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Abarrac

The green turtle {Chefenis mydaes) 8 one of eix tortle species which breeds around northern Awsiralia
and Indonesla. The namber of green turiles observed nesting varies sobstantially from year to year.
The ipterannual floctoations in te number of nesting turtles are in phase at widely separated cookeric,
They are also correlazed with an index of the Southern Osciltation, 8 coberent pattern of aimospheric
pressure, temperature and rainfall Nuetuaitons which dominaies the interanneal varabiliy of (b climate
of ke Lropical Pacifle. Major Muchuations in the nembers of morides breeding cccur pwo years nfier
major fMacoartlons in the Sowhern Oscillation. The relatonship is sirong enpugh to be useful in
predicting, two vears in advance, the sumbers of green turtles breeding in Greal Barrier Beof rookerizs,
This 15 the firsi sindy 0 repart a biological impec of 1he Sowihern Oscillation that allyws soch a
lopg-range predicion of the Impac.

Imtrodaciion

The green turtle (Chelonia mydes) 5 a pantropical berbivorous sea turde. It is one of
six speciss of e2a turtles breeding in tropical Australin, Typical of sea twrtles, Chelonia
miydes lives in widely dispersed feeding grounds, in this instance seagrass flats and algal
rich reefs, but migrates (o ageregate most of its breeding at a small number of traditional
rockeries. Within the Great Barrier Reef region (GBR) there are two such major rockery
areas, one centred on Baine Island in the north and the other in the Capricornin Section in
the south. The green turtbes nesting al these castern Australion rookeries are drawn from
feeding grounds oot only within the GBR but from the reglon encompassed by Morthern
Australia, New Caledonin, Vanuatn, Papua Mew Guinea, Irian Jaya, to as far west as
Ambon in Indonesia, Le. the Coral Sea, Gulf of Carpentaria and the Arafura Sea (Limpus
and Parmenter 1986), Gresn turiles nest almosr entively during the summer within the GBE;
maximum nesting denslty oocurs in December and January, During & breeding season, each
fernale lavs several clutches of sggs af about Z-weekly Intervals (Bustard 197Z; Limpus 1950,
Limpuos er af. 1934),

Materials and Methods

Data have been enllecied on the numbers of gresn turilss pesting on two islands a1 opposite ends
of the GBR, Heron [skand (23°26°5.,151735'E.) and Raine Island (1 1“36'5., 146°01°E. ], lor ihe brecding
seasons between Ociober 1974 and April 1986, Becvuse of different logisties of working on these islands,
the size of the arnual pesting population was assessed differently at each Bland. For Heron Liland the
annanl total number of nesting female green tartles visiting the island wos messured by 4 tagplng census
conducted over severnl months. For Baine Islapd, the average number of negiing females visiting ibe
islamd per night at & stapdard e of the nesting season (early December) was measured, The nataral
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Iogarithm of these data is graphed in Fig. | o fllustrate that substantial varistions accur ia the numhers
of turtles nesting, &nd that the variations on the two widely separated islands occur in phase, There is
o cvidence that these Muctuations in any way reflect fluctuations in the actual numbers af furtles in
the feading groands.
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Fig. 1. Histograms of natural loparithms of the numbers of Erpen
turtles breeding at Raine leland and Heron I€land beiween 1974-7%
and 1985-86, Mofe that the nambers of nesting turtles were aseessed
in different ways af the two islands {see text). Darwin almaspheric
pressure for Mov.-Jan. two years eardier s also shawn, Duip were
unavailable for Raime [sland for 1993-84 and For J9B5-58,

Resulis

The numbers of turtles nesting at Heron Island and Raine Island have besn correlated
with an index of the Southern Oscillation {$0). The 80 is a coherent pattern of pressure,
temperature, and rainfall fluctuations which dominates the interannual climate fuctuations
of the tropical Pacific and Indian Oceans (Rasmusson and Carpenter 1982), It is related
to the El Nifio phenomenon which has 8 marked effect on the mirine hiolopy of the east
Pacific (Barber and Chavez 1983). The primary manifestation of the S0 is an aperiodic
sessaw in atmospheric pressure between the southeast Pacific and Indian Oceans, Darwin
aimospheric pressure is one of several indices of the 50 available and has been related
to ramfall, sea surface temperature and tropical cvclone activity in and around morthern
Australia and Indonesia (McBride and Nicholls 1983; Nicholls 1984a, 19845, 1985q).
The atmospheric and oceanic fluctuations assoclated with the SO in this area AugpEsted
themselves a5 possible causes of the fluctuations in the numbers of green turtles breeding
&0 these numbers wers correlated with 3 month means of Darwin preasure from up to 3 years
prior to the mid nesting season (1 JTanuwary), Strong posbtive correlations were found with
Darwin pressures 22-32 months prior to nesting, The strongest correlation was with the
pressure averaged over the November-JTanuary period 2 vears before the oesting seasom.
The correlation coefficients between the pressure averaged aver the November-January period
two years before nesting and the turtle nuembers were 0-78 {with Heron Island numbers)
and 0:74 {with Raine lsland numbers), Even with the small sample available (12 vears af
Heron lsland, 10 at Raine Island) these are significant at the 2% level, Darwin Pressures
averaged over the period November-lanuary two vears prior to nesting are graphed in
Fig. 1. The ¢lose relationship between Darwin pressure and the numbers of turtles nesting




Southern Oscillation Regulation of Breeding of Chelomic mpdes 15%

two vears later, wi both Heron and Raipne [slands, iz clear for the short period of data.
The date are graphed s a scatter diagram in Fig. 2 which reveals the relationship more
clearly.

Thi pertod 1974-75 1o 1985-86 is the only ooe for which quantitative dala on the
numbers of turtles nesting ai these islands are available. Qrealitative descriptions of l.'h».-,
numbsers of turtles nesting at these islands are available from various sources (07 some carbier
years, Those years with konown poorer turtle numbers (e.g. 1928, 1949, 1964) wers preceded
by lower than normal Darwin pressures two years earlier. In addition, qualitative data
suggest that males and females appear to be dmilarly affected. In poor seasons at Heron
Istand not only did the turiles not nest in abundance, but the females and the corresponding
male component of the population did not arrive in abundance on the adjacent reefs for
courtship (Limpuas e of. 1984).
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Fig. 2. Scaner dingram of data shown in Fig. 1.

Discussion

Az noted earlier, the 50, of which Darwin pressure i5 an index, bas marked effects on
the atmosphers and ocean in the Australian region. It is not, therefore, todally surprising
that the 50 is related to fluctuations in the numbers of wrikes breeding. Previous work
has demonstrated srrong biological impacts of the 50 in this area, specifically crop yields
(Micholls 1983b, 1986). But why should there by a lag of 2 years? From any one feeding
ground, only a portion of the mature females green turtles are breeding in any one year
(Limpus and Reed 19852, 19858). In Australia, the same female green torile has not besn
recorded breeding in successive years, Indssd the modal remigration interval recorded from
Australion rookeries is 5 years (uncorrected for tag loss — Limpus ef af. 1984). The events
preceding a breeding season are as follows (Limpus, unpublished data), Most of the females
have left their home feeding grounds a month or two before nesting commences in liate
October. Before that however, each female will have deposited several kilograms of volk into
the hundreds of follicles she has prepared for the breeding season. This vitellogenic process
appears 1o take about 9 months, developing follicles being visually recognisable in ovaries
in the late January before a breeding season. Before vitellopenesis begins the females will
have already laid down sdditional fat deposits, but the duration of the Fat deposition period
is ned known, Thus preparation for 8 breeding season commences more than 1 year before
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oviposition, The observed correlation becween numbers of breeding turtles and the SO effects
with a lag time of 2 years indicates that the 50 may be detarmining the proportion of
females able to acquire the fat reserves necessary for entering the vitellogenic phase of
preparation. Whils the time sequence of preparation for o breeding season has nod been
documented with the males, the observation thar fewer males migrate (o courtship in the
poorer nesting years suggests that they have a similar preparation time for breeding as the
females.

There are also indications that the nesting density of green turtles in south western Java,
based on egg harvest data 1981-84, fluctuates in parallel with that of the GER green turtle
rogkeries (Limpus, unpublished data), This i to be expected given the wide region that the
S0 influences. This needs confirmation through measurement of the annual pesting density
at one of these Indonesian rookeries and caleulation of the correlation between numbers of
green turtles breeding in any one year and the S0 effects 2 yenrs before, Onee the same
pattern can be confirmed for some widely spaced reference rookeries, it should be possible
to predict up to 2 years in advance the size of a nesting population at any other rookery
in the region. This will be of value in s=a turtle management in the Australia-Indonesia
region, being particularky relevant in areas where eggs, courting turiles or the nesting females
are harvested.

Large fluctuations in annual nesting populations have also been reported from O, mydas
rockeries outside of the Australasian region, especlally in the western Atlantic basin (Carr
el af. 1978; Schulz 1975), However, the annual fluctuations recorded at these other areas are
not in parallel with those recorded in eastern Australia,

The other species of sea turtle which breed In tropical Australia do not appear [o
have fuctuations in annual breeding numbers synchronous to thase of the green turtles.
These other species are carnivorous or omnivorouws whereas the green turle is herblvorous,
Given this difference in diet and given the involvement of fat deposition in early preparation
for a breeding season, there 2 a strong possibility that the 50 may regulate green turtle
nesting numbers via a nutritional pathway, It is not suggested that Darwin Prossure
necessarily directly affects the nutritional pathway. Darwin pressure is used here simply
as a convenient index of the 30, Rather, one of the other atmospheric or oceanic variahles
#ssociated with the 50 probably affects the nutritional pathway. If the atmaospheric or
oceanic variable affecting breeding could be {solated, this may allow the prediction of
breeding fluctuations at rookeries located in other areas not markedly affected by the S0
(e.g. western Atlantic Coean),

Acknowledgments

This research was funded in part by a Marine Science and Technology Grant feom (he
Australian Department of Science and & grant from the Baine Island Corporation and was
conducted as part of the Queensland Turile Ressarch Project of the Queensland Mational
Parks and Wildlife Service. This assistance is gratefylly acknowledged.

References

Bacber, B. T., and Chavez, F. P. (1982 Baological consoqueences of El Mifio,  Scheace 223, 130310,

Bustard, R. {1972). ‘Sen Tartles.” (Collins: London, )

Carr, A, Carr, M, H., and Meylan, &, B, {1978 The scology and migration of s furtles, 7.
The wesl Caribbean green urtle cobory.  Bull, Amer. Mus, MNar, Hist, 162, 1-d6.

Limpus, C. J, {1980y, The green turtle, Chefonia arpdas, in sastern Ausicalin,  James Cook Dmiv, &,
(W Rex. Mona, 1, 5=22.

Limpus, C. 1., Fleay, A., and Guinea, M. (1984). Sen turtles of the Capricorn Section, Greal Barrier
Reef. 1n The Capricomn Section of the Great Barrier Reef: Past, Present and Future’, (Eds W, T,
Ward and P. Saenger.) pp. 61-78. (R, Soc. Qd. and Aust, Corsl Reef Soc.: Brishane,)



-

Southern Oscillatlon Regulation of Breeding of Chelonic mydar 23]

Limpus, C. 1., apd Farmenter, ©. J. (1986). Sea warthe resources of the Torres Strail region.  1n "Torres
Brroit Fisheries Seminar, Paort Maoreshy, 11=14 Feb. 1985, (Eds A. K. Haines, G. €. 'Williams, and
0. Coates,) pp, 95107, (Auwst. Gove Publ. Service: Canberra.)

Liimpus, ©. 1., and Reed, P. €. {198%a), Green turiles granded by Cyclone Kathy on the south-western
coast ol the Gulf of Carpentaria,  Awst, WL Res 12, 523-33, !
Limpas, €. J., and Reed, P, C. (19855). The green wrtle, Chelonis mydar, in Queenséand: population
structure in @ coral reef feeding ground. In “Biology of Auwsiralasian Frogs and Reptiles'. (Eds

Gi. Grigg, B, Shine and H, Ehmann.} pp. 47-52. (Surrey Beatry and Sons: Sydney. )

McBride, 1. L., and Micholls, M. {1983}, Ssazonal relationships betwesn Australian rainfall and the
Southern Oscillation,  Mon., Wearber Rev, 111, 19982004,

Micholls, M. (1984a). A system for prediciing the onser of the nomb Australian wel-season. J.
Clivainied, 4, 415-35.

Nicholls, N. (1%84#). The Southern Oscillation and Indoneskan sea surface emperature,  Mon Wearber
Rev, 113, 424-32.

Hichalls, M. (19837}, Predictahility of interanmual variations of Australian seasonal repical cyvclone
sotivity,  Mow, Weather Rev. 113, 1144-9.

Micholls, M. (1983&), Impact of the Seuibern Osclllaton on Australkan crogs. S Climaral. 5, 553-60.

Micholls, M. (1986} Use of the Seathern Osciflation be predict Aostralian saorgham yield, Agric. For,
Metearol, 38, 9-15.

Rosmusson, EX M., and Carpener, T, H, (192}, Yariations in rropécal sea surlace Lemperature and
surface wind felds associated with the Southern OscillationsEl Mifio, Mos, Waaher Rew, 100,
354-84,

Schule, J. P. (1975). 5ea wuriles nesting in Surinam,  Zoclogichke Verhondelingen, witpepeven doar het
Riflmuseum van Notuwritike Hintorie e Lolden 145, 1-1284,

Muaruscript received 17 September 1986; accepred 26 February 1987




