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THE GREEN TURTLE, CHELONIA MYOA5(L)
IN EASTERM AUSTRALIA

Lolin J, Limpus
Research & Planning Branch, Queensland Matural Parks & Wildlife Service

The early navigators in eastern Australia hunted the green turtle Chefonia mydas
at every opportunity. Captain Cook's crew landed 21 large turtles in 27 days from the
reefs offshore from the Endesvour River while the boat was beached for ropairs, Thia
wag their first: major supply of fresh meat in eleven months, Cook in sumimarising his
Australisn experiences commented that there occurred . , . . . | upon the shoals and
reefs great numbers of the finest green turtle in the world . ., . (Reed, 1969). Swaatman
{Allen and Corris, 1977} in describing the return of HMS Brambla to Sydney in 1845
noted “we entered the heads of Port Jackson just as the last pound of bread was being
strvad out, there being only 3 days salt meat left in the ship. Had it not been for the
turtie caught at Raine's 5. and the fish caught on the reefs we should have hoen destitute
of food three weeks befare™,

While initially the green turtle was sought for the sailors’ own needs, in later years
the emphasis changed. Early this century the serious attempts 1o commercialisa the
green turtle resources of the Great Barrier Reaf sew the establishment of turtde soup
factaries on North West Island and Heran lsland. Lack of permanent water, bad weathar,
life on remota islands and the economic depraseion of tha late 1920 caused the closure
of these factories.

As the Heron lsland turtle soup factory ceased operation in 1929 a Cuesnsland
Gowernment fisharies biologist, F. Moorehouse, arrived to study the green turtle rasting
biology, His pioneering study provided the basis for drafting protective legistation far
green turtles in Queensland, The work of Moorehouse provided the feundation far the
more recent long term green turtle research {Table 1) which commenced on Heran
lsland 34 years later under the supervision of Dr H.R. Bustard. Thare weare continuing
sporadic harvests of green turtles from throughout the region for local and VBTG
markets but the industry never gained much momaenty m., The industry affectively coased
in 1968 (Table 2] when all turtles in Cueensland waters were totally protected by an
Order in Council intraduced by the Queansland Fisheries Sarvice, This howevar did nat
preclude the right of the indigenous peoples living in reserves 1o take turtles for their
own Use. They have traditionally done this, almost certainly in significant numbers,
since long befora Europesn settlement. In recant years through the efforts of Appliad
Ecology Pry Ltd in the Torres Straltg, farming methods are being investigated wherehy
thasa indiganous people might exploit the green turtle as a cagh Crapy,

With all the taking of areen turtles over tha past two centurles since European
colonisation there has besn no record of the lows of a green turtle population in esstern
Australia. Indeed, with the possible exception of Bramble Cay, thare has besn ng in-
stance of even a major decling in nesting populations on any of the rockerles hara, This
contrasts markedly with the pattemn ohserved in areas such as the Caribbsan islands
where many colonies disappeared through over-harvesting. Captain Cook's sssessment
of “great numbers of the finest green turthes in the werld" can still be applied to the
Great Barrier Fasf today.



Tabls 1: Summarny of geean turtls restarch i ssstern Australia,
Astarisk | ™) indicatis: ruch of the data gathered is unpublistecs.

PFrincipal Pariad af Madia soudy srem Flulereroes ta green
researchar repemcch and fype of ressarch turtls Biology
E . Mecrthouse 1R 1530 Haran 15: Reproduciive Diology Moorehcuse {1833}
0, e D, Tank® 186218973 Wrigtani: Capiive rearing | Thits sTudy was incorporeded inio
[r Bumtard's generad studies, See
Bamtnrd, 18728
H.A_ Bustad” 1964- 1873 Harrom |s s the Ceeriosn Group: Bustard {1966, 1567, 16688, b,
Heproducting holagy 1970, 19712, b, 1974, 1876,
fussard and Greanham {1860,
{19531
Chpmengland: Geraral roakary ey Buwtard, Smkise and Jenion
106080, Bustard and Tognoiti
| 1
Toeres Sizaiti: commencad Applied Care weed Bain (1973], Smart
Ezology turths fames {1873
1. Boath ™ 1960-1977 Fairfax e Wreak ls: and ganersl Hooth and Pete (1972)
usdaraater snd courtshin sludies
L Limpu® 9ER-pontinuing  Bandaberp coast and Capricain and Limpus {16762, b, 19782, b, .

Bppliod Ecclegy PIL® 1073conteurg

[mranghy Or T
Pamenier}

Eunker Groups, Heron ls {since 1974)

fiaine laland: Aeproductive biology

Chuesrpland: General rockesy surdeys

Capraearn and Bunker Reefs, Cairm
prea reati: feeding ground ology

Torres Siraite: Farming. general rookeny

LTH 5

Brsenibha Cay snd Raine ls: Beproductine

[HLIGT

Tormes Sirais: Feeding ground biology

1679, in priss} Munros and Limoues
lin press

Kowssky (1977, 1978}
Parmenser [1977]

Generalised green turtle life cycle:

The following interpretation (Figure 1) is a synthesis of views expressed in the
literature and the results, largely unpublished, of the guthor’s oWwn research om graen

turtle populations throughout eastern Australia. Much rermains to be learned of the

underwater life of sea turtles.

Regearch on green turties in Australia has been summarised (Table 1). Raviews of
green turtle research in other countries can be found in Carr (1968), Frazier (1971},

Hendrickson (1958}, Hirth {1971}, Hirth end Carr (1870}, Hughes {1974a, bl, Parsons

{19621, Schultz (1975), See also Gilboa and Dowling {1973).
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distant feeding grownds, while the females come ashore 1o nest. Most nesting activity
is nocturnal, For those beaches fromted by reef flats nesting coincides with the higher
tidal levels. Within the one nesting season each female typically lays several clutches
at abowt fortnightly intervals.
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Each female usually chooses to return to the same beach or island for the repaated
nestings within the one nesting season, However several percant of the females can be
expected 1o lay on more than one beach within less than 100km of thair initial nesting
gite. At the completion of the nesting season the females do not use the adjacent rects
or sea grass pastures as year round feeding grounds but return to their respective distant
feeding grounds, presumably to the same area that sach feft at the start of her nesting
migration. After three or more years a small percentage of these females will again breed,
sach generally returning to nest on the same beach. This behaviour and the annual use
of traditional nesting beaches has led to the sssumption that & sea turtle returns 1o nest
an the beach of its birth. This behavioursl trait is vet to be demonstrated.

B




Females lay their epgs high up on the beach usuaily within the vegetated strand,
Mo parental care Is exercised. The egps hatch about 7 to 12 weeks after laying, the in-
cubation period being 8 function of the temperature of the surrounding sound, The
hatchling turtles dig their way unaided and as 4 group through the B0cm or more of
sand to the surface. On surfacing they immediately cross the beach to the sea. This
hatchling emergeney is almost antirely nocturnal. For most eastern Australian green
wirtle rookeries only & small percentage of hatchlings is lost 1o tarrestrial predators
during the baach erossing. Immediately the hatehlings reach water thay begln orianted
swimming which takes them sway from the beach end into deep water, In coral reef
areas when the hatchlings are crossing the resf flat they are probably exposed to their
greatest predator pressure. This is a period of substantial transfar to predatary fish
of nutrients derived from adult turtles via the 2ggs and hatchlings. On reaching the
deep water arcas the hatchlings continue to swim away from the beach and this activity
presumably brings them under the effect of the OPen ooean currents where they drife
for the first few vears of their lifa. The newly hatchad turtles do ot take up residence
on the reefs adjacent to where they were barn,

When the hatchlings disperse from the mesting beach they are wirtually lost to
study for the next few years. Archie Carr refers to this as the “lost yeer of the sea turtle™,
While in this oceanic phease the turties prasumably feed on the macroplankionic algas
and animals at the surface, The young turtles “reappear” at about the size of & large
dinner plate (curved carapace length 36-40cm, age undetermined). At this size and
larger they take up residence in the shallow water habitats of the continental shelf,
feeding principally on benthic plants such as green, brown and red algee and sea grasses,
Animals especially the macroplanktonic forms such as jellyfish are also taken during
these later life phases. These immature turtles may remain in the one feeding grownd for
extended periods, perhaps years, before moving to another major area, At least ssveral
such shifts ocour in the life of the turtle in this coastel shallow water benthic-feading
phs.

The age et maturity s simost traditionally given s 4.13 yaars {based an captive
studies). Pregent studles of wild turtles sugaest that more then 30 years will be & closer
estimate of their age at maturity,

At no stage in their life ara green turtles free of predation, the immature to adult
turtles are potential prey to large cod, gropers, sharks, crocodiles and Killer whales, In
many countries however man continues to be the most shgnificant predator,

Eastern Australian bresding populations:

It'is not the function of this discussion to provide a detailed comparison of the
mostly unpublished data collected from the various east Australian green turtle popul-
ations in recent vears. It is to be hoped that the dita will be published elsewhers, In
broad terms it can be noted that while there are variations batwesn populations nesting
#t the one rookery in different seasons and between populations from different rookeries,
the green turtles of esstern Australia are & relatively uniform group. Thus data from a
southern Great Barrier Reef population are uged to illustrate green turtle bialogy and
general comparisons made between this and othar populations as required,

Most of tha esstern Australian coast line and islands hava now baen survayad fa
determine the distribution of turtle nesting, Figure 2 shows the dictribution of the



significant green turtla rookeries of eastern Australia. The two rmost important rookeary
areae gre Raine lsland together with the associated cays and North West lsland in con-
junction with the associated islands of the Capricorn and Bunker Groups, In an average
nasting season each of these areas can be expected to support a nesting population of
several thousand. Smaller rookeries each involving only 8 few hundred females occur at
Ball Cay, No. 7 and No. B Sand Banks and Bramble Cay. A substantial rookery but
of undetermined size occurs In the southern Gulf of Carpentaria at Bountlful Island
and nearby areas, Numerous vague reports of turtle nesting on islands of the Coral Sea
have been received. Green turtles appear to be the dominant nesting species on Wreck
Reef Cays, Lihou Cays, Diamond lslets, Magdeline Cays, and Willis lslets. Diarmeond
Islets appesr to support the maost significant nesting population of these latter unsurveyad
rookerias.
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The following sequence of turtle activity can ba axpected in the southern Great
Barrier Reef (Figure 3). Courting turties first appear over these reefs in late August to
early Saptember and mating activity reaches & peak in Ogtober. Afier late Movember
mating rarely occurs. Nesting beging in late October, reaches a peak In Decomber to
January and ceases in late March to early Aprif. In the northern Great Barrier Feef the
breeding season follows & similar though more expandad pattern, each activity beginning
edrlier and ending later. At Raine lsland lsolated nestings can be expected in any month
outside the main summer nesting season. In the southern Gulf of Carpentaria nesting
Appears to ocour year round with at least a mid-year peak of aotivity,
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Figure 3: A generalisad calendar of BIRAM Lwrtle Activity during a branding seeson a1 a southern
Graal Barrier Hesf roakary, (sfter Limpus, 19786}
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Figure 4. Annual nesting pepulations of green {Chefonfs mydss) and loggerhead (Caretts careita)
turtles at Heron |sland based on a tagging cendus,

There heve been dramatic fluctuations in breeding population levels of the Great
Barrler Reef green turtle rockeries in recent years. Figure 4 shows the fluctuations for
the past five summers at Heron lsland, All breeding colonles for which data from several
sgasons are svailabla (Bramble Cay, Raine Island, Pandora Cay, Heron Island and most
islancks of the Capricorn and Bunker Groups) heve shown approximately paralled flug-
tuations for these sessons, Populations of the other eastern Australian species of sea
twrtles did not fluctuate in parallel with the green turtle populations, In tha poor seasans
at Heron lsland not only did the turtles not nest, but the females and the correspending
rmale component of the population did not arrive in abundance on the adjacent recls for
courting. There are no Indications of paraliel fluctuations in the densities of the popul-
ations inhabiting the green turtle feeding grounds of sastern Australia. There i3 thus an
unexplained phenomenon scting to co-ordinate the breeding of green turtles at least
throughout the entire Great Barrier Reef Province and Torres Straits which s Epechs
specific and operates on the twrtles prior to thelr migration to the mating areas. Similar
fluctuations appear to have occurred in the past. |n the summer 1948-60 thers ware
only low numbers of green turtles nesting on Haron |sland and MNorth West Island and
the low numbers were attributed at the tima as being due to overharvesting. Howaver
the following season was a wary good one for green turtles on these same Elands. Thise
dramatic fluctuations in nesting numbars redwce the usefulness of nesting populatien
levals as 8 measure of the actusl feeding ground populations. Although the feading
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ground populations appear to be stable there is an urgent need to continue monitoring
the eastern Australian pepulations snd to attempt to define the paramatars contralling
the nesting population levals,

Table 3: Biometric data from & sampla of the Heron Island nasting population
of green turtles Chaloniz mycas, 1974-1975 nesting season

x 5.D. range n

Adult F:
curved carapace length {em) 107.0 526 91.0-124.0 451
clutch size 1120 21.56 62153 a5
eog dismater (cm) 446 0.18 3.89468 22 clutches,

10 epgs/clutch
egg welght {g) 50,02 i | 43.558.3 11 clutches,

10 aggs'clutch
renasting interval {days) 1352 .11 10-21 253
Hatchling:
straight carapace length {om] 4,497 0,19 4.02-5.19 11 clutches,

10 hatehlings/clutch
waight (g} 2483 1.84 186284 11 clutches,

10 hatchlings/clutch

Table 3 summarises some of the data collected annually from the Heran Islandg
ween turtle rookery. The nesting famales from the northern Great Barrier Reef appoear
to ba slightly larger, laying more aften in the one seagon but fewer eags per clutch than
those in the south, Within any one season a green turtle at Heron lsland can lay up to
eight, but usually 5 or 6, successive clutches. Vary few turtles will be recorded nesting
again in later sasons. When the suthor commencad monitosing the Heron Island roockery
in Dctober 1974 it was expecied that an apprecisble proportion of the nesting popul-
ation would already be tagged from Dr H.R, Bustard's research from 1964 1o 1973, No
tagaing wes carried out in the 1973/1974 summer, Only 3,6% of the nesting grean turtles
examined in the 1974/1978 summer on Heron lsland had been previously tagged. The
guthor's own research hes Involved #pproximately & total tagging of all nesting green
turtles on Heron Istand in the five summars 1974 ta 1979. In this time there has basn
@ dacline in the proportion of recoveries of turtles tagged by Dr Bustard and in the
1978/1979 season after a four vear shsence the first recoveries of green turtles tagged
by the suthor were mads, |n this 1978/1879 nesting sesson only 3.2% of the Heran
Island nesting green turtles had bean previously tagged. Of 1121 green turtles tagged in
1974/1976 on Heron lsland less than 1% have now baen recaptured nesting in later
sedsons. The low recovery rate of remigrant green turtles contrasts with the higher re-
covary rates the author obtains from similar programs with loggerhead and flathack
turties. This apparent high rate of recruitment of neonate turtles into the nasting popul-
ations needs further investigation.
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Adult Disporsal

It has been generally assumed In sea turtle research that the female twrtle returns
to her particular feeding grounds at the completion of a nesting seasan. Although the
suthor hes been able to demonstrate this behaviour fer loggerhead turtles it has et to
be demonstrated for the green turtle. If such behaviour hiolds for the green turtle then
it can be assumed that a turtle recovered after it has left the rookery (or outside of
the breeding season) is either on jts way t0 or at its particular feeding grounds. Thus
recoveries of tagged turtles away from the masting beach are used to determine the
feeding grounds supplying turtles to g particular rookery,

Examination of the distribution of t&g recoveries from green turties taggad nesting
at Raine Island (Figure B} and Heron fsland and other islands of the Capricorn and
Bunker Groups (Figure B} show two guite different distributions. Thess suggest that
while thers is some overlap in the northern Great Barrier Ruoef these two rookery areas
receive turtles from essentially different feeding prounds. (Care must by exercised at
this point since there has pot been uniform simpling of the Coral Sea region. Figures
6 and 6 are essentislly plots of where People are encountaring green turtle, not necessar-
ity & plot of the total green turtle dispereal.) The tag recoveries fram narth Cueensland
of south Queensland nesters Indicate that the turtle does not necessarily nest in the
clesest rookery area to its feeding ground, Howaver these dats suggest that migrations
of more than 1000km from feeding grounds to nesting beaches are not the normal
behaviour, Most recaptures have been mads within a few hundred kilometres of the
respective nesting arsa.

Hatchling Dispersal

The most cutstanding gap in the understanding of eastern Australian sea twrtles
results from the almost total lack of sightings of turtles between hatchling size and
thase with curved carapace length of abowt 35cm in our waters.

In the Australian Mussum collection are four post hetehling green turtles having a
carapace length approximately 1.5 to 3.0cm longer than the carapace langth of newly
emerged hatchlings. Thess were collected from Sydney beaches between 1913 and 1984,
Mo othar wild caught post-hatchling green turties from sastern Australla are known to
the author. The octurrence of thase few green turtles downstream from the southern
Great Barrier Reef rookeries along the East Australian Current is consistent with tha
hypothesis that hatchlings are dispersed via currents through open oceans, This post-
hatehling phese of the sea turtle life eycle Is in urgent need of Investigation, Until better
data are gathered, any further discussion s only conjecture.

Feeding Ground Populations

The coral reefs and shallow coastal areas of tropical and sub-tropical Queensland
Support very large populations of immature and adult green turtles. Sporadic sightings
have occurred as far south as Tasmania and New Zealand {Green, 1971; McCann, 1968).
Unfortunately, a4 with most sspacts of the underwater |ifa of turtles, the biclogy of
this benthic-feeding phase is poorly understood and very little studied,

15
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Figure §. Distribution of recapture sites {34 recaptures) of green turtles previcusly tagged while nesting at Heron ksland
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In the feading grounds sea turties live essentially solitary lives with fecding, sleeping
and besking being their principal activities. Small grazing and browsing fish eppear to
play an important role in reducing the growth of fouling organisms on the carapace and
skin. OFf the coast of Florida there heas been some indication that the immature turtlas
follow at least sezsonal migratory patterns through feeding pasturas. This type of behav- :
laur has not been recorded with the eastern Australian studies. The pattern that is emerg-
ing from recapture data obtained from southern Great Barrier Reef green turtles s one
of immature and adult green twurtles oceupying a home ramnge within a particular habstat
type, The extent of the home range is yet to be determminad.

There has been no comprehensive survey of the population structure (by age or
size class) of the grean turtle populations in different habitats of eastern Australia. On
the reef at Haron lsland where a localised survey is in progress immature green turtlas
{40-80cm curved carapace |ength] constitute mora than B0% of all turtles using the
reef frant and reel crest feeding zones. The remainder of the turtles in these same feed-
ing zones are adult green turtles with a small percentage of lopgerhesd and hawksbill
turtles. In tha lagoon feeding zones of Heron Reef, green turtles represant about B0%
of the turtles present, of these 50 — BO% are adults. The remaining immature graen
turtles are mostly in the 66 — 90cm curved carapace length siza class with very fow in
the 40 — S0cm elass. That different size class turtles occupy different habitats suggest
that there must be one or more shifts in habitat during the immature to adult fife of
the turtle. Mear Cairns, green turties are plentiful in & variety af habitats ranging from
gstuaring to coral reafs. On these coral reefs (reef crest, reef front sightings) the majority
of green turtles are immeture. The relative importance of different habitat types for
the speches is undetermined.

There is no reliable method for determining the sex of immature sea turtles from
axternal characters. Males can be recognised once they reach maturity and the sacondary
sexual characters of the lang tail and more recurved claws have differentiated. Since the
males appear to grow to approximately adult glze before differentiating there B the
possibility that a large wrtle which ressmbles & female could ba an undifferentiated male.
Thus the sex ratio of a sea turtle population is not readily determinad. The applicability
to field study of the method for sex determination using blood hormonal levels described
by Owwens et, al. {1978) warrants investigation.

Growth and Age

Growth rates and projected apes &t maturity for green turtlas have untll recently
bean almest entirely based on data from captive reared turties. Recently it has become
spparent that growth of wild green turtles can be vary slow and thet the age at secual
maturity may be in the range of 1050 years, possibly being 2 function of latitude,

Table 4 summarises some of the now extensive growth data avallsbla from Im-
mature green turthes in southarn Great Barrier Reel and Hawaiian feeding grounds, These
data while indicating that immature green turtles grow slowly show growth of mature
male and famale turtles 1o be even slower, averaging only a few rilllimetres per year.
The projected age at maturity for green turtles inhabiting southern Great Barrier Reef
feeding grounds based on an extrapoiation of available growth data i3 in excess of 30
YEArs,
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Exploitation

Sea turtles in eastern Australia are protected and memaged by several Queensland
and Australian Government agencies {CQusensland Fisheries Sarvice, Oueensland National
Parks and Wildlife Service and the Australian Mational Parks and Wildlife Servica), The
indigenous peaples living in reserves in Queensland are able to take turtles for thiir own
use, Of the important green turtle rookeries Raine Igland, Brambile Cay and islands of
the Wellesley Group fincluding Bountiful Island) are sdministered by the Clueensland
Department of Aboriginal and Ielsndar Advancament. None of the extremely largo nest-
ing colanies occurs in National Parks although several of the smaller groon turtie rockeries
{(Heskyn, Lady Musgrave, Heron and Fairfax lelands) are Mational Parks.

Saveral potential problems are being highlighted by the continuing recovery of
tagged migrant green turthes from the eastern Australian rookeries. From about Cook-
town south the tag recoveries are mostly the result of incidental captures of graen turtle
in wawl nets, shark nets and fish traps. The majority of these turties have been releasad
alive. Currently there is no evidence of g substantiel drain on our green turtle stocks
throwgh this type of sceidarital capture, Morth of Cooktown almaost all of green turtle
recapiures have resulted from captures by indigenous people taking the turtles for food,
The highest concentration of tag recoverles is from the Tarres Strait region where there
is the additional harvest by Papua-New Guineans from Daru, An estimated {ordar of
magnitude estimate only) 10,000 preen turtles per yoar are being taken throughout the
Torres Straits and the adjacent Papua New Guinea communities, There is little historical
data to compara with to know if this harvest Tate is on the increase as the suthor suspects
it to be. There is a strong possibility that shifts from traditional methods of hunting
turtle have significantly increased the catching efficiency, and consaquently the size of
the catch, of these people, While some of the turtles taken are immatures and rmales there
is a selection for femalas resulting in perhaps 40% of the harvest being adult fernales. An
annual fernale harvest of this magnitude is equivalent to a major pertion of the total aver-
aje nesting population of the entire Great Barrler Reaf for the past four summers, |f
thare is no major contribution to the Torres Strait feeding grounds from the Guif of
Carpentaria, Coral Sea or other mars remote rookeries than a potantially critical situation
has developed for this turtie fishery. The situation is perhaps even more alarming whean
it is realised that no turtle fishery s offigially recognisad for the areg by the Australian
and Queensland fisheries services, The Mew Guinaa fisheries service fs investigating the
harvest at Daru. There is need for immediate in-depth investigation of the tishery. Though
it may not be a cash crop for the people concerned it is a major source of red meat for
tham and, should the: fishery fall, finding an alternative meat sourca would be expenszive,
Recruitment of turtles into & feeding around population Is almast certainly very slow and
& long interval would probably need to be allowed for recovery af any deploted popu-
|ation,

Management of eastern Australian green turtle populations will be complicated
by the disparsal of our turtles seross International borders, Cooperative international
managament of our green turtles stocks may be required,

Conclusion

Eastern Awstralla supports one of the few remaining large populations of grean
twrtles, A considerable body of knowledge axists for the nesting biology of the species
but there has been insufficient research carried out to determine the more important
managemeant-wise aspects such as life tables and population dynamics, Many of the
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blanks in understanding are associated with the peucity of research effort that has been
direated towards the life of green turtles away from the nesting beach, Long term studies
are naeded to bridge these gaps in knowledga biefore effective canservation of sea turtles
can be achieved.

Im the short term there is an urgent need for detailed manitoring of the Torres
Strait green turtle harvest and subsequent implementation of management action found
MECESEAY .
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ENVIRONMENTAL FACTORS IN TURTLE FARMING

J, Parmenter
Applied Ecology Pty Lid

Chelonians are an ancient reptilian group with fossil records from 100 milllen
vears ago showing sea turtles morphologically identical to those of today. Although
EmMe species have restricted ranges others are cosmopolitan, inhabiting warm, usually
shallow waters all over the world (e.q. the green trtle Chevonia miedas, hawksbill turthe
Eretmachelys imbricata, lopgerhesd turtle Caretta cavetia and leatharback turtle Derma-
chelys carfacea).

When European explorers "discoversd”” the Caribbaan there were grean turtles in
abundance. They ware Initially used as fresh meat by the ships aperating in these waters
but their hardiness was soon used to commercial advantage. Turtles readily survived
shipment to Europe if they were wet dawn pariodically, thus a largs commerclal enter-
prise devaloped, Exploitation developed withaut thought of the carrying capacity of the
popuistion — the numbers of turtle ware initially $o great that it was considerad to be an
unfimited resource, It was not. Today the green turtle populations in the Caribbesn are
still under severs pressure despite numerous conservation efforts including the ban on
internetional trade in wild turtle products imposed by many nations tineluding Australia),

The over-exploitation of turtles has not been restricted to the Caribbean, but it is
the best known example. The international restrictions on trade in wild turtle produscts
are not confined to specifle grographical regions although the ratings of population status
do vary by spocies and locality. The products from turtle farming ventures may be
granted exemptions to these tradas restrictions if it can be demonstrated that the farming
operation does not have detrimental effects on the wild STocks,

Tha investigations conducted by Appliad Ecology Pty Ltd are necessary 1o compile
an Environmental Impact Statement and are essential for the formulation of efficient
farm management practices, Studies have been approached on & two-pronged basls:

] within the farms

il on the natural population

il Farm Stuches

some. factors have demonstrable direct effects on the performance of farm stock,
e.g. diet and water quality, Others have more subtle effects {or may be totally ineffectual),
e.9. insolation, temperature eycles, social interactions and the repression of migratory
instingts. Some of these factors are being studied in farm turtles allowing somparison of
the efficacy of various farming procedures. Comparisons are also being attermpted be-
tween Tarm and wild turties,

Operations are restricted in scale due to logistical limitations, An example is the
determination of turtle nutrtional requirements by examination of gut contents and
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alimentary absorption in wild turtles. Samples ara limited to thosa that can be collectad
durlng slaughters carriad out by Torres Strait Islanders. There appear to ba substantial
differences In the food composition taken at different localities within the Tarres Strait.,
In order to adecuately census these differences long term sampling s needed at seversl
localities. Trained personnel and support fagilities are not available for such Intensive
sampling. '

Another problem hindaring the determination of green turthe pustritional needs i5
that adult turtles are herbivorous while hatchlings are believed to be camivorous, Hiow-
pyer the natural food of hatchling turtles is not documented because their whereabouts
and habits are not known till they settle on feeding reefs {as herbivores) at a sipe of
about 35-40 em carapace length, This disappearance of hatchlings when they laave the
rookery ks often termed “the missing year” or “the great iurtle mystery ", The age of
turtlas when they settle is not known although they are oftan termed “yaarlings™,

This "missing year” is a problem that belesguers almost all turtde research. I
prevents study of wild hatchlings for datermination of growth rates, survivorship, aga,
dispersions, natural diseases etc. Since these studies have not been made one cannot
compare the performance of farm-reared turtles. This incresses the difficulty of making
judgements as to “satisfactory base lines” of growth and survivorship in farm reared
stock,

Mast turtle research biologists believe that hatchlings go through a pelagic phass,
drifting with the currents and feeding in the surface layers of the ocsen. The counter-
colouring exhibited by green twrtle hatchlings (ie. dark dorsum, light venter] supports
this theory as it would make them less conspicuous to both marine and aorial predators.
However the theory has not be substantiated by actual observation. in fact the location
of a turtle smallar than 35 em cunved carapace length is quite & Fare GCoUrTENCE,

Current expariments and progress reports of farm studies are presented in detail
in the papers on “Nutritional Problems” and "Diseaes of Farmed Turtles” presented
alseiere,

il  Matural Population Studies

Studies of rookeries and feading reef turtles are in progress to ascertdin various
population parameters (for example, nesting interval of femalas, fecundity, hatch success
8¢ affected by both physical and biological factors, population giza, growth rate of wild
turtles se).

The main study site is Brambla Cay (979'S, 143°52'E), & small, isolated coral
cay in the far north east of the Torres Strait, Several other roeokeries are visited for short
periods during each nesting season including Raine Island (119385, 144%3'E) which is
ane of the largest grean turthe rookerles in the warld.

Tagging of nesting females over the last three seasons has provided tag recoveries
from Papua New Guinean and Indonesian waters, though the majority hawe besn fram
the Tarres Strait. It is normally assumed that at the end of a nesting season females
return to the site from which they came. if this is so, then some of the green turtles
nesting at Bramble Cay are drawn from the waters of other nations, and the hatchlings
produced at Bramble Cay could be presumed to be {at least partially) stocking those
wiaters, Tag raturns of fernales nesting at Ralne lsland indicate almost total owerlap with
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those from Bramble Cay (unpublished data and C.d, Limpus pers. comm, |, Inwestigations
are in progress to find whather these two rookeries represent separate populations,

A number of factors have besn found to influgnce hateh rate and incubation i
of turtle eggs at Bramble Cay. Thess are not independent in their action. For exampla
the site of a nest will oftan be partially determined by the sea conditions, the moisture
content of the sand (i, rainfall} and the instantaneous conditions of the farebeach
caused by erosion. This final site will affect nest depth which then partially deterrmines
nest temperature and mofsture available ta the Bggs,

A preliminary madal of some of these intaractions is presented in Figure 1,
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Figure 1: Preliminary modal of factors affecting the hatch and amergance of
Chelonia mydas nests at Bramble Cay.
Dependent factors shown in boxes,
Dotted lines indicate passible influences not yet demonstrated,
Length of lines does not represent magnitude of effect,
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Parhaps the rmost spectacufar effect on the numbers of hatohiings produced is the
annual erosion and depeosition of sand. During the SE {= dry) season sand is deposited
on the MW portion of the cay. When the NW season |= wet) beging (usually in December)
gubstantial eroslon of the NW portion occurs {e.g. see Figure 2).

Flgure 2: Dutline map of Bramble Cay 197870 Season
H — Hut
* — Lighthouss
— 5H.T.L, 15 October 1978
— 5.H.T.L. 28 March 1870
— ‘agatation Margin

The loss during the 1977,/78 season was 30.2% and in 1978/79 25.1% of the entire
cay. Turtles prefer to nest in non-vegetatad sand at Bramble Cay [B4.4% of all nests
in 1977,/78). Thus the effective loss of beach is more accurately shown by the proportion
of open beach loss (B5.9% in 1977/78 and 66.5% in 1978781,

Egogs deposited in nests below high tide level or in the area that erodes during thelr
incubation period do not survive. The proportion of total nestings that would have been
destroved in this way wes 44.1% in 1877/78 and 42.7% in 1978/70.

In an “averape’’ seeson of turtle nestings at Bramble Cay this would equate to mors
then 100,000 eggs.

During the past five seasons there have been masive fluctuations in the numbers of
nesting farmale green turtles in eastern Cueensland waters [unpublished data; C.J. Limpus
pers. comm.). For sxample, in Decernber 1974 & James Cook University of Morth
Oueensland/Australian Institute of Marine Science resaarch group made an Instantanaous
eaunt of over 11,000 female green turtles nésting on Aalne Island (A, Blrtles, pers. comm.}.
In Daecernber 1977 the average total number of emergent females ovar five nights was 23,
These fiuctuations have not been reflected in counts of green turtles on the feeding reafs
nor have other species’ nesting numbers varied in this mannar {C.J. Limpus pers. comm.}.
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The factoris) causing the fluctuations of annusl grean turtle nesting numbears must
be egually operative over g huge peographic range, since all of the eastern Cusengiand
rockerias monitorad are fluctuating in synchrony and the magnitudes of the changes
are of the came order.

The energetic load of reproduction must be very high for fameles {average waight of
Bgge produced at Bramble Cay in 1978/70 was 28% of their initial weight), It would
therefore be reasonable to suggest that females have to reach & critical level of enargy
storage {as fat) before thay would migrate to a rookery in any particular season, If this
was so then the sample of females at the rookeries wauld represant the “fittest” at that
time. The moat obvious critieism of such an “energetic” hypothesis is that any factor(s)
atfecting fat storage by fomales would have to be simultaneously operating over a huge
araa,

Two obsarvations partially support the “energetic'” hypothesis:

il adult green turtles are herbivorous while adults of other spacies are elther omni.
VOFOUS OF Carmivorous.

i) three years data from Bramble Cay suggest that in poor years anly larger femalas
bread, Perhaps large animals are “"fittpr fi.e. batter able to cope with whatever conditions
prevent sufficient fat deposition In smaller fernales),

At this time no direct testing of this hypothesis has besn formulated,

Another environmental facter that must be considered is that of human exploit-
#tion of turtles, Many opinions have been stated as 1o the impact of Europesn settlement

turtle, The wsual view is that hunting pressure has bean dramatically reduced by the
evailability of canned meats through the Government stores (e.5. Bustard 1972}, In
conflict with this however |5 the Greatar mobility that has been imparted with the advent
of the outboard motoe.

In tha early 10605 Purchase of large outboard mators began in the redatively
affluent Thursday Island vicinity. A large increase In turtle harwast (especially eggs)
quickly resulted but a plateau was soon reachad followed by a gradual decrease 1o prasant
levals {J. Scott pers. cormm.],

It was not until 1972 {when large scale governmant social programs raised afflusnca
levels) that large outboard motors and sluminium dinghies became COmman in the outer
Reserve lslands. Today simest all families own, or are purchasing, an aluminium dinghy
{at least 12" long) with an outboard in the 20-40 hp range.

Unfortunately there has been no requiar recording of the turtle harwast by the
Blander peoples so most of the opinions stated are without a data hase, Sines it s diffi-
cult to envisags a more efficient vohicle for catching turtles (or gathering aggs] than a
14" aluminium dinghy with a 40 hp outboard motor: and slnes it will be some conslder.
able time befare transportation and storage facilities (commercial and private) are sde-
Huate to guarantee regular supplies of fresh or frozen feats on the outer islands, | cannat
st that there will be ANy major increase of decrease in the presant levals af harvesting in
the immediate future.
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Fraom 22 October 1076 till 30 June 1977 a record was made af the capture and
slaughter of turtles by the people of Yorke lsland. Some slaughters were not included
in the fallowing estimates bacause they wware not reportad till several weeks after the
event, This means that the estimate given below will be less than the actual rate — the
non-reported turties probably amount to 10-15% of the catch.

During the 252 days of recording B8 green turties were racorded as slaughtered a1
Yorke lgdand, This rate corresponds 1o approximately 127 per annum,

An estimate of slaughter can be calculated for the total lslender population of
Tarres Strait |f the following assumptions are mada:

1] that the ratio of population on Yorke lsland to that of the Tarres Strait,
during the recording period, was similar to thet of the two saparate population census
figures usad,

il that the slaughter at Yorke Island during the recording pericd was typical
of the total slasghter rate. This may not be so, as the dugong is frequently hunted in
the weetern islands of the Torres Strait which may decrease the per Ccapita per annum
slaughter of turtles,

Based on these assumptions, estimates of the annual turtle slaughter by Torres
Strait Islanders ware calculated using the two cansus figures available {Table 1), Although
the census data were taken 7 years apart, the ratlo of Yorke Island population to that
of the total Torres Strait was remarkably constant. The turtle slaughter by Torres Strait
Islanders is thus about 4150 per annum (approximataly one turtle/parson/vear), When
the indigenous populations of the far northemn Cape Yaork Paninsula communities and
those of the Papuan coast are considered then the ennual turtle slaughter i the Torres
Surait is probably of the order of 10000,

Tahla 1

Estimated annual turtle slsughter by Torres Strait Islanders

Estimate 1 Estimate 2
Year of Census 1871 1978
Source Duncan (1974) Community Profile compilad
. Caldwell (1975) by the Taorres Strait
Office af the DLALA.
Estimated Slaughter 4136 4170
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Figura 3 shows the size distribution of the Yorke Island wurtle slaughter while Flgure
4 shows the size distribution of the tagging programme catch at the same group of reafs
over the same time pericd. The research captures were made by the same basic methods
(with the exception of spearing) as those for slaughter but unbiased capturing was attermpt-

ed,
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Size and sexual distribution of Chefonfa mydas slaughtored at Yorke
Istand 22 October 1976-30 June 1977,

The two distributions were very significantly differsnt:

X =B84 df = 14 P € 0,007 {two-tailad),
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The capture for slaughter wes heavily biased asgainst the jmmature animals
that were the mode of the research capiure distribution. It is also npnin?nt that when
adult turtles are hunted, there is a strong preference for females, This practiss means d_uat
the impact of the slaughter is higher than the gross numbers suggest sinca the reproductive
portion of the population is being selectively hunted.
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Green turtle rookeries are normally in very isolated locations so the collection of
tggs necessitates travel across large distances of open ocean, As o result, the harvest rate
ls low. The major rockeries of the hawksbill turtle (Eretmochelys imbricata) and the
flatbeck turtle [Chelonfs depressal are quite close to centres of habitation and are heavily
harvested but no records of the sctual harvest rate are available,
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MAMAGEMENT OF TURTLE RESOURCES

J, Parrmenter
Applied Ecology Pty. Ltd.

In eontrast to many of the world®s historical turtle sreas Oueensland waters still
have large populations of several species of sea turtles, This has been partly due to the
pattern of Eurcpean settlement and more recantly to the protective legislation enacted by
the Government of the State of Oueensland.,

Eurapean shipping was rare in the northern reaches of the Great Barrler Reef until
the late nineteenth century and even then was only sporadic, The extreme distance from
the major turtle markets of Europe prevented large scale commercial exploitation land
consequent decling in turtle population levels) as had occurred |n the Caribbean and other
areds.

Mevertheless several relatively small green turtle soup canneries operated in the
Capricorn-Bunker group (at about 23%°5) during the 1820% and 1930's. These enterprises
ralied on the taking of female turtles from the nesting beaches. Following the investiga-
tions of Moorahouse {1833) the CGuesnsland Government enacted legislation that preven-
ted the taking of green turtles (Chalonia mydas) south of latitude 175 betwesn 30
Septenber and 30 November annually. The aim of this legislation was to ensure that
fermales hed the opportunity to deposit a proportion of their clutches before being
slaughtered, Green turtle nesting in the Caprigorn-Bunker group usually begins toward the
and of Octobar and reaches its “full level” by the end of Novemnber (Bustard, 1874}, The
initial legislation was such that mest females would be able to deposit 1 or 2 clutchas
prior to their being taken for slaughter.

In 1960 the legislation was altered to afford total protection to the graen turtle in
sothern Oueensland,

This totsl protection was expandad to all Queensland waters for all sea turtle spacies
in July 1968, a situation that exists at the present tima.

This protection is not |imited to the killing of turtlas — it also precludes "intarfering
with” sea turtles at any time. This aspect |5 guite important as some major sauthern
Quesnsland rookeries are tourist resorts. Female turtles are usually very easily disturbed
during nesting emergences prior to the actual baginning of oviposition. Unlirmited beach
front activity by tourists, especially the use of lights, could gerlously upset the nesting
oycles of a rookery.

Ahoriginal peoples who live on reserves have automatic exemption from the present

protective legislation regarding turtles. This exemption allows them to take turtles andos
eggs for their own use but they may not take them for commerncigl purposas.

Green Turtle Exploitation

There are a number of different ways in which green turtle resources could be ex-
pioited in the future including various styles of turtle farming.
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il Mo Exploitatlon — it has been shown by tag recoveries from turtles nesting on
far northern Queensland rookeries that at least some of the females disperse to {and pre.
sumnably drew from) foreign national waters to the north (Papua Mew Guinea) and north
west [Indonesial. It is therefore likely that the hatchling production of thesa rookeries
stock those waters to some degree,

It future findings indicate that a significant proportion of these rookeries are
drawing from foreign waters, then it could be argued that an affluent country such as
Australia can well afford to absolutely protect turtle stocks to ensure 8 continuing supply
of turtles (for subsistence purposes) to our less daveloped northarn neighbours,

il Limited Subsistence Exploitation — this & the situstion that currently exists
wheraby aboriginal peoples may harvest from turtle stocks for subsistence purpeses. No
data are yat available to gauge the effect on turtle harvest of the Increasing afffuence that
is oeourring in the remote areas where most of the reserves are located,

For that matter, there are no data available on the relative laval of historic harvesting
compared to that of the present time, Thus the impact of human population changes and
tha advent of medern technology (particularly the aluminium dinghy and outboard
mator) on the turtle stocks cannot be judged,

Contlnuing, long term, monitering of turtle population levels (bath at the rookerias
and feeding reefs) will be necessary to answer these guestions,

iii} Commercial Turtle Farming — the experimental turthe farms operated by App-
lied Ecology Pty. Lid, in tha Torres Stralt have bean investigating the foasibility of turtle
farming as & commercial industry for Torres Strait Islenders. The basis upon which all
development alternatives are baing considered is that commercial farming must not be
daleterious to wild turtle stocks,

A number of variations of farming procedure are being investigated:

a] Closed Farm Systern — this would be the ideal turtle farm whera all stock would
be produced from eggs laid by a captive breeding stock. The imminent completion of a
large beach enclosure at Badu Istand will allow Investigations of this farming practics, It
will be necessary to take a smell number of adult turties from the wild for inltial experi-
ments of captive breeding,

The major abwious obstacde to & closed farm system i§ the economic strain that
would be engendered by the maintenance of captive adult stocks, Wildlife studies in
various parts of the world have demonstrated that fermales do not nest annually, Tho
average observed raturn intorval B about 3 years, but only a small proportion (10% or less)
EVET mEturmi.

At Bramble Cay the averags egg production per famale in the 1978/79 season was
767, If farm adults produced emgs at this rate then the costz of miintaining a captive
breading stock would undoubtedly be prohibitive, However, there are reports of some
females nesting annually in the wild la very small proportion of the totzl) and at fargs
rookeries such as Raine |gland there js sporadic nesting vear round, This augoests the
possibility that the fecundity of fornales may be maximised by the intensive husbandry of
which farms would be capabie {e.g. regular and intensive feeding regimes, harmonal mani-
pilation).
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bl Reaping of Wild Eggs — the most commonly proposed procedura whereby a
commercial farming enterprise collects eggs from natural rookeries is often termed
“ranching’”. Eggs are taken from rookeries, artificially incubated (to.achiave higher hatch
rates than natural nests), grown in culture 10 a pre-determined size and then releasad to
the wild, The theory is that such “head started"” juvenile turtles are too large 1o be killed
by the majority of their natural predators, thus the number of adults produced from 8
given pumber of aggs is substantially greater than those eggs would have producad in the
wild. If this were correct then the difference between the natural production and that by
“head starting” could be harvested from the wild without harming the population.

This theory has not as yet been wverifled, The survivorship, growth ete, of “head
startad”” turties is not known, In fect, the relevent parameters for wild turtles ane not
knawn (the “missing year" previously discussed in Environmental Factors).

|mvestigatory head-starting s belng conducted by Applied Ecology Pty. Ltd. Tagged
juveniles are being released to study dispersion, growth etc. The data base is as yet far too
small to make conclusions but ong factor hes become apparent — juveniles smaller than
“wearlings” (i.e. about 40 cm carapece length} are not settling on local feading reefs but
are undertaking long distance dispersion (one tag has been returned from the Gilbert
Islands).

Recent studies at Heron Island have indicated that green turtles may take in excess
of 30 vears to resch maturity in the wild (C.J, Limpus pers. comm.). Heron lsland I3
towards the southern end of the green turtles” range so it is possitle that there may b a
Iatitudinal effect whereby animals in the Torres Strait grow more rapidly. This is being
invistigated but results to date are too limited to guote.

Even if Torres Strait turtles grow significantly faster than those at Meron lsland, a
substantial lead time would be necessary in any “ranching” project (to sllow "head-
started” juveniles to reach maturity bafore wild captured adults could be slaughtered).

& second variation of wild eng reap is such that a proportion of the juveniles reared
are roleased, so 8s to repay the value of the eggs taken from the wild. The remainder are
hushanded in farms for commercial purposes. With our present lack of knowledge of the
survivorship of young turtles in the wild {both natural hatchlings and “head-started”
juvenites) it is virtuslly Impossible to determine what ratio of sggs/released uveniles
would be necassary.

A, third wild egg collection farming method has posibilities (at leest in the Torres
Strait). The annual erosion/deposition cycle of cays in the Torres Strait results in turtle
nest losses by erosion in excess of 0% annually at Bramble Cay. Short term observations
at other cays suggest similar erosion rates.

In an average year In excess of 100,000 eggs are lost at Bramble Cay. These eggs are
of zero value to the population and thus could be legitimately taken to stock a farming
operation. The major problem sssociated with such @ management plan would be the wun-
certalnty of supply — massive annual fluctuations in the numbers of nesting turtles would
create asurfeit of epgs in good vears and a deficit in poor years.

iv) Direct Slaughter of Wild Turtle — experience in other parts of the world has
shown that uncontrolled commercial harvest of green turtles has invariably resulted in
population collapse, ]
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Mary fisheries operate on a critical level of cropping that the population can sustain
indefinitely. The paucity of knowledge of sea turtle growth, survivarship ete. in the wild
makes the calculation of such 3 cropping rate impossible at the present time and for &
considerable time In the future.

The currently available Indications of very slow growth and axtremely high juvenile
rnortality suggest that any such cropping would have to be ata very law loval,

Exploitation of Other Species

In the Torres Strait the hawksbill wrtle (Erstmochelys fmbricatal and flathack
urtle (Cialomie depressa) have major rookerles, All of the known major rookerias are
readily sccessible to population centres and are condequently harvested for eggs. The
actual harvest rates are not known bt are high relative to the green turtle rookeries,

Crab Island (11°S 142°8'E| is the largest known rockery of the flatback {a spacies
believed to be endemic to Australian waters). It is slso the major egy gathering site for
peopies of the Thursday lsland and Bamaga regions. On oceasion neating females are
ilso taken from Crab lsland for slaughter,

Since the flatback turtle seems to have a relatively limited distribution and Its major
nesting sites appear to be in the Cape York-Thursday |sland area, special investigation of
the population status (re: egg reap and nesting female slaughter] is warrantad,

The hawksbill turtle nests sporadically on many islands throughout the Torres
Strait. The majority of these islands are relatively easily acoassible, Egg harvest |5 intense
in some areas, Adults are nat usually slaughtered because of the apparent toxicity of their
flesh,

Since hawksbill nestings are spread over large numbers of islands in the Torras Strait

(and on at least some of the cays of the northern sector of the Great Barrier Reef] and
adults are seldom slaughtered, existing managemant praciices are probably adequate.

REFEREMCES

Bustard, R. {1974). Barrier reef poa turtle populations. Prog. Second Int. Coral Reef Sym,
Great Barrier Reef Committes Brishane.

Moorehouse, F.W. {1933), Notes on the green turtle (Chelanis mydss). Reports Graat
Barriar Reef Committes 4: 1-22,

a5




A PRELIMINARY REFORT OM THE NUTRITION AND
MANMAGEMENT OF TURTLE HATCHLINGS ON
BADU ISLAND

Staphen Garnett
Department of Tropical Veterinary Science
James Cook Univarsity

SUMMARY

It rmust be stressed that thess are only preliminary experimental results, Eventually
it will be necessary to elucidate not only a better diet and system of hatchling manage:
ment but alse the characteristics of freshly emarged turtles most likely to survive rearing
in & farm situation, |t appears that heavier animals and clutches are favoured.

Intraduction

A5 with other aspects of turtle husbandry, the knowledee of nutrition outside the
Cayman Islands is elementary, It is based on assumptions 8s much as facts. Green turtles
cver the age of one yeer ara cartainly herbivorous in the wild, eating & mixiure of slgas
and sea grasses in the Torres Strait, but under that age virtwally nothing is known of their
dlet, Hirth, in his review of turtle literature up to 1971, says “the feading habits of juve-
niles are not well known, although it is commonly believed that they are camivorous in
the first few manths of life, It is assumed that after the turtle passes one yaar of age . ., it
becomes mostly herbivorous”. Although the assumption is soundly based on the know-
ladge of the pelagic environment for which the young turtie is adapted it is a significant
gap in our knowledge, |t is one assumption that my experiments are designed to investigate.

The experiments, which have been running but a few maonths, test three aspects of
hatchling nutrition and manegement. These are the food which produces the highest
growth rate, the water change frequency that results in the lowest mortality and the
stocking rate that gives the greatest increase in biamass.

Matertals and Methods

The work is being conducted at the Badu Turtle Farm on six clutches of hatchling
collected as eggs that were laid below the high tide mark on Bramble Cay {50 would other-
wise have perishad}. Each type of experiment is duplicated thres times, where possible on
three different clutches. The animals are kept in 50 litre plastic tubs with &8 maximum
depth of 26 em. For feeding the ratio of water depth {om) to weight (gm) is kept at 12
which gives the 20 small turtles 5§ cm of water and the largest turtles so far about 15 em.
Whan they are small the hatchlings are extremely buoyant and can collect food from the
bottam of only the shallowest water. Their capacity to dive and remain submerged in-
creases with age. At night, when they do not feed, the water to weight ratio i Inereasad
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to 25 so the concentration of organie pollution is kept to & minimum, Before thair First
faed, at the age of about a week from the time of hatching, each animal was individually
marked with a unique combination of holes piercad with a sterile needie, in four of the
twelve rear lateral scutes, These marks are still visibla so It has been possible to follow the
fate of each animal. All animals are weighed and Inspected waekly,

Food: Five diets have been tested: diced filloted fish, ground turtle pellets (35%
protein), grated fresh coconut, algee gollected from the beach and sea surface, mostly
Sargassum sp, with some red epiphytes, and a combination of figh and algaa. All foods
were given in quantities that left a surplus at the next weter changs,

Frequenoy of Water Change: Others who have worked with hatehlings have had a
continuous flow of new watar, elther recycled through filters or fresh from the sea, In the
straits water can be pumped only when the tides are sultable and, on Badu in particular,
the water pumped is often turbdd and usually at a temperature that differs from that in
the tubs. To change the water the hatchlings ara transferred by hend from the old water
to tubs prefilled with the cleanest available seswater. When tides have allowed, the new
water has baen left standing for some time to let It reach the same temperature as the old
watar. Any temperature change is recosded, The effects of these processes are baing
tested on 12 groups of 20 hatchlings,
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Figure 1. Mean liveweight change during the first 12 weeks of life for hatchlings given

different diets, Hatchlings from 3 clutches (20 per clutch ) ware obsarved per treatmant,
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Six groups, three fed pellets and three fed fish, have clean water and fresh feed four
times a day and once in the evening. A duplicate set of six is changed only twice in the
day.

Results
The comparative growth rates on the different diets are shown in Figure 1,

The best diet was the filleted fish, Caught locally the fillets of some thirty species
have besn used aithough the bulk of it has been garfish, whiting and mullet, The figh was
cut into blocks of about one cuble centimetre and dispersad through the water by hand,
It was collected from the bottom by the hatchlings and dismembered using the claw on
the leading edge of the front flipper, 8 behavioural pattern used by hatchlings as soon as
they began to feed, The same technique was used on algae and pellets but with litde
effact.

The fish and aigae diet was the next most successful. It may be less sucoessful than
fish in terms of walght gain because the algae increases the passage rate of food through
the gut. It is still too early to tell whether thess animals on a mixed diet have & greater
survival rate than those fed on fish alone.

Pellets are not working well. Whan crushed the pieces varied in #ize from 1 om
acrogs 1o fine dust. Some picces foat, others sink, The hatchlings tried to eat the larger
pieces of floating food but they sre clumay eaters. Fish they could trap against the
bottorm of the tank: pallets thoy pursued about the surface, butting them rather like
trying to bite an apple ina bucket of water, Although they managed to ingest the smaller
pinces the energetic cost of capture may lower the quantity ingested and contribute as
much to the poor performance as & nutritional deficlenay In the food,

The algse and coconut were both eaten with alacrity but neither had encugh pro-
teln o permit or sustain growth,

As yet tha comparison of foods is subjective but all foods will be analysed for pro-
tain, tha ten amino acids considered to be essential for young green turtles, calcium, phos-
phiorus and vitaming A, C and D. A deficiency of vitamin C in particular is thought to
contribute to disease among hatchlings, Mevertheless, it is obvious a high protein food s
required, which implies an animal diet in the wild; the texture of the food may also be
important.

Table 1, Mean livewsight gain (g) during the first 12 weaks of life by hatchlings receiving
differant diets and differant water change regimes

Watar Changes
Diet 2/day 4/day
Pallat 424 54,2
Fish an.9 022




The weight gains are shown in Table 1 but the mors revaaling martality rates ara
shaown in Flgure 2,
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Figure 2. Mortality rates during the first 12 weeks of life among hatchlings receiving two
different diets.

It ¢an be seen that although the weight gains are comparable or greater emwang thosa
fed on pellets 4 times dally, the mortality is much higher among those groups changed
more frequently. There are two possible reasons for this, Witham and Futch (1977}
wuighed their hatchlings only ones a fortnight because “previous difficulties in rearing
Leatherback turtles suggested that they be handled infrequantly™. It is possible that the
strass of extra handling contributed to tha higher mortality. It Is more likely, howaver,
that it resulted from cumulative tharmal shock. On the Cavmon lslands, Haines and Klease
(1877) found that disease occurred both earlier and more savarely on hatchlings subjected
to only two temperature changas of 5°C in sight weeks compared to those that suffered
only gradual temperature alteration, Although the maximum temperature change recorded
in this experiment so far has been 2.8°C, changes exceeding 1.5°C have occurred 34 timas
amaong those moved twica a day and 55 times for those changad four times o day. The
effect of this temperature stress appears to be cumulative becawse the mor@ality curves are
similar for both diets except that those changed less frequently diad later,
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Im this experiment as it currently stands |t would seem that the combined effacts of
extra handling and thermal shock are more important than the level of organic pollution,
higher levels of which must occur in the tanks of those changed only twice a day. Even 3o
it i5 likaly that the level of detritus in the water is exacerbating the ulcerative dermatitis
that is rife among the hatchlings and of which one cause is rapid temperature change,
Both problems could be easad by tha installation of a constant flow system of managa-
ment.

Stocking Fates: |1 ks too early yet to determine the best stocking rate, Experimenis
have been underway for two months now and the results are still inconclusive. Initial
densities of 10, 20 and 30 animals/tub — of 0.24, 0,60 and 0.74 g/em® — are belng testad,
The weight gains of individual animals are not yet significontly different but the increase
in total and percentsge biomass shows some early trends (Table 2),

Table 2, The effect of initial stocking rate (g/em® } on the increase in biomass of hatchlings
during the first B weaks of life expressed as weight gain per tank [g) and percent of initial
waight.

Seocking Rate No, of Turtlas Weight Gain % Gain
0.24 10 264 105
0.50 20 475 M
0,74 30 537 70

It will be interesting to see whether the total blomass of the high density turties
ramains haavier than those at lower densities despite heavy |osses.

Une aspect of stocking rate that is showing mora significant differences is that of
diseasa. Each week, as they are weighed, all lesions are recorded, The incidence of infec.
tad patches of ulcerative dermatitis i shown in Figure 3.
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Figure 3. Mean number of lesions developing per hatchling for animals kept at 3 different
stocking rates during tha first 8 weeks of life. Stocking rates of 0.24, 0,50 and 0, 74g/cm?
were achieved with 10, 20 and 30 turtles per tank.
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DISEASES OF FARMED SEA TURTLES

L5 Glazebrook
Departmant of Tropbeal Veterinary Science,
Jamies Cook University of Morth Cusensland, Townsville

General Introduction

Fram 1873 to 1979 Applied Ecology Pry Ltd operated nine turthe farma in the
Torres Strait. Depending on the slze of the farm, up to ten |slenders ware employed.
The men were responsible for maintaining a supply of fish to the turtles while the women
filleted the catch and harvested sardines with cast nets. A Field Officer managed each
farmi,

Equipment at sach farm usually consisted of 6 to B 250 gallon fibregless tanks
arrenpged in rows to facilitate drainege once the control valves were opened. A petrol
driven self priming pump allowed tank water to be changed at least twice a day, Hatchlings
were housed in plastic twbs untll overcrowding became obvicus, Yearlings lone, two
and three vear olds] were kept in the large fibreglass tanks, The largest turtes were in
turm maved to 15,000 gallon fibreglass tanks on Badu Island.

To stock the farms, the Company was granted & permit to gather green sea turtie
egs which had been deposited below the high tide mark at the Bramble Cay rookery
and would have been subsaguently destroyed by the sea, Epgs were transported in styro-
foarn eskies containing coral sand and arranged side by side as in a natural nest. After
56-60 days gestation hatching occurred and turtles were allowed to ahsorb thelr yalk
sacs before baing transfarred to basins,

Fish was the major constituent of the diet of most farm tertles i.e. Spanish mackersl,
gueenfish and shark, Supplements included squid, clamshell and “parter”’, a type of pig-
weecl, The feeding level averaged 2% of the live welght per day. Normally, feeding followed
after each water change during which the remaining food was flushed from the tanks.

Greon sea turtles Chelonds mydss (L) were farmed to the excusion of other species
in the Torres Stwait because of the known marketabllity of their flesh which is akin to
vesl in taste and palatability.

During the past three years the Department of Tropical Veterinary Science at the
Jamies Cook University of Morth Qusensland has conducted research into the husbandry
and diseases of farm turtles. Investigations were carrlad cut at all farms but especially on
Yarke and Badu Islands. Only four of the diseasas will be considered here:

i} focal wlcerative dermatitis

i) ulcerative stomatitis-pneumonia complex

ill}  enisakiasis {parasitic gastritis — serositis syndrome}
ivl | osteodystrophy

Tabkde 1 indlcates the number of turtles examined with each condition,

42




Table 1

Ulcerative Wcerative
dermatitis stomatitls- Anisakiasis  Osteodystrophy
praumania
Mumbar of
turtlas 35 24 7 2
(T, rriydas)

il Fooal Ulearative Dermatitis

Reports of skin lesions in captive a8 turties have eppesred intermittently throwgh-
out the |iterature. At the Marleulture Farm on Grand Cayman Island in the West Indies
@ herpes-type virus was shown to initlate flipper and neck lesions in grean turthe hatchlings
GE-60 days old (Rebell et & 1975), Characteristic intranuciear viral inclusion Badins
ware present within the apithelium, The lesions first appeared as papules and prograssed
to gray patches with an advancing border, Witham (1973} described lesions which developed
around the eyes and on the dorsal surface of the neck of green turtie hatchlings, Thess
lesions later ulcerated sometimes with the loss of an eye. No aesticlogical agant was
isolated, Both Rebell and Witham used 1% potassium parmanganate topically toe treat
the cutaneous lesions. A defigiency of Vitamin A has also been shawn to promiote the
shedding of large irregular patches of skin in tortolses (Burke 1970).

Fleld Observations

Many of the farm turtles examined during field trips to the Torres Strait from Agpril
1977 to October 1979 showed multiple skin lesions on the front and rear Hippers and
around the eyes and neck. These greatly disfigured beth hatchlings and juveniies. Severcly
affected hatchlings lost their appetite and dled In an emaciated state, Juvenile turtles dicd
not seem to be adversely affected by these lesions. Curiously, the lesions did not appear
on hawkshill turtles £, imbwicata (L) reared under the same conditions,

Clinical Signs

Maribund hatch'lings often floated motionless on the surface of the water with
their flippers drooping beneath them, Their eyes were sunken bilaterally and in some
cases large flipper segments were mising. More general signs Included inappatance and
cachaxia. In the extreme cases, juvenile turtles had lost part of an entire limb making
efficient feading very difficult.

Grogs Pathology

In hatchlings lesions were concentrated on tha flippers as eraters <1 mmd and yellow
papules 1-3 mmd which later developed into ulcers 3-6 mm in diameter. The more severs
ulcarative leslons (up to 5 ems in diameter) occurred on the dorsum of the neck and
axillary regions of juveniles. These chronic lesions sometimes extended through the
dermis to underlying muscle but were also capable of healing completely,
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Histopathology

Microscopically early leslons were characterizad by an Inflammatory dermal in-
filtrate and localised wasculitis but in advanced lesions the epithelium showed hydropic
degeneration and later became eroded and ulcerated. Sacondary marine bacteria invaded
the host tissues following wlceration. Viral inclusion bodies could not be detected in the
upithelium at any stage of the disease,

Microbiology

Cultures of swabs taken from lesions of several farm twrtles revealad the presence
of Aeromonas hirdrophila, Prevdomonas Fuorescens, Flavobacterium spp. ond Proteus
spp, The first two organisms are recognised fish pathogens and produce potent toxing,

Artempts to Bolate a vires from lesion material noculated onto green turte skin
andd kidney cells have 30 far bean unsuccessful, The lesions do not appsar 1o be causally
related to a herpes vinus, although they showed similar gross and microscopic featuras.

Pathogenesis

A series of controlled leboretory exparimants wara sat up to study the development
of the disease. The findings may be summarised & follows:

il lesions showed a regular anatomical pattern of development and distribution
wias limited to certain areas;

i} charscteristic lesions first appesred in hatehiings 14-17 davs old and by day
30 100% were affectad:

i} wiral Incluslon bodies ware not present within the epithalium;

i) the mortality peek occurrad wihen hatchlings were 35-40 days old immediately
following the lesion peak;

¥l mortalities were significantly higher in hatchlings fed only on fish compared
to those receiving @ mixed diet of fish and alges. Hatchlings reared on a8
pure fish diat showed significantly greater weight gains over a 10 weak
period; -

vil]  sixty hatchlings fed sterile fish/pellets or raw fish in separate containers
falled to develop skin leslons during an 8 weealk trial;

wiil  Witamin A deficiency did not appesr to be a contributing factor,

Therapy

Chronic ulcerative lesions healed successfully when twrtles were injected intra-
rugcularly - with chlortetracycline and chloromycetin cintrment was applied topically
to skin lesions, Individual treatment of animals would be difficult end possibly expensive
under farm conditions, Research should therefore be directed towards a greater undar-
standing of the astiology and pathogenesis of the disease so that new prophylactic methods
can be developed.
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i} Ulcerative Stomatitis — Pneumonia Complex

Ulcerative stomatitls has been recorded In many species of captive reptiles thraugh-
out the world including the African rock python in Kenya (Cooper 1873), gaboon viper
in Morth America (Kushn 1974), South Amerlcan boa constrictor in the United Cratas
(Stull and Anderson 1976), the reticulated python in the United States and the Gregk
tortaise in England {Holt and Cooper 1976; Keymer 1978).

In snakes the first sipn was the eppearance of a bubbdy exudate around the lips,
The animal then refused to eat and did not attack Its prey. In the acute lesion the gingiva
adfacent to the upper and lower dental arcades were inflarmed and swollen [Wallach
1968), As the infection progressed copious ameunts of yellow to grey exudate accumul-
ated between the lips and the palate, The exudate was invariably aspirated into the
respiratory system or swellowed and pneumonda or gastroenteritis followed. Pssudermanas
fluorescens, Ps. seruginosa, Aeromonas hydrophila and Proteus spp. were frequently
krolated from the caseows exudata.

Tha weatment of ulcarative stomatitis wes complicated and prectlcsl only whan
valuable reptiles were Involved. The exudate was removed by gentle debridement, the
mouth flushed with hydrogen peroxide and streptomyein solution applied topically,
Multivitamins and 2 broad spectrum antibiotic were injected intramuscularly or sub-
cutanéously for 7-10 days (Cooper 1973; Stull and Anderson 1076),

Present indications are that poor cage hygiene, overcrowding and excessive com-
petition for food may predispese reptiles to ulcerative stomatitis. The disease has mod
previously been reported in the grean saa turtle,

Fiald Observations

During the summer of 1977 to 1978 both conditions ocourrad en the farms supglied
with new hatchlings, At the time it was not possible to determine the sariousness of the
situation because hatchlings were not separated on the basis of their age, diot and diseage
status,

Clinical Signs

The appearance of & plug of vellow caseous material within the external nares of
hatchlings five to seven woeks old wes usually the first overt sign of tha ulcerative stomatitis-
preurnonia complex. On closer examination the oral cavity was blocked by an accumulation
of yellow pus surreunding the glottis and extending back to the pharynx. Severe ulceration
of the mucosa sometimes resulted in haemarrhage, circulatory failure and death, Grossly
the level of tissue oedema was difficult to estimate. Debridement of caseous material
causad only slight bleeding indicating the presence of membranes beneath the areas of
necrasis. When the hatehling attempted to feed and breathe superficial layers of caseous
exudate were dislodged and became fixad within the nasal passages and trachea. Hatchlings
in the advanced steges of the disease showed open mouths and dyspnoea (or “alr hunger™).

Preumonia was a fraguent complication of uleerative stomatitis in hatchiings and
juveniles aged between two and eight months. Affected animals showed & loss of wquili-
brium in the water and thelr respiration became laboured. They refused to est and lost
weight up to the time of death.
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Gross Pathology

The initlal lesions of ulcerative stomeatitis wsually appeared on the side of tha
mongue or adjscent to the glottis and took the form of vellow plagues 1-2mm in diameter
surrounded by a zone of inflammation. In more sdvanced ceses lesions elso ocourred an
thit Tloor and roof of the pharynx and extended back towards the crop. Typically, advanced
lesions consisted of a gross accumulation of yellow caseous material which when debrided
left a distinet depression within the oral mucosa. Thess depressions ranged in size from
2 to 4 mm and ware subject to bleeding. Pus dislodged during the proces of swallowing
occasionally blocked the nasal passages and a mucopurulent rhinitis resulted,

Turtles with clinical respiratory signs were in most cases found to be suffering from
a purulent form of bronchopneumaonia, Most were aged between three and five manths
and had survived & previous ulcerative stomatitis outbraak.

Histopathology

Microscopic sections of early lesions, when stained by haematoxylin and sosin,
showed hydropic degeneration of the stretified squamous epithelium fining the oral
cavity and & lymphooytic infiltrate in the submucosa, As the epithélium continued to
degenerate it was replaced by a laver of eosinophilic necrotlc material containing pyknotic
nuglel and clowds of basophilic staining bacteria. With subseguant uléeration, macrophages
becama an additional feature of the infiltrate and the endothellal cells of adjacent vegsals
were swollen, Lymphocytes could be seen passing through the walls of capillaries amd
into the submucosa which was oedematous. The epithelium bordering the ulcer was
frequantly hyperplastic.

Bromchopneumonla in green turtles was characterised by the accumulation of
macrotic meterial, bacteria and mucus within the bronchi and alveali and the presence
of infiltrating Iymphocytes and focal granulomas in the interstitium, Caeous materlal
often blocked air passages completely, causing collapse of affected alveoli and a degrea
of compeansatory emphysema in adjacent air sacs. At the same tims, epithelial calls lining
the alveoli began to desquarmate, Focal granulomas consisted of 8 cantral necrotic cora
containing bacteria or fungi, sccompanied by macropheges together with heterophils
and surrounded by a ring-of multinucleated giant cells, A heavy inflltrate of lymphooytes
wiks associated with each granuloma and interstitial cedema was marked.

Microblalogy

Artempts 1o solete bacteria and fungi from cases of ulcerative stomatitis and
preumonia yielded the variety of organisms listed in Table 2,

The oral flora of hatchlings with "canker™ usually consisted of three or four types
of marine bacteria and cocasionally a saprophytie funpus. All were capable of growing
on medla conteining 3.5% sodium chloride. A hydrophila and Flavabacterum spp.
predominated and were isolated from cassous material in 70% (7 out of 10) of the
hatchlings examined. Tha other organisms were detected in only ong of two turiies.
Agromonas hpdrophila and Flavobacterivem spp. were also cultured from plugs of caseous
material in the bronchi of 75% (6 out of B) hatchlings with bronchopngumonia, Sapro-
phytic fungl were isolated intermittently.
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Tahle 2

Uleerative stomatitis Preumonia
Bacteria Asrovitonas hydroohils A, hydrophila
Flavobacterium spp. Flavobacterivm spp,
Pesudomonads (non-oxidative) FPeeudomanads (non-oxidative)
Fr. seruginos Ps. fluorescens
P, Huorsscens Froteus spp.
Pa. putrefacions
Wicrococous spp.
Vilbria alginoly ticus
Kiehziafla spp.
Proteus spp.
Fungi, Alternaria spp, Pendeiflium spp,
YEasts Pascilamyoss spp.
Fugarlirm spp.
Rhodotorula

Antibiotic sensitivities performed on four straing of A hydrophila and two strains
ol Flavabacterium spp. showed them to be susceptible to chloramphenical and the
tetracyelines but resistant to penicillin and streptomycin,

Exparimental Studiss

In the 1878-70 season controlled experiments ware set up on Badu and Yarke

Islands to obtain further- Information on the epidemiclogy of the conditlon. Methods of
treatment ware elso investigatad,

al Badu Island: From mid January to early February 1879 five clutches of gresn
turtle egos ware hatched and the hatchlings subsequently housed In a single 250 gallan
fibreglass tank. All hatchlings first devaloped cutaneous flipper losions but most mortal-
ities occurred in the acute stage of ulcerative stomatitis at 5-7 weeks (Tabla 3},

Table 3: Mortality im turtles (single tank)

Crays Mo, in Group Progressive Mortality Rate (%]
i 461

B 415 1.8

42 268 q2.7

45 165 &34

51 150 6.7

58 116 145
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bl  Yorke Island: In an improved experiment four turtles were reared in baging
{2 clutches with & basing per clutch] or tanks (2 clutches in separate tanks) according
to thelr diet, Half received & pura fish ration at the rate of 5% of their live weight per
day and the other half were given fish and algee at the same rate. Agaln, moat of the
deaths occurred in hatehlings 5-7 weeks old. Mortalities ceased at the age of B weeks
when the clinical disesse had eventually disappeared [Table 4},

Table 4: Mortalities in segregated turtles

Diat Housing  Mo. hatched  Stocking rate Survivors  Mostality rate

{gm/litre) 16 wks) ()
Fish basin 88 16,8 o 62.8
Fish tank 1] 3.8 a 289
Fish and bagin B84 158 Ta 13.0
algas
Fishand  tank 53 3.2 38 38.9
algae

All groups developed ulcerative dermatitis and ulcerative stomatitis as seen on Badu
Island. Mortalities were significantly higher in turtles reared on a pure fish diet compared
to those on a flsh and slgas (p=.01}. Both groups were subjected to the same feeding and
water chenge schedule. This survival pattern has persisted although the hatchlings are
now five months old. In addition, hatchlings reared in basins had a better chance of
survival than those reared in tanks {(p<.01).

¢l Therapy: Forty-two affected hatchlings aged 7-B weeks from Badu Island
were treated for ulcarative stomatitis according to the regime of Burton {(1978). Tha
exudate was gently debrided, the oral cavity flushed with hydrogen peroxide and strep-
tomyein sulphate applied topically each day. Vitamin C was also administered orally
at tha rate of 50 mg per day and chlortetracyeling was injected intramusculary (3 mg/ 100 g)
every 2-3 davs, They were initially divided into 3 groups of fourteen, an untreated
{control} group and two test groups (Table Bl Im the control group and test group I
hatchlings were kept 14 to a basin and in test group |1 they were housed individuelly
in 2.5 litre ice cream contalners, The turtles were not fed during 10 consecutive days of
traatment, ;

Table &: Tregtment of ulcarative stomatitis [after Burton 1978)

Group Housing Morbidity % Mortality %

Day 0 Cay 10 Dy 10

Contral Basin 100 ] 1.4
14114 04 1014

Test 1 Basin 100 126 428
1414 1/8 614

Test 2 lca craam 100 40 2848

Coriainer 14/14 4/10 4/14
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In the control group, only 4 hatchlings were able to survive the 10 day experimental
pericd without trestment and it appeared that their oral leslons had healed spontansausly.
The survival rate of hatchlings in Groups 11 (71.4%) was significantly hlgher than the con-
trols 28.6% (p<.01), but was not significantly higher than Grougp 1, 57.2% {p<_05). In
test group |, a8 definite improvement was noted in the overall condition of the & survivimg
turties. As the oral lesions regressed they becama stronger and more active so that pacing
activity against the side of the basin rasumed. In test group Il the practice of separating
hatchlings during treatment permitted the survival of weaker individuals still suffering
from the dissase.

In peneral, therapeutic measures were effective but needed to ba applied for longer
than 10 davs when hatchlings had lost weight and condition following the onset of
diseass, Feeding could recommence with the successful healing of oral lesions,

ili} Parasitic Gastritis and Serositis (Anisakiasis)

A parasitic disesse of man, “herring worm dissase”™ was first reportad in the Nethar-
ands by Van Thiel et al. (1960). Larval nematodes of the genus Anfsakis from under-
cooked fish were shown to causs gastric ulcers in & small percentage of the Dutch popuiz-
tion. The disease has since been recorded In Japan and Scandanavia whare third stage
larvae have been found in marketed fish (Cheng 1973).

In Australia adults of the same genus have been found in the stomach and small
intesting of marine mammala (Arundel 1978} and Cannon (1977} identified third stage
larvse In nine species of fish including sardines and mackerel, The bottlenosed {Tursiops
sop.) and common dolphing (Delphinus spp.) which host the adult form, fead mainly
on school fish including sardines and mackerel which in wm carry tha Infective larvae
{Neadham 1078). During & visit to the Torres Strait, Carr and Main {1973) realized that
whode, ungutted sardines represented a source of infective parasitic larvae 1o farm turtles,
Sprant (1973) subsequently recommanded that the sardines be boiled or frozen before
being fed to the turtles, A proposed |ife eyele has been summarized in Fiigure 1.

Acliin parastes
definitive hostis)

maring mammale
Ineluding dolphins

=% form furtiog
I,.i

;ird and dth singe larvas

intermsdiate hostls) B
figh @.5. mackered and
sardines

15t and dnd
BlEge larvos

i tarsrediates hostis)
plankton and fekton

Figure 1: Proposad life oycle for nematodes of the gonus Anisakis
in the Torres Strait after Cannon {1977)
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Field Observations

Seven farm turtles examined from Damley and Murray Islands were infested with
Anfsakiz larvae. The number of parasites in each animal varied greatly as did their patho-
genic effect. The disease was evidently transferred from the eastern islands 1o Badu
Island in 1978 where the largest turties were re-sstablished in a new 15,000 gallon fibre-
glass tank,

Clinical Signs

Turtles infested with larval nematodes rarely showed acute clinical signs but many
appeared to be weak and emaciated and fed infrequently. Some seemed unable to dive
while pihers malntalned a persistent list to one sida. Turtlas with buoyancy problems
attempted to correct them using their front swimming Hippers,

Gross Pathology

When the pleuroparitoneal cavity was first opened encysted larvae were immediately
apparent in the mesantery of the stomach and small intestine and within the liver capsule,
Closar axamination revealed maore larvae in the parietal peritoneum covering the kidneys
and close to peripheral fat sigres, Paresitic cysis consigted of collections of tightly coiled
larvae surrounded by a wall of fibrous tissue, In stveral cases the stomach wall wag
gdhering to the adjacent perltoneum, Gastric end Imtestinal ulcers were a consistent
pathological festure of the seven twurtles examined and took the form of hard caseous

nodules up to 3 cm in diameter, Migrating larves often protruded from tha cemire of
these nodules imto the gastric and intestinal lurmen.

Histopathology

Microscopically, gastric and intestinal lesions consisted of a central necrotic core
surrpunded by an Infilirate of esinophils and mononuclesr cells. Maring bacteria had
penetrated the apithelium along with migrating larvae to produca the coagulative form of
necrodls 50 often seen in reptiles, Onee past the mtestinal barrier the larves continued 1o
migrate through the mesentery of the gut leaving & trail of mecrosis and finally encysted
in the connective tissue covering the kidoeys, liver and fat stores.

Therapy

The antihelmintic levamisale (Thisnpont & &, 19686) is known to be very effective
against nematoces when njeoted Inramuscularly of subcutaneously at a dosa rate of
& mpkg soft tissue.

iv] Osteodystrophy

Large carnivores e.g. lions and tigers on a constant diet of raw meat while in captivity
may develop dystrophic bone deformities [Slusher of &/, 1985). With regard to raptiles,
reports have appeared in the literature of fibrows ostecdysirophy in igusnas [Wallach
1968; Frye 1973). Clinically the animals seemed well nourished but the mandible was
misshapen, Land tortoisas with a similar disease suffer from fractures of the appendicular
skeleton because of the enormous weights these bones have to bear [Murphy 1873).
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Field Observations

Usteodystrophy was a comparatively rare disease in farm turtles observed only in
luvenile turties. In 1978 two advanced cases wers racorded on Badu and Yorke lslands
in juveniles approximately 8 months old.

Clinical Signs

Green turtles In a state of calcium-phosphorus imbalance showed obvious skeletal
changes. Although the patient appeared well nourished, the carapece was soft and sens-
itive to digital pressure. The shell “curled” as the growth of epithelial tissue exceeded that
of skeletal tissue and stress lines were apparent in many of the dorsad seutes. Carapace
dimensions were reduced compared to a turtle of the same age receiving adecquate dietary
calcium. The mandibde or lower jaw was misshapen and the skull featured lateral prammin.
ences in the occipital reglons, Turtles with severe calcium deficlency became inactive
and lost their appetite,

Grogs Pathology

In osteodystrophic conditions, although many of the Important lesions were abwvious
axternally, additional internal changes did oceur, Tha long bone dimensions were cop-
sistently greater in the control animal. The humeri and femora were soft and spongy and
could be twisted laterally. Cortical. ragions of the bones appeared to be poorly caleified,
Urinary caleuli were another feature of the diseass; one stone of 1.5 cm diameter was
ramoved from the bladder of a Yorke lsland turtle,

Histopathology

When microscopic sections of the long bones of the two cases were examingd, very
little ossification or bone formation had ocourred at the epiphyesal plate, The small
amount of bone present was concentrated at the periphary rather than at tha plate j-
seif. Although provisional calcificatlon of cartilage was apparent in some areas, resorbed
bone had not been replaced by fibrous tissue as in scurvy. Further, the cartilaginous
arms did not show microfractures as in rickets,

Radiography

Perhaps the most important aid in the clinical diagnosis of bome deformities was
radiography. The more heavily caleified the skalaton the more radio-opague It will be.

In the case of the twrile with osteodvstrophy calcification was not gvenly dls-
tributed throughout the sppendicular skelaton but concentrated = rings near tha api-
physeal junctions which were widened, The long bones also showed poor calclfication
along their longitudinal axes. In addition, very litthe calcium had been incorporated
into the skull and carapace,

A turtle of the same age recelving adequate dietary calcium showed marked cal-
cification throughout the entire skelaton,
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Therapy

In the farm Htuation bone deformities can wsually be recognised purely on morphio-
iogical grounds and treatment can start immediately. Frye [1973) recommended in-
jeetions of caleium gluconate two or three times weekly, oral administration of calcium
and Yitamin D and a chonge to & more natural diet. Mutritional disesses can be prevented
by a thorough investigation into the dietary preferences of wild turtles and the subsequent
analysis of this food.

GEMERAL DISCUSSION

Sea turtles reared in captivity in the Torres Strait for periods up to B years exper-
mnced a range of diseasas indicative of thelr farm environment. The diseases appeared to
be the direct result of poor husbandry and managemant.

The possibility that a herpas-type virus (Rebell et &, 1976} was responsible for the
initial lesions of wleerative dermatitis was discounted on the besis of our inability to
isolate a virus from lesion material or transmit the disease by scratch inoculation. Affectad
turtles did mot shed their skin in irregular patches, a shon of Vitamin A deficiency in
chelonians (Burke 1970). Further, palpebral oedema was not obssrved, The isolation of
A, hydraphila and P, fAugrescens from skin lesions in farm turtles was not unexpected
a5 these organisms are often associated with aquaculture (Reichelt 1979, pers. comm.}.
The key to this condition may lie in the failure of individually reared hatchling to
devalop cherscteristic flipper lesions aver an 8 week experimental period. Physical separ-
ation of hatchlings prevented an outbreak of the disease which may mean that [t is in
some way related to hatehling behavlour or captive stress.

Although Holt and Cooper {1876} and Keymer (1978} deseribed cases of ulcarative
stomatitis in the Greek tortoise Testudo graecs, this condition hes not been reported in
g3 turties. In the farm situstion the dizsease occurred & an epifootic in hatchlings 59
weeks old In contrast to isolated cases seen in adult and juvenile snakes (Cooper 1873;
Kuehn 1874; Stull and Anderson 1876), Green turtle hatchiings with uleerative stomatitis
wiere listless and weak as were the snakes of Stull and Anderson {1976] and the tortolsas
of Holt and Cooper [1976). However, with green turthes, oeduma of the oral mucoss was
not marked and in some cages plugs of exudate had formad in the nesal passages, trachea
and major bronchi. Microscopically, pathological changes were similar to those reportad
in the Greek tortoise. A, hydrophila and Flavobscterium spp. wera repeatedly isolated
from lesion meteriel and it seems likely that these organisms acted as opportunistic
pathogens, The mortality rote with ulcerative stomatitis was in the vicinity of BO%.,
Mo comparative figures exist in the literature for reptiles housed so intensively & on
tha Torras Strait turtle farms,

The results of the experiment carrled out on Yarke [sland indicate the importance
of husbandry and management factors viz. diet end housing, for the successful rearing of
wild animals n captivity, The comparatively low mortality rates recorded for B weeks
old hatchlings on a diet of fish and algae {13.0 and 38.9% cf, 62.8 and 86.5% for & pure
fish diet), may be due to the presence of esential nutritional factors in fresh algse e.g.
Vitamin A andfor G, Frye (1873) had recommended doses of Vitamin C as adjunctive
therapy for reptiles suffering from wlcerative stomatitls, Further, intermitient water
changes had allowed rapld multiplication of organisms potentially pathogenic to turtlaes,
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A continwous flow systerm would remove organic material a.g. small particles of fish
remaining in the water after feeding, Regardiess of thelr diet, hatehlings had a better
chance of surviving thelr first B weeks housed in basins rather than the larger tanks.
Kowarsky (1877) also obtmined evidence that overcrowding did not adversely affect
the culture of green turtle hetchlings.

Bronchopneumania in farm turtles resulted from the inspiration of necrotic mater-
ial present in the oral cavity of hatchlings with “canker”, Several of the turtles In this
survay were suffering from ulcerative stomatitie and bronchopneumaonia concurrantly.
Susceptible turtles were aged betwesn 2 and B months compared with 4 to 7 months
for the Cayman island farm turtles examined by Jacobson er &l [1979). In addition
to the loss of equillbrium seen by these authors, farm turties in the Torres Strait ware
listless and wesk and showed & Iaboured respiration with dyspnoes, At autopsy congal-
ilation was evident in areas adjecent to the major bronchi, whare plugs of caseous ex-
udate had become lodged. Nodules similar to those described by Jacobson and his co-
workers weare rarely seen. Histedogically, the most important change was the host's
response to the organisms invading the alveoli and interstitium. Interstitial focal gran-
ulomas were few and in all but two cases, staining by Ziehl Meslsen and the periodic
acid-5chiff reaction failed to reveal the presence of acid fast baeilli or fungal hyphas,
These findings contrasted with the multifocal granulomas containing branching septate
hyphae seen by Jacobson ef &l (1979) in mariculture reared turtles. Although baoth
becteria (A hydroghila, Ps. fluorescens, Flavobacterium spp.) and fungi (Peniciliium,
Pascilomyeces and Fusarium spp.) were recoversd from casecus material found in the
trachea and primary bronchi of turtles from the Torres Strait farms, the bacterium
A, hydrophila was isolated consistently and thought to be the aetiologic agent respons-
ibte for the disaase, Frye (1977) and Burton {1978} also reported an association be-
tween A. hydrophifa and prneumonia in reptiles. Various fungl, including Peeciiomyces
spp., have praviously been implicated |Austwick 1874; Jacobson et &, 1979} in cases
of mycotic pneumonia in s2a turtles and may have plaved & secondary role here, The
observation that ulcerative stomatitis in farm turties immediately precedes the davelop-
mant of bronchopneumonia lends support to the argument that these two dissases
are closely related,

Larval nematodes of the genus Anisakis were introduced into the Torras Strait
farms by the feeding of whole, ungutted sardines to juvenile turtles on Murray and
Darndey lIslands, The farm turtles acted as paratenic hosts for the third stage larvag
which were unable to complete their |ife cycle when confined to the tissues of & cold
blooded animal. The incidence of the disease was 100% in the seven casesd examined
but the axtent of gastric and intestinal ulceration varied in each case 25 did the number
of migrating and encysted larvee. Mortalities due to anisskissis wers infrequent and
seemed to result from secondary bacteria invading the host tissues .4, intestinal wal|
and peritoneum end not from tissue damage directly asociated with larval migration,
Parasites were concentrated in the mesentery of the gut and capsule of the liver & ra-
corded by Ruitenberg et afl. (1971) when they exparimantally infected rebbits with
Anisakis larvae from herrings. At the microscoplc level, the pathological changes that
resulted from the migration of larvee through reptilisn tissues ware similar to thosa
seun in marine mammals (Young and Lowe 1960) except where Iymphocytes, eosing-
phils and heterophils replaced neutrophils in areas of necrosks,

The diet of farm turtles consisted mostly of Spanish mackerel for the greater
part of the year but waz replaced by rubbish fish from trawlers during the ofl sesson.
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Supplements included clam muscle and algae, As a stapla diet mackers! represented a
good source of protein but in other respects it was serlously deficlent e.g. calcium and
Vitamin A, The caleium-phosphorus ratio for filleted mackerel i in the order of 1:44
{Wallach 1970). To correct the imbalance Colling (1871] supgested the addition of
1-1/3 teaspoons of calelum carbonate 1o 1 Ib of mackaral diet.

CONCLUSION

Preliminary investigations led to the identification of four new diseases of farm
turiles in the Torres Strait. These diseases have not been reported elsewhere. The success:
ful farming of green turtles will require the developrment of a new technology based on
a continuing research effort.
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COMMERCIAL PROSPECTS FOR TURTLE FARMING
IN THE TORRES STRAITS, AUSTRALILA

ST Ondong
Applied Ecology Pty, L,
Canbarra, Australia

Introduction

1.  The culture or farming of marine twriles for commearcial purposaes is & controversial
topic and the prospects for any such venture are difficult to assess as adeguate background
and information ks not available for proper analysis or appraisal. This paper only addresses
itself to the position of the gréen sea turtle, Chelomiy mydss, the species prized for its
meat and a5 the essential ingredient for turtle soup,

2. Asaresult of excessive exploitation In many populations and the nead for consarve-
tion measures, the green turtle is on Appendix | of the Convention on International Trade
in Endangared Species of Wild Founa and Flors (CITES), commonly known a3 the
Washington Convention, excepi for the Austrelien population of green turtlas which is an
Appendix 11 of the Convention, CITES in effect prohibits all trade in green turtle products
except from fully farmed sources. In the Australian eontext, green turtes are fully pro-
tected from explodtation excepting their taking and use by Aborigines and Torres Strait
Islanders for subsistence in & reserve or a traditional situation,

3, For much of the world, even with conservation measures and trade restrictions, the
damand for turthe products for subsistence and intemational commerce continues un-
abated, To meet at |east in part thasa demands seweral countries have put forward ideas
and plans to farm green turtles. To date only Mariculture, now called Cayman lsland
Turtle Farms, on Grand Ceyman lslend in the West Indies have taken such a venture to

the commercial sales stage, The hushandry, mansgement and economic viability of such a
weriture 15 not known.

4,  Historically the Applied Ecology Unit of the Australian Mational Unlversity's in-
volwement with turtles apd turtle farming in the Torres Strait was motivated by a desira
to conserve the turtle population of the area and provide employment for Torres Strait
Islanders. At presant as Apphied Ecology Pty, Ltd, the emphasis is on green turtle populs-
tion studies, biology and natural history for a wide ranging Environmental Impact Sssess:
ment and Statement on the project, In addition the Investigation of turtle husbandry,
nutrition and dizease in various farm situations is being undertaken,

Background

fa} Turtle Farm, the term ‘Turtle Farm® heas been wused to describad & variety of estab-
lshments in wihich the only common festure is the holding of turtles in captivity. Apart
from small research and display facilities, turtle farming or raising facilities might be
categorisad as follows:

il  Turtle Farm, or closed turtle farm |5 the idesl, 8 fully salf-containad facility
breeding and roising turtles from i3 own captive produced aggs. Any such
operation |3 independent of wild twrtle populations once established and
should thus be able to operate and trade within the terrms and conditions of
Appandix | of CITES.
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lii)  Turtle Raising Farm is a facility raising turtles from epgs taken fram the wild,
Any such operation normally operates under some licence darrangement an
the premise that the eggs can be off-set at little cost to the wild popaulation
due to the very high egg and hatchling losses in the wild, A percantege may be
returned to the wild at the hetchling or older stape to offset any loss to the
population,

{ili}  Turtle Ranching or Head Start Farms — these are facilities hatching and rear-
ing large numbers of turtle for return to the wild to ‘enhance” the wild papu-
lation and off-set the effects of taking turtles and turde egas from the wild
tor cormmercial purposes. While it Is known that numbers of captive raised
turtles do survive in the wild (Whitham and Fuch 1977; Kowarsky and Capelie
1978} such practices have not demonstrated that it enhances resident brasd-
ing turtle populations.

(b} Turtle Products

A B0 lb green turtle may be broadly broken dewn by percentage of weight as
Follows:

Soup and Meat  B4% Steak pieces, Calipes Calipash, flipper meat and some fat,

Leathar 6% Set of Nipper skins
Shell 16% Whaole shell or joweliery pieces
Rest 24% Fat, oil, offal, waste atc,

It is doubtful if a 60 Ib green turtle would be large enough for most markets.

{c}] Markets for Turtle Products

In a market survey Major [1076) states “It would appesr to be correct in surmising
that the world wide market for turtle products must be enormous In its untapped poten-
tial, Enhanced further by the and products of delicious clear soup, testy veal-ike turtle
steak, ranowned absorbent qualities of the oil and the undisputed attractiveness of turtle
leather or shell jewellery, one senses that turtle farming should have a bright futura. Un-
fortunataly, for the Torres Strait turtls farmers it prasently romains an untapped market
with actual sales considerably lower than the expectied natural markets. The traditional
markets for turtle soup and leather are currently being saturated from wild and farm
sources™. It is not known if thet situstion has changed substantially since 1976,

Brown (1977) estimated a yearly market in Australia for 100,000 pieces of turte
shell souvenirs, 5,000 whole shells, 304,000 Ib turtle mast with 5,000 sets of flipper sking
for export in addition.

More regent information is that there is a stable market for flipper skins overseas
and good prospects for gelatinous turtle meat at $US7.00 per |b F.O.B, West Germany,
whaose present sources are tha Cayrman Island Turthe Farm and Mexico.

Turtle Farming Research Project, Torres Strait, Ouesnsland

The turthe project was started in 1970 to conserve the Australian grean turte re-
saurce, to produce and market turthe meat, shell, oil, leather, ete. and provide an economic
bese for Torres Strait Islanders on their own islands with least disruption to their culture
and way of life. The project has five experimental turthe farmes, same two thousand turtles
[1-5 years old) and saven thousand hatehlings located on four of the thirteen island re-
serves of the group and employs some sixty Islanders as turtle farmers or 1o $ervice tha
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project. The project (even at this experimental stage) has a significant aconomic impact
on the reserve islands’ population of 2,100 where employment opportunities are extramaly
limited.

The 5 experimental lslander turtle farms are organlsed on 8 cooparative, cottoge-
industry basis, ralsing turtles to one year ald (2 farms), to one yesr and two years oid {1
farm), two and three years old (2 farms), in fibreglass tanks, using locally available fish
with marine and terrestrial grasses as feed, A central farm on Badu Isfand {with larger
tanks and an axperimental sea enclesure 100m x 100m} has been developed to evaluate
pallated compound turtle feed formulae, the sea enclosure structure itself and, in the
future, captive turde breeding,

Major ressarch affort is being devoted to green turtle population studies in the area,
to produce & wide-ranging Environmental Impact Statement (E.1.5.) raguired by the Aus-
tralian Government before any commercial turtle farming development is approved. In
addition, eomprahansive data is being collected on turte biclogy, natural history, husban:
dry and 8 headstart programme [nitiated. The turtle husbandry, diseases and nutrition
studies are being conducted In liaison with James Cook University of North Queensland,
with compound pellet feads, tanks, pumping systems and turtle enclosures etc. also being
evaluated a3 part of the project.

Results

Turtle farming or husbandry research has been of a limited nature, mainly due to
primary emphasis on the turtle population studies necessary for the Environmental Impact
Giatement and restrictlons on the employment of additional professional biologlsts for
the project, As a result of these limitations the project has had to rely largely on limited
hushandry experiments, farm performance records and on postgraduate student research
studies in specific areas i.e. turtle disease end nutrition, rather than an overall integrated
turtte husbandry research programme.

All the turtle farming operations are geared to train the Islanders in turtle husbandry
and asseds thair capability and capacity s turtle farmers for future economic avaluation
of turtle farming &s a sustained and viahle propositlon for Torres Strait Islanders.

Results to date indicate that the Torres Strait graen turtle resource s shared with
Papua Mew Guinea and Indonesia and that sipnificant numbers of turtle aggs can be taken
from certain nesting beacfes with litthe or no loss to the natural population, as thess eggs
would normally be lost to beach erosion (Parmenter 1978). On the husbandry side there
are nutritional, disease and growth rate problems,

Compared with Mariculture parformance data glven to us by Major {1976) which
showed their turtles to weigh 2400 gm, with 42% mortality at 12 months of age, by com-
parison lslander turtle farm mortality has been up to and in some cases over G0% in the
first year with corresponding weight gains at a yeer old 30% below those achisved by
Mariculture, In these circumstances, even with farmar training and Improved turtle hus-
tandry and nutrition, it ks still doubtful if the required production, estimated in 18976 at
GO0 kg of wrtle per farmer per annum can be achieved in the jsland farm situation, to
make turtla raising for meat an economic proportion.



Whether slower growth rates of Torres Strait green turtles is due to genetic factors
or insdequate hushandry, particulady nutrition, is not certain. One Indicator on this
matter came from a small batch of turtles on Murray lsland where they conslstently ax-
ceeded the Mariculture performance figures, in fact resching an average of 2400 gm at 10
rmonths of ape with only 37% mortality, this would indicate hushandry and nutrition as
the major problams rather than genetic factors. It s hopad that Garnett’s nutrition ra-
search programme on Badu Island will provide more critical information in this impos-
tant area,

Dizcussion

From tha present limited research base It §s difficult to draw many positive conclu-
sions, the turtle husbandry ressarch conducted so far in the Torres Btrait having pinpoin-
ted the many problems to be faced, but es yet, provided few answers,

On the economic slde alone efforts to find a breakeven situgtion based on & furlly
closed tarm development is difficult to see, in the light of so mamy unknewn factors in
tha areas of turtle husbandry and turtle breading in captivity. The high value of products
overseas and markets in Australia for limited quantities are more than off-set by the fiol-
lowing:

{il  Wages and productivity, the payment of award wages, currently $7000-8000
p.g. per turtle farm employes is unlikely to be off-set by tha volume or value
of turtle product likely to be produced under the present system, It was esti-
mated in 1976 before award wages that sach farmer would have to tum-off
some 600 kg of turtle product p.a. for the project to be viable,

(it  Turtle feed costs; compound feed was estimated in 1978 at 3265 tonne, 1978
pellet formulations ranglng from $332-600 tonne, plus freight, which brought
the cost of feed landed in the Torres Strait to $812-1140 tonne. Even at th
lowar cost and a converslon rate of 3:1 fesd to turtle, [t would cost $2 .44 per
kg turtle produced for food alone, Alowing for the multiplier effects of mor-
tality and percentaga meat in the turtle, the feed alons would wark out at
36,00 per kilogram of turtle meat produced,

liii)  The administration and servicing necessary to adeguately manage any project
in the Torres Strait area is expensive, particulasly for communleations in the
form of ships, The provision of such services in ‘Catch 22 fashion® while
nacessary for the project's existence, will tend to raise costs to make the ven-
ture an UNeconomic propasition.

At present there are good markets for turtie products, but what are the prospects
for turtle farming or some form of turtle utilisation for benefit of Torros Stralt Islanders?
A full or a closed turtle farming system is most unlikely to prove an economic or visble
proposition. Other options for turtle development and utilisation are:

la) Commercial turtle raising from eggs taken from the wild: and

ib)  Limited commercial exploitation of the turthe rasource on a stralght, put-back
or headstart basis. It is known the quantities of turtle eggs are available fram
rookeries such as Bramble Cay at little or no loss to the wild population, so
turtle raising could prove a velid option for the future,
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A programme of limited commercial turtle exploitation, in addition to the present
subsistance utilisation of some 4100 turtles p.a. by the reserve Torres Strait Islanders
would have the Immediate attraction of gemerating cash flow within the project. This in
turn would help justify a long term head-start research and turtle population monitoring
programme necessary 1o safely manage the Torres Sireit green turtla resource.

In contrast to what has been stated on the economics of turtle farming the special
soclal and economic situation of the Torres Strait [slenders in thea reseree island situation
musst be considered, as is the need to provide valid development options and opportunities
for the islanders to meet their neads in a manner compatibde with their culture and status
as Awstralian citizens. The project even at the present experimental stage has had a signl-
ficant econemic impact on the reserve [slands” population where amployment opportumni-
ties ara extremaly limitad.

Conclusion

There are many problems in the aress of husbandry, conservation and sconomics of
turtle farm development, turtle wtilisation or management, yet for those who can see it
through and can develop an acceptable economic resource managemant system, the ra-
wards will be considerable. In the Torres Strait situation turtles should be considered in
the context of other resources available and not as 8 one-off development to satisfy what
i the complex soclg-economic and resource davalopment problem of the whole araa,

“Behold the turtle, he makes progress only when he sticks his neck out™
— James B. Conant.
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THE RAINE ISLAND AREA —
A PROSPECTIVE NATURE REFERENCE SITE IN QUEENSLAND

H.A Lavery, B.R. King and C.5 Bandercos
Research and Planning Branch, Queensiand Mational Parks and Wildlife Servica

INTRODUCTION

Raine lstand, at 11°36°S, 144°01°E, is a small vegetated sand cay located on the
outer Great Barrler Reof spproximately 100 km EME of Cape Grenville, Cape York
Paninsula, It is situated on the northern side of the 15 km-wide Raine Island Entrange,
formarly the most usually employed pagage in the Great Barrier Resf from Coral Sea
200 krm direct throwgh Torres Strait (Moseley 1878)°. To the south of the Entrance lies
Great Detached Reef. North from Raine Island sbout 15 km lies Pandora Cay (1172778,
144°00°E), a smaller island on the southern side of Pandora Entrance. The anly other
vegetated cay in the vicinity is found 22 km to the north-west at 11°22°S, 143°48°E - this
is presantly unnamed, though Oueensland Place Mames Board has bean asked to ratify
this a5 McLennan Cay (Limpus in prep).

Like tha other cays, Ralne lsland has a fringing reef. The Raine |sland Reef is oval
in shape and nearly 2 km wide: it stretches 3 km from the shore to the south-east but
ends after only some 150 m to the north-west, Mueh of the surface of the reef is expesed
at low water tides when lovel falls some 3 m, There ks na lagoon. To the east, the contin-
ental shelf stops abruptly and precipitously, with depths exceeding 350 fathoms [(Mag-
Gillivray 1846). Nearby, charts are most marked “heavy breakers” and, to the wast, “nat
examined but considered danperous to navigation™ is marked alarmingly often,

Raine Island itself is some 30 ha in ares, approximately 850 m in length and as
many &s 430 m in width. It consists of distinet concentric zanes: an outer beach [penerally
20 m in width and 5 m in height. with eccasional beachrock); an unvegetated beach crest
(horizontal or falling dightly landwards and 20-25 m in width]; a depressed aroa of tussock
grassland {varying in width from 10 m 10 B0 m with average elevation about 4 m — some
25% of sland area); a ofiff of cemented sandstone {generally 1 m to 1.6 m high with an
outer edga reaching a uniform height of B m, undercut and cavernous): a ridge of un-
camented sand with grass and herb cover (widest in the south to some 100 m and narrow-
est in the north at about 35 m averaoe, with & maximum elevation of about B m — some
35% of island area); and a central unvegetated flat superficially cermented by guano (with
an elevation similar to the peripheral cliff echges at about & m — some 16% of island areal.

The stratigraphy of the Island has been most completely described by MacGillivray
{1846) who showad fine coral sandstone to 7 cm, maist pulverulent black earth resembling
peat then to 30 em, successive deposits ranging from coarse coral conglomerate to uncon-

*The passage surveyed by HMS Fly in 1843 was sbandoned before it crew completed the Faine b5
land bascon in 1844; the intricacies of the nawigatian smong the meels, batwean the passage Givd the
apen channad near the mainksnd, ocoasioned ga many widcks and misadventures that the route was
abandomed by all but small craft in favour of the much maHe apen, although more mmate, Great
Marth-ast or Blyth Channel sdiscont 1o the cosst of Mew Gulres (Ssville-ent 1863). The present
coastsl routs wid opened to shipping in 1885 [Warharm 1961},
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creted calcareous sand then to & m, and masses and large fragments of coral of species still
{1B60), Fairbridge (19560, 1967), Bennett (1871) and others have variously interpreted
the peology of the island.

living on the reef loosely embedded in coarse sand then to 4.27 m when inflow of sait-
water took place. (There is no permanent surface freshwater on Raine lsland and, despite

an inscription to the contrary, none likely to be below ground.} Jukes (1847), Ratiray
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HISTORY

Haine lsland was first recorded in 1815 by Thomas Raine aboard "HMS Surry™,
With three exceptions, 8ll subsequent reports on the island have been the result of short,
almost opportunistic visits that have offered Interesting descrlptive comments but littls
data that are repetitive, comparable or cumulative. OF the three mare prolongad periods
of visitation, the most comprahensive infarmation, by Jukes (1847, 1871 and MacGilliv-
ray (1846), was gathered in May-September 1844 when a beacon was constructed. The
other visits invelved bache-de-mer fishing In the 1870s (Ellls 1836}, end guano collecting
in 1890-1892 (Ellis 1936, Hutchinson 1950, and in the diary of John Arundel of the J.T.
Arundel Company that dug these deposits), Again, these records are of uncertain ACCUTaCY,
Thus the beche-de-mer fishery conducted most regularly by two Europeans and 2 or 3
natives in 1873 was concluded to “hardly have been on a very large saale™ because of the
absence of fuel for boiling and smoking the animals. Guano production likewise is uncer-
tain, with any figures often inssparabile from those for other Great Barrier Resf islands. In
the main period of digging, when AF. {later Sir Albert) Ellis was in charge of 9-10 Euro-
peans and some 100 Asian labourers, it is reported that “tens of thousands af tons' of
guano were exported; the quality of the phosphate remains unknown, though lacking in
the ammonia of Peruvian deposits,

The result of all thess visits is thus more noteworthy for the materials they gathared
rather than the data they recorded. The changes occasioned by them remain evident in
the man-made structures and quarries strewn over the igland; thamkfully litHe remaing to
be seen of the tramways, locomative, jetty, vegetable gardens (of pumpkin, coconuts,
Capa gooseberry, maize, tomato, capsicum, water melon], huts, tents, observatory, flag
staff, graves, st least 4 shipwrecks (Lack 1853}, and goats [innumerable in the 1930
sccording to Patterson (1838)] that have deliberately or otherwise been introduced to
convert this isolated landscape,

TERRESTRIAL BIOLOGY

It is this isolation, or at least partly this atwr|bute, thet hes produced the two most
obvious natural features of Raine lsland a5 it i5 prasently known.

The island is "probably the most Important breeding station for tropical sea-birds in
Australian seas” (Warham 1961}, and “the largest and densest green turtle rookery ever
recorded anywhere in the world” {C.J). Limpus and R.A. Birtles, unpub. report, 18 April
18771,

These qualities have been recognized, and exploited, from the outsat. Thus Jukes
11847] recounts: "Tha whale surface of the island was covered with old and young birds
- » There ware young of all ages — some able to fly, others just hatehed, and covered with
yellowish down , , ., The boobies and gannets ssch formed separate flocks, but few of
themn had either epgs or young ones. All the rest of the igland wias covered with the egos
and young ones of the terns and noddies, , . The whole Island stank like a foul hen-roost,
and we were covered with birdlice and ticks after slesping in the sand, We dined upon
young boobies and frigate-birds and terns’ eges — the latter were oxcallent, and the for-
mer very good, especially when cooked with a little curry powder. As night closed in, it
was curious to see the long lines and flocks of birds streaming from all guarters of the
horizon towards the island. The noise was incessant and tiresome, On walking rapidly into
the centre of the island, countless myyriads of birds rose shrisking on every side, g0 that
the elangour was absolutely deafening, like the rosr of some great cataract”™. Or as Mosalay
{1879} concludes even mors romantically, “Birds . . , are in such numbers a5 to darken
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the air beneath as they fly owverhead, . ." Or again, in the words of John MacGilliveay
(1846 “, ., we found not less than eighteen species of birds, several of which ware new
to scienca, inhabiting this mere speck of land, and 1o me they constituted the most inter-
gsting feature of the place. Upon nearing the shore on my first visit in May, 1844, an im-
memnsa cloud of saa-fowl was observed hovering over the place, and their cries were dig-
tinctly heard at the distance of & mile, Crossing the reef, we landed on 3 steep sandy
beach, and & few yards further brought us upon one of those vast breeding-places of birds,
of which none but an eyewitness can form an adequata idea. The ground was 5o thickly
stresved with epgs, that we could not walk about without cccasionally crughing them
under foot; myriads of terns, noddies and boobdes darkened the air around; the mingling
of loud, harsh, discordant crles was absolutely desfening, and caused even a painful sensa-
tion, which, with the stench from numbers of putrefying carcasses and other sources, was
almiost imsufferable. . . A large flock of gannets and boobies covered a bare spot in the
centre of the island, chequered black and white with their dense masses. The eggs and
newly-fledged young of the tem and noddy were turned to good account by the party
established upon the island. . . | amuged myself one day with making a calculation of the
consumption of young birds and aggs during the month of June, and found It to amount,
at the lowest possible estimate, to 3,000 of the former, and 1,410 dozen of the latter.”
Reference to this explodtation of the island takes amother turn with John Sweatman’s
ponchalent, *“Dur first act of landing was, of course, to break every egg on the island so
that all wa collected afterwards were sure to be fresh™ (Allan and Corris 1977).

The second outstanding feature of the island has been less prossically described, less
wgefully documentad, and less grosly exploited, These are the turtles, about which John
MacGillivray noted: A wvisitor to Raines lslet, is apt to be surprised at the number of
dead turtles scattered about the margin of the island, the remains probably of such as
have fallen on their backs while endegvouring to climb the low rocky border, . . These are
all of the green species, which resorts to this and the othier sand-banks and islets of the
M.E. coast of Mew Holland, in conslderable numbers, . ."" or, as his namesake Dr William
MacGillivray reported, in 1810, "Great numbers of turties are on the beach and in the
challow water round the boat”, Accounts of exploitation, for example by Mackengie
{1845} where the crew of HMS Heroine "obtained fourteen large turtles, each sveraging
four cwt” no doubt reflect a constant, low-level of food gathering that must have pro-
ceeded endlesiy, That turtles have thrived there over time is evident from the subfossil
apgs located thare (MacGillivray 1848),

The absence of the'more spectacular records of turtles subsequently repaorted by
Limpus may be gxplained by the seasonal and ennual variations in numbers of the green
turtle along the reef. The infraguent, short visits, amounting to some 18 reports over 160
years, during seasons when cyclonic and other adverse weather conditions are minimal,
togather with a bewildering confusion of enimal lifa over, under and around Raine |sland
make it remarkable, perhaps, that any worthwhile data at all are available, Of a biclogical
nature, sufficient for the moment to propose that & situation exists whara an island and
its surroundings support & food chain of an unpracedented magnitude on the Great Barrler
Reaf, Hindwood ot &/, (1983) have concluded that an inavitable conclusion must be
drawn that large sea-bird populations reflect 8 plentiful food supply in the form of fish
and other maring organisms. The turtle nombers endorse this further still, John MacGilliv-
ray {1B48] has long since noted that “Ralne’s lslet abounds with marine produstions, £5-
peciglly Radiata end Mollusca®™.



SYETEMATIC STUDY

As racently as 1925 W.B. Alexander has claimed, ““It is clear that & visit to an island
for a few hours or a few days Is of little value for this purpose, . . . Systematic abservations
undertaken at several islands on different parts of the coast and carrled on for several sea
somd, If correlated with physical and meteorological data, might well yield results of great
interost to biologists. . .™ It is this approach, topether with the sarme apportunistic visits
that have gone before but which have now explored a more definita rale, that is the hasls
tar the following proposal:

That Raine Island and its adjacant seas and reafs constitute the principal site in the
Great Barrier Reef Provinca at which to institute leng-term maonitoring of the total envir-
onment by means of selectad indices.

Its verification Is made somewhat easier by present circumstances: na study site has
yet bean nominated in unquestionably the richest regicn of the Province; the study area is
selected for its natural features rather than its accessibility to man: the study araa, by the
sama token, is likely to remain free from intrusion ather than for mainly scientific pur-
poses; and a wide range of scientific disciplines is now available to Initigte comprehensive,
integrated projects,

LOGISTICS

Mo such programme could, or should, be contemplated without careful attention to

the ditail that was the dissdvantage of earlier work and the necessity of the above ap-
proach,

The Study Area

Though the influsnce of the Raine Island Is, by coroliary, far-reaching, it Is Imprac-
tical o spread {or dilute} attention too far afisld. Thus while Warham {1961 | proposed
Ashmora Banks (11753'5, 143°39°E) to be an “offshoot of the main rookery on Faine
Istand”, and Limpus (unpub. data) has found movement of turtles from Raine Island
through Torres Strait, it would seem desirable to contaln Immediate study within an area
surrounding Ralne Island, Pandora Cay {alse mentioned by Warham foc cit.) and McLen-
nan Cay, and part of Great Detached Reef. All alements of the outer reaf would seem to
be included; while intrusive mainland affects such as by Sir Charles Hardy Islands on Ash-
more Banks appesr to have been avoided. The area is now the subject of detailed photo-
graphy and mapping by the Austrelian Survey Office an behalf of the Great Barrier Reef
Marine Park Authority,

Statutory authorities and land tenure

Within the study area four Gowernment instrumentalities woild appear to hald
legislative responsibility: Raine Island is a Reserve (R 4] for Departmental and Official
Purposes under the rusteeship of the Department of Aboriginal and lslanders Advanpea-
ment, That small part of the island on which the beacon and the grave of Mrs AF, Ellis
ere situated, and Pandors Cay and Mclennan Cay presently Vacant Crown Land, have
now been sought as reservas under the Cueensland National Parks and Wildlife Service
which has responsibility for the fauna of the region. The baacon, the oldest lighthouse in
Australian seas (Pattarson 1936), is now listed by the National Trust of Cheeensland on
behalf of the National Parks and Wildiife Service. The area surrounding Haine lsland has
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been proposed to be a Marine Park under the jurisdiction of the Quesnsland Fisheries Ser-
vice as are, of course, #ll marine products. The Great Barrier Reaf Marine Park Authority
has & responsibliity for the environment throughout. For the purpose of this exercise, a
nomines from each authority comprises a Co-ordinating Committee whose eollective role
is to co-ordinate and integrate the necessarlly individual objectives and opportunities.

Facilities

It is not timely to propose those facilities that may soon be available to counteract
the harsh and isolated conditions prevalling in the area. Sufficiant to suggest that the bea-
con will be reconstituted along acceptable Mational Trust lines as fully furnished and
maintained laboratory accommodation for the use of those visitors whose work would
contribute 1o the knowiedpe of the ares, This matter is presently being resolved in all its
lagal, structural and financial aspects,

NATURE REFEREMCE SITES

The: matter of retention of natural envirenmental quality is, of courss, mora general
than that represented by national parks. It is evidenced in the way all land is used, and
that is the responsibility of many, If not all, sections of the community, The peramount
need I always to retain that viable segment upon which the remainder of the environ-
ment may depend in adverss moments of time. This is 8 responsibility that a Mational
Parks and Wildlife Service should be expected to accept, The recognition of these seg-
ments, and the way they behave over time, are critical elemants of this managament
respansi bility.

Locations that have been the centre of concentrations of endeavours to monitor
enviranment and the dynamic changes in this are well known outside the bislogical field,
Trigonometrical and meteorological stations are obvious examples; In Quesnaland, given
the notoriety of our beaches, the formel benchmerks of the Baach Projection Authority
are wall knowr.

Given also Westarn man's familiarity with some of the world's wildlife, various Zog-
logical monitoring sites have becomae key global stations in relatively short periods of time,
It is no coincldence that these rnastly are lslands: problems are more discrete and recog-
nizable, and disturbance is more readily able to be controlled. Thus in the eastern Pacific
Ccgan the Galapagos |slands with the Charles Darwin Research Station have becoms
famaous; other slands in every ocean are equelly noteworthy for their contributions to
scienca.

In the United States, the need for areas available for scientific research to monizor
the enwironment and changes In this was recognized early on. Federal land managament
agancies have been actively developing a national systermn of Research Matural Aregs since
1827, From the inception there have been two primary purposes for developing o come
prehansive system: Firstly, to preserve a representative array of all significant natural aco-
systems and their inherent processes as baseline areas, and secondly, to obtain through
smientific education and research, information about naturel system components, inherent
processas, and comparisons with representative manipulated systems. Most recently in
Australia, the Victorian Leglslative Assembly has passed, without opposition, 8 “Refarence
Araas BIll™.



Im 1878, Oueensland instituted a Natura Referenca Site concept, wharaby a Meture
Reference Site is a defined area of sipnificant ecological interest at which facilities are
provided allowing the intensiva, long-term maonitoring of the total ecosystem, or some
part of it, to be undertaken by those best suited for the purposs (Lavery 1879),

It is fortultous, we believe, Tor a country to be in & positlon to contemplate the
prospect of securing scientific monitoring areas that could reasonably be held to represent
the natural countryside. Cur definition of “natural™ here envisages an environmental sys-
tern not perceptibly influenced by man, gither directly or indirectly,

The inverse relationship existing between incraesing ecological understanding and
diminishing ecological opportunity could be proposed to intersect in such & situation as
Queensland. The argument is that the United Kingdom, for example, now has the skills
but no longer has the natural lands, while the tropical Americas, for example, have the
lands but lack the technical sophistication and standing 1o argue successfully for thelr
retention In the face of western-style development. Perhaps Australia in peneral, and
Queensland in particular, ks at the “point of balance™, and so it may be that the establish-
ment of viable, representative, scientific monitoring sites is a real prospect,

In Oueensland the first ares of land has been set aside towards this end, It is a
27,400 ha tract of more or less natural mulga land between Charleville and Adavale, with
its environment protected on the one hand by its situation &t the headwaters of the
Warrego, Parco and Bulloo Rivers and on the other by its relative inaccessibility to man
and his agencies through the surrounding escarpments. A detsiled descriptive phase of
work is now in progress, All results point up the relevance of a Site such as the Raina Is-
land area,

At this juncture there appears to be no nature conservatlon legislation in Cueans-
land suitable to meet the land tenure requirements, whatever these are, of 8 MNature Re-
ference Sita concapt. The final solution needs to be evolved: new forms of land tenure
may need to be eracted. These presumably may need to account for Zones within the
Sites — sacrosanct core regions, experimental regions, and surrounding buffers. It is for
this reason that one must consider the inclusion of Pandara Cay and McLennan Cay,

The Mature Reference Sites programme was instituted within the Queensland
Mational Parks and Wildlife Service through funds made availzble for the purpose by the
Director to his Research and Planning Branch in July 1878. The Service currantly has
before it some 800 proposals for land to be reserved for conservation purposes: the Branch
has gathered an early experlence in evalusting lend, with some 350 mports now com-
platad, a3 well &s the more systematic land evaluation that is in progress In the long-term
Regional Resource Maps series, For practical reasans, Nature Reference Sites will necass-
arily compeise a limited number of aress,

The subject of scological benchmarks is clearly one of the sclentific community at
large; it is not one that can be handled by & small group of scientists within cne institu-
tion, howsaver dedicated, The tasks of the National Parks and Wildiife Servioe must thera-
fore include tha provision, as & public service if you like, of the whers-with-all that a
nature conservation authority has at its dispesal, We welcome the interest of the scientific
community in theses Sitss, and we shall ancourage it as best we can. Already at the mulga
Site, the Department of Primary Industries has had officers inspect the area for the pro-
vision of "control plots™.
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The progremme s not onesided. Mational parks are widely held a5 a major means
of conserving nature, |t seems [ikely in Oueensland that Mature Reference Sites, in prac-
tice, will provide the information whereby national parks can be scientifically managed,
There is no prospect that each park con be scientifically studied; representative sites for
invastigation must be selected carefully, and results judiclously extrapolated, Thus not
only could the collectiva results of sciantific endeavour at Raine Island, for example, be
used to manage other reef situations, indeed these may also be used o select national
parks in a region where novw thare i3 none,

PARTICULAR PROJECTS

It wiould be premature 1o propose the style of individual research projects that
miight be designed for the Reine Island area. By the same token, it would be frultless to
approach the island without a prepared plan of action, including the materials with which
to conduct this,

im the first instance the projects would seem to need to be descriptive, if only to
establish base lines from which change may be (dentifled and measured, This descriptive
work would presumebly be in three fields — that concerned with the physical features;
that relatad to the vegetation; and that concerned with the fauna,

Because the outstanding features are roological and are the subject of the initial
studbes, It Is likely, and desirable, thet the messurements of flora and landform are of
those characters apparently related to the behaviour of the fauna, Thus, ceys ere notable
for their rapid land accretion and erosion (see, for example, Limpus and Lyon fr prep }; a
fixed grid system from the outset would provide the means of messuring these, if only 1o
astablish the relationship between them and the fauna thet so obviously requires the pre-
sence of land surfece for reproductive purposes. It will, of course, require careful recon-
ciligtion with national mapgping orids to confirm the absolute pesition of the island in
space, though this task can wait on brosdar mapping plans. As with subseguent, or con-
current, studies of the vegetation, physical studies may be most conveniently conducted
on a randomized grid basls, though line transacts and belt transects may also ba necessary
for complets coverage. Some 12 speacies of grasses, herbs and foris have been recorded
within zones of the igand; the seasonal and annual behaviour of these have not been das-
cribed there, yet their effects on the physical and zoological stability of the island could
be profound,

Much work has been done along the Grest Barrier Reef to study the reproductive
behaviour of sea turties; Raine [sland is within the framework of this project, and rale-
vant data on the relationship of the Raine lsland area to elsewhere are forthooming, Per-
haps grastest other progress at this juncture can be provided by the sea-birds in two res-
pacts. Firstly, like tapoed turtles the banded birds could indicate the relationship of the
area 1o elsewhere on the reef; perhaps even more importantly, recoverles would reveal the
role of the area itself in the life of the birds, And secondly, a study of dist, so easily
undertaken, could readily provide some indication of the reason why Raine lsland has
been selected as a principal breeding site. Mo doubt the food source is itslf part of & food
chain, in turn linking with the foods of the turtles, Indeed, with the abundant “marine
productions™ of MecGillivray (1B48). Again, a link with measurements of the physical
ocaan currents seems warth investigating.
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Much of the biclogy of the cosmopolitan sae-birds has bean studied elsewhere and
it would be wasteful of time to ropeat these at loast initially, At best, comparisons with
foods end with productivity might reveal particular aspects of the area, In this latter in-
stance, it should be recalled that the area is given to vast fluctuations in numbers of
bregding turtles, and the phenomenon may be broadly based.

It is evident that such a key ares an the Great Barrler Reef must be approached
with circumspection, The fundamental questions are clear — why Is the faunistically rich
Raine Island where it 157 And, how stable is this situation, geologically and biologically, in
the face of those ressons for Its location?

COMMENTS

Under the auspices of |LLULC.N. the Waorld Wildlife Fund mist select topics of inter-
national significance. Under the suspices of the Acstralian Governmant, the Great Barrler
Reef Marine Park Authaority and the Australian Mational Parks and Wildlife Sarvice must
choose to study items of netional concern. And under the auspicas of the Queensiand
Government, the Department of Aboriginal and lslandiers Advancement, the Queensland
Fisheries Service and the Mational Parks and Wildijfe Service, like other State departments,
rmust allocate top priority 1o the major isues,

The Great Barrier Reef desarves such a rating, and Raine Island is the Provines's
mast productive single location, No ongoing study has previously been congiderad; any
serious approach will necessarily be multidisciplinary in the long run and beyvond the
immediata responsibilities and resaurcas of any one slatutory apency. The voluntary estab-
lishment of 8 co-ordinating body of all of these, the provision of funds, by or through or
with them, and the fitting of activities withln a sciantific eancept that is bath sound and
workable, signals 8 major initiative towards the conservation of one of the wiorld's best
signalled but least known natural resources,
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SUMMARY

Raine Island (11°36°S, 144°01°E) Is & small vegetated sand cay towards the north-
erm end af the Great Barrier Reaf off Cape York Peninsula. [t is passibly the larpest grean
turtle rookery in the world, the prineipal see-blrd breading island of north-eastern Austra.
i, and the most obviously productive island [in biological terms) of the Great Barrier
Reef. Although rémarked on & outstanding since its discovery in the first half of the
pineteenth century, it has remained the subject only of occasional end unsystematic
studies, Because it is a highly dynamic systern, becawse ita resourcas are the subject of ox.
ploitation |sometimes massive), and because it is a reserve for aboriginal purposes and
protectad only by fauna sanctusry status, its future ks presantly uncertain. This should be
unacceptable to soclety at all levels.

A Co-ordinating Committes of the four statutory authorities involved in the area
— comprising Raine Island, Pandora Cay, an unnamed ciy proposed to be McLennan Cay,
and the surrounding end intervening waters over some 1300 km? — has therefore been
formed. Funds for particular projects — specifically designed to determine why Raine |s-
land is where it 5, and how stable the system is in the face of this — have now been re-
coived fram such eminent sources as World Wildlife Fund. And the area is proposed & a
Mature Refarance Site to secure its purpose as an ecological menitoring point henceforth.
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MANAGEMENT OF TURTLE RESOURCES

RESEARCH MOROGRAFH 1

ERRATA
Pleasae amend as follows:

. On title page, after "Depwitment of Thopical
Veterinany Sedience” add "af Townsvifle, O4d.,
Asiralia, 28 Jung 1979".

. "Ox J. Pamenten™ om page 3 Lo "Da C.J.
Parmenten™.

. "J. Pawmenien” on pages & and 23 fo MC.J.
Panmenden”.

. In Figune 2 on page 26 the Legend Shouwfd
AUPLL a43
H - Hut
¥ - Lighthouse
—— - S.H.T.L. 15 Oetoben 1978
=== = S.H.T.L. 29 Manch 1979
wwe — Vegetation Margin
. Intenchange Figure number "3" and caption
("Size and sexual distoibution of Chefonda
mydas sfaughiened aif Yorke Tsfand 22 Ocioben
1976-30 June 1977") or page 29 with Figure
number 4" and caption ("Size disiribution
of non-nestfing Chefonia mydas captured 22
Octoben 1976-30 June 1277") on page 30.

. "I, Panmernter" on page 32 fo "C.J. Pawmenten".
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