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ABSTRACT

Investigations into the hiclogy of the handed ses snake,

Laticauda ¢olubrina, mhich inhabited various islands in Fiji, were

canducted duripg the perigd, 1980 ko 1982, Btudies concentrated on the

marpholagy, reproductive biology, and fluctuations in population size on

a daily and seasoumal hasas. Toxicity studies were canducted using venoa

from captive snakes on mice and chick mnuscle.

1.

Adult female superiority was demonstrated by snout-vent length {wax
= 143,95 cal and weight (max = 1200 g). Adult males differad
significantly from females in length, weight, shape and thickness
of the tail, tail leagth, Rumher of Elack bands, numher of ventral
scales, numbar of subcaudal scales, hody ecale rows at mid-body and
vant, and the number of supralabial scates. The number of
suhraudal scales displayed the greatest difference between the
saxes and was used for sexing immature specimens.

Courtship and mating behavieowr are documented, Seasonal
reproduction was establishad for females by uwsing ovary weight
index, the size of the largest fellicle in the evary, and the
presence of spermatozoa and oviducal aggs in the sviducts.
Reproduction was confined to the summer months. Hale reproductive
cycles coincided with that of females. Egga, laid in captivity,
jncubated at room temperature in i21-124 dayes. Eggs were not found
in the wild.

Bexual maturity was attained by females at 24 months (s-v tenpth =
98 ca). Hales reached maturity at 15 months (s-v length = 70 cal,
The dist consisted of conger and meray eels, exclusively
(Nuraenesocidae and Muraanidae respectivelyi.

Aduit sex ratios varied from 2.4 1 § i ¢t F) to 1.1 ¢ ) (F ¢+ M},
but gernerzlly did not differ from 1 : 1.

Hark and recapture studies were ronducted on Jausau Island where
the winter population was estimated at 1104 by using a
zero-truncated geometric distribution., The summer population af
1398 was obtaired by using a zero-truncated Foisson distributian
{Caughley, 1%977). The percentage of the populatian which changed
habitat per day decreased from 91 + 1.8% in winter ta 72 & 10.2% in
suaaer, This change of behaviour was assumed to be responsible for
the change in catchability which was inherent in the methods used
to estimate the size of the papulation.



12,

While ashore, most snakes rested. Activity in the pupulation was
initiated by sunset, high tide and showers of rain.

Juvenile L, colubrina fell prey to portunle crabs on the reef flat.
Fredation on adult sgecimens was nat abserved, Mortality included
fire, exposure, dehydratian and other unkeoWn causes.

The thermal preference for L, caluebrina was about 3090, The hody
tamperatures af snakes in the water differad orly slightly (aay =
1.5°C) from the temperature of the water. Body temperatures of
adults on land treached 7°C above air temperature and S°C abave
ground tesperature.

The norpholagy of the venom gland was documented and the functional
fangs and teeth were examined. Hean fang length aof adult females
was 2.7 mm.  The number of palatine, pterygeid and demtary teeth
were in agreement with those giver by Hao and Chen {1%d40}. @
singlie maxillary tooth was present hehind the fang, for each skull
examined.

The venom wag 4 clear viseous liguid which forsed a white =olid
when dried. The maximum valume of venam per snake was 78 pl and
the maximum percentage satid was 41.8%. The percentage solid
increased in those spakes deprived of water during captivity.
Venom irreversibly biocked neuromuscular transsission im chick
biventer cervicis nerve-suscle preparations. The LDze Was 0,35
ng/kg when injected (i.p.) into mica.

The inplicatione of the investigations are discussed and areas for
further research are sutiined.



l. INTRGHUCTION

Qur present knawledge of the biotogy and systematics of sea
snakes is indebted to the efforts of Halcalm Smith who in 1924 published
his "Monograph of the Sea Snakes (Hydrophiidael”. The need far such a
publication arase fram the multitude of synonyms applied to specimens by
different authors, Even the distinguished work of Baulengsr (1898} wWas,
in Smith's opinion, in need of revision. By examinatjon of the
apecimens haused in all the great museusas of the warld, and from his
collection of nuaerous spacimens obtained during his travels, Smith
distinguished, by his skilled chagrvation and insight, 30 species and
9ix subspecies of sea anake. He presented selected sorphalogical
characters for all of the specimens he examingd. Far gach species he
presented a list of synonyms and their authors, as well as a description
of the species based an his phservations along with notes on variation
and distribution,

for almest five decades after Saith's {1926} monograph,
studies on sea snakes were limited in scope, but ingcluded significant
contributions by Bergman {i%437 on breeding habits, Saint Girans (1944}
on eceiogy, and Wclowell {1972} on systematics. 1In 1575, William Dunkaon
edited "The Biology of Sea Snakes" which, for the first time, presented
a thoraugh account of caontemporary vesearch by many authors. This book
produced considerable impetus to ressarch irto the biology of sea
snakes, especlally in the areas of patural history, ecology, physiolagy,
venam, and thair relationships to man.

Thraughout Dunspn‘s (1975} bhook, the need for further
research was enphasised. It wse painted put that, although a great deal
was known about the taxonamy and distribution af sea spakes fro# suseum
studies of records and specimens, little was known of the ecology of
thase animals., Bunson (1975 p7) comsented on this aspeckt of sea spake
hinlogyr "Unfortunatelv. we know.very. Litile about how so many species
can live in the same area without competing with one another. in laréa
p;rt, this lack of information may be blased on tne fact that sea snakes
arg tropical and biologists are not. In addition, there are few
aciantists dedicated enough to work an an animal whase bite wmay kill
thea™.

In view of the limited inforsation on sea snakes, and the
abundance of Laticauda colybrina on some islands in Fiji, a study was
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initiated to investigate aspects of their biology. Establishad methods
wara empioyed in the Investigations so that similar studies could be
repeated in ather areas, and meaningful comparisons could be made with
existing literature to clarify ambiguities in systematics, biology and
toxicolagy.

freviously published informaticn on the sea mnakes of the
Fiji Islands were limited to locality reports (Smith, 19245 19351,
suseum tollections {Burt and Burt, 1932y Cogger, 1%V5}, observations on
the habits and marpholagy of L. colubrina {(Pernetta, 1977} and accounts
of four species of sea snake (L. colubrina, L, laticaudata, Hydrgphis
melanocephalus and Petamis platurus} and theilr distributiom in Fiji
{Buinea, 1941}, Tamiyz et al (1983} included data from Fijian specimens
in the study ot neurntoxic companents of the venom of Laticaudidae.

Research was conducted throughaut the latter part of 1980
urtil daauary 1982 on a part-tiae basis. The findings of that research
into the biplogy and the taxicaleqy of L. colubrina, are presented in
this document, Thigq thasis coacentrated on L. colubring bacause af its
large numbers on offshore i(siands and because af the dearth of
information that existed, regarding all aspects of hiology of this
species. Previous studies on this species were frageentary and, in
places, anecdotal {e.g. Saint dirons, 1964},

gpecimens of Hydrophis mselapocaphalus were collected
incidentally in the survey of coastal sea snake epecies. Because o+
their comparatively Iow numbers, and being aimost strictly marine in
their habits, the sample size remained small. Lgticayda laticaudata and
Pelamis platurys were alsp captured in very law numbers in Fiji and
accounte of these have been published elsewhere {Buines, 1981}. The
four species pf sea spakes inhabiting Fiji are illustrated in Flates |
to 4, ’



2. YGTEHAT AND_ECOLOGY - A REVIEM

in spite of critical evaluation by many authors, the
syste@atice of sea snakes is obstured by disagreement amongst awthors as
to the features which best display familial relationships. The
diversity of opinion amorgst herpetglogists was demonstrated by Hao and
Chen {1980} who listed six separzte classifications propased by seven
researchers. As Hep and Chen (1980} rewind us, the taxonomy af an
organism should reflect ite evelutianary relationshipes or phylogeay with
other organises. Sea snakes posed an interesting challange. Eeing
poisonous and frant fanged (pratergglyphous) they were relatively late
arrivals amangst the serpents (Seith 1924} and lack a meaningful fogsil
record. To camplirate their tazenomy further, they display censiderable
adaptive radiations as well as probable convergence snd parallelisn (Man
and Chen, 1980}, SBince terrestrial elapid snakes and sea snakes seem to
differ chiefly in the aquatic adaptations of the latter, several recent
taxonomists have placed thea in the =ame family, the Elapidae. Othars
treat them ay separate families.

A cause of disagreement amongst authors ie the position of
the laticaudate group of sea spakes relative to the hydrophiid group.
These have been labelled "false" and “itrue" sea snakes respectively.

The laticaudine sea snakes possess a paddle shaped tall, as an aid to
aquatic locomotiaon, and arg front fanged as are the rest of the sea
snakes. Yet, because of the lateral pasition of their nostrils, wide
ventral scales and their egg laying mode of veproduction, they resemble
some of the terrestrial elapids.

Saith (1924} ip his pionrering monocgraph, tlassified all sea
snakes inte the fampily Hydrophiidae., Within this family he identified
twa subfamilies, the Laticaudinae ard the Hydrophiinae. He considered
the gerus Laticauda to be the most primitive in the subfamiiy
Laticaudinae which also contained two cther genera, Aipysurus and
Ewydocephalus., The Hydrophiinae coaprised the principal genus,
Bydrophis, and closeiy allied genera, Saith {1943} proposed that
Ephalophis was the common ancestor to the Laticaudinae znd the
Hydrophlinae.

The subfamily Laticaudinae was dividad by Varis (1977). This
producrd a thres-fold phylageny, 1) Laticauda, 2} figysurus and
Emydgcephalus, and 3) Hydrophig and al} the other genera. This iaplied



sither sgparate origins of the sea snakes or a single origin with
separatien soon afterwards,

YeDowell 11972} shifted all the "true* sea snakes into the
subfamily Hydrophiinae and placed the genus lLaticayds into the Elapinae
- A subfamily made up nf terrestrial elapids. Both these subfamiligs
made up the family Elapidae., The gents latjicauda was thought ta
represent an independent marine derivative of the American and Asiatic
coral astakes {(Calljpphie, Micrurus, Maticorg! whereas the Hydroephiinae
was derived from the Australasian elapids and mast probably froms the
Benansia group. Burger and Natsunn (1374) agreed that the "false® sea
snakes {Laticayda) and the "true" sea snakes had separate origing and
placed the two groups intp different families a= Laticaudidas and
Hydrophiidae respectively., The terrestrial elapids were placed in the
fanily Elapidae.

Smaith, Smith % Bawin (19771 proposed that the front-fanped,
terrestrial elapids were closely linked with “trus® sea snakas and these
two groups of snakes comprised the family Hydrophildae, They placed
the genus Laticauda in the tribe Laticaudinl within the subfamily of
toral snakes, Elapinae, in the famity of terrestrial elapids, Elapldas,
Adipysprus and Hydrophis were separate tribes, Aipysurini and Hydrophiing
respactively, within the subfamily Wydrophiinae which together with the
subfarily of Australasian venomous elapide, Utyuraninae, made up the
family Hydrophiidae. HAccarding toe thelr classification {Smith et
#l, 1977} the Proteroglypha, fized fromt-fanged enakes, comprises two
families - Elapidag and Hydrophiidae, each with a terrestrial subfamily
and at least ona tribe of @aarire snake,

Bome authors {e.g. Harding and Welch, 1780} accapted the
clasgificaifen af Smith gt al. (19771, but Cogoer, Cameran and Cogger
[1983) cautioned that further critical evaluation was needed, and
adopted the more traditianal claseification of Burger and Natsuna.
Cogger (1983) tn the third gdition of "Reptiles and Asphibians of
Australia®, referred to the families {aticaudidas, Hydrophiidae and to
the family Elapidae. This elevation to family status for each graup
represented a sigrificant departure from classifications used in the
previous sdititons af hie book and supported further Burger and Matsuno's
classification.

Since this thesis is dedicated to a single species, it is not

intended to contradict eaxisting classifications, TYhat proposed by



Cogger et al, (1983 i.e. Burger and Natsuno, L%74) is used because of
its clarity. &n updated list of authors and their classifications,
including that given in Maa and Chen (1980 pll, eppears in Takle 1.

The canfusion resulting from such differing taxoncmies is
1{kely ta continue until the reaylts of nonmorphalogical stedies are
complete, Haa and Cher (1980} conclude by stating *...[noamcrphclogical
studies] proved that =ea snakes are a natura) group, quite distinct from
the Asian terrestrial elapids, but clesely related to the Australian
alapi¢s. The results achieved by these studies also show that Aipysurus
and Emydocephalus have diverged only elightly from Hydrophis, and
Laticauda bears more affinity ta Hydrophis than morphalogical criteria
indicate.*.

Cogger {1%85) and Tamiya {1985) shared the view that although
definite familial classification of front-fanged smakes had not bezn
pasaible using non-morpholvgical charactars, at their tiae of writing,
patential lineages could be identified. The sisplest classitication
autlined five groups, namely (1} Laticauda, (2) hydrophiine seas snakes,
{31 Australasian elapids, {4} Afro-Asian and New World al..q_pids and (5}
wranhas {Dendroaspie}. TYamlya (1985} suggeated that the hydrophline sea
snakes and the Australian terrestrial elapids may be coabined into a
larger group. Further discussion and speculatico on tazenony at this
ifamilyy ievel is beyond the scope of this presentatian.

A, FAMILY LATICAUDIDAE

The Family Laticaudidae comprises a single genus with five
species which are sympatric in parts of their range. They inhabit the
tropical coastal waters af the Indian and Pacific Oceans. @ll species
are amphibious te some degree and lesve the water regularly, The broad
ventral scales of the Laticaudidae enable thea to move inland over rough
terrain, One species, Laticauda caolubrina, has been pbserved climbing
vegetation in this study . Mas and Chen (1980) repart collecting three
specimens of L, cplubrina from the tap of a solitary coral Block 50
nekres above sea level,

In generai, all species of the genus are conspicucusly banded
and have attracied the coawon name of tanded sea kraits. Although some
individuals are more melanistic and therefore display less distinct
banding. The females are larger than males, but have a relatively



shorter tail. All species are oviparous and the eggs are depusited on
land. Little iz known ahout their mating behaviour, nesting sites and
aquatic life. Thay fesd on marine +ish, mnat commonly sels, although
KeCoy (1980} states that |, golubrina possibly feeds mp lizards in the
1ittoral zone.

{i} Genus Laticauds Laurenti

Saith (1926) listed four species of [aticayda which he
separated using the number of body scale rows, the presence or absence
of the azygous prefrontal shield, the harizontal division of the rostral
shield, ventral scale counts, the number of black bands and the general
body colour including that of Ehe upper lip, His key to the specles of
the gerus Laticauda ie reproduced in table 2 because it forms the basis
of the keys produced by aore recent authors e.q. Cogger {(1%75).

{iit Distribution of species.

Harding and MWelch (1%80) list the species presented in
Smith’'s {19261 morograph plus another identified mcre recentiy, The
five species and their distributions (Harding and Melch, 98¢} ara
listed below,
Laticayda laticaudata {Linnarus}
Type Lacality: India
Distribution: East india, Sri Lanka, China, Taiwan, Japan, Indonesia
(Sumatra and lJaval, Philippines, Mew Buinea, Australia, Helanesia and
Potynesla. '
Laticauda cplubrina (Schneider)
Tyae Localityt Unknown
Distribution: East India, Sri Lanka, Bures, Malaysis, 8ulf of Thailand,
Jaﬁan, Sumatra, Phllipp{ﬁss, New Buinea, Australja, Halaneals and
Prlynesia.
Laticayda sesjfgsciata (Reinhardti
Type Locality: Holuccas
Bistribution: China, Jaiwan, Japan and the Phllippines.
Laticauds achigtorhynchus (Bunther)
Type Locality:r Savage Island (= Hiuel
Distributions New Guinea, Melanesia and Polynesia.



Laticauda grockeri (Slevinl
Type Localitye Lake Tungano, Resnell lsland, Holoman Islands
Fistributiont Belamon Isiands (type locality onlyl.

{iii} Background.

Yolsde {193%) described a new subspecies, Latictauda
latjgaudata wolfti, from Lake Tungana, Soloman Islands. It was a
nelanistic species that inhabited the freshwater lake on Renmnell Tsland,
Some authors (Tamiya et al. 19831 now consider L. laticaudata wolféi to
be a synonym for L, crockerj although Cogger (i%73 p.124} cited a
statement by Yoris (19469 unpublished thesis) to the affect that "wolffi
may represent the product of recent hybridisatien between crockeri and
the iamigrant laticaudata®.

Bteineger (1%907) suggested that L, schistorhynchuy was a
separate race of L. semifascista from the South Pacific. Apart fros the
diffarences in scale counts and the number of bands, the two specigs are
morphologically very simitar. The case for %, gchistorhypchus te be
relegated to a subspecies of L. semifasciata was supported by protein
structure studies by Buinea, Tamiya and Cogger (i983%,

Tamiya gt al.{i%B3) recognised two distinct populakions of L.
calubrina, Those from the Worth Pacific {Japan and the Philippines) had
significant ganatic differencee in the etructure of the long chain
neurotoxing, to thoseé of the South Pacific (Scoloman Islands, Hew
Caledania, and Fiji). This separation of populatitns based on
morphalogical characters was raported by Guinea (1981}, L. laticaudaka
is simiiarly divided into Narth Facific and Souih Facific populatiens
(H. G. Cogger pers. comm,, 1982),

The qeneraliced distributians of the species of Laticauda
given by Harding and Welch (1980} are somewhat wisleading., Within the
waters of the Sauth Pacific, L. crockeri and L. seasifasciata
fchistorhyngchus are extremely localised. Although Seith (1928) lists a
spacimen of the latter from Bertrand Isiand, Wew Buinea and several from
Tonga and $amoa, no specimen of L. §, schistorbynchus was recerded by
Burt and Burt (1932) after extensive saspling throughowt the Facific
region. Tha possibility exists that where L. s, gchistorhynchug accurs
individuals are gregaricus and tend not to emigrate.

Ninton (1975 p30) coamented on the sympatry within Laticauda
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“It is zleo of some interest that Laticauda colubrina and L.
laticaudata, of much the same size and general appearance, are
nacrogeagraphically sympatric over ae inmense range while the twa aother
gulite siailar specles, sesifasciata and schisterhynehus, are widaly
separated®. SGpecimens of L, laticaugata have been recorded from Fiji
(Burt and Burt, 1932y Cogger, 19¥5; and Guinea 1991} but they are not as
common as they are reported to be in Mew Caledonia {%2il and Rageau,
1958; and Saint Birons, 1944). It is of interest that on Mlue, L.
laticaudats is sympatric with L, . schistorbynchus, WYoris {1972}
reparts a small fish (Evipta sp.) froe the siomach of L, 8.
schistorbynchus, I have ¥aund juvenile surgacn fish (Paracanthurus
hepatus) in stosarh contents of L. g, schistorhynciws, fis L,
laticaudata feed on eels, there could be little competition between
them. The interaction and competition hetween L. laticaudata and L.
4 rina, which alsc feeds on eels, has not been documentad.

Records of L. colubrina in Australian (Cogger, 1973} and Hew
Tealand (HcCann, 1966) waters in all likelihood represent waifs Ehat
have been carries by ocean currents south from the tropice. There 15 na
account of L. tplubrina hreeding in or being 4 reguiar visitor fo
fustralian waters, Sightings say be attributed Yo banded snake esels,
Leiuranus semic¢inctus or Myrichthys colubrinus {family Dphichthyldae)
(Plate 51, which are reported to bhe wimics aof L. golubrina (Pernetta,
1977).  The distribution of each species of enhake cel as reported hy
Carcasson (1%77) is greater than that of Laticauda the prapssed aodel.

{iv} Ecoluogy
{al L zuda br

fig Laticauda is not coamon in Amserican and Australian waters,
it has not received the research attention of other sea spake species in
the current iiterature such as "The Biology of Sea Bnakes" edited by
Dunson (19751 yet provided a cosparison for other sea snake species.
Few publications on Laticauda were based on specimens which were
collected by the author of such contributions. Valuable field
information based on direct obwervakion was given in Baint Birons
{1964}, Pernetta {1977} and Buinea (1981}, Beipg field oriented, each
contributed sipnificantly to eiuacidating the ecology of the Laticauda,

Haint Girons {1944} presented hi=s findings from vini}ing
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saveral lacalities in New Caledonia on two occasions (iwa months apart!,
He described the sympatry between L, colubrinag and L. laticaudata an the
same island and estimated the mortality of different age groups. His
use of plastic tags enabled estimatas the pppulation using the islands
to he calculated., The frequency of snakes moving from the sea to land
was calculated from brails crossing the beach, The latter flgure was
interpretad as the frequency of feeding. The popuolation structure was
outlined and estimates of fecundity were given for the populations to
remain stable. BSeasonality in reproductian wae suggestsd from a small
sanple of dissected wpeEcimens.

*Pernatta (19773 presented chservatians on the morphology of
L. colubrips from Fijt. His findings werse based on collections from two
lacalities at a months interval. He presented a list of sel species
removed fram the stomachs of the irdividuals he collected, Hales fg2d on
amailer selda found on the reef crast while females preferrad largar tels
of different spaciea from deeper water. He suggested that repraductian
wag seasonal with several clutches depasited throughouk the sumeer, He
discusgsad speriation within Laticayda and presented statistical analysis
of taxanomic features. Himicry was postulated, with L. calybrima being
the model and the bandad snake eel being the Batesian mimic,

Buinea {1981} presented the merphosetrics of reproductively
mature L, colubring from Fiji. Information an clutch sizes was given as
well az the #ize and probable age of maturity for eath sex. The numbar
né prey species given by Pernetta {1977} was increased. The introduced
nongoose Herpesktes suropuynctatys has restricted the distribution of L.
colubrina to offshore lslands and to other mongoose-free areas,

Horman, ticht and McCollum L1981} deacribed the annual
reproduttive pattern of L. colubrina from the Philippines, The
specinens, of which the majority ware males, were purchased from
cellectors in the Philippines. Thig method of collection may have
affecied hic sample, Results from plasma sterald and testes weight
analyses indicated, at least in the Philippines, L. colubrina was
“probably comgletely aseasonal in its reproductive bialogy* {Garwan et
al., 1941 p33W.
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(b} icauda lati ata

This species has received little scientific attemtiaon,
possibly because of its low numbers in Fiji. Smith (19241 qave scale
counts for tws specimens from the Fiji Islands, namely B.H.56,7.4,53 and
U.5.N.H,598B. Burt and Burt {1932} recorded two specisens from Fiji
(Clkobia, Nu. 29004 and Vanua Kula Wo. 40433}, Cogger (1973) listed &
specimen from Fiji {A M &&98) but an close examination of the number of
ventral ecales and the nuaber of bands, I cencluded that the loeality
for the specieen was in doubt. A aingle specimen was reported in Buinea
{1%8f} from Toberya Island, Fiji., It appeared that this cpecies was
present in relatively smsall numbers ir Fiji. Baint Birons (1944) and
Mao and Chen {19080} reported the ecolngy of L. latjcaudata was siailar
to that of L. golubripa in that both were found alang raocky coasts or
islands off the coast and fed mainly on small eels. A detailed
investigation inte the ecology of these twe similar sympatric species
could prove worth~while,

B, FAMILY HYDROPHITUAE

The family Hydraphiidae comprises about 50 species of marine
snake {Voris, L9377} which have antarior non-rotatable fangs, reurctoxic
venam ano spacialised marine adaptations inciuding flattened car-iike
tails and nostrils pesiticned an the top of the snout and give hirth to
liva young, Their ventral scales are reduced ip size and often keeled.
They are entirely aquatic in their hablts and¢ frequent foastal marine
epyironments. Being berthic feeders vebt air breathers, their
distribution reflects the depths to which they can dive. This Is
usiyally where water depths are lese than 100m. The greatest number o
species exist an the centinental shelf regions of S.E. Asiz and Morthern
Australlia. The number of species decreases with distance from this
region. MNovikov and Khamenko (1%74) recorded five specims from the west
coast of India. Eighteen species of hydrophiid were recarded fros India
in general (Nitaker, 1978)., Ten species (excluding Laticauda) were
recarded from Hew Caledenia (Labouke and Magrier, 1979%, Han and Chen

(1980} record three species from Taiwan. Two species were recorded from



Fiji {Pernetta, 1977; Buinea, 1981).

{i} GBenus Hydropkis Latreille

Bmith {1%33) described a single specimen nf Hydrophis
helcheri from Suva Harbour, This specimen was later reidentified by
Hchawell {1972} ss H._ pelanocephalus. Pernetta {1977} records Dr. H,
fogger ‘s comaents on the Fijian specieens "... are cosparable to
fustralian B eelanggephalus but differ from the nominate race®. Cooger
(1975} supgested that the Austraiian specimens may represent an
undescribed taxan,

{ii! Etnlogy
{al Hydrpphis_melanpcephal

HcCosker (1%75! recorded H. pelanocephalus as the species
which fed at the greatest depth (50 s} at Ash#ore Reef, fAuystralia. Yet
in Fiji, H. melanccephalus was commanly found in shallow waters. Thirty
speciaens were tollected as part of the overall study of sea snakes,
from the shures of Laucala Bay st depiths of less than one metre. Bdult
female specimens have been seen in Nabukulau Ck, which flaws through
Buva, but most sightings tame from the intertidal ses grass beds
{Gyringodium jspptifolium, Halophils winor and Haloduls pinifolial fram
around Suvs Peninsula and Bau Waters,

Sand mgls (Callechelys melanctaenia} and snake aels
{Lieuranys semicinctus and Myrichthye colubrinus) were the predominant

prey species {Guinea 1981}. (Observations an the feeding behaviour
reported by Buinea {1981) were supparted by Takshashi (1981}, The saall
head and slender neck of the species enabled it to burrow the anterinr
section into the sand and makataired this position by bracing the broad
tai! and posterior of the body into the sweil.

Reproduction was seasonal as was reported for other species
of hydrophiid (Bergman, 1943} Lispus, 1975 and Yoris and Jayne, 197%).
Juvenile specimens {s-v length ¢ 40 cm } were found from March to Junez
in Laucals Bay. The number of young in & clutch varied from one to
pight. Mao and Chen {1990} report breeding by this species in August
and September in Taiwanese waters. Little has been written about this

specias and further ressarch is in order.
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(iii]l Geous Pelamis Daudin

This is the spst widely distributed of ali sea snakes
Unlike other species Pelapis is totally palagic, 1t is recorded froa
the eact African cozst and through the Indian and Pacific Oceans to the
wezt coast of Central Aserica. Yhe QEnus COBPTiZes one species nade up
of several races {Krapach, 1975). lnstead af the banded pattern of aany
sed Snake species, the dorsal half af the bBody is hlack and the lower
haif yellpw, The tall is apotted. In colowration and distribution it
iz a sogt distinetive spacies and the only sea spaks likely to be
encauntered in the open ocean, It feeds on surface water fish which are
apparently deceived hy {ts appearance and approach it for protection,

In Fiji a single specimen was fourd in Laucala Bay after a
eyclone in 197%, I captured two specimens ten neutical miles South of
Suva, The =nakes were attracted to the #lood lights of the *"Tavute"
which was operated at night by the Departaent of Fisheries for
feasibility studies of a squid fishery, The nuaber of specimens
pxanined during the survey was small hecause of the difficulty of
obtaining specimens from the open sea an & regular hasis.
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3 DESCRIPTION OF STUDIES

fnitial investigations into the seasonal patterns of
reproduttion involved locating the areas frequented by L, colubrina.
There were no large concentrations on Suva peninsula, but {ndividuals
were callected from =everal localities including the storn-water drains
beneath Suva city, crevices in rock retairing walls at Lami, and frowm
crevices in the jetty at USP. However, z survey of the islands within
Laucala Bay, Bau Waters and to the west of Suva revealed substantial
populations, These populations were used to inveskigate

&} the seasonality of reproduction,

bl the seascnal fluctuations in population size and

compasttion,

e} fecundity and sites of egg deposition,

d} the growth rates of juveniles,

el the diat and the duratiocn spent an land,

f1 the temperature ranges far active arimals.

lafarmatinn on size, sex ratigs, scalation and colour was
recorded during visits te the islands and alse frowm the specimens which
aere collected for dissgction. This provided a large data base of
variatian in morpholagical characters froa the populations of 8. E. Viti
Levu.

Diel behaviaur patterns were dacusented during different
aseanons by observing the movemants of individeals after they came
ashore, Sausau Island north of Vapua Levu proved to he the best
lacality for such cbservations and provided a site for comparative

population studies,
A. THE STHUDY AREAS.

Pernetta (1977) collected spucimens from Makaluva and
Wabualau. During this study Kakaluva was nob included as a collecting
site as no specimens were =een on the island in spite of regular visits,
Dbservationz an L. folybrina were made on the other offshore islands of
§.E. Witi Levy (Figure 1}. Reqular samples af the populations were
collected from Mabuwalau and Toberua in Bau Waters and from the islands
of Namuka and Yuiva to the west of Buva.

Taberua Island has been cleared for a tourist resort but the
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others =support thick vegetation. Mabualua, a smal} uplifted limestone
istand, pravided ample shelter for the snakes in the honeycombed
erosional features of the rock. Nzsuka and Vuivz Islands were tobkposed
of mar] and sandstone similar ta the neighbouring sreas of the mainland.
On the leeward side of Hesuka stood a derelict ship's holler which was
wsed by L. colubrina throughout the year. Hith the exception of
Toberua, these islands are surroundad by fringing reef-flat which
Timited access to the island except at high water,

Dbservations sn papulation structure and behaviour were made
on Sausay Tstanrd (14° té&’ South, 1792 27" East! in the rain shadow of
Vanua Levu {Figura 2}, This volcanic island supported a varisty of
terrastrial habitats as well as wangroves and exposed heaches. Belny ia
the rain shadow produced a narked seasonality e rainfali when compared
to the wetter islands of 5. E. ¥iti Levu, yet monthly wean temperatures
dere simlilar (Figure 3}. Sausau was an excellent isiand for observing
individuals during their time on land. The population was large (about
100 different individuals were caught each day! and in the nost densely
populated aress thers were not the neaerous crevices and TeCcRASRE A

Wera present on Mabualauw,

B, METHOBE

The study areas of B.E. Yiti Levu were visited at least
wonthly during the period of the research. Janwsary was the anly month
fot dampled. VWisits were pof several hours duration and usually lasted
fram high water to the nexzt high water. This allowed boat acceas across
the fringing reef. On each trip an assessment of abundance and
activities of the snakes was wade prior to the collection of specimens,
It was neither +easible nor possible to capture nor to callect 311 the
snakes sighted. CEollections representative of the population were made
an the hasis nf sex, size and activity: e.g. leaving the water, baskiag,
mating etc.. Bpecimens were captured by hand. They wers sexed,
ameasurad and the cloacal tewperature recorded. The majarity of snakes
were released at the site of eapture but z sample of at least eight wers
brought back after each trip to the laboratory at USP.

4 number of specimens wera ctollected from Toherua lTsland by
the island management. These were brought to the laboratory and formed
the collection from Toherua for that aonth, Snakes returned to the
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faboratory were usually killed by freezing and kept at -10=C until ready
for dissection., When freezer facilities were not available, specimens
were injected in the region of the heart with sodium pentohabarbitone
and preserved in 10%F Formalin solution. Captive females with obvious,
enlarged ova were kept alive in cages until after egg deposition or
untfl they lost "cenditior®™ after which they were sacrificed for
dissection., # group of 14 spakes were kept alive and used for wvanonm

collection oyer a periad of four weeks.
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4 REHOMETRIGS

A. INTRGBUCTION

Balth (1924) described L. cplubring as having 2} to 23 scale
rows at the neck and 21 to 25 at the mid-body. The scales were
imbricate and smocth thronghout. The ventral scales numbered bekwemn
213 and 245 with each being four times as broad as it was long. The
anal scale was divided and there were 37 to 47 subcawdal scales in the
wales and 29 to 35 in the fewales, The azygous shield separating the
prefrontals was absent at bimes. He stated that the black kars on ths
bady varied in width and nuaber but was unable to correlate the
variation with geographical distribution,

The description given abave included six specimens frem Fiji.
Pernetta (1977} pravided sorphometric data far 29 specisens alswo from
Fiji. Saint Birons {1984} gave eimpiiar data for 7 specimens from New
Caledonia. Hap and Chen (1980) presented data for 23 specimang froa
Taiwan, The lack of sorphosetric data from a large number of sp=cisens
from a single geographic location stimulated a more thorough
investigation of this aspect of the L, colubrina population in Fiji.

B. MATERIALS AND HETHODS

Selected morphalegical measurements were chiained by the
following methods.

The sapout-vent leagth (s-v length) was measured ta the nearest 9.5 cm
using a flexible fiberglass tape.

The length of the tail was measured to the nearast 0.5 cmy, from the vent
to the tip of the caudal scale using the same tape.

The number of black bands was counted on the ventral surface. The sost
anterior band when viewed dorsslly was commonly incomplete on the
ventral surface and joined the black warkings on the head., Its
union on the ventral surface was recorded but was not included in
the band count.

The colour of the tip of the tail was noted ae being either black or
white, with whit® being the abzence of pigmant in the caudal scale
when it was held to the light.

Vantral scales were counted from the mpsi anterior enlarged scale an the



ventral surface to the anal scales. Notes were made as io the
position and the nature of any scale abnormalities.

The position of the umbilical scar, when obvious, wa= noted as a veatral
cscale positian froe the amterior.

The number af pairs of subcaudal scales wes recorded frem the post anal
scales to the caudal scale,

Body scalew were counted in three places along the bady. At the first
pogition, the count started at the most anterior ventral scale and
continued arourd the specimen from right to left, The second
positian was at the mid-body i.e. half the s-v length. This wWae
in the region of the 100th ventral scate. The final count wWas
from the last ventral farward, from left ta right, Samples werse
selected indiscriminately for a count of hody scales starting in
the eame position but in the appasite direction. The intervening
number of ventral =cales hetween the start and the ¢inish af each
hody scale count was noted in sach cass,

Shislds on the head were counted. The presence or absance of the
azygous shield was noted for sach specimen. Any division or
azherration of the rostral scale was recorded.

Both infratabials and supralabials were counted an each =ide of the
lower and upper jaw respectively.

The data were recarded as disk files using an Apple Ile
computer with &4K af RAN. A1l programmes wera writtes in Applespft BASIC
by the author and tested far eccuracy using examples fram
"Bioastatistical Analysis® by Iar {1974), Yates correction was used with
all Chi square teats where the degreee of freedom equalled one,

C. RESULTS

The differences bhetween nale and female specimens of L,
colubrina have been recorded by Pernetta (1977) and hie findings were
supported by this investigatian, Mature femalas wers larger in body
weight and s-v length than mature males. HNo males were longer than 100
ca In this study yet females had just reachad sexual maturity at thisg
size {see chapter 3. The shaps and thickness of the tail mas the msost
obvious difference between adult males and females, In nales, the tail
was eplarged ventrally to accommodate the hesipenes. This produced a
pear-shaped cross section Ip contrast to that of the females which wnere



20

of uniform thickness {(Plate &},
(i) Description of specimens,

A male and & female gpecimen were selected for a detailed
description of their amorphology and positions of erganz. Thase
specimens are housed in the Reptile and Aaphibian Callection of the Fiji
Huseum, Suvz. Their catalogue nurbers are RA22Z4 (feaalal and RA1ET
{male}. The results of this aocrphological and anatomical compariscn are
presented in Tahle 3,

Mao and Chen {1980} gave a description of a female specimen
from Taiwan. From their description faw differences were discernible
except for the numbers of ventral scales and black bands. These
features are discussed further in this chapter, Datz on the position of
organ® Mere given so that should more information from gther localities
become avaiiable then meaningful comparisons may he sade. The left lung
was reported to be vestigial in the Taiwaress specimen, but HcCarthy
(1982} stated that this character was present in some L, golubrina
specisens, This character was not observed in the Fijian specimens
presented in Table 3.

{11 SBingle Eharacter Analyses.
Unless indicated otherwise, the following descriptions raefer
to speciwens fram S.E. Viti Leva.

{a} Bands.

A sample of 22& apecimens wers axamined to estimate the
frequency with which the mpst anterior black band was jeined ventrally.
Df the males, 1% had this band joined as did 9.5% of the femaales, This
revealed a significant difference between males and females (Chi3 =
5.99, dof = 1, P { 0.025). A this hand Wwas mnore commonly Joined in
females than in males and as it joined the black markings on the head,
it was omitted froe the biack band count for the body.
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th} Rostral Scale,

In L, colubripa, the rostral zcale was intact and nermally
shovwed no division (Seith, 1926}, The hoerizontal division ef the
rostral scale was a distinguishing feature of L, samitasciata and L. 5.
schistarhypchus, Within the L. colubrins population of 2. E. Vitl Levu,
318 specimens were examined far this character, ALl 131 males had the
rostral scale intagt, Howaver, four females {2.i%) exhibited a
horizontal dividion of this scale. This difference between the sexes
was not significant (Chi? = 1.39, dof = 1, P < 0.25)., TYhe presence of
this character within the species, even in such low frequencies is
Interesting and could represent an amcestral vestige.

{c) Caudal Scale.

The colour of the caudal scale war recorded for 322
specimens, White caudal scales were found on 43 males (31.4%) and 33
females {(17.8%), The repainder had some dark colouration when held to
the light, The difference ir this character between males and females
was significant (ChiZ = 7.32, doft = 1, P ¢{ 0.00).

(d} Azygous Bcale.

The presence or absence of the azygous scaie between the
prefrantals was recorded for 327 specimens. O the population, 4.8%
lacked thia scale, There was no significant difference hetWeen males
antt females {Chi® = 1,38, dof = 1, ¥ { 0.25}). The absence of the
azygous scale s a characteristic of L. latigaydata and L. crockeri.
The speci#ens examined akove, displayed typical |, cplubrina features
for ail other ypecific characters, including the colaur of the upper lip
and the number of bady scale rows. Pernetta (1977, plél4, table 2)
presented a tahie of the smorphosetric varjation in L. colubripa froa
Fi}i, which in gart read;

"% with median &% 8% % -
prefrontal scale § ¥ m 1} "
[ assume the heading should read "% without mediar prefrontal scaje*.

#fter such an alteratjon our results would be in agreement,
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(e} Seaual Diworphisn.

Figure 4 (a - 1} presents the bar graphs of morphometric data
for sale and female specimens from S.E. Viti Levu, Table 4 gives, for
#zach =ex, the mean, standard error and range for the parameters (ested.
Geographic vartation could not be detected bstween sperimens from
ditferent islands.

The majority af paraseters chosen gave a significant
differance betwaen the sewes. The resulis uof statistical analyses on all
the parameters measured are given in Table 5. The fpliowing gave a
stgnificant differencs hetvWeen males and females at the 95% confidence
level when analysed using & sedian test with Chi square analysis and
analysis of variance test; snout vent langth, tail length, number of
black tands, number of vemtral scales, nusher of subcaudal ecales,
weight, bady scale rows at mid-body and vent and the nusber of
supralabial scales, The parameters which revealed no significant
difference hatween males and females were the position of umbiligal
scar, the nusber of body scale rows at neck and the nuaber of

infralabials,

(11} Aberrations in Srales.

(a} Body Hecales,

A sample of 32 males and 34 females were used to investigate
the amount aof acale row aberration in the regian of the counts. The
major farm of aberration occurred when the count af scale rows around
one stde of the animal did not equal the count argund the other or, if
the nuaber of acale raws were gqual, the count finished pn a different
ventral scale, The unequal counts of body scales around gach side of
the animal indicated the division or union of scale rows, Counts along
a rom that divided to form two rows gave aither, a count equal to that
af the other side, but terminated at the ventral scale antericr to vhere
the previous count finished, or alterpatively gave an equal intervening
ventral scale count but gave a larger hody scale row count. Counts
across such a row gave a larger scale raw count and a larger nuabar of
intervening ventral scales.

The percentage of spacimens that had an =qual number of scale
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rows around each side of the bpdy is shown in Tahle 6. Males displayed
less aberration at the wid-hody than at any other position, Females had
the minimue amount of division occurring at the neck, The frequency of
unequal gcale row countse was not significantly different fpr males and
femaies (max. Chi® = 2.4, dof = 1, P ¢.05).

The agat fraquently accurriag (eadal} valuyas far scale raw
counts at different parts of the body are shawn in Table 7. In general,
males deviated less from the modal value than did females. The one
exception was the bimodal ¢requency of scale raws at the neck for males
whera 77% of the sasple had 21 or 23 rows. A count of 21 bedy scale
rows coamanly had L1 intervening ventrals, Cpunts of 23 and 25 had 12
apnd 13 ventrals respectively., The regression equations calculated by
the lsast square for the three pusitions on the body are presented in
Table B.

{b} Ventral Scales.

The ventral scales vere narmally large, single and extend
acrpss the ventral surface. In the region of the 200th scale from the
antericr,; one to five scales usualiy displayed a median division. On
newly hatched anjmals this was the site of the uabilicus which joined
the esbryo to the extra-eabryanic mempbranes. In &% of tha 71 adults
eyaminred the umhilical scar remained obvious. The pasition af the
umbilicus $rom the anterior was not sexually related. However, because
males possessed fewer ventral scales, it occurred claser to the vent in
this sex. The difference of five or six scales fros the vent was
indicative of the difference in ventral scale coupts between malas and
females,

Yentral scales were in some individuals divided in an
irregular manner. Some individuals had hal¥ a ventral scale in a
position which normally contained an entire scale. The corresponding
hal¥ was found, usually, elsevkers aleng the body (Piate 7} so that the
count of ventrals along one sida af the body equalled the count alcag
the other side,
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tey  Labial Scales.

Hales displayed iess deviatian from the sode than did .
famales for infralabial and supralabial scale counks. Division of the
labial ecales was common jr the females . This ceused large and
irreqular nushers aof =cales ta bhe regorded. The modes and their
carrespanding percentages are shown in Table 2. Hales differed
significantiy from femalas in the number of supralabial scales but did

not differ in the number of infralahial escales {Table 4},

{ili} Paired Character Analyses.

Reiatianships betvean charactars were invesiigated to
determine whether they varied with the size and therefore the age of the
specinen, Mhere characters were independent of size, it was assumed
that variation wa=z due to the sex of the specimen. Snout-vent length
was chosep as the indepemdent variable and likely dependent variablees
such as ventral scale count and number of black bands were analysed to
determing whether there existed a positive correlation. Figure 5 (a -
g! prasenta graphically the relaticnehip between the indepandent and
pther variables.

Snout-vent length was chaosep as the independent varjable
likely %to change with age and the dependent varlables tested were the
rnumbers of; {al subcauvdal scales, (b} veatral scales, (c) hlack bands
and {d} tail length, and (e} weight, Tail length was used as the
independent variable for a comsparison with the nusber of subcaudal
scales, The number of ventral scaies was used as the independent
variakie to test their relationship with the nuaber of black bands. The
respective regression eguatiens and correlation coefficients are glven
in Table 10,

A high degree of correlation was demonetrated for s-v length,
both male and feaale, against weight zpd tail length. This was
understandable as larger snakes were heavier and had longer tails. The
poor correlations {less than 0.73) chiaintd by the other variables
tested indicate that the numbers of ventral =cales and tlack bands ware
independent of the size, but deterained by the sgx of the individual,
For aither sex, there was .no obvious relationship between the numbers of
veatral scales and black banda. The noaber of subcaudal scales was



23

independent of the s-v length of the specisen and the igngth of 1ts
tail. The number of subcaudal scalee varied with the sex of the
individual and remained unchanged throughaut its life,

D. DIBCUSSION
ti} Beneral Morphology.

In Fiji, L. golubrina was, typically, a conspicuously black
banded sea ¢pake whose colour betueen the bands may be white or creaa,
A faw specimenhs from Mabualaw had arange between the bands, Orange
pigrented fesales slaughed their skins in captivity to reveal the noreal
white colowuration between the bands, The orange pigment was possibly
caused by a natural dye from decaying vegetation on the island. Fesmales
attaired a maximum size of L43 cm. Hales ware considerably smaller
{max. s-v length = 97 cel. The tails of both species were about the
same length yet made up about {0% of the a-v length in fesales and 15%
in nmales. Fenajes, generally, had fewer bands than did males but no
specimen possessed more than 38 black bands. Fenales had anre ventral
geales (222 to 238) than did msales (218 ta 230}, but pavsessed fewer
subcaudal scales, 27 to 38 and 37 to 36 respectively. Tha nusber of
subcaudal =zcales displayed the greatest aexual disorphisa and was wseful
in determining the zex of ipmature specimens. The majority of adults
retained the umbilical scar in the region of the 200th ventral scale.
The nuaber c¢f scale raws around the bady varied between 21 and 235 at the
neck and mid-body, No specimen had 1% which was a feature of L,
laticaudata, Fenales displayed more division of the supralabial amd
infralabia) scales than did males. This last feature was considered to

be an inadequate taxonomic character.
{ii) Colouration

Fiiian specimens had &7% fewer bands than those reported by
Hag and Chen ({980} from Taiwan. Records from Hew Caledonlan specisens
(Saint Girans, 19464} indicated they had a similar banding pattern ta
those in the present study. 7he significance of banding remains poorly
understond. Twe posdibilities were outlined By Bhine {1%B0b) for the
burrowing snake Yermicella ppnulatay (i} it was aposematic and warned
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potential predators and {ii} it functioned to confuse potential
predators by creating a visual iliusion "flicker fusion® when the snake
noved rapidly in dim light, Both possibilitiss applied to L., colubrina.
Heatwale 11975) documented experiments conducted to demanstrake the
effect of aposematic colouratien on predators. Pernetta (1%77) outlined
2 model for Batesian mimicry with the banded snake eels., When evading
capture, L, colubrina undulated their bodies %o rapidly as to adopt a
side-winding mode of locomotion, Mhile escaping, they were difficult
for the author to see, hecause they appeared to be uniformally grey in
colour,

& third explanatian for the banded colouration has to do with
hasking. HResting individuals often had only a few bands exposed to the
sun at apy one time. Their bodies movad at intervals tp #xpose fresh
areas to the light and to heat other parts of the body. This is
discussed further in Chapter Li on temperature relations.

(iii} Ventral Scales,

The number of ventral scales was %61 of those reported by Hao
and Chen (1980} from Taiwan, Voris (1%75) reparted a one-to-ane ratio
between ventral scales and vertebrae for L. colubrina, As the number of
vertebrae can be increased by high incubation temperatures, 4 possible
explaration for the difference between north Pacific and south Pacific
populations, depands an the tesperatures of the sicraohabitats in Which
the eggs intubate. #&s the actual site of deposition remaltnis
undocunented, such speculation is yet to he verified.

The number of black bands and the nusher of ventral scales
were cansistently less for Bouth Pacific gopulations of L. tolubrina, L.,
laticaudata and H, pelanocephalus when campared with populations of sach
respactive species from the Marth Pacific, L, 3. schistorhvnchug was
digtinguished from L. sesifasciats by having fewer bands and ventral
scales (Smith,192&%. A1l #our species belonoing to two families of sea
shake showed a parallel increase in the number of bands and ventral
scales with increase in latitude in the North Pacific, Figure &
displays the variation.in the nuaber of bands and ventral ocales for |,
semifasciata, L. colubripa, L, laticaudata, and the hydrophiid, H.
aelanocephaluys, from Sputh Pacific and North Pagific populations,

Figure Higt indicated that there was little relationship
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between the number of bands and the number of ventral scales of L,
colubrina. Yet Figure & displayed a change in these characters with
locality., Linited data are available on these species in intermediate
localities e.g., Indonesia, De Rooij (1%13) presented details for a
number of species from Indonesia, but her fore of presentstion prevented
their inclusion in the above discussion. Bepeficial infarmation
regarding & possible cline in these species could be obtained if Da

Ropij's specimens were re-exanined,
{iv) Ventral Scale - Body Scale Relationship.

The relatiponship between the number of boedy scale rows and
the number of Intervening ventral scales between the start and the
finish of the count appeared to be relatively constant for L. colubrina.
Comparicons were made with the same counts for specimens of L. 8.
schistorhvnchus collected ¢ros Niue. Regression equations were
calculated for the scale counts in question at three positions on the
hody {neck, mid~body and vent) for hoth species. The equations and
their respective correlation coefficients are presented in Table B for
L, colubrina, L. 5. sgchistorbynchus and for both species combined. The
gradients (b values) differ only slightly for the three cases. Together
with a strong positive correlation in each case, it can be assumed that
the pattern of scalation {(body stale rpws & intervening ventrals) has a
common lineage in these two species and is a generic character of

Laticauda.
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S REPRODUCTION

A. INTRODUETION

The reproductive biolagy of Laticauda has received Llittle
attention in the past., All species are oviparous as wmentioned earlier
{Chapter 11. Thelr 2995 are deposited on land, although the ewxact
locatian was not found during this study. Swsith (1930} recorded
ovaviviparity in a specimen n# L, golubrina which cantained
well-deveigped eabryes enclosed within a thin esemi-transparent covering.
Smediey (1931 a and b) reported that an the islands near Singapore, L,
cplubrina laid their egos in rocky cravices where females protected the
egqs and young. .The e€qos were laid in June, July and August. The
average clutch size for eggs laid in captivity was sin (Smedley, 193ib},
but incubation attempts were unsuccesséul, Saedley concluded that
oviparity and ovoviviparity existed within L, colubrina populatinns.

The mode of reproduction was determined by the accessibility of land, or
possibly, by a local preference in Bingapore for oviparity.

Herre and Rabor {194%) reported sea snake eggs in intertidal
limestone caves on Bato [siand, Philippines. Their report reads as
follows;

"The caverns are in total darknese, but are well supplied with air
through the many crevices and holes in the roof, By using flash-lights
and lanterns large numbers of snake# may be zeen lying about on the
walis and floor of the caves, 1In small crevices and an the roughness of
the walls lie strings or clusters of white snake eggs." {Herre and

Rabor ,194%, p283).

Such potential nest sitex were rare in the study arpas. Those that did
occdr were either so smiall as to prevent human entry or =0 open as aot
to allow & microclimate suitable for incubation to be maintained.

Saint Birons (1944) assused the mggs were laid in cand.
Howeyer, after careful examination of the sand areas on the islands of
5.E, ¥iti Levu and Sausau, nong of the disturbances in the sand were
attributed to L. colubring, Every disturbance in the sand that could
have baen a nest site, was excavated tao a depth of 50 ca without finding
any eggs or resains of such. It is likely that L. colubrina is a
commpunal nester similar to Desansia psamwophis (Cavacevich and Limpus
1972 which, until the accidental unearthing of a cache of eggs, had
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similar uncertainty attached to their site of deposition,

To identify the seasomality of reprodection in Fiji a
detailed study of the reproductive hiology of L. colubrina was
undertaken using specisens collected throughout the year from the study
areas close to Suva. Mating in L, colubrina otcurs on land and Was
#irst reported by Buinea (1981). A courting group (1 female and 2
males} of L, 5. schistorhynchus was observed sating in the sea at Niue
in March L%82, Uetails on courtshlp and mating of other species of

Laticauda are not available.

B, HMATERIALS AND METHODS

Snakes were coellected as described in Chapter 3. HMoticeably
gravid females were aaintained in the laboratory until parturitian.
Dther specimens were killed within eight hours af collection and frozen
until ready for dissectian, After thawlng to roon temperature each
specimen was dissected by an idcision in the ventral body wall from tha
region of the heart to the znal scales. Records wers kept af the sax,
weight and s-v length for each individual and the weight of its stomach

contenta, if any.
{i) FEMALES.

Records ingcluded the size and number of avarian follicles,
carpara lutea (Wher distimguishabfael, the weight of the ovariss and the
zize, numshar ang waight of oviducal @gos and the weight of fat present
in the body cavity and the presence of spermatozoa in the aviducts.

The maximem diameter of the ovarian fallicles and oviducal
Bggs were measured to the nearest 0.1 am. The valuas far each ovary
were recorded separately and later comhined to praduce & freguency
histogram of follicle size for each specimen. In all, 48 histograms
wgra produced far as many spacimens. The follicles were divided into
six tlasses based on their maximum dlaseter. The limits to a class were
determined by the follicle diameters shich ronsistenrtly had the smallest
frequencies {Betz, 1963 Zug, Hedges and Bunkel, 1979,
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tat Dvary Weight Ipdex.

Shine (1977} used the combined ovary weight as a proportiaon
of the bady weight as an indication of reproductive readiness for
terrestrial Elapids, This method was esployed in the presant
investigation. The ovary weight index was calculated by dividing the
combined wet weight of hoth ovaries by the net bady weipht and
aultiplying the result by {00. The net body weight was the gross bndy
weight minus the likely temporary and srasanally variable weights which
included the weight of the stomach contemts, body fat and the oviducal

sooe.

(b} Presence of Spermatazoa.

Data on the presence of spermatozna Were obtained by sevaring
the oviducks a short distance in #ront of the cloaca and smearing their
contents onte a microscope slide. After air drying and #ining over a
flame, the preparation was stained with methylene blue, rinsed With tap
water, air dried and examined under a micrescope. If spermatozoa Were
present in any of the fields of view, the result was taken as positive.
If np spermatozoa were observied after at least ten fields of view were
exaained, a nrgative result was recorded, MNo attempt was made to give a
subjective estinate of spermatuzos abundance.

{c) Bize at Sexual Maturity.

In order tg sstablish the size of the females when they
reached sexual maturity, 32 females of different sizes which were
collected at intervals throughout the year had silicone moulds taken af
their cloacas., A1l the speciwens were killed by freezing and were later
thawed for the investigation. 7The cloacal cavity waz washed and swabbed
with detergent to prevent the skin from adhering te the mould., Eilicone
sealant (Dow Carning 780} was inserted through the vent using the
applicator gun supplied. Care was taken not to over-#{11 or distort the
cloacal cavity; excess silicone was allawsd to escape through ths vent
and alsp inta the rectum so that the resting shape pf the cavity could
be recorded in the pould, The silicone was allowed to set for several

haurs,
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The mould was eventually disspcted out and thz excess
silicane frimmed away, The weight of the mould showed little
relatjonship to body weight or to any ather parameter. TYhe distance
between the urinary papilia in the median dorsal position in the cavity
{ciearly vizible as a depressian in the mould} and the septum between
the gviducts lclearly visible as major depression in the anterior of the
nould} was taken as a reliable measurement and free from distertion and
artifacts in the procedure. The siraight line distance batween these
two points was aeasured with a vernier calliper to the nearest ¢.1 o,

{d)} Eggs and Clukch fize.

Glutches laid in gaptivity were removed for incubation
trials. [ndividual eqgs were asasured and weighed and placed in
cantainerd with conditions similar to thosa that might be experiemced in
the wild fer their lncubation, €ggs were covered with szand mpistensd
with fresh water and left to incubate at room temperature. OQOthers were
covered with sand moistened with sea water and again left at room
temperature to incubate. After several wnsuccessful attempts to
incubate the eggs, a group of seven sere given a light sprinkle of tap
water and placed inside a loosely sealed plastic bag, and left to

incubate at roos teaperature.

(i1} HALES

Dissection recerds for the male gnakes included the weight of
fat in the bady cavity and the weight af the testes. Gorman gf al,
(1981} reported temporal patterps in testis size based on length, width,
calculated volume and weight were the same for the three species of sea
snake from the Philippines. Zup Bt al, {197%) used the proportian of
testis length to s-v length as an indicator ot reproductive status for
three speclies of Central American land snake but concluded that " weight
or valume [of testis)] would have been more fndicative " {fug,et
al.,L97%; p2}, Shine {1%77) uskd the combined testes welght as a
percantage af body Weight to produce a bestis weight index., This latter
sethod was employad in this investigatian.
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{al Testis Weight lndex,

The testis weight index was calculated as the ratio of the
combined {wrt) weight af both testes, to body weight (minus stosach
contents and bady fatd, multiplied by 100. Shine (1977} pointed out the
neeg for the testes weight index to be independent of body length for
this ratio to be justified. In the present study, when the monthly
sample size excesded three, regression analyses of testis weight index
and s-v length, revealed a zero gradient in each case.

(b} Hemipenis Characters.

Each hemipenis was everted and esamined for soil adhering to
it and inflated with water to full extension and measured to CO,1 ma with
a vernier calliper as followset

{1} the tip to tip distance {(distance between the sulcus

spermaticus},

{2Y the maximum diameter {(usually at the distal end},

{3) the length of the calyculate area (distal end),

t4) the length of the spincus area (proximal endl,

The values obtalned for left and right hemipenis were
averaged to praduce a single value far each paraseter for aach =pecisen.
The presence nf sail on the shaft af a hemipenis was thought to indicate
the specimen had heen recently sexually active, until a male was
observed protruding its hemipenis on land while it was basking.

C. RESULTS #HD OBSERYATIONS
{il ECourtship and Mating

gbservations on mating were first made on Habualau Istand on
26th Dctober 1980 {time = 15:30 h, daylength = 12 h 40 wmin, ground
temperature = 27.0°C,} This followed a six week peried of cool wet
weather which had changed the praevious day to warm and surny. The
sprcimens (female 5-v length = 99.5 ca and male s-v length = 79.5 v}
ware in a cleared shady area 20 m inland fram the high water mark (Plate
al.

#s suswer approached, courting palrs became more comson and
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several compiete courtships were dacumented on Sausan Island. The

majority of successful matings took place in the early evenings either

during or following showers of rain, The frequency of courtship
behaviour Increased to a maximum when the above factors were associated
with a high tide.

—~When the rising tide in the evening covered the surrounding

" reef and sand banks, snakes frequently moved from the water to the land

and vice versa. During such tides in summer moaths, males noved along

the beach parallel to and ofien just within the water (Plate 9). Males
detecting the point of exit of a female, presumakly by smell, left the
water and pursued the female. Hence the tracks left by emerging snakes
were not evenly distributed aleng the shore but clumped together near
the position of a female’s energence. During the pursuit males were
phserved to crawl onto the hacks nof the females. Females paid little
attention to the males during courtship. During the period of pursuit
and later in copulatian there was no sign of male combat or displacement
activity of unsuccessful males., Females showed no observahie interest
in male escorts which numbered as many as five on one occasion. If the
persistence of the males disturbed the famale, she returned to the water
followed by the males. UOften she returned to land a short distance
alang the heach a few minutes later,

Males followed the scent of the females so intensly that they
ignnred my presence and cantinued their pursuit over any article with
which the female had been in contact, Im such situations when males
were interrupted by the researcher, there was no aggressive hehaviour
and upon release, they continued on their way. HReceptive females were
motionless when approached hy the male and played no active part in
copulation. Other males often joined and wrapped themselves around the
copulating pair. In such situations it was difficult to identify the
successful male.

The following account of courtship and copulation was made on
Sausau Island, date = 8th Jasruary 1982, air temperature = 3{°C,
Observations commenced at 15:04% hrs,

15505 Female (s-v length = 135 cm) eemerged from the water behind the
mangroves and moved to asbout one metre above the high water amark
and stopped.

15:34 Male 4 {1 (s-v length = ¥1.5 cm) emerged from the water and
followed the path of the female Lo where she lay sotionless. He
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geveral complete courtships were dpcumented on Sausau Island. The

majority of successful matings took place in the early evenings either

during or following showers of rain. The frequency af courtship
behaviour increacsed to a mazimum when the above factors were associated
with a high tide,

When the rising tide in the evening covered the surrounding
reef and sand hanks, snskes frequently moved from the water to the land
and vice versa, During such tides in summer months, males moved along
the beach parallel to and often just within the water {Plate 9)}. Males
detecting the point of exit of a female, presumably by seell, left the
water and pursued the female, Hence the tracks left by emerging snakes
vere not evenly distributed along the share bui clumped together near
the position of a female’'s emergenca. During the pursuit males were
ghserved ta craw) onto the backs of the females., Fessles paid little
attention to the males during courtiship. During the period of pursuit
and later in copulation there was no sign of sale cosbat or displacenent
activity of upsuccessful males, Females showed no observabie interest
in male escorts which numbered as many as five on one occasion., [ the
persistence of the males disturbed the feamale, she returned to the water
$0l)lowed by the nales. Often she returned to land a short distance
along the beach a few minutes later.

Males followed the scent of the females so intensly that they
ignored my presence and continued their pursuit over any article with
which the female had heen in contact. In such situations when males
were interrupted by the researcher, there was no aggressive behaviour
and upon release, they continued on their way. Receptive females were
motionless when approached by the male and played no active part in
copulation. Other males often jeined and wrapped themselves around the
copulating pair. Im such situatliopns it was difficult to identify the
successful male,

The following account of courtship and ropulation was made on
Sausau Igland, date = 8th Japuary 1982, air temperature = 30°C,
Observations commenced at 15:05 hrs,

18105 Female {s~v length = 135 cm) emerged from the water behind the
mangroves and moved to about one metre above the high water amark
and stopped.

15:34 Male % 1 (g-v length = 21.5 cm) emerged from the water and
followed the path of the female to where she lay aotionless. He
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moved onte the back of the female and rested there in a zig-zag
fashion for a whils and then to her right side where he lay
parallel to her.

Male 4 1 started rhythmic spasms af his body which was pressad
against that of the female. 7Tom contractions, with roughly equal
periods of relaxation, took 41.56 seconds to complete (14,4 spasss
per minute},

Hale # 2 {s-v length = 74 ca} emergad from the water to join the
pair apd cravled antp the back of the female. The tail of Hale &
{ was placed aver the back of the female so that their ctloacas
were tlose togebher.

Hale %3 (s-v length = 74.5 cn} eserged from the water and joined
the others and crawled om the back of the female. Male # 2 was in
a zig-zag positinn on the back af the feaale., The spasms nf Hale
# 1 continued at the rate of 20.2 per minute,

Male & & {=s-v lengqth = 71 ca} emerged frowm the water and joined
the others ir the group. Insertian of Hale # 1's left hemipenis
into fesale. Spasms of Male # 1 were 23.4 per minute.

Male & 3 lay in a zig-zag fashion nver the back of the female.
Spasms of Hale N 1 were 23.7 per minute.

Males % 2 and # 3 moved to the female’s head and rubbed thair
rouths and luwer jau againet her head and side. The female looked
arcgund accasionally but made little movement. Spasas of Male # 1
were 1%.8 per minute.

Hale # | rewmoved hemipenis and spasms stopped,

The feaale soved off with Hales % 2 and % 3 still on her hack., At
this point observations stopped and the specimens were collected
for mpasuring.

Both =exes were aobserved to be "promiscuous®™ in their sexual

activity, Individual males were recorded in courtship with several

femalas during the visit ta Sausau Island. Females were alse recorded

a5 being courted by different males throughout a twenty-four hour period

and on successive days.
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{ii} Fenmale Reproductive Biclegy.

{a} Follicle Development and Ovulation

The ovarian follicles ard oviducal egps were grouped into six
classes based on their maximum diameter and their stage of maturation
according to Betz (1963} and Zug et al. (L979). The ghoice of size
classes was determined by abservations and measurements of the follicles
and oviducal eggs ot 48 specimens collected at various timee throughout
the year. The follicles formed five discrete groups, based on size,
within tha gvarias. Th sixth class comprised the orviducal eggs.
Follicle diameters which had lower freguencies were taken to form the
limits o4 a particular class. Table 1i presents the classes nf
follicles and oviducal eyggs and the phase of maturation after Zup gt al,
{19,

There was no seasonal shift in follicle size except for those
in active vitellogenesis and waturation {Classes IV and V respectively),
More follicles reached Class IV than develaped into Class V and eventual
ovuiation,

Eomparisons between the numbar of follicles in the left and
right avary and the npumber of ovidutal eggs in the lefi and right
oviduct revealed the follawing:

{1}  There was no significant difference between the number of Class V
follicies and the total numher of oviducal egge in the ovlducts (T =
0.2&, dof = 31, P ¢ G.1). All Class V follicles mature to oviducal
agga.

(21 There was no significant difference betwzen the number of Class ¥
follicles contained in the left and right oviducts (T =1,49, dof = 44, F
£ &.iv. Reproductive output was shared evenly beblween left &nd right
ovaries,

(3} There was a significant difference between the number of mviducal
eggs contaiaed in the left aviduct and that contained in the right (T =
4.9, dof = 18, P < 0.003). The right pyiduct gaontained 11i¥ more
nviducal eggs than the left aviduct, This rapresented a considerable
extra-uterine transfer, In a specimen {RA 14Q) which had recently
ovulated, this transfer was gqvident, The left gviduct contained ane
less oviducal egg than corpora lutea in the laft ovary. The right

oviduct had anz more oviducal egp than the pumber of corperea lutea in
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the right ovary. The transfer had hsen from left ta right.

Reciprocal extra-uterine transfers were not evidenmt, Such
transfers would be difficult to detect, Evidence far ova not reaching
gither oviduct was recorded fer a singla specimen (RA 141} which
possessed eight ectopic eggs in the abdoalnal cavity., A1l were atretic
and reduced In size.

The corpera lutea are short-lived after ovulation and in only
a few cases were they detectable as small flaccid bodies atter
parturition. Dr. George Iug, Smithsonian Institution, verified these
nbservations when, in 1981, he examined the dissected material from this
study,

(b} Repraoductive Cycle.

The results of the survey are sumasarised in Figure ¥#. The
ovary welght index variad throughout the year. Hiniaus values were
recorded in the winter months of Jume; July and August. This
correspanded with the time of shortest photopericd and coolest
temperatures., Haximum values occurred in the sumser months. This trend
Kas evident also in the diameter af the largest follicle im the avary of
specinens coilected throughout the year, The avaries contained Class IV
follicies during the winter months. Thess had grown to Clasa ¢
follicles (> 15 am) in October and were still present in March.
Spermatazoa were found in the oviducts from October to Aprll and females
contained oviducal egds from late Ocipber to dpril. Based an this
evidence, Fljian female L. colubrina were stromgly seasonal in their
reproductive cyele, These findings were supported by observations in
the field. Hating activity was recorded from October to April.

(¢} Bize at Maturity.

The minimum mize for a female carrying oviducal eggs was 98.5
cn. Heasurements pf the cloacal moulds indicated that fenales, saaller
than %0 cm, Were nat capahle of accepting the hemipenis of a mature male
(Figure B), Mithin the size range of 90 cR to 100 ca (s-v lengthl, the
length of the cloaca increased to that of & mature female, After 100 ca
[s-¥ lgngth}, the length aof the cloaca increasad slightly with the =s-v
length of the femsale.
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The regression equatians for the three sections of the graph

LFigqure B} are given below;

[iy [s-v length < 90 cwl y = 0,008x + 9,003, r = 0.9B8.

tily Is-v length 90 - 130 cm] y = Q.01dx - 0,015, r = 0.%4.

(ii{) {s-v length > 100 cal y = 0.018% -~ G.078, r = 0.B4,

where y is the length of the cloatal mauld, % is the s~v length, and r
is the correlation coefficient.

Wariations in clewaca length wers not seasonally related.
Maturation commenced at 90 cm {s-v langth) and contiaued until about 108
cn, When the first ctutch of eqgs was lald., The size of a female, at
this first parturitior, would be greater for thsse maturing in the
winter manths than for those reaching waturity in the summer months,
betause the foreer would hkave been at reproductive size for some ponths

before mating took placge.

{dt Clutch Bize.

Within a £luteh there was considerable variation in egg size.
The lengths, widths and weights of the epgs in five clutches laid in
captivity are given in Table 12. The eggs Wwere white in colour and had
soft parchaent-like shells {Plate 10}. They lacked adhesive properties,
unlike those described by Hao and Chan (1980) for L, semifascjata, The
contents were hompgeneous throwghout and lacked a discrete albusen and
yolk, The mran clutch size was &,0 (SE = 0.25, range 3 Lo 10, N = 491,

Figure 9 presenkts the ralationehip tetween maternal s-v
length and the number of eggs in the clutch, The clutch sizes were
obtained by either a direct cownt of ¢qgs laid by females in captivity,
or counting the numher af oviducal! egas in the females dissecterd, or hy
palpation of females in the +fleld te establish the number of oviducal
eygs in the oviducts. Counts in the field were verified hy the
coilection and dissection of a sample of females.

Larger fepales tended to have more mggs in & clutch than did
smaller specisens. The relationship between s-v length and clutch size
is edpressed by the following the regression eguationg

¥ * 0.1x - 5.03
whare 3 is the s-v lengkh in cm, y is the clukeh size. The correlation
coefficient (r} equals 0.47 and the sanple esize (W} eguals 49,
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(el Reproductive Effort.

The reproductive effort of a species is the ratie of clutch
welght to maternal body weight (CiB)., To avoid errors associated with
desiccatien ar absorption of water after laying, shelled bviducal eggs
were used. Tan clutches of shelled oviducal eggs were waighed and
divided by the weights of their respettive maternal bady welghts, The
mean €19 ratia is 0,175 (SE = 0.015, range = 0,124 to 0.2&}. The
regroaductive effort per egg (CiB/ clutch sizel showed less wvariation
{mean = 0,034, 5E = 0.004, range = {.0t8 o 0.043). The reproductive
effort (G:B} showed Littie variation with s-v length ar weight,

{f} iIncubatiogn and Hatching.

Early attempts to hatch the eggs were unsuccessful. As no
eggs were found in the wild, the gract conditions far incubation were
npt known. Incubation trials which invalved egys placged in caontact wWith
sang moistened with fresh water and others with sea water, were squally
unsurcessful. In December 1981, a captive female laid a gluteh of seven
e2ggs. These were carefully removed from the cage for incubation trials.
Their upper surfaces were numbered with an alcohol-hased marker pen tao
mainkain oriantation during handling. The epgs were measured, weighed
and placed in a plastic hag with & light sprinkle of tap water. The bag
was loopeely spaled to arevent water loss and to mxclude flies or other
organisms that could bhave damaged the eggs. The bag was placed on a
laboratory shelf where it would not he disturbed.

Eqgs that became flaccid and turned black were reaoved in the
early stages to prevent any possible cantamination of thesa remaining.
Uy the end of January i982 only four eggs remained turgid and white,
These were left to complete their incubation. I[n early March two egas
became flaccid and dehydrated. The remaining two appeared teo increase
their turgor. 1In eariy April 1982, the firat of the eggs hatched
follawed five days later by the other {(Plate i1},

Jable 13 provides the s-v lengths, weights, incubation
periods of each hatchling. Exit from the shell was facilitated by a
well farmed ®gg toath on the premazillary bone. In esach case the shell
had been slit lengthwise. The incubation periods of 121 and 124 days
aqreed with that of 137 day= reported by Pehler (1979) for eggs laid in
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fpril by eaptive Fijian L. ecolubrina, in the Brony fon, Hew York,
tiiil  Male Reproductive Bioclogy,
tal Testicular Cycle,

figure 10 presents the variatiea in testis weight index with
the month of capture. The winlmum values were hhtained froms specimens
captured in April and Hay. The masimum value was obtained in fctoper.
The male sexual cycle was found to be synchronsus with that of the
female. During the winter sonths, nales were sexually inactive. Bewxual
readiaess, as datermined by testis weight index, increased to a waxinum
in October and remained high throughout the susasr before decreasing
again in Aprit.

(b} Description of Hemipenis.

€ach hemipenis when everted was a mingle structure with a
bulbous, bifid tip where it attzined its maxisum diameter {Plate (2},
The nrgan comprised three parte, The proxisal base pf tha hemipenis was
smooth with a distal constriction beyand which a regiaon of small spines
rapidly gave way to larger spines. It was through this spinous region
that the sulcus spermatirus was wost pbvious. The distal portion of the
organ wam covered with calyces whose edges were scalloped into =aall
spines, In this calyculate area, the sulcus speraaticus divided and
passed through the forked tip and spiralled back to terminate in am even
more calyculate area on the tips, The smorpholagy of the hesipenis, as
descrived, aprees with the description given by Haa and Chen (1980} for

Taiwanese specimens.
{c} Bize at Haturity.

Table 14 prasent® the mean, standard arror and range of
hemipanis measuresents of 33 male L, brina. Theae are presentsd
graphically in Figure 11 {a - d) where the tip-to-tip distance, the
naximumn dianeter, the length at the calyculate region and the length of
the spinous regian are plotted agalnst the s-v length af the specipen,
The adult size of the hesipenis was taken as the ninisus of the 5%



40

confidence limits of the sean of each heaipenis parameter. At 70 cn 5-v
length, the males in the sample had reached sexual maturity, in that the
hemipenis was of the dimensians of adult specimens and therefore,
presumably were capable of copulation. Smail males {s-v length = &% ca)
were found in courtship positions with feaales but these smaller
specimens were not observed to be successful in copulation,

The waight of the testes was directly proportional to the
body weight of the specimen {Figure 12). This relationship was shown hy
the following regression equationy

y o= 0.01y - 0.28
where y wasz the weight of the testes (in grams} and x, the weight of the
specimen (in grams). The correlation coefficieat (r} was 0.70 and the
gample size (N} was 3&. There was a stronger correlation betueen the
weight of body fat and the weight of the testes (Figure 13). The
regression equation of

v = 0,1x + 9,51
Was obtained where y represented the weight of the testes in grams and
4 equalled the waight of bady fat also in grams. The correlation
coefficient (r} was 0.87 and the sample size was 34. This demonstrated
the importance of condition of the spake, in terms of body fat, in

spernatogenesis and reproduckive readiness.

D. [DISCUBBIOGN

{it Courtship and Mating

Generalised descriptions of courtship and mating in snakes
appear in mast books on Herpetolagy e.g9. Gein and 8ein (1971} and Porter
{1972). Bhine, Brigo, Shine and Harlow {1761) provided & complete
account of courtship and matirg of the Australiam alapid Psesudechis
porahyriacus, # review of the literature revealed no documentation of
courtehip behaviour of Laticauda,

From the limited infarmation availatle, Laticauga colubring
had a numbar of behavioural traits in common with gther snake species in
general (Porter, 1972}, During courtship, males rubbed their chin tn
the female's head, neck and back., The rhythmical centractions of the
mate, during courtship and copulation, had been recorded also, for octher

snake speries. The contractions, cbserved in the present study, could
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nat be described as "caudocephalic waves' as reported for Storeria and
Thaanophis by Porker (1972). The contractions of male L. colubrira did
not originate in the caudal reqion and progress towards the anteriar but
involved the entire hody in a simultaneous spasn.

Male to male combat, as reported by Bhine gt al. (4981) for
P, porphyriacus, was not observed im L, colubring {n spite of there
having beer numerons males present with a female. Fenale involvesent in
courtship and copulation was ainimal. Throughout the eatire course of
activities, females remained motignless apart from slight movements of

the hzad.

lii! Female Reproductive Cycle

(2} Ovulation

Because some fepales contained abundant spers in their
oviducts, yet their largest follicle was less than LS mm {active
vitellegenesis - Class IV folliclesy, it asppeared that copulatian
precedad ovulation. Unlese these females mated again, the spermatozeoa
would have to be retained in the gviducts for snee weeks until ovulation
tonl place, Hawever, with an abundange of males in the population and
Lo cplubrina being grepariaque, the need for sperialised spern storage
orqgans as reported for Thamogphis (Fox 1956 in Porter 1972) seeas
unlikely.

The disparity between the number of corpora lutea in the
ovary af one side and the nuaber of oviducal egys on the same side was
first reported for snakes by Betz (1953 and describhed as extra-uterisz
migraticn after Legler {1938} described the process in turtles. Shine
(19779} recorded extra~uterine trapsfer in three species of Australiag
elapid. fIp each species the moat cosmen direction of movement of the
eocytes was from left to right ovidect. Voris and dayne {1979} rreported
the right ovary as more praductive tham the left and the right oviduct
contained more oviducal eggs than did the jeft oviduct of Enbydrina
schistosa, fetz {(1%83) reported similar findings far Natrix rhowsbifera,
fergman {(1743) recorded the right aoviduct as contaiming usually more

enbryos for the six species of viviparous sea snake from Java.
The trend within the snakes to utilise the right oviduct hy,

eitﬁer producing more ova in the right ovary or, producing an equal
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numbher in each ovary and tranmsferring scae of the products of the left
ovary to the right oviduct, remains poorly understood. SBhine {1977b)
argued this transfer to the right bviduct to be a simple cansequence of
space limitations within the body ef the females,

(h} Seasonality

Fitch {1970) assumed aseasonal reproduciion to be normal far
subtraopical and tropical snakes, Neill (1962 in Porter L972) found that
in British Honduras snakes representing 1l genera and four families,
appeared to have well defined breading cycles and concluded that
repraduction was curtailed, ae in non-tropical areas by minimal
teaperatures, Saint Girons (1982} recarded additional exceptions to the
aseasonality of reproduction of tropical snakes, Several species of sea
shake were recorded as being seasonal in their reproduction; Lapegis
hardwickij, Thalassophis sno#alus, Enhydrina gschistoga, Hydrophis

fasciatus, W. brouki, H. gyanncinctus {Bargman, 1943} Yorie and Jdayne,
197%; Lemen and Voris, 1983}, Smedley (1731b) reparted seasonal

reprodection for L, colebrina in Singapore. Laticauda golubrina nas
thought to ke seasonal in MNew Caledonia {Baint Girons, 1944; Laboute and
Hagnier, 1979} although little reproductive data were presented and
reports were anecdotal. Borman et al, (1983} reported L. ¢olubrina as
agrasonally reproductive in the Philippines, inspite of few adult
females in their sample.

The present study indicated L. colubrina was strongly
seasonal in Fiji, Courtship and mating were canfined to the summer
sonths, i.a. October to April. Egg laying 2lso occurred during this
period. During the winter manths, May to September, ovarian follicles
were, mithout exception, small (¢ 15 mm] in the females zampled. In
males, the testes were proportionally smaller during winter manthe and
there was no :ourtéhip activity observed in the wild populations.

Thaere was no anatomical evidence to supgest that mpre than
ane cluteh was laid by a female derlag the breeding sepasor as suggasted
by Pernetta {1977}, Therefore, L. colubrina diaplayed a monoestrus,
seasonal mode of reproduction. That i% in esgreemasnt with the scheme
propusad by Saint Girons {1982},
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fe} Female Size at Maturity

Recent literature provided little information on the =ize of
female L, colubrina at sexual maturity., SHaiat Girons {1964) sugqested
that copulation took place before the #emales reach twa yeare of age,
but added that tha first cestrus way occur without vitellogenests.
Adcrording to his data, this placed sexval maturity in the 45 ta 80 cm
tlass size. Pernetta {1977} described #enale specimens with & total
length in excess of 93 cm. He did nct comment op size at maturity, but
did aentian that sexual dimorphisn in =ize wa=z apparent in z female
whose total length was 50.5 me and for that of aale af 40.3 nm. The
units are in guestion for ! assume centimetresz are what were intended.
Borman gt al, U1981) restricted their studies to ¥rmazles with a s~v
[ength in excess of IGI ca, Fimenta ({972) reparted 2 single female L.
tolubrina with seven oviducal epgs. The leagth was given as 990 ma
Without further reference. The present study set the sjze of fesales at
sexual maturity at betwsen 90 and 100 cm. The selection of this ajize
class was based on the dimenzions of the cluoaca and the swmalleat

specimen {s~v length = #8.3 cel wWith oviducal aggs.
{d} LClutch Size

From observations an six captive females, Gmedley (i931b)
reported the average clutch size of L. gplubrjna was six. Saint Girans
{1944} estimated the clutch size of L. cglubrina as {3 and ralculated
age clase mortality and recruitaent accordingly. Gorman ef al. {1981}
suggested the cluich size was between 4 and 1%, They alsa suggested tha
existence of a clutch size ta body size relationship for Philippine
specimensg. #s noted above, Pimento (1972) reported a single clutch of
seven., FPernetta (1977) recorded the average clutch size as 6.7 for
Fijian specimans, OGuinez (1981}, and the present survey, placed the
maximum clutch size at 10 with an average of & (8E = 0,20} eggs per
clutch for L, palubrina in Fiji. A weak relationship ( r = 0.47)
existed between clutch size and s-v length. This was not so pronounced
as similar relationships reported for species of terrestrial elapid
{Shine, 1980 a and b}, colubrid {Zug, et al,, 197%) and hydrophiia
{Lemen and Yoris, 199L0).
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{el Reproductive Effort

An important aspect of the reproductive bielogy of sea snakes
i3 the relationship that exists among the female weight, clutch size and
birth weight and reproductive effort, The reproductive effort {ratic of
clutch weight to saternal body weight CiB) showed little variatian when
cospared WMith thase given for five species of viviparcus seg snake by
Lamen and Woris (1981 Tahle 3). Shine (1977h} stated that the general
pattearn in reptiles way for the repraoductive effort {LiB} to remain
relatively conatant with aqe. Older specimenz tended to devote more af
their available energy to reproduction than didg younger ones because the
fuod intake per gram body weight was lpwer in larger aniaals,

Hifferences in reproductive sfrategies involved the axtent to
which avallable space was utilised and whather the species produced aany
spall yoiung or a few large eoffspring. Enhydrina schistosa was an
exanple of the former producing on average 18 young with an average
birth weight of 1i grams {Lemen and Voris 1981). L. cplubrina produced
an average clutch size of six with an average egg welght par clutch of
22,7 graas (Guinea 1981). The weighis of the two yount hatched in
captivity were 23.8 and 17.3 gqrams yet, at the time of hatchirg, 35% and
50% of the egq weight remained after the hatchlings had emsrged {(Table
12}, This material (waste, water and sheil) represented an asount of
raterial that would have etther bean supplied by the mother or absorbed
trom the epvironment. Unlike the truly viviparous species, Pseudschis
porphyriacus which shawed true placentation amd transfer af nutrients
{Shine 19770}, L. colubrina provided ail the putrients required for
eptiryogenesis, excluding axyygen and some water, to the eggs at
parturition, Those nutriernts rot utilised by the embryc were lost to
the mother. Tharefore, the reproductive effort of oviparous species is
likgly to he higher than viviparous species. This was found not to te
the case. BShine (1377h) presented the Ctd ratios of four, Australian,
vivipargus, elapid species, In esach species, (Ausirelaps superbus,
0,203 Motechis scubatus, 0,42) Pseudechis porghyriacus, 0.223 Unechis
gouldii, 0.58) the C:B ratio was greater than the aversge far L.
colubring (0.175). Of the ten species of viviparous sea snake reported

by Lemen and Woris {1981}, each had a [3B ratio grrater than that
calculated far L. cglubrina in this study. These ranged from 0,234
(Rigysurug granulatus? to ¢.387 (Enhydripa schistggal. The explanatian
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of such a small CiB ratio, and therefore low reproductive effart for L.

colubrina remains obscura.

{ft lInacubation and Hatching

Information o the incubation period of L. cplulirina was
limited to the editor s comment in Behler (197%) which gave the
incubation period a=z §37 days ant ta an estimate of I3 weeks by Guinea
(1981), 8aint Birons (1944} restricted hatchiing zize to less than 45
ca, Ip Fiji, juveniles of this size were found in the study areas in
February. These were thaught ta be the offspring froa tha previous
bregeding ssason whose embryagenesis had been retarded by the cooler
temperatures during the winter sonths (see chapter 7 on Browtid., Porter
(1972) reparted that an Increase in ambient temperature of 1°C can
shorten the gestation period hy four and one half days. Ia Fiji, the
norithly saen temperature was 4°C higher in the suemer aonths than during
the winter (see figure 3!. Eggs laid in December hatched 18 weeks later
in April. Those Jaid in April hatched possibly in September, i.e. 22
weeks later.

Guinea (1901} reported that the eggs of L. colubrina had the
ability to gain weight 4y freshwater abaorption i6 the first 24 hours
after laying, Thay becamse flaccid when placed in sea water., From these
cheervations, it was concluded that the shell pravided little resistance
te the movement of water melecules. Initial inveatigations in the
taboratoery indicake that the shall also allowed oxygen te diffuse #freely
intn the egg. The egys behaved in a similar manner to many ather
reptilian eggs with parchment-like shells 2.g sea turtles and iguanas=s.
Successful hatching trials involved the egys being kept molst with the
wajority of the surface area in cantact with zir, The =ggs of L.
calybrina are likely ta be laid in crevices in rock where they are
protected from desiccation and in contact with air and freshwater. Such
alaces were rumerous in the study areas but as previously eentioned,
w2re 50 narroW as to exclude human entry,

Oviparity and oveviviparity in L. coiubripa were discussed by
Smith (:930} and Smedley (193] a and b}, None of the eggs laid in
captivity during this study showed signs of advasced embryonic
davelopmert. These may have been, as arguaed by Saith {1930}, laid
prematurely as a consequance of captivity., The gggs cbserved ia the
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present study were laid sz a wingle egg per day by same specimens and as
a clutch, within a few hours by others, The rate at which the Bgys Were
laid, was considered of littls importance in the present study.

{iii} Male Reproductive Cycle
{al Beasonality

Gornan gt al, (1781) reported aseascnal breeding in L.
calubrina as mentioned Hefore, On clase examination of their data for
wales, low plasma testosterone levels were found in specigens captured
during the winter months {n the Philippines (August to Harch). The
fiigher values did occur in the summer months but were not reproducitle
froa year to year. However, they stated that there was ao correlation
between plasma testosterone and testes size {weight).

The present study revealed that wales had a higher testes
weight index during the spring and summer months (September to February)
in Fiii. The remainder of the year was characterised by relatively low
testes weight indices. Females were found with spermatezoa in the
oviducts from October to April. MHale L, galubrina in Fiji, displayed
‘prenuptial’ and ‘mixed’ spermatogenesis according ta the scheoe
proposed by Saint Girons (1982},

(b} Malas Size at Katurity

Baged on histological stsdies, Baint Birpns (1954} reparted
that malps larger than 90 cw were mature. Results from the present
study =uggested that this figure was too small., Measurements of the
hemipenis indicated that adult size was attained at about 70 ca ls-v
tengtht. The swallest male specimen used by German gt al, (1991} was
77.5 ta (a-v lengtht,

Shine {(1980c) commented that spacies in which there was no
pale combat in courtship usually had pronounced sexual dimarphise in
favour of female superiority in wize, He continued that in Cacephis not
only did the females grow larger than males but tended to eature at
larger sizes and at laker ages (Shine 1380c). In L. colubrins, males
were smaller, did aot display male combat, and aatured earlier Lhap

tfemales {(see Chapter 7, Gramthl.
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6. FEEDING BIOLOQY
A4, INTRODUCTION

Several authors reported the diet of L. colubrina as
exclusively eels {Saint Girons, 19&4; Fernetta, 1977; Buinea, 1981),
Voris (1972} recorded eels (Haringeidae and Hereenidae) but also lists
rnoti-zel prey i(Bynodontidae, Sypodus and Pomacentridae, Blyphidon sp, and
Blyohisodon sp.t from Palau [s. McCoy (1980) reported L. tglubrina
feeding an fish {(Gobhiodon sp.?) and lizards in the Splomon Islands.
Glodek and Yoris (1982) recprded only eels (finguilliformeal from the
stomachs of L. colybring from the Straits of Malacca., In order to
detect any deviation from a strict esl diet in Fiji, the stomach
contents of L. colubrina specimens dissected fur studies on reproduction

{(Chapter %) were examined and identified where possible.

8. HMETHKODS

Information on gtosach contents was collected whenever
pussible. This involved the removal of the stomach centents froa
specimens dissected for investigations into the reproductive bialogy
{see Chapter 5). Stomach contents which shewed little digestion were
preserved in §0% formalin and used as reference for other material in
poarer condition,

A sample of individuals caught in the field, had their
stunach contenrts renoved by gently forcing the contents of the stomach
and pesophagus aut through the south, The snake, when relepsed, showed
no adverse gffects from the treatment. Stonach contents, collected €ron
the field, were identified, weighed, measured and photographed. The eel
gpecies were identified using the reference collectiocn of the Institute
of Harine Resources at USP and Carcasson {1%77).

Individual L. colubrina were followed underwater with SCUBA
equipnent. Such underwater observations were conducted araund Mabualau
Island and in Laucala Bay and Namuke Harbour. Diveg to areas of Lauvcala
Bay ard Mamuka Harbaur, where L. talubrina were =ighted during the day,
were repeated at night to investigate nocturnal feeding activity.
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E. RESULTS AND OBSERVATIONS

In Fiji, the prey species helonged to twe families
exclusively, namely Muraenesocidar (Canger Eels} and Muraenidas (Moray
Eels}. Table 15 lists the species of esl removed from the stomachs of
L. colubrina from §.£. Viti Levu. Eels pof conziderable size were
resaved fram the stomachs of fesales. In one case the stomach contents
repreaented %% of the cnake weight. The relative size of &nake to eel
was demanstrated by Plate 13 which showed a radiograph of an adult
female L. colubrina with an eel {Gypnothorax sp} positioned head first
in the stomach: the remainder of the eel occupied the ocesophagus. It
was doubtful that the entire eel would have been digested. Im such
circupstances the rate of putrefaction of the eel would determine how
fuch was digested hefore the remainder was regurgitated, Partly
digested erl remazins were comeonly found around Naauka and Yuiva
Islands. Presumably, these remains sere regurgitated voluntarily.

The positions of female snakes with obvious engarged stomachs
vwere noted at Namuka apd Yuiva Islands. The islands were revisited
seven days later to test if the snakes had remained in the area to
gigest their prey. The fepales in each case were ngither in the sase
position aor even on the island. Mo snake was found to he in the sane
position after 2 seven day period.

Gf the snakes that had the stomach gontents removed, the prey
had been swallowed head first in B2% of the cases, The elongate fora of
the geis and the snakes excluded the possibility that the eel may have
changed orientation after ingestien., The species taken hy males wgrre
the sama as, in several cases, but smaller than those taken by the
fepales. This indicated, as suggested by Pernetta (1977}, that maies
fed in shallower water than did females,

Underwater observatians en L, colubripna araund Habuwalguw
Island and in Laucala Bay did not include witnessing the capture of a
prey itesm. Individuals were observed aoving hetween coral boutders ang
investigating hollows and crevices. 8CUBA dives in Lzucala Bay and
Hanuka harbour at night failed to reveal any L. colubrina activity an
the reet crest or in adjacent deep water,

During trips to Bausau lsland in April and July 1981, and
Janvary 1962, the presence of noticeable stomach contents was used as

part of the descriptian of specimens captured. In spite of the
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flucteations in the nusbers of individuals using Sawsav Isfand during
the year the proportien of female L. colubrina with noticeable stomach
eontents remained at about 10% (Chi Square = 0.18, dof = 2, P ¢ 0.05).
As males fed an smaller eels, the presence of a full stomach was not as
naticeable and @ similar eomparison for this sex could not be made.

b. DIBCUSSION

Yoris (1972) concluded that the prey of Laticaudz was
narromly restricted to boattom dwetling forzs acsociated with reck and
caral autcrops. The absence of pon-eel fish as prey items im Fiji,
could have indicated ap abundance of eels or possibly, a local
preference far eels. Bottom dwellers, including Synodontidae, Wwere
present in Fiji as were the reef dwelling Sergeant-majors {Elyphisodon),
fut they were not recorded amongst the stomach contents of sea snakes.
There Was no indication that L. colubrina fed on terrestrial vertebrates
#.0. lizards, although these too, were common & all of the islands
investigated.

It was asgumed that |, colubripa fed during the day and
tocated prey by sight, Evidence for this case frpm observations made
when & banded snake eel Mycichthys calubrinus swam through & group of L.
colubrinag in tlear water at the edge of the mangroves on Sausaun Island,
Heither the snakes nor the erl seemed interested in the other. The
colouration of the eel way have been responsible for the deception. An
eel of the same species and a L. golubripa were kept in the same
aguarium for several days without incident. Hydrophjs melanpcephalus
struck without delay at the mame eel when it was placed in an aquarium
vith thea.

Geveral prey species o0f eel were nbserved gheltering in
crevices in coral and rubble on the reef crest. Presumabiy, their
ceptured by L, tolubring takes place in similar situatioens, althaugh no
captures were observed. Johannes {19811 reported an interesting plece
of folk-lore from Palau, which concerned L. colubrina, It weat as
follows; "They C[the Palauans] noticed that sometimes when the
‘mengerenger’ [, colubrinal withdrew its head from a hole where 1t had
been searching for foad, smail fish would come gyrating out in obvious
distress and swim convulsively for a few seconds before being caught and
swallowed by the snake. This led ta the belief that the 'mengerenger’
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"breathes polson® into the water," (Jchannes, (1981 pl3¥}. This
description of the fish having heen trapped in a hole by the snake,
bitten and envenomated, and left to succumb befare being eaten, ®as
similar to that given for L. latigaudata feeding in captivity {Klemmer,
1947) and for L. senmjfasciata feeding, alsa, in captivity (Pigkwell,
1972}, TDunzon (1975} reported that Laticaude used cails of its bedy ta
iamobilize a fish before it was seived and swallosed. Further research
inte the feeding behayiour af L, goluybrins in the wild, would prove
worth-while.

Saint Birans (19&4) postulated that in New Caledonian
poputations, same enakes remzined on land to digest thetr prey for at
least two weeks and, pnssibly, for mere than a aanth dwering winter.

This seesed unlikely to occur in Fiji for no specimen with obyigus
stomach contents was sighted in the same position or even found on the
izland after a period of =seven days,

Considerable time would be required tn digsst large eels.
fefpsker (1975) described faeding ewperiments which showed that an adult
Hydrophis meisnocephzlus required 2 to 3 days to digest a juvenile moray
esl {iB5 nm} at 25°C, Klemmer {{767) fed his captive L. laticaudata
which were kept at 24=[, "ahout three eels (medium-sized Anguilla} every
2 months" There exists & need for aagre research into this aspect of the

feeding biology of sea snakes.
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I, GROWTH
A.  INTRODUCTION

Infornatian on growth and age at maturity of sea snakes was
limited to estimates of growkth for i, colubrina by Baint Glrons (1964)
and that of Yoris and Jayne (1979) «ho coepleted a more detailed
investigation into the growth of Ephydrina schistosa in Malaysia. As
individeals were not tagged in the present survey, a static estimation
of growth for juveniles and subadults was obtained.

B. HETHODS

Two methods were eaployed to cbtain grewth rates for juvenile
L. colubrina, Firstly, obszervations and measurements were aade at an
interval of six manths, on a group of juveniles inhabiting two rocky
dutcrops, one and one half kilometres Horth West of Sansau lsland,
Secondiy, as many small {non-adult) individuals as possible were caught
{n the stedy areas of S.E. ¥iti Levu and measured to the nearest 9.5 cm
using a fibreglass tape. Frow these latter data a body size - month of

capture matriv was constructed for each sey.
C. FRESULTS AMD OBSERVATIONS
{i} ©Growth Ratas

An estimate of growth rate case frea observations on an
agqregation af juveniles using rocky outcrops North Kest of Sausau
Istand. In July 1981, 31 juveniles were caught on the rocks during a
falling tide. & sample of slx specimens were measurad (mean s-v length
= 3%.1 cm,y s.e. = 1,3%, range = 33 toc 43.9 cm}. The remaining specimens
were of similar slze, During a high tide in Jdanuary 1962, 23 specimans
were caught on the same rocks and wmeasured {(mean s-v length = 4%2.8 cw,
s.e. = 0,87, range = 52 to 73 ca}. The increase in mean s-v length by
23.7 cm In 2& weeks gave an implied growth rate of 0.91 ca/weel.

Using the second method, the body size -~ month watrices for
males apd females were constructed for the population of B.E, Viti Levu.
The matrices {(Figure 14 (a} and (b} comprised the number of indlviduals
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of mach s-v length class size, caught in a menth. Young of the year
(s-v length < 45 ¢m (Saint Girons, 1964) were found from February to
December. The seven month reproductive season (Dctoker to April) and
the iong incubation peried (fowr to pessibly five monthsd meant that
young were found during most morths. Howevsr, the smallest individuals
{s—v length pf about 30 col were found from April tp Octobar,

fii} Age at Sexual Maturity

The data may be interpreted in tWo ways. #ssuming a constamt
growth rate in the first year of life, the implied growth rate aof ¢.91
chnfweek meant that a male snake could grow from hatching (s-v length
about 30 cm} to saxval saturity (s-v length abaout 70 ta) in 3&.4 wueeks
{nine monthsl. & male that hatched in February could ke engaged fn
reproductian the following November., A female could take just over 59
Werks (about I5 months) ta reach sexuazl maturity. Should sexuwal
maturity coincide with the mating season, the first cluteh of egygs could
be produced within 18 months of birth.

These ages appeared tou low for adulthood when cospared with
those suggested by Saint Girons (1964) and VYuris and Jaynz {1979} for E.

chi . @ oore reliahle estimate of age at sexual satwrity was
pbtained when the dats for non-adullt specimens shown in Figure 1% lal
and (b} were placed in sequence based on s~v langth and aonth,
irrespective of the year of capture (Figure 15 {a} and (b}. The growth
curve, thus produced, was similar in shape to that presentad far
Enhydrina schistosa by Yoris and Jayne (1%7%). From Figure 15 ia},
males reached adult size (70 ca) about 13 months after their birth,
Females, although they had a similar growth pattern to mzles for the
firat year of their life, reached adult size 24 months after thetir
birth.
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D. DISCUSSTON

i}  Growth Rates

VYaris and Jayne (197%! reported an average growth rate of
%.7 cafmeek for Malaysian Ephydrina schistoss during their first year.
Srowth rates within that period were racorded as §.04 and 2.3 ce/week.
Growth rate decreased as the snakes approached adult size. L. colubrina
in thea present =study, appearsd to follow & siamilar trend. HMale and
fenale grawth rates were equal in the first year, after which the males
reached maturity ard the females continued through a subadult year
before thay were of adult size. During the subadult year, the females
doyhlad their bhody weight and increased their s-v length hy 29% to 100

CH.

{ii? Age at Sexual Hatwurity

Shine (19783 1980 {(a} and ib}} gave the age at sexual
mnaturity for several species of Australlan elapids., From his findings,
some females mated at {2 months of age (Upechis gouldii, Hemaiaspis
daemeiii and H. signata} others at about 20 wonths {(Jeqansls psamanphis,
Cacophis krefftii) or 24 eonths {(Austre)aps superbus, Notechis sgytatus)
er 31 or 32 panths {(Fsewdechis porphyriacus, Cacophis harrjettae and C,
squamplasust. In most species males reached maturity after 12 months.

Varig and Jayne (L9779} estimated Enhydrine schistosa males

and females reached maturity at 18 months of age. Male L. colubrina in
New Caledonia matured at 18 months and females at 30 months (Saint
Girons, 1784}, Saint Biross assumed that most hatching teook place in
January instead of April, as indicated in this study. I assumed that
the juvenile specimens reported in Saimt Girons (1944), were younger
than he estimated. When this difference of three or four months was
taken inte cansideration, the predicted ages from the growth curves
{Figure 15 & and b}, of !5 months for males and 24 months for females,
and those assumed by Saint Girons (1984}, were in close agreemeat., The
rapid growth and early age of sexual materity of L. colubrina are
probably assisted by Fiji having a warm climate and an abundance of food

species for juvenile snakas.
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B. POPULATION STHORIES

A, INTRODUCTION

Saint Girong (1964} ronducted mark and recapture studies on
populations of |, colubrina on Petit Tzenia and Signal lslands, Mew
Caledonia. Within the present study, investigations were conducted ta
agtimats the size and seasomal fluctuations of the populatiaon of L.
coluiirina which inhabited Sausau Island. The island was visited on four
occasions.  The initial visit was in February 1981 and lasted #or only
two hours. In April (21 - 24) the island was visited far four days
during which the short-term mark and recapture prograame was started.
Again ir July {9 - 12} the island was visited and mark and recapture
studies were continued. During the breeding seasan, January § - 12,
1982, the island was monitered for the fourth time. The aims of this
investigation were ta estimate the number of L. colubrjna present in the
papulation un Sausau Island at several times of the yaar, to dacument
s8asonal changes in the population structure, and to idantify the
preferred habitats.

B. HWATERIALS AND METHODS

Morel metal tags were used in a series of trials on female
specimens kept in captivity at USP. The animals were sedated with
"Ketalar"® (Ketamine hydrochlaride; .22 ml per kg body weight, Burton,
1978), & tag was secwured with pliers, through the dorsal segment of the
tail of each snake. The tags did not stay in place and subsequently
noved through the flesh of the tail., Eventuwally, all tags werse
disledged amongst the rocks in the aguaria. Thisz nethod of tagging was
slow, and reguired the animal %o be restrained during marking. The
slowness and the trauma associated with tagoing large numbers of
sprcimens, plus being unsuccessful during trials, made this aethod
unsuitable far this study, #As the snakes anm Sausau Is. were ta he
disturhed as little as possibie during the survey, an altermative method
was sought.

By the selectian of a Rumber of natural, individual markings
and by the application paint to snakes as they were caught, a short-terw

wark and recapture programme was conducted during each visit to Sausau
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tsland. This enabled spakes to bhe marked while causing little
disturbance to their bahaviour. GSnakes resting on shora, uswally,
nef{ther returned lmmediately to the sea; mor changed their behaviour,
after teing caught. The marking procedure went az followst

Hhen ap animal was sighted notes were pade regarding its sex,
nunber of grefrontal scales, number of black bands, the coclour of the
tip of the tail and the position of any scars. MWotes were made an the
colour of the eye scalesy wilky ar white ayes indicated the snake wWas
goirg to slough its skin in kthe ngar future. Alsa, the presence of
ticks, or any aberratiop in banding pattern, infectiaons or unusual
pigaentation was recorded. The date, time and locality nn the island
ware recorded for each chservation. The spake was then sprayed with
paint (British Paints Buick Ory Enasel) to fora a five rentimetre wide
band across the body, Four colours of aerosel paint were used. @A)l
snakes caught in a twenty-four hour periocd were sprayed with the same
colour. The initial warking was on the tail with subseguent recaptures
baiag sprayed on the body anterlor to the previous colewr, This
proceeded until all four colours had been wvsed and then the colours were
used in the same order, but were applisd behind the head and progressed
with subsequent recaptures towards the posterior. The pattern of
colowrs and their positiens indicated not only how many times a snake
was caught, but alsa on which day or days.

This procedure enabled mast snakes to be marked without
disturbance. Host sleeping individuals did not awaken during the
warking aperation. The paint adhered quickly to wet and dry scaies so
that individuals just leaving or entering the water were marked
succeasfully.

C, RESILYS AND OBEERVATIDHE

{i} Habitat Descriptions

Figure ié shows tha habitat of the study region on Sausau

Isiand, The island was divided into nine areas as listed below:

{, A ridge with an estipated height of 13 metres runs east-west foraing
the maximum diameter af the island. 1t is made up of volecanic
tuff which is weathered in places te produce 2 thin seil which
supperts grass and low skrubs and an intersittent covering of
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trees including Caswarina spp. and Pandanue spp.. It ism
distinguished from neigkbouring areas im that ta get te jit, the
snakes have to clieb either a sctres slope or a near-vartical
rock face,

A region of tall grass is at the western base of #Area 1 and consists
af sand covered with grass and low shrubs with a stand of
cocorut palms to the weat. The camp site, which bordered the
mangroves and the heach, was located at the western end of this
grassy area.

These mangroves stand at the head of a noticeable drainage system
which #ilis quickly with the flood tide and provides an aquatic
approach to the island from the western areas of Sausau Reef.

Thig stand of mangroves alang the northern nide of the island iz
inundated during the period of high water anly., The mangroves
give way an the land-ward side tp a small s{and of traees which
provides a shaded corrider to the elevated ground of Area i.

The southern mangrovas are the mast extensive on tha island and
accessible by sea at half-tide. The relatively narrow reef
flat ensures that deep water is close at hand throughout mast
of the tidal cycle.

Th

prominent sandspit on the western end of the island forms a

sandy beach between Area 2 and Ares 5.

The rocks of this area face the prevailing wind and swell. Agueatic
aceess b8 restricted to high tide anly. This area is backed by
the vertical rock face of fArea §.

The reef flat i= extensive and covers an area of 23 km in length and
up to 5 km in width. Several isvlated mangroves grow over the
resf flat to the north of the island. The reef flat is broken
in many places hy deep pools that retaln water at low tide.

The regian belaw the Low Water Mark (L. W.H.} makes up the ninth

area. The water is not particularly deep close to the island.

A depth of less than i0 mgtres was recarded ) metres sea-ward

of the L.N.M..
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(ii} MHark and Recaptures

During the four visits to Sausau Island, a total of 1244
records Were made on approximately 900 individuals. The methad of
fnarking did not allow individuals tq be recogpized on subseguent visits
because the paint was shed with the nest slough, as was observed on
three occasions, The number of snakes ohserved on each visit exceeded
ang hundred. 1In April 1981 and January i982 about 100 L, calubrina Were
captured sach day. The distribution of the snakes on the island varied
with the season. In July, the majority of animals were captured in Area
Z and the neighbouring mangrove patch, Area 3. The mangrove, Area 3,
was heavily populated in April and January. Cowrting groups were found
im this area {3} on both occasions. Mo couriship was recorded in July.
Table 14 shows the distributien of the sightings of L. colubrina during
the visits to Sausau Island in §98%t and 1982. Few juveniles were
recorded except for a callection of individuals caught on tmo rpcks om
the reef flat (Area 8) 1.5 km Narth West of the island (see Chapter 7).

liii} Sex Ratlos

Buring the brief visit to the island in February 1981, The
majority of the gnakes were in two Araas (2 and 5}, MHales outnumbered
females in Area 2 (2.4 ;3 13 H ¢ F}, 1Im Area 5, famales were slightly
Aare aumerous than males (1.1 : 13 F & H),

The loenger visit im April revealed Areas 2 and 3 to be the
mnast populated areas of the izlasrd. Males were slightly more numerous
but the ratiaos of males to femalex were not significantly differant from
{1 1 (Chi Square = 0.11, dof = 1, P ¢ 0.79).

In duly, the snakes were found further inland as was
indicated by anigals being caught in Ares L. In Area 2, males and
faemales were present in approximately equal numbers. Area 3 had more
snakes than previously reported. Very few snakes wers found in Ares 9,

In January 1982, Aress 2 and 5 were again the most populated
habitats on the island. Males outnuabered fesales (1.9 ¢ | and 1.8 1 iy
Nt F, respectively). Feder snakes were fpund inland in Area 1.

fnalysis of data using Chi Square procedures and Yates
carrection for continuity f(Zar, 1%74) revealed a sigpificant difference
batween the newbers of males and fesales found in Areas 2 and 5 in
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February 1381 {{hi Square = 5.4, dof = {, P ¢ 0.029). However, there
was no dignificant difference between the numbers of males and females
using Areas 2 and 5 for each of the ather months, April, July and
Januvary {maximum Chi Square = 1.1, dof = 1, P ¢ 0.5,

When the entire number of L, golubripa recorded fram Sausan
Isliand during the four visits {Table 14} were anaiysed, the sex ratio
did not differ significantly from 1 ¢ 1 ipairad-zample t testy t = (.73,
dof = &, # C 0,10,

{iv) Population Bize

The mark and recapture study was designed io produce an
estimate of the population using the ‘Petersen estimate’ owtlined by
Caughley 11977) in whkich he reminded us that to produce am estimaie with
an acceptable error of 10U, 35 marked individeals had to be recaptured
from an initial semple af 100 marked animsls. As there was no previous
estimate of thie population on Savsaw, and because the anly previous
study of this nature on L, colubriga produced large standard errors
{Baint Birans, 1944), marking was conducted each day during the study.

Data for the 'Petersen astimate’ came from the individuals
marked during the first twenty-four hours and recaptured during the last
twanty-four hours of each visit. Haribend individuals Nere deleted from
the data. The modification to the 'Petersen estimate’ suggested by
Bailey (in Caughley, 1977) far direct sampiing was used because the
numbar of recaptures were well below those recommended above for a 10%
errar, Three individual= from a groug of &é& which were aarked in the
first 24 hrs, were recaptured in a semple of 31 in the last 24 brs of
the visit in April. The 'Petersen estisate’, with standard error, Was
calculated as 528 * 221 i,e. 307 to 749, The estimata far July was
1159 % 458 (501 to i817). January’'s ectimate was 3200 % 1824
{1374 to 5024},

Bata obtained from marking individuals aach_day. with
subsequent recaptures on several days, Wwers used fo a:t;mate the size of
the populatian using ‘Behypacher’s method” {(Caughlay (%77}, The
Schumacher a=iimate of thae population op Sawssu in April wag 913 {951
confidence limits = 30% tp 95&). The estimate For July was 1114 (951
coafidence limits = 715 tg 2535). January’s estisate was 1584 (95%
confidence linits = 1085 to J14B).
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These sethads ware not free from uncertalnties, amomg whith
included the catchability of L. colubripa., Caughley (1977 p135)
referred to animals in general, when he stated "Unequal catchabhility,
whatever the tause, is mare the rule than the exception.”. Caughley
11977 pi34} demonstrated the test for equal catchability described by
Orians and Leslie (19881, This test when it was applied to the data
from Sausau Island, revealed unequal catchability Ffor April (P < 0,05
and July {(F < 0.001}. The data for January indicated egual catchability
{F { 0.975). As the 'Fetersen estimate’ and ’'Schumacher’s method”
required equal gatchabitity of the population te be effective, a third
nethad of estimating the population was sought.

Caughley (1977 pp 1T2 ~-137) presented detalis of the
‘frequancy of capture models’ which may be used to estieate the size of
a population. Inherent in each model fie the facility for eatimating the
catchability of the population. The analyses of a papulation by
‘frequency of capture models’ involves knowing the nusber of individuals
ceught once, twice, thres tiees and so oo, over several capturz periods.
Thase data form a zero-truncated frequency distribution of captures,

The analyzis attempts ta astimate the frequency of the zero-class (those
that were never caught) fram the shape of the truncated distribution,
The population is estimated by the addition of those individuals that
Were caught once, ta those that were never ceught {zero-class!.

Zerg-truncated Ppisson, negative binomial and geometric
frequency distribution= wers employed in the present study. The Poisson
wethod assumed that the catrhability was canstant, whereas the negative
binamial and geometric nethods allowed for unequal catchability., A
BASIC version of Caughley's {1977 p 214) FORIRAN programme far
calculating the size of the population using the capture frequencies
fitted to zerp-truncated Poisson, nepative binomizl and geometric
distribotions appaars in the Appandik,

The numbere of individuals captured once, twice, three tiames
ste. during each visit to Sauvsau Island, were used to calculate three
estimates of the size nf the population for that time of the year,

These are based ony (a) a Polsson distribution {(equal probtability of
capture), (b} a negative binonial distribution funequal ratchability),
{c) a geosetric distribution funequal catchability).

Chi Square analysis was used to test the goodness of fit of

the data to each of these three distributions. The lowest value of Chi
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Square indicated the best estimate of the population size. The
gstimates produced by the above three distributions for Sausau Island
during #pril, July and January are shown in Table L7 {a, b and )
respectively. The populaticn af L. colubrina on Bausau Tsland in RApril
wag estimated ag 1073 (geonetric distribution; Chi Square = 0,43, dof =
2, P { 0.73r, 1n July, it was estimated as Ll0& {geometric

distribution) Chi Bquare = 0.58, dof = 2, P = 0.75). In Japuary, the
estimate was 1398 (Poisson distribatigny Chi Sguare = 0.51, daf = 3, P ¢
2. 95).

B. TDISCUSSION

Saint Girons {(1944) reported that the distribution of L.
colubrina on the islands in NWew Caledonia was differert for each of his
visits. A similar pattern wag shodn by the distribution of L, colubrina
on Sausau Island during the sumser and winter manths. In Jdanuary, Areas
2 igrass and low shrubs) and 3 {manproves on the southern side} were
heavily poptlated. Areat 2 and I {narthern mangroves! contained the
largest number of individuale during the winter manths. Apart froa
differences in aspect and slight variations in tamperature that existed
between areas, no satisfactory explanation was evident for this seasonal
preference far different areac on the island.

Similar observations were made on Mabualaw Tsland whare
during the winter months snakes were found in the interior of the
island. Whereas in the zumter months they were found along the
shoreline on the iee-ward side of the island.

{i} Sex Rations
Bergman (1943} raported that female sea snakes Were more

numarous than were males in two spaciss, Thalassophis anomalus 12 ; 1y F
1 H) and Enhydrina schistosa (4 1 33 F : M}, from Java., Ancther faur

species had sex ratios of | ¢ 1, Saint 8irons (1944} reported that aale
L. cojubrina were more numernus than females and made wp &1.3% of the
entirs population. Hales comprised 53.7% of juvenile snakes. The lack
of a one-to-one sex ratio may have bean due toc a highar female
mortality, as suggestad by Klauber (1936} for certain crotalids, but
Sailnt Bironz (1944} sugpested as an alternative, that female L.
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golubrina spent 2 langer time at sea than did nales, therehy raducing

their relative abundance in the land gopulations and increasing their
mortality throwgh predation by wmarine animals. Voris and Jayne (L979)
reported equal numbers of each sex for E. schistosa throughout aost of
the year in Malavsia. Hawever, in their March sasple, sales outnumbered
females by two to one.

The ratic of males to femalas on Sausau Island was not
significantly diffarent from 1 1 1 (P { 0,1}, whemn all sightings frapa
each visit were tested. However within areas differences did occeur,
Saint Gironsz {1944) with reference to his research on terrestrial
snakss, reiterated that for adults, the sex ratio varied with the tise
and place of capture. This comsent was alen applicable to the studies
on Sausau Island because within an area, males were caught often in
different locations to females. OFf the 37 males recorded from Area 2
(February 1981}, 14 were caught in coconut trees. Only one female was
recarded from the Iow axils (less than 2 m! of these trees, Males were
caught rarely amongst the clumps of tall grass in Area 2 where resting
females were observed.

The ratic of wales to females varied also with searon and
locality on the islands of 5.E. VWiti Levu. The ship's boiler near
Hawuka contained males, females and juveniles for most ol the year, yet
during the suamer nonths females were In small pumbers or absent, VYuiva
Island had few females for most of the year, but in November 1780 had 5§
females and 10 males around the shorelise. Habualau Island had 4¢
females and 34 males in December 1381, Juveniles frequented different
areas ta adults and were found most often on rocky oukcrops exposed to
the sea and had a relatively deep water appraach., The actual sex ratio
nf the population wag diffigult to determine unless the entire

population was saapied.

(ii} Population Size

Saint Girons (1964} placed estimates of the populations oan
Petit Taenia ard Signal Islamds a= 4035 (292 to 645} and 1704 {87) to
35416) respectively, In each estimate there wis a large standard error
which indicated further investigations were in arder. Herre and Rabor
{1949} commented that “mapy hundreds ar even a thousand and more" L,
golubrina may be seen on Tailon Isiand, Philigpines, Preliminary
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investigations in the pressat study placed the size af the populatian of
L. cplubrina on Sausau Island, in the order of a thousand (Buinea
1981},

The estimates chtalned in the present study raised some
interesting features, 1Ir April,; the population was 1075 and in July it
was 1106, Both population sizes were cbiained using the geometric
estimate (i.e, unequal catchabiiity). The estimate wikh the best
goodness of fit in January was 1398 obtaimed with the Poisson
distribution {i.e. aqual catchabhilityl, Unequal catchability has been
tlassified by Cormack 1198& in Laughley,i977) inta three groups. The
first cavse is an inherent property of the individual ewpreesed by its
behaviour. Secondly, the animals learn to avoid heing captured.
Finally, the zpimal was not given the opportunity to be recaptured.

In view of these, it wan ppndeavoured to reduce or keep
consistent cause number three. The igland was patroiled as often as
passibley always on the the high tide with at least ane patrol at each
low tide, Problems of one researcher covering the sntire island were
pessible although not obvious., Because snakes were cavsed a mainimum of
disturbance in marking, cause number two was reduced. GHBetailed scale
caunts, measurements, and body temperatures wvere confined ta snakes
caught during the last twebty-four hours of each visit, Cause number
pne, being inherent in the individual and therstore the sost difficult
to detect, was likely to be significant in producing unequal
catchability, The procedures of marking and patrelling were similar fer
the three visits and { conclude that the cause of the population
displaying unenoal ratchability during twa capture periods was due to
changes in the behaviour of the L. colubring population.

However, the geometric sstimate for January, of 24{2, had an
acceptable Chi Square value of 1,42 {F < 0,75}, One canclusion that
could be drawn from this was that in January the aduiks spent a longer
period on land, thereby having increas=d opportunity of capture legual
catchability). Alternatively the population in January had increased
to 2162, by immigration to Sawsau Island and the papulation displayed
unfqual catchability which was more the rule. The population dynanics
of L, colubrina tlearly requires further, more detailed investigation.
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9. DBAILY ACTIYITY PATTERNS

A, [NTRGDUCTION

Heatwole, MWinton, Taylor and Taylor (1978) suggested a
diurnal activity pattern fpor sea snakes in general, but alea reported
that some species were active at night. Further indications of diurnal
activity came from Heatwole and Seymour ({975! wha reported a digl
rhythm of metabolic activity for six species of seea snake. Herrg (19432}
reported that the activity of L. colubrina was greatest tn the late
afternoen, at night and on dull clowdy days. BSalnt Birons (1954}
ralated activity in this specles tu temperature and suplight-aeeking
behaviour. Direct observations and track counts were used by Saint
Airons (1949} to estimate the proportion of the population that wmoved
from land to the sea and vice versa, at esch high tide. The present
study indicated that on land, L. calubrina displayed activity patterns
that were closely linked with environmental cues which included the

tidal cycle, rainfall anpd sunset,
B. METHGDS

Incidgntal ohservations regarding periods of activity of L.
calybrina came from cbesrvations on the ielands of B.E. Viti Levu. The
nusber of active snakes was recorded for pach visit fa the islands in
the study areaz. These visits which were during daylight, coincided with
kigh tide., Hore detailed observations on activity were aade on Sausau
Island. Tthe time of sighting and the activity were recorded for each
individual snake. The pumbers of males and females that were moving
during hourly intervals were recorded and plotied for each day of each
visit to Hausau Island. The times of sunrise, supset, high water, ane
showers of raip were similarly plotted for each day of my visit {April
and July 1981 and January i982). The mark and recapture data were
analyseﬁ to determine the percemtage of previocusly unmarked snakes
recorded during each twenty-four hour period of each vigit te Sausau
Island. These previcusly unmarked snakes reprasented those individuals
that had arrived on the island within the last bwenty~four hours.
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C. OBSERVATIONS AKD RESULTS

Ubsarvations on the concurrent movement of =nakes came from
Lelsuvia Is}and where after a shower of rain at sunset, tem male L,
colubrina emerged from the forest onta thae Beach. This cpincided with
high mater. Bnly ten spakes had been sightad on the island during the
preceding afternoon. All hed been resting and appeared reluctant to
move.

The manapesant of Toberua Island Resort reported that a large
nuphers of L colubrina smerged from the water after sunset on 22
Septeaber 198i. Their smergence coincided with high water, Within a
few minutes 43 specimans had been collected by the staff from around a
single guest house. This caused some zlars amonget the guests. These
spacinens were delivered to UBP suome days later, Hany had died in
transit and were in an advanced state of decay,

The nuaber of male and female snrakes active during each hour
of each day of the investigatians on Sausau Island are shawn graphically
in Figure 17. While ashora, L. colybrina displayed periods o+
inactivity which ware interrupted by same wmembers of the population in
response ta sunset, high water and showers of rain. There was little
response to sunrise, Snakes eaergad from the sater when tha flooding
tide reached the shore, This was uwgually two hours prior te the peak of
the tidae.

(1} Crepuscular Activity

A numher of individuals became active at sunset, Males were
usually the first to emarge from their rasting places and remained
active longer. During thase periods of activity tha smakes maved about
in no definite pattern. A male under obazrvation moved around for six

heurs after dark and did not leave area in which he was first observed.
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(iil Tidal Cvele of Activity

Individuals moved from the land to the sea and vice versa
during high water, They appeared retuctant tu cross the resef flat when
it was exposed during the day. S&nakes returning to land gaerged in
groups which suggested that they had c¢ongregated at =ea to come ashore
with the tide. The departure frow land was less synchronized. 8nakes
moved from pozitions on the island from which the state of the tide
cauld not be ohserved., Hot all the snakes that were active at high
water moved to the sea. GSome which had been previously marked and
recorded as active during high water, were swbseguenily recaptured am
land after the tide had receded.

{iii} Response tu Rain

Snakes became active during shawers of rain., Some drank
raipwater fram holiows and depressions while others flicked thair
tongues at raindraps and wet vegetation, Showers of rain initiated wide
spread activity amongst the population.

Thase snakes not inveived in activity remained asleep for up
to four days. During this time thare was no change in their position.
Few individuals rested in the open for long. Even in the manprove
regions where a clased canapy provided shade throughout the day,
individuals moved intoc crevices, haliow logs ar climbed intoc the lawer
kranches of the mangroves. Others coiled within clusps of vegetation.
This thigmotroplie behaviour indicated a preference for ‘secretive’
resting positions. 1Irn the majority of such positions, they were not
completely concealed. MHWany snakes had a small amount of their body
still visibhle to the regearcher. In same cases this portion received
either direct or diffuse sunlight during tha day.

The nethod of counting tracks to estimate the number of
snakes which moved dajly tp and from the sea proposed by Sairt Girons
{1964) wa= unsatisfactory for Sausau Tsland., The sand beach was enly a
small portion of the shoreline and most of the snakes were in adjacent
mangrove areas., The percentage of previausly unmarked smakes which were
recarded for pach capture day were fitted to the fore of the eguation
presented by Limpus, Fleay and Baker {1984} for annual recruitment of
the flatback turtle (Chelonia depressal in Queensland. The percentages



L.1]

of each day's catch which were graviously unmarked, were fitted to the
fors of the equation, y = a + b % ¢* until the best goodness of fit
(ginimum Chi Square value! was achkieved. The recruitment rate (in this
study, percentage of wpmarked individuals each day) is approximated by
the asympbetic valus ¢ 'a’ + the standard error of the estimate of
-

The gqraphs which were produced are shown with the data in
Figure 18 {a,b,c). The pquations produced are as follows:

April; v = 80 + 50 x 0.4* (Chi Bquare = 0.0%; dof = 25 F < 0.99}
duly; v = %1 + 50 ¢ 0,2% {Lhi Square = ¢.03; dof = 33 F ¢ 0,995)
danuvary; y = 72 + 100 & 0,3* {Chi Square = 4,71} doft = 71 P ¢
0.78).

Tha asymptotic values represented the percentage of the
population which moved anto the island sach day. Presumably, a similar
percentage moved from the i{sland during the same period. The percentage
af the population which was invalved in this daily movement wazjy April,
80 £ 1.7%; July, #1 + 1.8%L; and Januaryy 72 & 10,.2%,

B. DISCOSSION

Three independent phenomena produced activity within the
terrestrial L. colubrina populations on Sausauw Jsland. A proportion of
the population respoanded to the decrease in either temperature or light
intensity at sunset. High tide brought about activity with dndividuasls
moving to or from the water. Other snakes aoved for no apparent rezson
when the tide was full. Ehowers of rain initiated aovement. This could
have been because of the availability of freoshwater, Drinking was
conmonly observed during and after rainfall.

Shine (1979} related daily mavement in terrestrial elapids ta
foeraging strategy. This would account for the movement associated with
kigh tides. At sea, L. rolubrina displayed searching or foraginmg
hehaviour as described by Ehine (197%) for terrestrial elapids. &
gimilar strategy could be invoived in locating drinking mater after a
shower of rain.

Crepuscular activity enabled the individuzle to find resting
sites when the danger of exposure to lethal temperatures was at a
sinimus. AL the same tise lower hody temperatures could have bean

elevated by canduction with warmed sand.
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The estimate of batween 72 and 90% of the population on the
island rhanged its habitat each day, indicated that L. colubrina waved
sore fregquently from the land to the sea, and vice versa, than that of 7
snakes per.tide for a population of 233, which was suggested by Saint
Girons {1944}, The seallest amount of movement from the island was im
Januwary i.e, 72 £ 10.2%, This supports the theory in Chapter 8§ that
the population spent longer on lamd in sunaer, therzhy displaying equal
catchability, The geasonal and dally activity patterns of L, colubrina

require further investigation,
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10. PREDATION AND HORTALITY

A. INTRODUCTIGN

Cogwan belief maintained that sea snakes had few predators
because of their warning celouration t{bended sza snakes and Pelamjs!,
nowious taste (Pelamis) or bhecause of their potent venpa (Dunapn 1975),
fs research continued into the ecology af sea snakes, sare predators
were identified, Heatwole (1975) gave a comprehensive list of sea snake
predators including sharks, hony fish, birds of prey, crocodiles and
invartebrates. Herre (1%42) recorded moray eels as sea snake predators.
Harding {1981} reported & live banded sea snake in the jaws af a carpet
shark {(Orectolobus sp.?. Rancurel and Fntes {19821 reported the
presence of Ripysurus and Latjcauda amongst the stomach contenis of
juvenile tiger sharks (Galegcerdo cuvieri) in New Caledonia. The
following obvservations were made on populations of L. colubrina in the
study areas in Fijt.

B. HETHODS

For each specimen observed throwghout the study, notes were
kept as to the nature and the position af any scars or slgns of
predation. #s the presence and the position of any =cars formed part of
the mark and recapture studies on Bausau Island & large number of
ohservations came from that population. When dead ar woriburd
irdividuals were encountered, close inspecilon and dissection were

conducted in an andeavour to reveal the cause.

C. OBSERVATIONB AND REEULTS

(i} Predation

During the flooding tide of the afternoan of 8 July 198%, a
juvenile L. colubrina {s-v length = 34.3 ew, weight =218 g) was observed
struggling in a tidal pool on Habualua island, Cioser examination
revealed that the specimen was held by the kail by an jmmature femals
portunid crab {(Jhalaeita {crenata ?)}. The crab had securad the snake
in its ciaws and had eaten the flesh thus exposing the backbone. As the
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snake was still alive and struggling violently, 1 fremed it from the crab
and set it on the side of the pool to photograph it. Again it was
attacked by the crab which pulled it intc deeper water. Thera, the crab
continued to eat the flesh from the tall {Plate 14}, The crab weighed
i3 grams and was possibly two thirds adult size. Thig was an exanple of
predation snd nat of scavenging dead sea snakes as reperted by Heatwole
(1973,

Anather two specisens with similar mutilations were collected
in 1981, Both were 37 cm in length and were ctarried ashore with the
tide on Yuiva and Mabualau Islands

ta) Bcars

Heatwalz {1%75) suggested that the amount of damage jncurred
by an individua! was an inditation af the level of predation. Pernetta
(1977) stated that the higher frequency af scars on L. colubrina froam
Habualau !sland was related te the large numbar of sea birds {Sula sula)
nesting on the island. An examination of the regurgitated food iteas

.below the birds’ nests on Wabualau Island revealed squid and small fish
to ke the major food items;y there was na evidence of sea anakes being
taken a= fanod.

Statistical analysis of the frequency and position of scars
on specimens from Savsau istand during January [982 revealed that of the
454 specimens for which records were kept, 93 (20%} had noticeable
scars. Thargs wae na significant difference between the frequency and
the position of scars on males and fewales (Chi square = 2,0d, dof = 2,
? ¢ 0.05). Of those animals with scars, 9% of the scars were on the
head, 32% on tha hody and 59% on the tail, The frequency of scars on
adults and juveniles was not sigpificantly different iChi Sguare = 2,08,
dof =1, # { 0,05), Four specimens had truncated tails, of which two
were sevared Just posterior to the vent which produced the ‘bob-tail’
condition reported by Heatwole ({375).

The origin of the scars was unclear as most were¢ healed; only
ohe specimen had & fresh wound., The shape and size of the wound wam
consistent with having been slashed with a sharp blade; a hoat’s
propeller or the lateral caudal keel of a mackerel or such fish, @& diet
of aggressive and formidazble eels could rause damage ta the snakes
during feeding. Alterpakively, the injuries ai L.'gglggglgg couid be
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attributed to Lts terrestrial habit because Hydroshis mel eghalus,
which otcurred in the same waterways and shipping channels as L.
colubrina, had very fewm scars i{personal observationsl. Dangers
associated with the terrestrial habitat cowld include any of the
fallowing. The weathered lisestone topography of Mabualau Island wmas
particularly sharp and capable of inflicting wounds. The intertidal
ragion through which the snakes passed to and from the island had
numerous crabs feeding during the inceming tide. An unexpacted danger
Was gocountered on feleuvia Island where a male {s-v length = 70 ce) had
crawled through the aperture of a gshell {Jurbo sp.) froa which the whorl
tiad been removed. The shall was lodged securely arcund the smake about
one third aleng the body and had cut through the skin. This prevented
the snake from swallowing and could have led to its death. The shell
was broken with pliers and the specimen released.

A comapn scar of the snakes on Sausau Island was that of twe
parallel wounds that encircled the body awout 2 cm apart {Plate 15}.
The circular nature of the scars suggested a crab predator. During high
tide large crab claws often emerged through the extensive mats of
floatiny Rhizophora seeds that celiect im the margroves. L. tolubripa
moved over and through these mats when passing to and fros the shore,

(b} Ectoparasites and Commzpsals

The tick, fpmbhlygmpa pitjdum Hirst and Hirst (Plate 1}, was
common in all populations of L. cpolubriaa in the study areas.
Infestations were as high as twenty per snake in some instances. The
tick appeared to survive sea water submersion; snakes returning to land
had live ticks attached., A single specimen from Sausau Island had sSmall
pin head sized mites attached between lts scales on the tail. Thesze
have not been identified.

Specimens were generally free froa fouling organisms. The
harnacle, Platylspas ophigphilus Lanchester, was not found on L.
colubrina aithough it was prescat apoagat H. melanagephalus populations
in Fiji. Mo specimen was fouled to an extent which would hinder either
locomotion or feeding. Two Ssusau specimens had sazll growths of green
alga, Enteremorbha sp., attached to their scales., This alga was coamon
in the mangrove environnent in which these snakes were caught.
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tii) Hortality

From ahservations on the populatians of the study areas there
were three identifiable cavuses of mortality im L. colubrina,

{a)} Fire

In July 1981 a grass fire on Bawsau Island killed 35
specikens. Hany of the 19 males and 12 females and 4 unidentified
snaked which were killed, were coiled in resting positions (Plate 151,
The fire which covered an estimated 500 square aetres had apparently
zscaped from an open fire place used by local fishermen. The incident
occurred some days before oy arrivaly the fire had burat out and fresh
grass shoots had emerged, The fire possibly moved se quickly as to
catch the resting snakes unaware or L, colubrina may have no innate fear
of fire as was evident by several snakes investigating the open fire at

Ay Camp.

(b} Exposure

S5everal records were obtained of snakes leaving the water
during overcast conditions and resting under light vegetation. A sudden
clearing of the cloud cover ieft the resting snekes exposed to +full
sunlight. Snakes which had rested in open areas during such wornings
were found to have digd during the day. Thes# spakes may have heen sick
and not able tn reach proper shade, but this was not evident in
subsequent dissections. Buch cases of death by exposure came fronm

Mabualau and Ssusau Istands.

{c} Dehydration

Specimens kept in sea water in the laboratery became
distressed and ar their release drank freshwater. Gorman pf al. (1981
p349) stated it seems wnlikely that rainfall would direcily affect
marine snakes“. 1o the BD days prior to Ay visit to Bausauw in July
1981, a tntal of 45 mn pf rain had been recorded at Yavalagi (& km away
on Yanuaz Levul. In the absence of rain and surface runctf from Vsnua

Levu, individuals were active in the sariy evening moving amongst the
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vegetation., Others remcved droplets of water that accusulated by
guttation on the leaves of plants (Plate i7). During the hrief showers
of rain that fell during my stay on the island, the snakes becams active
apd drank rainwater that had accumulated in coconut lzaves and shells.
An individual was chserved upside down in a pne metre hKhigh shrub,
licking, from its snout, the water that ran down its hody,

It was obvious that the snakes were actively seeking water.
The dead specisens that did not have burns from the fire (mentioned
above! found on the igland, could have died from dehydration. This
agpect of therir behaviour has not been reported previously and I
conclude therefore that further research needs to he conducted into the

freshwater requirepents of sed snakes.

{d)  Unknown causes

Horibund specimens were found in al! populations throughout
the year., The cause of their condition was not obvious., Externally,
they had few ticks and had no visible sign of damage. They usually
lacked candition and rerained in the sage position for days,

Internally, there was no single identifiable cause. They had little if
any body fat and the viscera was in a state of breakdawn wmith the
mesenteries hroken in places. Bile which had escaped from the gall
bladder and pasaed through the body wall, stained the wvantral surface
green. Yhe average s-v length for a semple of moribund males taken to
the lahoratary for dissection was 70,4 cm (s.@. = 16.5, M = 3}. Fenales
had an average length af 111.4 cm {s.8. = 3,85, N = 10},

O, DISCUSSION

The colouration of L, colubrina was suggested to be
aposematic and Heatwele (1975) predicted that they should have few
predators, However 20% of the Sausau Island population had scars which
could have been interpreted as atteepted predation. Heatwole {1975}
recorded that the frequency of scars Wwithin other aes snake populsations
was in the order of 10 - 23%. The major predators listed by Heatwole
{1975}, with the exception af birds, were sarine and L. colubrina could
escape predation by leaving the water. The populations in the present
study were free from the introduced mongoose (Herpestes aurocpunctatuys?
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{Guinea, {9811, feral dogs and caks.

Juveniles were vulnerzhble to a number of predators not
previously recorded. The portunid crab {Thalasita crecnata) anmd possibly
other crab species, was capahle of capturing juvenile L. colubrins in
shallow water. Although the entire znake is not devoured, the attack
resulied in the death of the individual. This couwld explain the
preference shown by juveniles for racky areas with relatively deep
{ahout | metre) water access.

The distribution of scars was consistent with the concept of
attempted predation. MWounds to the head were more likely to result in
deakh than those to any other part of the body, Juvenilesz hao the same
frequency of mcars ag the adults which indicated the period ef saxinoum
predation was in the first year of life. Infestations of the parasitic
tick, Amblyonme nitidua, did not abviously decrease the health of the
snake because abviously healthy specinens carried several ticks as did
wost of the L. colubrina population.

Apart from predation, mortality occurred from natural
phenomena such as fire, exposure and dehydration. There was no evidence
of direct human interference with the Fijian populations of L, colubrina
as reported by Baint Biroms {19744} for Wew Caledonia. The presence of
acribund specimens of various sizes and presumably ages throughout the
year, renained unexplained and would be worthy of further

investigation.
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11, TEMPERATURE RELATIONS

A. INTRODUCTION

Wany reptiles bhave the ahility to thermoregulate by a variety
of hehavicural and physiclogical mechaniams with the result that their
hody temperatures are often considerably different from those of the
adjacent medium {Heatwole 1974}. Considerable research into the body
temperatures of the yellow bellied sea snake (Pelawis platurus) revealed
it to have a body temperaturs within ane degres of the swrrounding water
temperature (funson and Ehlert 1971, Braham 1974}, The three species of
sea snake, Aipysurus laevis, #. duboisi ancd Emydocephalus a latys,
studied by Heatwale {1981} bad body temperatures the same as, or within
$.2°C of the tesparsture of the water where they were captured. Saint
Girons (1964} indicated that the thermal optimom for . colubrina im Mew
Caledaniz was 2% - 30°C. The minimum voluntarily accepted temperature
was 12°C and the maxisum was 33°C, Heatwnle {i981) found that the aean
upper temperature tolerance was 3%9.7° for L. colufrina,

B, METHODS

In the present study, all temperatures were taken with a slin
bulbk thermometer (Casella London BSZ2B42744 19397 10 - 452} desiagned for
& psychroseter. Snakps were captured by hand and had their temperaturaes
taken iamediately. The bulbk af the thermomster was inserted inta the
intestinal tract via the cloaca. Baody temperatures were taken from 3
sample of individuals engaged in a variety of activities e.p, swisming,
rasting and moving on land. The envirpnmental temperature was recorded
for each snake. For thosz captured in weter, the water temperature was
recorded in the immediate vicinity. The air temperature was recorded
for resting and individuals moving on land. IR addition, the ground

temperature was recordad far resting individuals,
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C. RESULTS AND QRSERVATIONG

A summary of the data is presented far L, colubrina in wWater,
resting on land and maving on lamd in Tahle 18 and graphically in Figure
19 {2 - d),

{i} 1n Water

The bady teaperature oif snakes capturad in watsr were in
close agreement with the temperature af the water, #s the majority of
these measurements were taken when snakes wer2 returning to land over
the reet fiat, the animals may have moved from cooler deep water to
warmer shallow water, This factor could account far soke slightly lower

body tesperatures,
tiit On Land

The body temperatures of snakes aon land showed greater
divergence from the environmental {zlr and ground’ temperatures.
Explanatinons for these deviations came from observations on several
groups of skakes having higher body temperatures than expected.

A cluster aof snakes vwere found in the shade at the base cof a
trae on Habualau I=land on 23 August 1981 (time = (3:d4ihrs, air teap =
25°Ct, The group of 12 males and 3 females were entwined. All were
adults. Average male s-v length mas B2.3 cm (s.e. = 0.9%, range = 77 -
B89 cm) and avaerage female s-v length was 133.7 cm (s,e. = 0.&l, range =
133 - 134.3 cob. The tesperature within the cluster was 28.3°C. The
average body tesperature was 29.1°C {s.e. = 0,47, range = 27 - 34.5°C).
The cluster Was in a position where it would not have been in the =sun at
any time during the day. The increased body temperatures could have
besn brought absut by warmer individuals moving into the group or
alternatively by a combination of metabolic and muscular activity.

A secand observation was sade on Mabualau Island an 18
October 1981, é&n adult male (s-v length = 97 tw) wvas observed baneath a
rock. A length of his bady equiveient to two black bands was in direct
sunlight, During the folloWwing 20 winutes of observations, the snake
moved several times, Eath shift forward brought different bands inta

the direct sunlight. MWhen the animal was collected, it was noticeahly
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warn in the region of the heart inear the teath banal, being the
position exposed to direct sunlight. The budy temperature was 31°E; that
of the sand bensath the rock was 27°C, The air temperature in the shade
was Z24°C and the surface temperature of the rack in direct sunlight was
50°C, By having a small portion of its bedy in direct sunlight and the
remainder ip conrtact with cool sand the snakas appeared to regulate its
body temperature to the optisus suggested by Baint Girons (1984).

. DISCUSSION

Heatwole {1%4i) reporied that either en land or in the sea,
the hody temperature af L. colubrina closely approximated that of the
enviranmant. The present study revealed that in water, the body
teaperature of this species ranged from 1°C to |.5=0 below the water
temperature. Any heat generated or gained by the snake would have been
quickly dissipated to the water hecause of its higher thermal
cenductivity than air, The soveament of snakes from warmer or cooler
badies of water could mccount for the recorded temperature differences.

On land L, golybripa was capable of attaining body
temperatures kigher than those of the air and the substrate. Heatwale
(1991} recorded a maximun difference between body &nd envirommental
temperatures of 0.8°C for L. colubrina resting on lamd, The mazimum
difference recorded in the present study was 7°C. L. colubrina was
capable of regulating its body temperature closer to the optimuam than
waz previgusly recorded by Heatwole {1981},

Lillywhite {1980} described behavicural theraoregulaticn in
seven species of dustralian elapid snakes. Thermal regulation was
achieved 4y the smrakes shuttling to and from the heat source or by
adjusting the snake’s position or orientation while basking. Lillywhite
did not cheerve flattening or tilting of the hody durimg basking as was
repartad by Heatwole and Jeohnson (197%) for Pseudechis parphyriagus,
Ngither flattening nor tilting of the body was observed in the present
study, as part of the narmal thermoreguiatory behaviour of L. celubrina,
However, temperatures as low as those recorded by Heatwole and Johnson
€1979) are not normally found at sea level in Fiil.

Ghuttlirg, as such, was not obsaryed in L. colubrina
populations in the present study, although it may have oceurred
incidentally by snakes maving through argas of full sunlight and shade.
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Coil adjustments while resting in spmi-shaded positions were observed as
described abpve. It is possible that the banded colouration of L,
coluhrina may have some effect on the amount of heat emergy gained by
basking. This aspect nf the theragregu) atory behaviouwr of L, cplubrina
requires further, more detailed investigatiom,

Thermoregulation was socially enhanced by aggregations where
the average body temperature of the individuals (29,1°C) was faur
degrees higher than that of the environment, The thermal preference for
this species appeared to be around 30°C as suggested by Saint Girons
(1954}, Individuals with body temperatures between 2L and 34,5°C were
active, Hody temperatures below 21°C were nat recorded. The
environmental temperatures recorded duriag the study indicated thak L.

golpbrina were not exposed to dangerously low temperatures in Fili.
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12, YENOW APPARATUS

A. INTRODUCTION

Voris (1972} related the morphology af the skuil of sea
snakes to specialisation in feeding. Laticauwda, according to VYoris
{1972}, was & relatively short thick sea snake which had a cobra-like
skull with relatively long fangs {eean leagth » 2.5 am), Descriptions
of the vanom glands and fangs of sea snakes have bees recorded by Limpus
(1978a) and Halstead {1978). Meither author deallb with Laticauda
golubrina., A study nf the gross morphology of the veros gland, fangs
and teeth of L. cpiubrina, was conducted on several adult female
specimens that were chazen indiseriminately from the laboratoery

specisens. Feaales were used hecause of their larger skulls.
B.  METHODS
til  Venom Gland

The heads were severed from six, adult, female L. colubrina
that had been frozen, After thawing to room temperature, the skin Has
cut posterior to the vemom gland on each side of the head and elevated
to expose the venom gland, Indian ink was injected inte the lumen of
the venom gland and gentle pressure applied until the ink was visible on
the tip of the fangs iLimpus §978a), The venom duct was at that stage
filled with ink and guite distinct from the surrounding tissue. The
skin covering the supralabial scales and the rest of the head wasz
carefully removed., T7The skulls were cleared in 1% potassium hydrovide
solution and stained with 0,.01% Alizarin Red 5 saiution as described in
bawsen's Methad of staining bones in smali vertebrates in Gurr and
Florey 1942 s 125). The preparations were thep cteared in potassium
hydroxide (1%}, glycerin {(20%) solution and stored in pure glycerin.
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{ii) Fangs and Teeth

Alcahnl-preserved heads were skinned and soaked in freshwater
for three days beforw being placed in treshly prepared &% sodium
perhorate solution for a further 24 hours {Limpus §i978Bal. This method
gave clean preparations but the original articulation of the bones was
lost and any fangs and teeth that were not cemented (ankylosed) were
dislodqed.

C. RESULTS

(i} Venom Gland

The veaom gland was positioned posterior to the sye and akove
the pterygoid hone. The adductor externus superficialus was dorsal to
the vanom gland and contiguoug throughout its length. The pasterior
portion of the adductor sxterpus superficialus was aktached to the
quadrate bone, The venom duct which awitsd the anteriar portion cof the
venom gland, moved forward bensath the eye in the supralabial position
aitd terminated at the base of the fang. Plate 1B shows the relative
positions at the venon gland, the path of the venom duct, the position
of the functional tang and the venom canal within the fang.

(ii} Fang

A singie fang was cemented to the maxillary bone, Beside it
lay a crater-~iike depression which in ane preparation contalned a poorly
cemented replacement fang. The functional fang was ceaented in rither
the inner or outer of the twe positions. Therefore, space was available
for two fangs at the anterior of the maxillary bone, but it was normal
for anly one fang to be cemented into position, Posterior ko & well
defined diastema, & single, sclid, grooved tooth was cemeated to the
outer edge of the maxillary bone, There was only one position for this
solid tooth on the maxiilary bone.

Several reserve fangs were within the mucous membrane
immediately posterior to the fang, These reserva fangs numbared up to
six and appeared in order from a fully developed but uncemented fang,
rlosest to tha functional fang, to ismmature fangs of less then a
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aillimetre in length with anly the tip and the discharge orifice
developed. The functional fang was smoathly curved with the entrance
lumen tp the tang and the discharge orifice on the anterior surface.
Joining these tWo openings in the fang was a noticeable groove on the
ankarior surface, The groove resulted from the the complete sealing of
the lateral {uids nf the fang to form a c¢losed tube {(venam canall. A
single fang, out of the twelve examined, had this canal lacompletely
covered. This produced a greoved fang.

fdeveral fangs had chipped tips. One skull possessed a fang
that was in the process of replacement., The fumctional fang was in
position; a poorly cemented secondary fahg ovcupied the depression
beside it.

The length of each fang was measured in a straight line froa
the base of the fang (proximal edge af the entrance luwmeny Limpus,
197Ba) to the tip using a vernier caliper. The mean fang leagth was 2.7

mn {s.e. = 0,04, n = 12, range = 2.5 - I.5 aml.
titi} Teeth

Swall solid teeth were positionad on the palatine, pterygold
and dentary bones, Crater-like depressicas were abvious where teeth
were missing. The palatine bore had positions for five teeth. The
nuaber of teeth in position ranged from two to five with the mean feing
3.4 {z.e. = 0.45, n = 12}, The gterygeid bane had beiween fifteen and
eighteen pnsitiaons {mean = 14,4, s.8, = 0.25, n = 12} of which between
gight and fourteen teeth were present (mean = 9.9, s.e. = 0.6%, n = 12},
The dentary bone had pogitions for twelve to fifteen teeth {mean = L3,
5.8. = 0,2, n = 12) of which between six and tgn were present (mean =
1.7y s.e. = 0,34, n = 12,

b. DiBCUSEION

Dagcriptions of the skull of L, colubrins were given by Smith
{1926), Yoris (1972} and Mac and Chen {i%80)., The positiun size and
shape of the venom pland from the present study are in agreement sith
those given for L, cplubripa by Mao and Chen (198¢). As no histological
investigation was conducted, few comparisons could be made with thase
presented by Limpes (1978a), although the position and external
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morphology were in agresment,

Limpus (1978a}) was critical of the interpretation and
dascription of the venom duct by Halstead (1978 pp 930 Figure 3} where
the venom duct was illustrated as dividing posterior ta the functional
fang and a branch af the duet enterzd the reserve fang. Platz 18 ghows
that in L, golubrina the vepoms duct was single and angd did not divide to
supply the reserve fang, but curved arcund the front of the maxiliary
hane before terainating at the base of the functional famg., There was
na gvidence of the venom reservoir and ductule as depicted by Halstead
(1978 pp %13, Figure Sal. Instead the venom duct emptied into the
gingival splcus formed by the surrounding mucous membranpe which in the
preparatiaon formed a seal around the shaft of the fang aepd dirgcted the
ink (presumabely venom) into the sntrance lumen and to the venom camal,

This study supported many of the observations of Limpus
{19782} who examined the tangs ane venam glands of eight species of
Australian sea snake, Laticauda colubrins shared many af the features
attributed to ses snakes, and demonstrated by fipyswrus lapvis, Astrntia
stokesii and Disteiva major {Limpus 1979a), Thase features included;
two positions were available at the antericr of each maxillary bone for
fang placement. The functioral fang wae ankylosed in either positiaoa.
The fang was cturved with the entrance lumen a3t the anterior base and the
discharge orifice at the anterior tip. These uvpenings were connected by
a venom canal formed fros the lateral folds of the fang which produced a
groove on the surface. Posterior to the functional fang and surrounded
by mucous nembranes wers the replacesent fangs which ranged in size fron
sature and ready 0 be cemented, to immature fangs showing just the tip
and the discharge orifice.

Unlike the hydrophiids described by Limpus {1978a), L.
colubrina had only one salid tooth per maxillary bone. Smith (13926}
described Laticauga as baving ene or two teeth following the fang.
gmith’'s (1924 p %) drawing {after Boulenger} illustrated two solid teeth
on the maxiilary bhone, as dig that af Map and Chen (E980 p 2B}, The
palatine, pterygoid banes of the upper Jaw and the dentary tane of the
lower jaw each carried pesteriorly curved teeth., Hot all of these teeth
ware ankylosed into position; some were disladyed during preparation,
Numerous small replacement teeth were in the mucous membranes adjacent
ta zach of the bones. Fang replacement appeared as continuous waves
aiong each row of teeth {Limpus 1978a) because alternate teeih were
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missing in most preparations. With the exception of the maxillary
teeth, the nueber of testh positions on each bone were in agreeaent with
those reported by Hao and Chen (1980} for Taiwarase specimens of L,
golubring ipalatine, 5 - &; pterygnid, 14 - 17 jdentary, 11 - i2},
Several teeth and fangs, in the present study, had chipped tips similar
to that reported by Limpus {i%7Ba}.

The iength of the functional fangs {2.& - 3,6 mm) and their
fully enciosed venom canal plus the taxic venom {Chapter 13} made L.,
colubrina a well equipped predator of eels and a poteatial danger to
man, Further investigations into the methad of fang and tooth
replacement by L. colubrina could prove fruitful. Regardiess of its
potential danger to man, L. colubrina had & docile nature and appeared
reluctant to bite when handled.
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13. TORXRICOLGEY
A, INTRODUCTIDM

The fallowing chapter has besn published (see Bingh and
Guinea, (7841, Study of the toxicity of the venca formed part of the
preaent study and was reprinted below for the completeness of this
thesis,

Although envencmation from sea snakes {(Hydrophiidae and
Laticandidaet has been a potential hazard to bumans thrpughout the
Indo-Pacific region, the incidence of sea snake bite has been difficult
tn assess. This was due to victims being either fishermen or viliagers
#ho did not seek nedical assistance or who failad to report the
incidert. In many Pacific island countries coaplets records of sea
snake bites have not been kept even when reports have been made.

One of the few cases of eavenomation by this species was that
ef a L4 year ald boy who was bitten on the hand by a five foot specimen
on Mukulau Island near Suva {Fiji Tiees, 1978). Within an hour his
tonyue swelled, followed hy general paralysis of the body and
convulsians, Three days later, racovery was complete except for a
slightly swollen hand.

The lpw incidence of reported snvenomation from this species
has bheen attributed to two beliefs: the docile nature of the antamals and
the presumed low toxicity of the venam. Although the former has heen
documented {Gmith, 1924; Saint Girons, 19443 Fernetta, 1977}, the latter
has not been investigated extensively. Bail and Rageau (195B} recorded
their observations on the ewperimental eavenomation of twa rats by L.
col ina. As the rats showed no-signs of ill.n_ess the toxin of this
specirs was thought to be haraless. Halstead .tl.'??ﬂ} i*epurted on the
werk of Smith and Rindle (1931} and Tu et al, {1982}, Both authors were
involved with studies on the toxicity of L, colubrina venos. MWright
(195691 described the effect of crude |, gplubrina venom an domestic
fedl. Levey {19&89) fnﬁl-td the venom of specigens collected in Malaysia
had a toxicity and yiéld similar to that. of specimans froe Simgapure
raportad by Snith ar:d Hindle {1931).

The present stndy was undertaken to phtain comparative data
for L. calubrina found in Fiji, to ascertain the effect, i¢ any, of
frech water deprivation on venam yields, and to characterise the mode of
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action of the venom on skeletal muscle of chicks.
B. HMETHODS
{i} Venom Collection and Storage.

The snakes used in this study were captured an Toberua Islapd
and transported to the laboratory in Suva the next day. The snakes were
maintained in cages without fond. The ambient room temperature for the
period of study ranged between 20 and 28°C which was within the range of
environmental temperatures for this species at that time af the year.

A review of the literature indicated that of the factors
which affected venom yield, no data were available on the effects of
fresh water deprivation. As¢ these snakes have bgen ohserved to drink
fresh water in the wild, it was decided to incorporate this parameter in
the present study. Venom extraction began on 32 specimens which were
all callected on the same day {August 24,1981}, During the period of
the study some specimens were excluded because of either a loss of
condition ory if during manipulation, venom could not be extracted or
was lost, Eventually, two groups were identifieds Group I of nine
animale (2 males and 7 females) which were maintained without foad but
allowed tap water ad libitum from their time of capture; Group Il of
eight animals (i male and 7 females) which were maintained without faod
or water, Both groups of snakes were kept im the labaoratory for eight
days befare their first venom extraction op September 1,!981,
Subsequently, venem extractlion was performed on three more occasions at
veekly intervale {Septembher 8, 13 and 22}.

As the amount of venom elaborated by this specles was small
by comparicon with many of the terrestrial Elapidae, care was taken not
tu touch the fangs and adjatent membranes for fear of preeature venon
release. Apart 4rom the method of holding the mouth open, the
procedures for venom extraction were similar to those used by Limpus
{1978a)., The mouth of the snake was forced open and the jaws dislocated
to expose the fang on either side. A length of cleamn plastic tubing
linternal diameter = 0.98 mam} was carefully placed over each fang in
turn (Plate 19), As the tubing slid over the fang, it pushed the mucous
membranes proximally. In a few cases venom release occurred immediately

the membranes were touched. Yenem release was only from the side beinag
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treated. In other cases, amd to increace the yleld, finger presasure
massage was applied to the skin overlying the appropriate venom gland.
The fang and gland on the ether side were similarly aanipulated.

Usually the asount of venom collacted fros both fangs was more than
could be accommodated in the length of plastic tubing and the excess was
drained into a saall plass vial. MWith appropriate weighings of the
glastic tubing, &nd the vial before and after collection of the venom,
the wet weight yield was determined.

The vial with the plastic tube inside ikt was frozen and then
lyophilised using a Chem Lab Instruments freeze dryer (wodel SB &) until
eonstant weight of venom was obtained. This usually required $-& hours.
The sealed vials of lyophilised venom were weighed to deteraine the dry
weight yields and then stored at -i0°C in the dark until required. The
valume of the venom was determined by subtraction of the dry weight
yield from the wet weight yield. This provided the weight and volume of
the liguid fraction of the venon.

1ii) Merve-Husele Preparations,.

Biventer cervicis nerve-muacle preparations were isnlated
from chicks 4-L0 days old {&insborg and Harriner, 1740} and nounted in
9% o! organ baths with & resting tension of approxisately 0.5 g in
Krebs-Henselelt salution (NaCl, &.%2y Calla, 9.28; KHzPOs, 0,145 NahCOs,
2.1; dexirose, 2.0 g/1}. The solution was maintained at 38°C and gassed
with axygen containing 5% COa. For indirect stimuwlation, contractions
wera elicited by stimulating the motor nerve in the tendon at a
frequency nf 0.1 Hz by square wave pulses of 0.2 aseéc duration and
strength greater than that reguired for maxima! contractiens. Responses
gimilar in size to the twitches were chtained for submaximal
countractions of acetylchpline (1-8 x 10~* N}, carbachal (i-% x i0-° M)
and KEi (2-5 x 1072 M) in the absence of nerve stimulation.
ficetyleholine and KC1 were allowed to remain in contact with the tissue
for 30 secords and carbachal for 40 seconds. Home preparations were
stimulated directly by placing the rlectrode in contact with the belly
of the muscle and using 1 msec suprasaximal pulses. In these
preparations newral transmission had been abolished by prier exgosure .to
3 MM tubscurarine. Contractions and contractures were recorded

isometrically on a GBrass 79 polygraph using Grass FTD3
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force-dispiacenaent transducers.
tiiid Toricity Studies in Mice.

Solutions of crude lyophilised venom for injection wers
prepared in 0,9% saline with the concentration adjusted such that an
injection voluae of 0.10-0.15 ml could be used throughout the
experiment. fale albino mice (CFI, 28-35 g) were injected
intra-peritoneally (i.p.) with doses of the venow ranging from 0.1 to
3.0 ag/kg (B mice per dose), Controls were injected with 0.1 al of 0.9%
saline. In po instance did cantro] mjce display any taxic synptons
after injection. The venoa-injected mice were observed contjinuously far
& four hour period following injection, then at hourly intervals for a
total nf eight houra, then at six howurly intervals far a total of tuo
tdays. The Lleo for the venom was determined by interpolation from a
semi-logaritheic plot of nortality vs, venom dose.

C. RESULTS
i Venom Collection

a. Appearance of the Venom.

In all cases the whole venom was a rlesr, viscous liquid
which on freeze-drying farmed a white solid, On some occaslons there
was Son@ cloudingss in the last portion of the venom extracted from each
fang.

b. Venom Yields.

The sex, snout-vent length isvi) and weight of each specimen
and the wet venom weight, calculated volame, dry venom weight and
percantage solid in the whole venom for the initial estractions from
Group I and Broup II are shown in Tables 19 apd 20 respectively., The
initial venom vields af the Group I and 11 individuals were compared
with the ses of the specimens using a Two May Analysis of Variance,
There was no significant difference between wet Weight venoca yields and
sex (F = 1.23; 1,13 df; P < 0.25). There was na significant differance
between the wat weight yields of those with water available and thase
without {F = 0.5&6; 1,13 df; P ¢ 0,25). Similarly there was no
interaction between sex and treatsents {F = 0.027¢ 1,13 dfy P { 0.29).
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The dry weight yields were alse tested by the same procedures and
indicated that no significant difference existed between sex (F = {.323;
1,13 df; P { 0.25), There was no sigrificant difference batween
treatments (F = 0,409; 1,13 df; P { 0,25}, Again there was no
significant interaction between sex and treatwent (F = 0.019; L,13 df; P
{ 0.253}., There was & positive relationship between the snake weight and
the wet yield far Group I and I[ animsals combined. The regressian
equation of
¥ o= Z.l1 4 0,08%

was obtained using the least-squares method: where ¥ was the wet venom
yield imgl; ¥ was the snake weight (g) amd the regression coefficient
(r} was 0,5&.

Figures 20 and 21 show the values of the nean and standard
error aof the mean {s.e.} for the ory venap yields and percentage solid
in the whole venom for the weekly extractions.

i Chick Blventer Cervicie Merve-Muscle Preparation.

The dried venom inhibited respanses of the nuscle to indirect
stimelation (Figure 22). At low concentrations thers was 3 delay of
aeveral miputes hefore any diminution of twitch height was obeerved and
the bipckade of twitches developed slowly, At higher concentrations the
lag periad was much shorter and the development of blockade faster, To
obtain a guantitative assasement of the taxicity of the venoa, the time
taken for different concentrations te decrease twitch height to 50% of
its control value was salected as a suitshle paraketer (Figure 23}. The
concantration-time curve was very steep. A 50X reduction in twitches
was produced by | pafml la about 20 minutes whereas 0.1 pg/el produced
80% reduction in about 140 minutes.

After complete blockade of twitches the preparations
responded tn direct suscle stisulation (Figure 22} aad respanses ta
raised concentrations of ¥Cl were unaltered. This indicated that there
had been no appreciable effect on the muscles themselves. However :
responses to aretylcholine and carbachal were compietely abolished by
the venom, The effects of 1.% pg of venom per ml on resgonses to
indirect stimulation, acetyleholine, carbachel and KLl are shoun in
Fiqure 24,

The pffacts of the venom were irreversible, FProlonged
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washing for up ta five hours produced no recevery of responses ta either
nerve astimulation, acetylcholine or carbachol in preparaticons treated

with venam.
(iii! Toxicity Studies on Hica.

After injection of the venoa each mouse behaved normally +or
a time after release., In a mouse receiving a lethal dose, the eyes
bulged a litkle, activity decreased, followed by a lowering of the head
and tharax, At this stage the animal was unable to rajse its body and
could only push itself forward by frantic movemants of the limbs.
Breathing rate was much reduced} breathing was labpured. The hreathinrg
rate eoon decreased to zero and death orcurred with the animal showing
flacrcid paralysis.

The quantitative data for the nouse acute studles are shoun
in Figure 25. At all doses of the venom kelow 0.10 wmyskg i.p. no death
occurred. Higher doses led to an increase in wortality and the lowest
dose to give LO0Y mortality was 1 ag/kg, The LDao determined by
interpolation fram the graph was 0.35 mg/kg and time ton death at this

dose was about & hours.
D. DISCUBSION

Various methads of venca extrattion have been previously
enployed in yield studiss in snakes. Among thase are: injection of
venosn throuph a rubber diaphragm stretched over a coliecting flask
(Reid, 1%54; Levey, i96%; Branch, 1981); expoasing natural prey, e.4. a
anuss, to a2 snake and estimating the ampunt of venom injected by
weighing the mouse before and after the strike {(Kochva, 19401
electrical stimulatian {Johnson, 1938; Glenn, 1972) and gel
diffusion-precipitation followsd by an jin viva assay eof the
vepoR-containing tissue (Minton, 1949; Kondo et _al,, i972). None af
these sethods approximates the natural biting situation and such atudiesé
only give a relative sssessment of the guantity of venom available frome
each animal. Morrisen et al. {1%82) elahorated further on khis goint.

The presant investigation wa= undertaken with due recegrition of these
constraints, Of the available methods of venom extraction, the one used -
in this investigation was selected as it gave bhetter results for specias
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with small fangs and low yields {(Limpus, [378a).

The absence of coleur in the fresh venom of Fijian L.
eplubrina, and the white powder which arose from it when dry, agreed
with the findings of Limpus (197Bh) who sampled 40 specimens from eight
species of sea snake from South Bueersland waters, and of those of Reid
{1954} who worked extensively on sea snakes of Mazlaysia. Howaver, these
findings contrasted aarkedly with the light yellow fdry} venaom af L.
colubrina from Singapore as reported by Smith and Hindle (1931). Barae
{1968) reported the same colour for dry venoms of other sea snakes.

Devi {1948} recorded the venom colour as orange When dried. The reason
for this colour difference is not known but presumed by Limpus (1978a)
to bhe related to geographic factors.

The sex and size of the snake have been mentioned as factors
which affect venom yields {Reid, i%54; Linmpus, 1978ad. As adult male L.
cofubrina specimens are =maller in wWeight and snhouk-vent-iength {(SVL}
than their female coanterparts (Buimea 1981}, they would be expected to
give lower yields, Their yields were not significantily different from
thase of females, but were at the lawer end of tha regression for waight
and yigld. The spall sample size of males and the variable yields from
the fesales may npt have given a true indication of the weight-yield
relationship for this species.

Fang loss during extraction may have given lower yields for
soae specimens . Ouring the initial vemom caliection (Septeaher 1,
1981} four specimens lost a fang. Only oihe had & substantial loss of
venan in conjunction with the loss of the faag fTable 19}. All four
specimens had both functional fands in place ome week later {Septeaber
B, L981) when the secord extraction took place. One om this occasion
lost the other fang and two other snakes lost fangs with ane losing
both. At the time of the third extraction all the smnakes had both fangs
present and lost none during the vencom cellecting process. By the time
of the fourth estraction (Septeaber 22, 19811 one of the spacimens that
had lost tha left fang on Eeptemter 1, 1981 then replaced it, had loat
the right fang. Two specimens that previcusly had no fang loss had a
small fang in position. The loss of fangs was shared evenly hetwean
Broup T and 11 specimens and presumed not to be affected by the
treataent of the groups.

The wet weight yields and volumes were wWithin the range
reported for L. colpbrina by Levey (14890 and for cther sea snakes by
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Reid 419560 and Limpus (197B8al. The percentage solid values were also
gimilar to that obtained by Levey (1%59).

The mean dry yield for successive extractions from the two
groups (Figure 1%} differed to grevious studies (Reid, 19543 Levey,
9671 Haokama, 1978; Limpus, 1978a) in which a gradual or sometiees a
rapid fall in dry weight yields occurrad with tise. The dry weight
yields of buth groups in the pressnt investigation increased over the
period of the study. In the water supplied group (Group I} there was a
marked increase in the second extraction and thereafter a smaliler but
nat significant increase. The water deprived group (Group II} had a
sharp incraase in dry weight yield and this trend continued to the finel
extraction for which the dry waight of the venom yiaid was almost 250%
af that for their first collection, This increase in yields was not
shown in the correspending percentage solid values for Group I
individuals., The importance of freshwater intake by sea snakes hes not
been expicred. Bungon and Taub (1947} described the function of the
salt regulating gland of L, sewifasciata but the dependence of L.
goluprina on freshwater has not been resolved., Fresh water deprivation
did bring abaut an increase in both volume and dry weight. This aspact
of Laticauda physiclagy reqguires further investigation.

An unaxpected low vield for the second extraction was given
far both grogps. #part from a gradual decrease in the mzan ambient
temperature in the period between the first and eecond extractian {
Figqure 21B), there was nao change in treatment which could account far
this law value. Support for the decrease in percentage solid heing
temperature related came from observations made on a group af four
snakes which were not part of the main sxperiment. These animals which
were collected on Septeaber 2 apd kept under the same conditions as
Sroup IT (water deprived) snakes, were processed on Septesber B, 15 and
22, dates which coincide with the second, third and fourth venom
extractions in the main investigation, The mean percentage solid with
standard errors for the three extractions were 26,5 + 0.9%, 32.5 & 0.8%
and 32.& + 1.7%, respectively. The lowest mean percentage solid was
ghtained on the sams date (September B) as that for Group I and II
snakesa.

In the chick biventer cervicls preparation the dry venom
reduced contractions eligited by the stisulatian of the sotor nerve and
nicotinic agents, acetylcholine and carbachol. #Huscle praparations
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continued to respond to elevated concentrations of KC) and to direct
stimulation even after responses to Indirect stimulation by
acetylcholine and carbachol were completely aholished by the venoa.
These findinge suggested that the venoa acked at the level of the
acetylcholine receptor to block neuromuscular transeission and had no
direet artion on muscle contractility. This concept that the venom
nolecules were baund irreversibly to the pestjunctional acetylcholine
receptor was supported when five hours of washing the preparation faiied
to restore muscle responses to direct skimulation, & fraction isolated
from the venom of Laticauda semifasciaka from the Morth West FPacific has
bgen shown to act in a sisilar fashion by irreversibly bdlocking
neuromuscular transmission in skeletal muscle prepavations (Tamiya and
firai, 1988},

The action of the venom an laboratory mice was similar to
that described for many other sea snake venoms {Barme, 1948). However,
it did not cause convuisions or the formation of sticky secretians from
the mauth and nose as recorded for L. teaifasciata in mice, guinea pigs
and rabbits {Twu, 1959) and for L., golubring in mice (Lavey, 1949},

The tericity of a venom depends on the rowte of injection and
the species of animal used, For instance, the Lbao values for i.v.
injection of L, senifasciata venom are ¢.21 mpikg in mice, 0,943 in
guines pigs and 9.949 in rabbits {Tu, 195%). For s.c. injection with
the same venom the values are 0.3%4 mg/kg in mice, 0.089 in guinea pigs
and 0.21 in rabbits, [In the presant study L. colubrina venon gave an
LBes nf 0.35 mp/kg when injected i.p. in wice. This compared favourably
with previously reparted valuez for the same venom in mice, l.e., 0.25
ag/kg s.c, (Smith and Hindle, 1931}, 0.42 mg/ky s.c. {Tu et al,, 1963},
.45 ng/kg s.c. (Levey, 194%) and 0.40 mgfkg i,v. {(Ssto et al., 1989},

Smith apd Hindle (1931! concluded that the small awount of
dried venom produced by L. colubrina, 5.1 mg in their study, reduced the
chance of human fatality by envenomation. Individual yislds in the
presant study ranged from 2.8 mg to 35.7 mg, wikh the waker deprived
specinens producing 2.5 times that amount at the end of the study. The.
above data demonstrate that L. eolubrina, in particular, and sea snakes:
in gengral yield venoms of very high toxicity. The low incidemce of
deaths from this epecies must be attributad to its docile nature and
jndifferznce to being handled rather than to its vepom toxicity and

venon yield.
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Presented in this thesis are the findings of alaost 20 months
part-time research into the biology of Laticauwda colubrina,

Morphoaetric and regroductive data were collected from the gopuilations
Wwhich inhabited several islands in the vicinity of Suva, Viti Levu.
Population studies were condutted pn the more remnte amd uninhabited
island of Sausau, Yanua Levu. It was not feasible to survey the entire
fiji Broup, however stastically viable sasples were presented far each
aspett of the investigatiaons.

Saith {1925} presented detajls of the morphelogy of L.
¢olubrins, and concluded that geegrapghic veriation within the species
coylod not be detected. MWith more research having been conducted in
recent years i.e. Maoc and Chen {1980} and the present study, camparisons
can now be made weing sguamatiom snd colouration e.q. ventral scale
count and banding pattern, far populations in the North Pacific and
those of the Scuth Pacific. Pernetta {1%77) stated that all of the
differences, which he chserved, betwean males and females were
significant. The degree of signifitance was not given for any
character. The present study demonstrated that there was no significant
difference hetween some charactere e.q. the positian of the umbilicus,
number of scale rows at neck, and the number of infralabial scales. The
noaber of subcaudal scales were significantly different between males
and femalest this character was usad for sexing immature specimens., The
data from this study has been preeented in a fora which would enable
further cosparisons ko be made dhan research has been conducted in okther
lacalities.

The reproductive biology of L. colubring has been reviewed by
several researchers. The mode of repraduction (Swith, 193037 Bmedley,
i931 a and b}, seasonality (Gorman et al., 19811, the nuaber of clutches -
per seasan {Pernetta, 19771, the clutch size {Jaint Birons, 19841, and
the size at, and the &ge of sexual matwrity (Saint Girons, L%&d4), have
been questioned and discussed. in Fiji, L, colubprina was deaonstrated
tn be oviparous With a well defined ppriad of reprodugtion in the susmer
months, aAn average of six eggs were laid per clutch. There waz nothing
to indicate that more than one cluteh was laid per seasan. Sexual
maturity in females was reached at %B ca (s-v 1) at a proposed age of 24
months., Hales were smaller {s-v 1 = 70 cal and younger {15 months} at

eaturity,
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The diet consisted exclusively of two families of eels,
Kuraenesocidae and Hurasaidae. VYoris {1972} restricted the prey species
to battom dwelling eels and fish, and oiher foras associated with rock
and caral outcrope. The site of the eels taken by some females were up
to two~thirds of the weight of the snake. Siailar observations have
been made by Saint Girons {13641,

Hembers of the population became active in respanse to the
daily cycles af high tide and sunset. Further activity was initiated hy
shawers of rain, Between periods of activity, mest of the populatiaon
rested, Body temperatures below 21°C were not recorded. The therwal
optimun, in this study, of about 30¢C is in agreeaent with that proposed
by Gaint Girons (1%64) and Heatwole {1991). Body teaperatures above the
environmental temperature were recorded far many snakes. Thess higher
body temperatures vere attained by basking and the formation of clusters
af entwined individuals in cooler weather.

The feeding bioloyy and seasonal rates of digestion, and
their influence on the population dynamics of L, colubrina, regquira
further investigation, Saint Birons (1%b4) proposae¢ that this species
spent possibly two weeks ashore digesting their prey in susmer, and
passibly more than a month in winter, The present study indicated that,
in summer, appraximately 72% of the terrestrial populatian soved tp the
sea in a tmenty-four hour period, In winter, this figure increased to
ahput F0%. Hark and recapture studies indicated that the population
displayed equal catchability in summer and unsqual catchability in
winter., Three methods of estimatirg the size of the population were
enployed. Tha ‘Petersen estimate’ and that given by Schumacher’s method
were questioned because they reguired equal catchability. They did
egstimate that the largest popuiatian was present in January, Tha third
method, ‘frequency of capturs models’, accoampdated whequal
catchability, and estimates of the population on Sausaw Island werej
April, 1075; July, 110A; January, 1398,

Studies on the sorphology of the fangs and the taxicity and
aode nf operation of the venom, indicated that L, golubrina had the
potential te cause serious injury to, and possibly death of, a human

victim of envenomation.
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Takon
Flapitae
Hydrinaz (Hydrophiinael - Laticsuda, Eavdocephajus, Bisteira (Hydrophi:
and other genera.
Hydrophiidag
Laticaudinae - Laticauda, Ripyswres, and Eaydocephalus,
Hydrophiinae - Hydrophis, ard aother genera.
Hydrophiidae

Latirauda, Emydocephalus, Digteira (Hydrophis!, and other gqemera.

Elapidae
Laticandinaa (Recent sea snakes).
Hydroghiinae (Advanced cpa snakes).
Elapidae
Hydrophiinae - Hydrelans, AMipysurus, smd Bydrophis groups !true sea
snakes},
Etapinae - Laiicauda [false seq snakeel, and terrestrizl elapid gener:

£lappidea
Latfcaudidae (sea kraits - Laticauda,
Hydrophiidae {sea snakesl,
Ephalophitnae (thick sea snakes) - Hydrelape, Ephal 5y Parahydre
pipysures, ane Eapdgcenhalus.
Hydrophiinae (flat sea snakes} - Hydrgphis, and other pecera
Elapidas

£lapinae

Laticaudini Laticaeda (9ma fraits}
Hydraphiidae

Hydraphiinae

Ephalophini Eghalophis !Ephaloghine Sea Snakas)
Rydrelapini Hydrelaps {Hydrelagine Sea Snakes)
hipysurini Bipysurus (Aipysurine Sea Snakes!
Hydroghiini Hydrephis (Hydraphid Sea Snakes)

as per Burger and Hatsuno (1974

Yable 1. The classifications of sea snakes {(after Nao and Chen 1984}
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I. S&cales in 19 rowst no azygous praefrontal
shield; upuer lip dark bBrown...vsveavsencus
I1. Scales in 21 ta 25 rawsj normally an
azygaus praefrontal shield.
A. Rostral not divided; upper lip yellow....
B, Rostral divided horizontallyy upper lip
hroun,
Ventrals 193 to 205; 30 toc 42 bands on the
BOAY tonvornvuanaionrransarasrnanrssarrronnsin
Veatrals 187 te 195; 18 te 3! bands on the

Body wireruiirnariiinraniinenias Grtesiate i iaan

Table 2. Key to the species of Laticauda <{from

Log

1. lsticaudata
2, coplubrina

3. semjipsciata

4., schistorhynchus

Emith {926 p3)



Fiji #Mussum Kumber
Sex

S-¥ Length {ce}
Tail Length {em}
Black Bands
Hid-bady Scale Rows
Subcaudal Scalas
Height (g}

Haad Length
Heart
Liver
fall Eladder
Gonad (right)
{left }
Lurg
Kidney {right}
(left}

Table 3.
calubrina.

a1
44
i
B2
73

99
103

RAZZ24
Female
124
[
2%
23

33 pairs
95

q4 (1}
-~ 44 {i0 -1}
= 74 {1l - 18.5)
- BZ {1%.9 - 20.5%
- ¥ {20.3 - 22.7)
= 100 {23.2 - 25}
102 (25.5)
~ 1084 (24,7 - 28)
=~ 108 {25.7 - Z7}

32
33
41
n
73

73
79

1190

RALBY
Hale
89.8
13
3
23
&t pairs
393

2.5 (1}

- 35 (12.8 - 14)

- 57 (14 - 2Z2.B1

= 42 (24.4 - 24.81

- ¥2.5 (28 - 290

- 78 29,2 - 30}
77.5 (31)

- 78.3 (279.4 - 1.4}

- 80.5 (30.2 - 32.2)

The tahle gives the descriptions of the two specimens of L.
Values far the position of organs are given as their

distance from the srout of the specisen in cantisetres with thae

corresponding distance in head lengths in hrackets.
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PARAMETER HEAN 5.E. RANGE N
§.¥. LENBTH {cm)

Female 107.4 1.4 -5 - i43.5 207
Male 2.7 1.2 37.5 - #7 154
TAIL LENBTH {cm)
Fenale ii.7 0,2 3.0 - L& z04
Male 10.9 0.2 4,0 -~ 13,5 149
BLACK BAKDS
Female 28.8 9.1 23 - 34 189
Male I0.¥ 0.2 27 38 135
VENTRAL SCALES
Female 228.4 0.4 222 - 239 gl
Hale 223.3 0.4 218 - 230 33
SUBCAUDAL SCALES
Female 33.0 0.2 27 - I8 81
Hale 3i.6 0.2 3T o~ 55
HE1GHT ig)
Female 622 21.9 15 - 12040 IE-T-]
Hale 173 B.4 17~ 393 83
IMBILICAL SCAR
Female 2¢3.1 0.534 197 - 209 33
Male 201.9 0,47 198 ~ 210 34
BODY SCALE ROWS
{a}) AT MECK
Female 23 0.12 21 - 28 78
Hale 22 0.04 i - 23 48
{hy AT HID-BODY
Female 25.8 0,02 23 - 29 g4
Hale 23 [HPR 22 - 2% 55
tcy AT VENT
Fenale 20.1 q,08 18 22 77
Male 8.9 0.0% 17 - 21 57
JNFRALABIALS
LHS & RHS
Female 8.4 0.4% - 10 74
Hale 8.3 .1 710 42
SUPRALABIALS
LHS & RHS
Female 7.8 0,07 7-10 74
Hale F.0 0.03 7- 8 42

Table 4. HMorphological variation betweea females and males of L.
cplubrina, The statistics supplied are mean, standard error {S.E.},

range and sample size (N},
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Hedian Test ANOY

Paramater Chiz  dof P F dof P
Length 253.8 { {301 25%.7 1,355 <001
Tail Length 9.1 1 {008 10.8 1,351 0.001
Black Bands 47.7 1 {.001 100.3 1,322 L0t
Ventrals 36.3 1 4,041 50.0 1,332 L. 001
Subcaudals 106.5 1 .00 £33, 1 {1,134 <.00¢
Weinht 145, 1 1 £.001 230.2 1,25% {.001
Unbifieal scar .1 t .25 2.5 1,87 0.1114
Body Scale Rows
{at At Heck 2.4 1 el 5%.8 1,124 <. 001
{b} Hid-body 35.2 { {001 8.0 1,137 <091
{c} Vent 1.0 1 {001 87.5 1,122 <. 001
Infralahials

LHS 2.7 1 i 7.2 1,114 0.008

RHS 9.9 1 {,025 14.2 L t14 <001
Supralahials

LHS 5.9 1 <.001 532.% 1yl14 {.001

RHS 40.3 i €001 55.2 1414 <001

Table 9. The significance of differsnces between males and females are
shown as the Chi? value, degrees of freedom {dnf) and probability (P)
for the wedian test. F statistic, degees of freedus i{dof! and
probability (P} are given for Analysis of Variance (AHDV) faor L,

colubrina.
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Positian
Bcale rouws at neck

[ntervening Yentrals

Scale rows at wid-body
intervering ventrals

Gcate rows at vent

Intervening ventrals

Male
&A%
I74

4%
Fi%

9%
784

(314
(31)

{321
(3

{321
(32}

Female
az% (34}
79% {34)

&% (34
79% 434

£2% (34)
74% (341

1i%

Table &. Table presents the percentage of specimens which had an equal

number af bady scale rows when counted around the left and the right

sides of the hody. The nusber of specimens in the sample are given in

brackats, The intervening ventral scales are presented in the same

manner.
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Fositiaon
Scale rows at
Scale raws at

scale rows at

Table 7. The
sample having

colubrina,

Hale Female
neck 21 {374 & 23 (A0%) 23 (B3W)
sid-body 23 198%) 23 {431}
vent 19 (AL%} 20 1773

tahle presents the nodal caunt and percentage af the
that count of body scale rows for maleés and female L,

it4
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L. colubrina L., E. COMBIHER
schistorhynchus L. colubrina %

schistorhynchus

Male Fenale Male  Female Hale Fenmale

At Neck
b 45 .35 .57 .25 AR Ah
a t.68 -.53 =109 6.3 1.02 1.54
r T3 X1 B3 « & .79 53
K 4 78 24 5 72 83

At Hid-bhody
b ] 1 47 * .48 -1
a 5 -1 Ik .29 -.95
r ] L .96 # .B% 273
No47 7?7 24 5 73 82

ft Vent
b .33 .45 .51 ] 33 Al
H 3.87 1.2 .B ] 304 1.99
r A5 54 77 r b3 .7 (&1
H 47 77 24 g 73 B2

Table 8. The table gives the values to evaluate the equation of y = bx
+ a where y is the number aof ventral scales that correspond to a count
of bpdy scale raows (x) around tha species indicated. The correlation
coefficient (r! is given as is the number in the sample (N}. The value;
are for L, golubrina, L, 5. igtorhynchus, and for those of these :
specias comhined., Tha values could not be calculated for those shown by
the asterisk (#) as all the points were ideptical thereby giving naithef

regressian aor carrelatior values.
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Infralabials

Left side 7/ Right sida
% of sample
SBupralabials

Left side / Right side
% of szample

N

Hale

8/
52% { §7%

747
3% 98l
42

114

Femzle

Fi9
44% [/ G0N

g/ 8
534 / So%
74

Teble 9. The table gives the aode and corresponding percentage of amale’

and female specimens for the rumber of infralabial and supralahbial

zrales on the left side and right side of the aguth.

(N} is also given.

The sample size
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YARIABLES

Independent 7
s=v length /
s-v length
s-v length
s-v length
8-¥ length
tail 1.

/
{
/
!
7
ventrals f

Dependent b
subcavdals .02
ventrals W02
bands = 0f
tail 1. A7
weight 4.B

subcaudals 15
bands Wil

HALES
& ro (N}

40.3 18 159
221.8 .13 (33}
31.6 08 (1351
=14 T4 (LAF)
-16%.3 33 195)
40.0¢ «25 (55}
&.7 AT 183)

b
.02
A5
01
o1

10,3
34
13

FEHALES
a r
30.3 .28
222.7 W39
27.4 .17
9 )
~482.8 -84
29.2 44
- 06 .28

it?

{N
(B

{1
{2
i1
a
£}

Table 0. Relationship bBetween selected morphaometric variables for male

. and fexale L, colubrina.

Table gives the values to evaluate the

equation y = hx + a3 correlation coefficient (r} by least sguares, where

¥ is the dependeat variable and % is the independent variable.
figure 5 {e) ravealed that the

gize is given by N in brackets.
relatinonship between s-v langth
equations, ¥ = 0. 424%, r = 0.%4

Sample

and weight was aon-linear and the

far males; and y = Q. 484%™ + 0.02, r =

0.B7 for females, are nore appropriate.
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CLASSES 817E
Fallicles (am)
1 < 1.0
11 1.1 - 5.0
Ii1 5.1 - 8.0
v B.1 - i5.
¥ 15.1 >
Egos 42,4 3

11

FHASE OF HATURATION

(aftar ZIug Bt al, 1979

oogenesis

early drowth

hydratiaon and initial vitellogenesis
active vitellogangsis

maturatior to ovulation

aviducal and shell fermation

Table {1, $fize classes of avarian fallicles and shelled aviducal eggs

#ar L. colubrcina, The measuresants are in aillimetres, and the chaice o

size classes is based on the lower freguencies of follicle diameter of

&8 specimens,
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CLUTCH NUWBER

PARANETER { 2 3 4 5
Egg Length {ca)

REEN &.8 7.0 b3 b.8 6.2
5.8, 07 W24 4 b L 158
sinimum 6.4 3.5 S 6 bl 5.4
LEFST.1 ] 7.2 B.2 6.7 i b &
Egg Widih (cal

mean 2.7 2.4 2.7 2.8 2.4
S.B. WAl 04 03 il 0%
minimum 2.3 2.0 2.8 2.2 2.1
saximum 2.9 2.0 3.1 3.0 2.8
Egn deight (g}

mean 24,3 21.1 32.6 29,0 20.3
5.8, .3 1.01 2% 43 1.04
mininum 22,5 13.0 3.4 27,1 13.%
maxinum 26.0 24.5 33.4 30.7 22.%
Clutch Size

] i0 ic 7 7 ?

Table 12, The table gives the mean, standard error (s.&.} ard range of;
the egp length, egg width apd weight plus the nusber of eggs in five ;
clutches latd in captivity by different specimens of L. colubrina.
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Egg Mumber

#3 LL
Height at Laying ig) 33.4 33.9
Eng tength (cm} 5.9 b5
Weight at Hatching tg) 384 34.3
Incubakion Period 126 days i21 days
Meight of Gnake ig} 23.8 17.3
§-v length at birth {cm) 30.7 27.5
Sex nale male

Incubatian Temparatures 24®C ta 32,3°0

Table 13. The tahle gives the weights and lengths of the eqgs and
hatchiings af two successful eggs from & clutch of seven laid by a
captive female L, colubrina on 9 December 1981,
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Hemipanis Parameter Mean
Tip to Tip Distance {cm) 0.93
Spinous Length {(cm) 1.10
Calyculate Length {cm) 1.12
Maxiaum Diameter {cml {.37

s.8,
.03
.02
02
03

Range
35 - 1.26
8 - 1.33
b6 - 1.3
45 ~ 1.66

121

33
33
33

Table 14. The table presents the sean, standard errar {(s.e.) and range

af measurgments of hemipenes for 33 male L. colubripna.

The left and

right hemipenis were inflated with water to full extensiaon and measured.

The averages of these provided the data for the calculations.
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FRMILY:

Table 15,

calubrina.
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HURACNESOC{BAE
Conger cinereps ¥
Lycodontis pictus

HURAENIDAE

Byanpthorax tessellatus #
Gymnothoray eeleagris
Bymnathoray favagineus
Gyonpothgrax buroensjis
fchidna pebulpgsa *
Uroptervgius tigrinus
Sidereas plcia

Table lists the spacies of eel found in the stomachs of L,

The most cosmon species are indicated hy an astarisk ix],
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Tsbie 14, Table presants the tetal number of L. colubrinag caught on
Sausaw Island feor each visit and for each study area of the island.
Mumbers are presented for males (M}, females i{F} and juveniles (1} for
each study area {1 to 9. Bee teut for descriptions of the areas and
refer to Fiqure 14.
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Expected Frequencies

Numher of Nunber af Poisson Negative Geonetric
captures individuals binamial
{ 143 143,76 179.94 145.15
2 24 25,84 29.24 23.37
3 3 3,10 4.57 3.74
q 1 .28 Y Whi
Chi Gquare 2.01 4.40 A3
begrees of Freeden 2 i 2
Probability 0.8 £0.901 0.75
Estimate of N 573 971 1075«

123

Tabile 17 {a). Table gives the zero-truncated Poisson, negative binomial

and geometric distributicns fitted to capture frequencies of L.

colubrina on Sausau Island in Aprit 1981. The best estimate af the

population size is indicated By an asterisk (],
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Expected Fraquencies

Humber of Husber af Poisson Negative 8eometric
captures individuals tinonial
S 109 106,21 41.43 108.5%
2 i1 12,74 4,34 11.97
3 2 1,04 +53 L.32
4 ¢ . 0b 07 W15
Chi Hguare 1,29 124,30 ]
Degrees of Freedom 2 1 2
Probabitity 0.3 Q.00 .73
Estimate of N 381 2130 1104+

Table 17 {b}. Table gives the zero-truncated Ppisson, negative binomial
and geamatric distributions fitted to capture freguencies of f.
colubrina on Sausau Tsland in July 1981, The hest estimate pof the

population size is indicated by an asterisk (#].
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Expected Frequencies

Nunber of Humbar of Foissgn Negative Gramekric
captures individuals binomial
1 374 374,73 3002.32 381,98
2 73 74,01 GET. 41 67.77
3 12 10.22 84.43 12.04
4 1 1,03 7.%92 2.14
3 0 0,08 L.ok 0.38
Chi Square 4.5l 2817.73 1,42
Cegrees of Freedom 3 2 I
Probahility 0.9 {0.001 .75
Estimate of N 1394+ 1930 2812

Table 17 {c}. Table gives the zero truncated Poisson, negative binpaial
and geametric distributions fitted to capture frequencies of L.
colubrina on fSausau Island in January 1982, The best estimate of the

population size is indicated by an asterisk ().
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In Water
Dody Water Difference in
Tenperature Temperature Temperatures
Hean 28.0 2.3 Bady temperatures ranged
5.E. 0.4 .4 from t=C above to 1,5°C
Hinimum 24.0 24,0 belaw water temperature,
Hawimum 32.0 32.5
] 31 31
Moving on Lang
Pady fir bDifference in
Temperature Tenperature Temperatures
Kiean 271 24.3 Body temperatures ranged
5.E. 0.3 0.3 fram 4.3°C above to 2°C
Hinimue 21.0 20.5 tbelow air temperature.
Haximum 3.0 3.0
N &3 &3
esti an_Land
Budy Ground Difference in
Temperature Temperature Teaperatures
Hean 27.1 28.1 Body teaperatures ranged
8.E. 0.2 0.2 from 590 above to 1.5°C
Hinimum 24.5 23.5 belaw ground temperature.
Haximum 30.5 29.0
H &7 47

1 on Land

Buody Alr Fifference in
Teaperature Temperature Temperatures
Kean 27,9 26,9 Fody temperatures rangad
5.E. L 1 from 7°C above to 2.5°C
Hinimum 24,0 23.0 below air tesperature.
Hadimum 3i.0 .o
N 144 144

Table 18, The table presents the mean, standard error (S5.E.! and ranga{g
of temperatures recorded for L, golubrina and the immediate environnenti.
The bady temperatures wWere recorded for snakes in water, and on land ang
for resting or maving individuals as indicated., The maximue differences
between anvironmental temperatures and cloacal teeperaturss are :
presented in each instance,
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Animal Venem Yisld

Sex g-V L We. Wet Nt. VYolume  Dry Wt. 4 Solid
tom} (g} {mg) (ul} (mg}

H Té 200 18.1 12.3 3.8 32.0

] 7%.5 150 9.4 6,4 2.8 29.8

F 105 459 0.6 2b.4 14.2 35.0

F 125.5 600 21.3 14.4 4.5 30,5

F 114 00 43,3 3i.8 11.7 27.0

F tig 1050 1i4.4 78.7 35,7 3.2

F 109 700 21,4 (9.5 5.4 26,9

F 127.3 ang 29.3% 20,0 ¥.31 3.7

F 107 350 9.1 5.3 3.8 4.8

Nean = {06.98 &00 34.1 23.5 L0. & 3.7

8.E. = b1 100 i0.8 7.5 3.4 t.&

® Thise repredents the venom from one fang. The ather was

dislodped during collection and its venoa lost.

Table 19. Results of venam extraction from Group T animals {water
supplied) on (September 1, L9681}, The animals were collected eight days

prior to venom extractian, See text for details.
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dnimal Venam Yield
Sex BYL wt. Wet Wt. Volume Dry Wt. % Baolid

{cm} g (mgq} il (mg)
H 20 250 32,8 23.3 9.2 28.3
F 104 400 40.7 33.2 15.5 31,8
F 120 750 20,2 14.4 5.8 28.7
F 12¢ 1209 42.8 30.1 12.7 29.7
F 121 a50 84,9 59,4 29.3 29.8
F 118.5 800 86,3 £0.3 24,0 3041
F 1§95 930 64.2 45,7 168.5 28,8
F 13 750 16,1 11,2 4,9 30,4
Hean = 14,3 749 49,5 34.7 14.7 29.7
5.E. = 4.3 87 P8 b7 2.7 0.4

Table 20, Results of venom extraction from Group IT animals {water
deprived} on (September 1, 19Bl). The animals were collected eight dayﬁ
prior te venom extraction. See text for details.
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Figure 1.

The study areas for L, colupring in South East Viti Levu,

13
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VANUA LEVU

Ty

“Sausa
10km

16*S

Figurs 2. The study area for L. culubripna narth of Vanua Levu n......i..m..

Sausau Istand,
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Figure 3. The wonthly mean temperature {A) and monthly rainfall (B} fl.
South East Yiti Levu {Suval and for Yavalagi bkm south of Sausau Islang

Yanua Levu for 1981.
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Figurs 4fa - 11, Coeparisons between male and female L. colubring are
ghown for the parameters measured. The figures show the freguency ef a
count or measurement as & bar graph with that of wmales on the left-hand
side and femalas on the eright, Where the frequency exwceeds 40 {for
gither males or females, the total for the sex is given at the end of
the bar. The nusber of specimens of pach sex aaking up the sampie is
shown as {H? an the left for males and on the right for females. The
siza classes (with unitsl or counts ar2 presented in the central column.
The parameters aret tal s.v. length icml, (b} tail length icm), (cC}
nurber of black bands, {(d) number of ventral scales, {e} number of
subcaudal =cales, (f) weight (g), (g} vantral scale number of umbilicus,
(h} number of hody scale rows at neck, (i) at midbody, (i} at wvemt, [k}
number of infralabial scales, {1} nunber of supralabial scales,
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Fiqure 5 {a - g}. Graphs of selected morphological characters are
presentad for each sex fo illustrate their relationship, if any. The
qraphs are as follows)
{al s-v length {ca) and subcandal scale count for males
{uppert and females (lowerl,
tb) s-v lepngth {ew} and veniral scale count for wales
{upper! and femzies (Lower),
() s-v length f(ce} and black band count for males {upper)
and females {lowerl.
{d} s-v length {em) and tail lengkh {cm) for males d{upper)
and females {lawerl).
(e} s-v length {cm) and welght (g} for males {upper} and
fepales {lower).
{f) tail length (cm) and subcaudal scales for males {upper}
and femalas {lower).
(g} nusber of ventral scales and number of bands for males

tuppart and females {lower},.

The sex, regression equation, carrelation caefficient (r) and

sample size {n} are given far esach graph.
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Figure 4, The relationships between the number of ventral scales aad
the nuaber of black bande are presented for three species of Laticauda
{a) and Hydroohis pelenpcephalus (b)., The means and ranges are shown
for the oumbers of hands and ventral scales. The mean for each
population from the Horth Pacific and South Pacific are jeined by an
oblique line for each species. MNales were used in most cases although
somg authors did not differentiate hetwesn males and females whea thay
presented the variation in band count e.g. Hag and Chen (L980). In sucl
instances, the average of their ranges was used. The species arej

tal

v L. 5. schistprhypchus from NMive (Guipea et al., 1983),
L. semifasciata from Ryu Kyu Islands {fuinea et al., 1%83).

i
2
3. L. colubrina from Fiii (this study),
4. L. colebrina fromw Taiwan {Haa and Chen, 1980).
5. L. laticaudata fraom Mew Caledonia tSaint Girons, 1944},
&, L. laticaudata #rom Taiwan (Man and Chen, 1¥BQ}.
b}

7. Hydrophis selanpceghalus from Fiji (Guinea, 1981},

8. H, mgjanocephalus fram Taiwan {Maa and Chen, 19601,
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Figure 7. This figure present= the monthly variakion in {a)
photoperiod, (b) ovary weight index, (c) the presence of spermatozca {i:
and oviducal eggs (ii} in the oviducts and (d) the diameter of the
largest follicle present in the ovaries of the 5B adult female L.
golubrina dissected during the study, Solid circles rapresent aultiple
paints,
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Figure B. The lengkh of Ethe cloaca obtained from sillicone maulds of
females fall within three classes. Those fewales whose s-v length is
below F0 cm are immature, Maturity otcurs when s-v length falls hetween
9¢ and 106 ca. Those specimens over 100 cm are adult. There is a
stight increase in cloacal length with s-v length and presunabgly with
the age of the snake. The regression equatiaons for the three sections
of the gqraph areg )

iy [s-v length < %0 cm) you 0.008x + 0.003, r = 0.9B.

{ii} Es~v length 90 ~ {00 cml y = 0.014x - 0,015, r = 0.9,

{iiiy Ce-v langth » 100 cal y = 0,018% - 0.078, r = 0,04,

where y is tha length of the cloacal sould, % is the s-v lepgth, and r

is the correlation coefficiant.
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Figure 3. The graph pracents the ralationship hetween maternal g-v
length and the numher of eggs im a clutch for L, colubrina. firclaes
represent oviducal ejgs and clutches laid in captivity. Squares
regresent the count made by palpation of Tive females. Solid symbols

represent multiple =cores,
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Figure 10, The variation in testes weight index is shows for each moath
of the study. The testes weight index was at its miniaum during the
winter aonths, April to July, and at its gaximum in September and
October. Open circles show values. Solid circles show auitiple

valusgs.
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Figure 1l. The stze of male L, colubripna at sexuval maturity is
dstermined by the variation of hemipenis parameters with the s-v length
of the specimen. The straight line distance fraom the distal terminals
nf the sulcus spermaticus fal, the length of the hemipenis covered with
calyces (b}, the Jeagth of the hemipenis supporting splanes (c) and the
maximum diameter (d) are plaotted against the s-v lenght of the speclmen.
Adult dimenzions of all parameters were present after the specimens had
obtained a length of 70 cm. This size was taken toc be the slze at

sexual maturity.
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Figure 12 The weight of the testes is directly proportional to bady

weight of male L. colubrina, Both weights are @ipressed in grams. The

regreasion gquation is displayed on the figure.
and the correlation coefficient equais ¢.78.

The saaple size is 34


singh_al
Pencil


4= .898x + .59

TTIITTTITTITIT T T

L] o

o Mo | i | 1
B 19 18 20
WEIGHT OF FaT ig)

TESTES WEIGHT I(g)
-

@

Figure 13, Testes welght is directly proporticnal to the weight of fat
in the body of male L. colubrina, Both weights are given in grams. The
regression sguation is presented on the figure, The sample size is 3&

and the correlation coefticient equals 0.B87.
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Figure 14 {a) EBody size - sonth matriy showing the seasonal
distribution in s-v length according te the month of coeilection for all
male L. colubrina caught on the islands of §. E. Viti bLevu. Saaple size
= 15¢. The inferred juvenile growth rate is shown as a braken Iine, '
{Huphars = individuals af a given =-v length class caught im a specific
month. #% indicates more than 10 specimens in the class for that

apnrth.}
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Figure 14 (b} Body size - month matrix showing the seasonal
distribution in s-v lenqth arcording to the month of collection for all
female L. colubripa raught on the islands of 5. E. Vit Levu. Sample
size = 207, The inferred juvenile growth rate is shown as a broken
line, {Mumbers = jndividuals of a given s-v length ciass caught in a
specific manth. * indicates more than 10 specimens in the class for
that month.}
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Figure 15. The inferred growth of male (a) and female (b L, colubrina
based on the month of capture. MNumbers indicate the number of

individuals caught in a size class in a aonth,
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Zausan Resf

Figure 14, GBausau Island divided ints habitats
the island,

(i} elevated centre o
{2} tall grass and coconut palms on saad. (3} mangroves,

{4} mangraves. (5} mangroves. (&) sandsplt. (71 rocky windward

area. (B} reef flat. (9} open water. See text for further
descriptions.
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Figure {7. The figure shaws the freguencies of active male apd female L,
tolubripa for the twenty-four hours for eagh viasit to Sawsau Ia)and, The
date of each visit appears at the top af each figure, The approximate
position of sunrise (SR} and sunset (S85), high water (HBW) and perfods of
rain {Rain}! are placed beside the date te coincide with the appropriate

hourly intervals,
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figure 18, The daily recrultment (% unwarked per day) on Sausau Island
far April {ad, July {(B) and Jamuary tc}, The percentage unmarked in
zach twenty-four hour capture period have been fitted to the eguation y
=a+bXc* (Limpus et al.,1984). The asymptotic valwa for sach month
indicated the perecentage of the land population that maved Between the
shore and the sea each day. Values were; April, 80 & 1,7%; July, 9% *
i.8%; January, 72 & 10.2%.
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Figure 19. Body teaperaturs of L, colubrins and that of the iamsdiate
enviranment, The body tesperature of L. cglubripa in water (N = 31} was
close to that of the surrounding water (2}, The body temperature of
snakes acving en land (W = 43) deviated from air temperature (b}, Must
specinens had body teaperatures higher than the air teoperature, The
body tesperatdures af resting saakes (N = 47} were oostly higher than
those of the ground (). The body temperatures of resting snakes N =
144! were mostly higher than those of the iamediate air {d}. The
straight line of body temperature eguals environmental temperature is
shown in each graph, BHee text and Table 18 for further information.
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Figure 20, Effect of regular vence collectian on dry venga yislds.
VYenow was callected from Group 1 ispolid circle, supplied with water) and
Group 11 {open circle, water deprived) animals on four occasions at

weekly intervals.
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Figure 2l. Effects of regular venom colleetion on the amount of solid
in whole venom,
At % aolid in whole venom collected at weekly intervals. The
enakas arrived in the laboratory on Rugust 25 and were
milked at weekly intervals i.e. September §, B, 15 and 22,
Grovp [ {selid circle} were supplied with water. 6Group TI
topen circle} were water deprived.
B: Daily temparsture means and ranges (degrees Celsius) for
the periad of venom collection.
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5 min

Figure 22. Effects of venon (4.9 pg/nll an response=s af the chick
biventer cervicis nerve-euscle preparation to indirect (1) and dirsct

{P) stimulation, The venos was added at the arrgw,
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Figure 23, HNauropmuscular hiocking patency of dry veios on the chick
biventer cervicis preparation, The tise {in miputes! te reduce
indirectly elicited contractions {in pg/slil. Each point represents the
aean of 4-8 deterainations and the bars indicate the standsrd error

{untess smalier than the syahols).
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Figure 24, fctlon of dry venom (1.7 pgiéal) on the chick hiventer
cervicis preparation.
Top Pane}: Control responses to indirect stiwulation,
acetyicholine (A, 3 X LO-*H}, carbachol (C, 2 X 10”PH} and
KCL (K, 3 X {0=ZM). ‘"Venom (¥, i.% pg/ml) was added at
arrow during indirect stimulation,
Bottom Panel: After complete blockade of responses to indirect
gtimulation there was no response to sither acetylcholline
or carbacthol when added at the same concentration as

before, but the KCl response was similar to control.
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Figure 25. Log dose - mortality curve for lyephilised venom in mice.
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Plate 1 {ai.
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(h). The common Fijian sga snake Laticauwda colubrina, The

yellow colour of the uvpper lip is diagnostic of the species.
fi parasibtic tick, fimblyogama nitidum {al is attached to the
head. The flatteneg paddle-like tail aide swimming (ht.
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Plate 2, Laticauds laticaudsta 2lthough coomon in sone dreas of the

South Pachfic, was rare in present study in Fiji. This
specinen ARA 1420 was cotiected froe Tobervs leland in Bau

Walers,



Flate 3.

fydrophis melanacephalus was retatively commen in ioashore

lagoonal Waters in Fijil,

146



Flake 1,

Pelamiz plakturus was caught in open water bebween islands,
rarely ventured into coastat waters. Photogreph by Faddy

Ryan.
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Plate 9. The banded =nake eel Hyrichbhys colnbripus, was described as a

mimic of L, colubripa by Perngtbta {1977). Snake eels uere

found in sandy areas thrpughoul the study areas during the

day.



Plats &.

The shape and thickness o

F the Ltail uwas the cost obvious

difference heiween adult male and {fesale U, colabripns. The

tail of an adult a@ale ftop! is enlarged ventrally to

accommpdate the hemipenes

enlargemant .

. Female kails (bottonl latked this
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Aberration in venlkral scales of L. colubrina was aften in the
form of halé scales, R half scale op ppe side of the body was
usually compensated for by a half scale further along the

bady.,



Flate &,

copulation in L. ¢glubrins togk glace oa land., The nmale

{amaller of the specimens) maintains close bady contact with

the jenale.
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Flate %. Hales leave the water where a female has emerged. This
position was located by males moving paraliel to Lhe water’s

edge and sensing the beach with thelr kongue.



Plate Lo,

A clutch of eggs froam o fewmale L. colubripa held in

captivity.



Flate 1L, 0 nwwly hatehed juvenile L, golybrins shawing the egqahal!

and extra-embrysnic mesbranss, 3See text {or 4etails.



Plate 12,
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The paired hemipenss of a male b, golubriga. Each hemipenis

was inflaked with water to show the cwooth grovimal Base, the
region of large spines, Ehe distal poriion covered in calyces

and Lhe bifid tip. Ses teakt for detaits.



Plate 13,
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This radiograph of a female L, qalubring with its stomach
contents of an egl [Gyvonptharax sp,) shows the relabive size
of the ael to the snake., Unlty the head af the ezl is
positioned in the stomach, the remaisder is in khe

aesaphagus.,



Flgte

14,

197

has raptured a juvenile saake as it approached the shore.
Atthouwah not killina the snake immediatnoly, it #as eaten the
flesh ta erpose the backbone which wauld lesd te the death bf

Lhe prey.



Plake 13,

A commonly encountered scsr on bhe bodies aof aduld L.

colybring is shown by this phokograph, Ttus parallel wauwnds

about 2 om oapart encircle the bady.

The origin of such scars

it not konewn, but is assusmed fo be caused by & crab.
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Plate L&, Adulb L, ecplubprina that inhabited grassy arzas on Savsau
Island were wulneralile Lo gra2ss firegs., [adividuals showed o

fear of fire and nany were killed while resting.



Plate 17,

Buring pariods of drought on Saussu Island, L, zalubrina were
active at night drinking water droplets that had collested by

guttation on the leaves of -vepetatiaon.



Flate 13.

The vepan gland and venow dect are sublined by the injection
of indian ink iato kthe gland befere it cleared and stained.
The vekon duct is a gingle struttwre an each side of the head
in the supralabial pasition. Yhere is no branching af the

venam duct as suggested by Halstegad 11978},



Plate 1%, Venom was collecked by dislocating the jaws and placing a
leagkh af clean plastic kubing pver each fanpg in turn.  Venon

Wigs rrieated whep Lhe tubing touched Ythe pucous meabranes.
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a.

This programme ig a BASIC versiaon of that published by Caughley

{1977) to estimate the size of a population from the recapture

frag
40
50

uency.,
LET D$ = CHR$ (4}

DEF FM 6(X} = EKP {{X - .5) % LOG {X) - X + 918 +
(L7 412 % X3 - {1 / (360 # X ~ 3)))

@0 Gl = 03B2 = 0483 = 0

75

tog
105
110
120
130
140
150
150
170
180
150
200
210
213
214
215
230
250
240
27¢
280
230
300

310
320
325
370
380
390

PRINT * HOM MANY TIMES WERE THE ANIMALS SAHPLED? "t FWPUT "N
DIK FONI EiN)

FRINT * ¥ OF AMINMALR CAPTURED "

FOR I =1 TON

PRINT I;" TIHES = "j;1 INPUT "=;F{Il
851 = 81 + ¥{I]
B2 = 8% + F{I) % 1
83 = §3 4 FU{IY ¢ | ~ 2

NEXT I
A = 52 7 81
VA = (B3 - {82 ~ 2} f g1} / 61 - 1
H=~A~Ya % FiLl /7 (A % (Bl - FiL} )}
FO = (B2 - H # 51) / M

Wl =82 /7/H

PRINT "PREEE P FOR & PRINTOUT ™
PRINT "PREES ANY KEY TD CONTINDE"
GET P$: PRINT : IF P4 = "P* THEN PRINT D$;"PR¥!1"
PRINT * NEGATIVE BINDHIAL *
W=A/VAx (1l -Fii) / 51)

K= (W >»A - FtL{y 7 81} 7 1 - M)

H =1

FOR i =1 TO N

H=Hz%#l

EQf) = Bf € (W »K) / (4 - W1 % FHGLK + B} ¢
{ FH B(KY # H} 3 {1 - W} ~ I

REXT I

GOSUB 1000

PRINT : PRINT

PRINT * F ZERD = *§FQ

PRINT * POPULATION ESTIMATE = *;Ni
PRINT * CHI SEUARE = ;X2
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400
405
L3ty
4290
425
430
440
4435
430
489
4%0
o
503
319
52¢
530
540
550
F40
57¢
375
580
590
400
al¢
420
623

440
48¢Q
&90
&75
700
1000

PRINT “ DEAREES QF FREEDOM = "N ~ 3
FRINT : PRINT

PRINT " GEOMETRIC EBTIMATE *
0 = {82 -~ §1) / {82 - 1)

FOR I =1 TD N
E{l} = 81 * {1 ~ @} %+ B~ (I -~ §}
NEXT 1
N2 =861 /70Q

Ga3UE L1600

PRINT ° POPLULATION = ";NZ

PRINT " CHI SBUARE = ";X2

PRINT " DEEREES DF FREEDOM = ";N - 2
PRINT 1 PRINT

PRINT " POISBON ESTIMATE "

TH = A

TH = TH -~ .001

ES = TH /7 (1 - EXP { - THM)

H

Tah~ES
IF T ¢ 9 BOYD 330

N3 = 52 ¢ TH

TT = §2 / TH

PRINT ™ POPULATION = "§N3
PRINT * T HEAN = *3TH

Ol = TT % EXP [ - TH)

FIR I =1 TOMN
BI =01 «TH / 1
E{l} = D1
HEXT 1
Gasue 1000
PRINT " CH1 SOUARE = "332
PRINT " DEGREES OF FREEDOH = "3N - 2
PRINT D$;“"PRAO"
END
¥2 = il = 0

tn0S PRINT & OBS  EXPECTED  CHI SG*"

iold

FOR 1 = 1 TO N

1020 31 = UFILY - ELLX) ~ 2)  ELTN

1025

PRINT I;* 1Fi{; " "gELLIg" 18

208
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1036 X2 = X2 + %1
1040 HNEXT 1
105¢ RETURN

ExE==
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