.3 31 2.8 

15 0.7 8 o. ? 0 .7 16 1.5 
0 3 0.2 l 0.1 1 0.1 

0 0 0 1 0.1 

1995 1038 1050 1084 

12 1. 13 o. 
206 17. 63 4. 

224 19. 128 11. 

185 15. 259 19.1 
71 25118. 

43 3. 126 10. 

41 3. 68 5. 
25 2. 42 3. 
20 l. 29 2. 

12 1.0 32; 2. 

11i 1.2 24 1. 
12 1.0 21 1. 

18 1. 14 1. 

20 1.7 23 1. 

38 3.2 24 1. 

67 5.7 52 
64 5.5 81 
44 3.a 31 
25 2.1 34 2. 

20 1.7 8 o. 
4 o.4 6 o. 
3 0.3 0 

0 0 

1168 1329 Nati
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Le h 

2mm 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 
15 
16 
l? 
18 

19 
20 

21 
22 

23 

l'OTAL 

Af .; ... JuDIX I X (Contd.) 

Po1t; TillrrnERson 

z~-2-64 21.10.64 21.11.64 21.12.64 

Nos. I I?os. 

8 o.a 10 6 1.~ 8 0.6 

186 18.4 14 ?2 17.5 300 21.6 

239 2;.6 5? 60 14.6 }92 26. :.S 

122 12.1 56 56 13.6 ;>00 l'~.4 

58 5.7 a, 9 2.3 100 7.2 
68 6.? 1(,8 2? 6.6 ?2 5.2 
80 7.9 112 26 6.3 32 2.3 

?3 7.2 51 18 4.5 20 l.4 

69 6.8 49 34 8.4 16 1.2 

25 a.5 50 28 6.9 16 1.2 

17 1.7 54 22 5.4 28 2.0 

10 1.0 56 8 1.9 44 3.2 
8 0.8 19 7 1.8 24 1.7 
6 0.5 20 5 1.2 24 1.7 

10 1.0 14 8 1.9 ~8 2.0 

8 o.a 11 2.6 40 2.9 
1~ 1.3 13 6 1.5 16 1.2 

0 9 l..l 2 0.5 20 1.4 

7 0.7 9 1..1 1 0.3 8 0.6 

l 0.1 0 2 0.5 0 

l 0.1 2 0.3 
1 0.1 l 0.1 

1010 858 408 1388 Nati
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Ocmpoaite length-fre,;i..euc:; da-t;a for monthly popula­
tion samples of D. deut➔ cuJ..;.tus at Green. Bay exprassed as 
numbers and poroentases per ftletre of beach (Iigure 25). 

-

n-2•6~ 22.1~.6~ ~6-2.6~ 21.6.6~ ?.~.z.6, ;r4.8. ~ 
Len""th noe. % Nos. % NO$. ~1 nos. % Nos. % Noa. % 

·2mm 00 - 16 0.9 2?. 1.8 0 - 10 l.6 30 2.6 
3 24 2 . 2 154 8.5 80 6.? 4 0.4 86 14.6 386 3~.? 
4 64 5.9 304 17.0 234 19. 5 32 2.9 8 l.~ 2,a 20.7 

5 Bl 6. 9 198 11.0 208 l?.4 84 7.6 6 1.0 8.2 7.1 
6 148 12.3 194 10.? l'76 14.6 166 15.0 ,2 5.4 32 2. 8 
7 184 16.0 ~00 ll.l 104 8.5 150 13.6 56 9.6 8 0.7 
8 l?G 15.7 202 11.:; 06 '7 .1 188 17.0 48 8.3 16 1., 
9 130 11.9 160 8,,9 76 6.2 150 13.6 66 ll,j 38 3.2 

lO 106 9.0 10?. 5.6 38 3.1 110 10.0 ?8 l}.1 62 5.~ 
ll 52 4.4 .58 ,. 2 30 2.3 40 3.6 50 a.o 5lj. 4.5 
12 ~ 2.9 30 1.6 20 1.6 42 ;.a ,a 6.:; 74 6.2 
13 38 ,.6 48 2.6 22 z.o lO 1.0 20 - .: :.h ✓ 56 4.7 
14 28 2.3 42 2.3 3?. 2.7 16 1.4 24 4.1 26 2.2 

15 24 1.9 ;2 2.8 30 2.5 16 l.4 20 3.5 18 1.5 
16 26 2.2 28 1.5 24 1 .. 9 34 ;.1 18 ;.1 20 1.7 
17 26 2.2. 10 0.4 8 0.4 28 2.5 22 ,.? 16 1.3 
18 12 1.2 6 o.a 0 - 18 1.6 4 0.7 8 o.? 
19 6 -0.5 2 0 . 1 

TOTAL 1154 1804 1190 1104 586 1166 Nati
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- - - .?l.<.J . 63 24 . 10.6,,2 ;:>I.11.62 21.12.62 <;2•~-64 20. 2.64 
' 

J.,eurr.th lTos, ~ N~ ~~ "'lon, f'O l'ios. j,:. ·ros. % Nos. % 
2mm. 20 /.J.•5 14 ?.5 8'76 13eJ. 2216 H.;S 1375 6.& 144 l . ~ 
3 68 15.; 32 5.6 3560 53.4 €114 22.9 26''-5 12.a 1356 12.a 
4 96 21.8 08 12.0 1558 23.9 9672 36.2 4280 21.?. 2?68 26. l 
5 ?6 17. ; ?4 13.0 210 3.1 3896 14.6 3660 17.? 1444 13.6 
6 48 10. 9 ?8 1,.7 52 0.9 13?2 5.1 2898 14.0 1564 14 .8 
? 22 5.0 66 11 .. 6 98 1.6 1506 5.6 ?327 11.3 1240 11.2 
e 24 5.4 €6 11. 6 88 1.5 948 3. 5 1?7? 8.? 1112 10.5 
9 14 3.2 30 ;.; 56 0.9 372 1.4 1100 5.3 564 5.; 

10 4 0.9 2~ t: .6 68 1.3 84 o., 127 0 .6 184 1. 7 
11 14 3. 2 30 5.3 ;4 0.6 108 0.4 42 0.2 56 0.5 
12 14 ;.2 i.t~ 2.5 28 0.5 168 0.6 , 21 0.1 16 0 . 1 
13 10 2.3 ?4 ,~.; 12 0.2 66 0.2 105 0.5 56 0.5 
14· 14 ;.2 22 4.3 6 O.l 50 0.2 6} o., 16 O. l 
15 6 l.4 12 2.1 16 o., 66 0.2 42 0.2 16 0.1 
16 a 1.e 4 o.? l?. 0.2. 16 0.1 21 0.1 28 o., 
l? 2 0.4 8 l.4 14 0.2 16 0.1 42 0.2 16 O.l 
18 2 - 16 0.1 21 0.1 

'!.'OTAL • '140 568 6692 2.6722 2056? 10596 
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GREJ:J~ a.A y 

Len ·th nos. " Nos . I Nos. % 
2r:un . 0 0 • ,l\ r , .,v 2.5 
3 51 1.6 96 '-J ... 5 196 12.2 

4 69 2.1 208 9.s 312 19.5 
5 ,09 9.6 212 10.0 140 a.7 
6 360 11.2 144 6.8 164- 10.2 

? 446· 13.B 244 11.5 92 5.7 
8 686 21., 244 11.5 80 5.0 

9 s,2 16.5 288 1;.6 112 ?.0 
10 343 10.6 248 11.7 124 7.7 
11 103 ;.2 168 7.9 128 8 .0 

12 ~ 1.0 52 2.4 88 5.5 
13 0 72 3.4 76 4.? 
14 120 3.7 44 2.1 20 1.2 
15 51 1.6 44 2.1 20 1.2 
16 51 1.6 32 1.5 4 0.2 
l? 17 o., 12 0.6 4 0.2 

18 34 1.0 4 0.2 

19 l? o.; 8 0.4 

20 4 0.2 

TOT.Alj 3223 2124 1600 

Nos. Nos. . 
, :i 

8 0.9 0 

40 4.7 l~ , .2 

160 19.0 8 2.1 
148 16.9 52 13.a 

96 11.4 60 16.0 
84 9.9 52 13.8 

56 6.6 36 9.6 
32 ,.a 16 4.3 
36 4.:; 20 5.; 
5~ 6.2 20 5.3 
56 6.6 32 a .5 
8 0.9 20 5. 3 
8 0.9 20 5.3 

2.4 2.8 12 3.2 
24 2.8 12 3 .. 2 

8 0.9 4 1.1 
4 0.5 

844 376 

5c:: ?. ::;, • 

Nos. 

28 

12 
44 

e!4 

40 

32 
136 
132 
116 
116 

80 
128 
132 
3Z 
20 

8 

B 
0 

4 

l 
2. 

4. 

2. ,. 
2. 

12. 
12.1 
10. 
10. 
7. 

11. 
12. 

2. 

l . . 

o. 

o. 

1092 
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256. 

AI-11.J.E;IDIX X (Contd.) 

GR&-:N BAY 

---
22•2·64 22.10.64 24.11!64; 21.12.64 

Lenrlh Mos. ,4 
/v Noa. j_ Nos. 

, Nos. ' 
7/} ,;J 

2 mm 24 3.2 0 - 44 4.9 124 10.0 
,. 
✓ 144 19.2 0 - 332 37.2 380 30.7 
4 132 17.6 8 2.1 172 19.3 220 l?.8 

5 ao 10. 'l :;2 8.2 36 4.0 136 11.0 
6 56 7.5 32 a.2 16 1.8 32 2.6 

? 40 t; 3 ., . 80 20.6 20 2.2 24 l.9 
8 12 1.6 44 11.3 12 1.3 24 ·1.9 

9 20 2.7 56 14.4 36 4.0 20 1.6 

10 36 4.8 24 6.2 68 ?.6 32 2 .. 6 

ll 80 10.7 16 4.1 40 4.5 76 6.l 
12 48 6.4 52 8.2 16 l.8 36 2.9 
1, 16 2.1 24 6.2 16 1.8 44 ?•6 
14 24 3. 2 12 3.1 24 2.7 8 o.6 

15 16 2.1 20 5.1 40 4. 5 40 3.2 
16 16 2.1 4 1 .. 0 12 1.3 16 1.; 
17 o · - 0 - 4 0.4 16 1.3 
18 0 - 4 l.0 4 0.4 a. 0.6 

19 0 -
20 4 o. 5 

TOTAL 748 388 892 1236 
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APPmmr:r XI 

D. denticulatus 

The average total weight, s hell weight, and flesh 
weight of five elame oact of l mm s ize intervals. 

Leng!;h Total oight Shell weight Flesh wei54t 

3 mm 6.2 mg .. 5.a mg. 0.4 mg. 

4 12.7 12.0 0.7 
5 19.5 18.3 1.2 

6 3?.6 35.4 2.2 

? 65.? 61.9 ;.6 
8 89.6 84.2 5.4 

9 137.6 1;50.2 ?.4 
10 202.4 193.0 9.4 

11 292.0 278.4 l}.6 

12 '!/?7.4 359.6 17.e 
13 542.0 521.0 21.0 

14 666.4 640.4 26.0 

15 842.0 ao7.o 35.0 

16 1001.2 961.8 ;9.4 
17 1146.0 109?.2 48.8 

18 1337.4 1275.6 61.8 

19 1513.4 1453.8 59.6 
20 1095.7 182?.5 68.2 
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AP?.eyr.OIX XII 

A moditied method for the collootion. recovery, and 
~oasu.rement o! the organic leptopel from the sea wat~r at 
Dou.ax beds. 

A. Collection: Water aaruplea '-"ttre taken in one-litre poly­

ethylene bottles over the openings of which strips of 97 t'lJ)i 

plaukton netting were !itt~d to ensure the reaectio~ of 

particles larger ~nan about 250 u !n diameter. Collections 

were made in the surf zone by gently squeeziuG the bo~tles 

tmd allo•nins them to suck in the water. usually some e::tount 

ot sand entered the bottles but settled out of uuspension 

almost immediately so that the water could. be quickly de­

e&uted and retaiued. Samples ~h±ch had t o bo kept for more 

than a tew hours before anal:ys~s were stored in a deep f~eeze . 

Two sa.tnples were always tak~a .fol' each locality. 

B. l!!..C.J1.1!.m: 500 cos. aliquots o! water sample a wex·o filtered 

tbroueh a.. inert inorganic adsorbent of a 1 ;l mixture ot Si02 

and llgC. This was doile by preparing a t hin paste of one gram 

o:t the ni:Xture a.ad allowing it to settle on a pad of 140 m_pi 

boltinb silk netting and No . 50 .hatman £ilter paper fitted 

on the floor of a small Buchner funnel (F1g11re 55). Tue 

5CO cc aliquot of sea water was filtered through the adaor­

beut and. organic residue formed was recoved and dried iu an 

oven at 50°0 for halt au hour. 

c. ~en~uremeui; ~he org!i.!lic 1eptopel couteut of the sam.rlee 

was measured as milligracs or organic matter per litre of 

water filteredo A~ter drying, the organic contout was 

determined by Walkley and Blaok • s Rapid i'i tration Met nod 

(I·•iper, l<)L~2). The vuluea obtained were multiplied by a 
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fac tor of 1.8 (Trask, 1939) to convert them from organic 

carbon into those for organic matter. Fox , Isaacs, and 

Corcoran (1952) who devised the original method for the 

measurement of leptopel, found that this analysis gave 

a similar or sometimes better recovery than the Kjeldahl 

analysis. 
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figure 55 

Apparatus tor the edsorptioa of leptopel 

from sea water. 
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2Gl. 

Al?FE'NDIX I;tI 

Experimental ~rocedure for deteri~iniu the rate of 
water filtration of adult clams of D. denticulatus. 

A stock suepena1ou of the colloidal graphite, 

Aqua<iag, was m.ade up by adding npproxim.a.toly 2 B1ll• to one 

litre ol dit3tilled water and the concentration dete:t"mined 

by tilteriDG 10 cc. portions through a weighed millipore 

filter. From the stock suapens1on, six different couceu­

trations or graphite iu sea water were obtained by adding 

10 to 60 cc. aliquots to 250 cc. 0£ oleau !iltered sea 

wator and the lieht trauamisaion of eaoh was measured wi.th 

a Unicam 1·r1sm Absoxptiooetex-. Ter.i. ndult clt1ms wel"e placed 

in the clea.reot suspeusion ut room temperature (29°c) antl 

allGwed to feed freely for ten minutes ut the end of which 

they were taken out ~d the light transmission of the 

suspension agaia measured. Knowing che concentration and 

light transmission or the suspension at the beginning of 

the experuent a~d the light trans~ission at tho eud, the 

eoncentration of the suspension ut the e.nd of !eediu.g waa 

deter-...ailled. A period or half an hour was made to elapse 

before che clams were transferred to the suspension o.f the 

next higher concentration and 
Transmissi.Qd 

the procedure ;r.epes:todo 
Cone en tr~-tion 

fl,¥,spenaion '£ 
) Tt 0 pt - -

1,.., ?;,0 u :' co. 63, 5% e .o ., l.f:; mg/1 

?Oi?.;iO 41,0 ?3.0 3.19 0 . 65 ltlg/1 

30:250 32.5 73.0 4.61 0.65 
40:250 27.5 59.0 5.96 2.10 
50t250 15.5 5?..5 7.1? 2.90 
60:2;<) 2.0 34.O 8 . 32 4.85 
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The rate of filtration in aaoh suspension (T~ble 25) 

was computed from the formula 

t * 0 exp(- +t) • 

where Mis the quantity of water used for the expericeut, 

and m the quantity cleared from particles per unit time, 

while Pt and ?0 nre the concentrations o! the ouapended 

material at the time t and o ~espectively (J~rgenoen, 194}). 

Gioe~ tbe experiments produced data !or the rate 

ot ten olams per minute, it was necessary to multiply the 

results by 6 to Sl.!.£'.Pl..Y th.G rate for one cli:Uil per hour. 
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~\PPEROIX XIV 

frooedure rollowed ror staining nerve fibres and endings 

in the siphone of D. denticulatun and D. striatus after Liang 

(1947) tmd. OWen (1959). The staini ng principle is based on the 

fact that ucrvous tissue ivea a positive roaation ~'1th Schiff's 

Reagent. 

(l) Fix tissuo 1n 1~ acetic acid for 1 hour. 

(2) Wash in so2 water, two changes. 

(3) Tra>.J.s.fer to jCh:i.f.f''o leucobasa for 1 .. 3 hrs. or 

until the nerves are deep purple in colour. 

(4) Wash thoroughly i.u sevoral cbanges of so2 wuter. 

(5) Riuse with distilled ater. 

(6) Embed in paraffin, cut. dewax. aad briA0 to water. 

( 7) Counterstain in l ,~ methyl green aqueous solution 

for 10 mio.utes. 

(8) Dehydrate rap1dl.y in several chuugas ol abHolute 

acetone. 

( 9) Clear in xylene and mount in balsam. 
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