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			Abstract

			A total of 183 C. mydas individuals were caught foraging in the Grand Lagon Sud (GLS) of New Caledonia. This area was added to the World Heritage list in 2008 but turtles are still being hunted for traditional use in that area. C. mydas were captured in three different areas by the rodeo method with the knowledge of the traditional landowners, so females as well as males and juveniles could be sampled.. All individuals were tagged and measured before being released where they were caught.  No adults were captured and only 5 sub-adults were encountered. No significant difference in the size Curved Carapace Length (CCL) was found between the individuals caught during nesting season when compared to the ones caught outside nesting season but adults were captured during the same period for traditional use.  There results show that recruitment is happening for C. mydas in New Caledonia but also raise concerns about the number of adults in the area. 

		

		
			Introduction

			Chelonia mydas (green turtles) are an endangered species (IUCN, 2010) found in tropical and sub-tropical waters around the world [1]. The number of large individuals of C. mydas have declined significantly in many countries of the Pacific Ocean due to overharvesting [2]. This species has a very complex life cycle: C. mydas are known to nest on sandy beaches and hatchlings disperse to pelagic waters for a period that varies between 5-6 years [3]. They then recruit to neritic waters, usually at a size ~ 40 cm curved carapace length (CCL) and become resident to their foraging area [2]. They also shift their diet from omnivorous to mainly herbivorous [4]. When they reach sexual maturity, aged between 25 and 50 years old depending on food availability [5], they start to migrate (once every 2 to 5 years) back to the beach where they were born in order to reproduce [6].

			These migrations last for months at the time, depending on the distance between the nesting and foraging sites but the individuals come back to their foraging site [1,7,8]. And the life cycle also has a geographical complexity: studies have shown that C. mydas can migrate 100-1000’s of km’s to reach their nesting 

beach and thus can cross international waters [9,10]. This has 
implication for stock management, and the need to identify 
the different populations and to have an extensive knowledge of the different stages (pelagic, oceanic and neritic) for each population is critical [11-13]. Foraging areas are known to be “mixed stocks” [14], meaning that not all individuals found in one foraging area belong to the same management unit and belong to different genetic stocks. The genetic diversity of C. mydas in the South Pacific has been studied and individuals found in New Caledonian waters belong primarily  from the New Caledonian stock (D’Entrecasteaux reefs) and also from at least four different stocks : 1= southern GBR, 2= Coral Sea; 3= northern GBR and 4= Gulf of Carpentaria (Figure 1) [14].

			C. mydas are commonly seen in New Caledonia, they are protected in 2 of the provinces (South and North Provinces) out of 3 (the other one being the Island Province) but they have been used as a main source of protein for hundreds of decades by Melanesians but also by sailors that were on exploration trips or were stranded in the area [15]. Sea turtles are protected in New Caledonia, but permits are given for tribal ceremonies such as the yam celebration or weddings of chiefs. The present paper relates the first results of a study on the population structure of the foraging population of C. mydas in the south of New Caledonia.  It is thought that New Caledonia is an important area in the life cycle of green turtles in the South Pacific, but no data is available to support this. By sampling a large foraging area and obtaining population dynamics and key demographic parameters,  it will give us an insight on the ecology of the individuals found in New Caledonia and help in the conservation steps of that highly migratory species.
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			Methods 
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			This study was conducted in the Grand Lagon Sud (GLS) (Figure 2) of New Caledonia (22º00’S, 167º00’E). The GLS is one of six areas of New Caledonia added to the World Heritage List in 2008 for its reef diversity and associated ecosystems (UNESCO). In addition to its large reef diversity, the GLS was chosen to become a world heritage area for its rich marine biodiversity including numerous emblematic species, such as turtles, whales, dugongs, nautiluses, seabirds, sea snakes, dolphins, mink whales and large sharks. Its geographical location means that the GLS provides a unique habitat for species adapted to strong currents and cooler waters.  GLS has an area of 314500 ha, a marine buffer zone of 313100 ha and a land buffer zone of 15800 ha. The buffers are not directly part of the world heritage zone but are an additional guarantee of the site’s preservation. 

			The area is composed of two zones, which are morphologically distinct: East part (I) and the South Horn (II) (Figure 2). The first zone is characterized by its reef diversity, the presence of an island (Isle of Pins) with fringing reefs and the only sanctuary of the GLS. The South Horn is the least diverse habitat; it has an external barrier reef that has 10 channels [16]. Both zones (I and II) are known for their extensive grass and algal communities and especially in the “Grand Coude” (tip of the South Horn) (Figure 2). Isle of Pines is the only known nesting site for C. mydas in the GLS and was only in the order of 1 to 10 females a year in 1996 (Limpus, pers. comm.) so the population found foraging in the GLS originates from elsewhere. Three areas were specifically sampled after pilot studies done in the area and using tribal knowledge (Figure 2): 

			
					Mato and Uo Islands

					Goro

					Ouen IslandTable 1: List of the different field trips done in order to sample C. mydas in the GLS of New Caledonia.
	Site
	Date
	Number of C. mydas caught

	Goro
	6/8/2012
	21

	Ile Ouen
	20/08/2012
	13

	Goro
	23/08/2012
	33

	Mato/Uo
	03-07/09/2012
	54

	Goro
	27/09/2012
	2

	Goro
	13/12/2012
	11

	Uo
	08-09/01/2013
	5

	Ile Ouen
	22/01/2013
	44


The closest population (geographically) of studied C. mydas is the one found in eastern Australia. Given that the breeding season for C. mydas in eastern Australia extends from October to April, it is reasonable to hypothesise that the breeding season for New Caledonian C. mydas is within the same period. The timing of the first field sampling periods was chosen so that all C. mydas associated with a foraging area were available for capture, i.e. all turtles preparing to breed for the year are in their pre-migratory phase, thus were in their foraging area. Seasonal patterns were investigated in this study as all sampling sites were visited at least once per season, knowing that the seasons used are nesting season (October to May) and outside nesting season (Jun-September) (Table 1).
Turtles were captured by the turtle rodeo method [18]. No tribes live on Mato and Uo Islands, so a crew and boats were landed by the Aquarium Des Lagons. On the other hand, at Goro and Ile Ouen, people live and fish on a regular basis. Local people with their own boats were involved in the sampling campaigns. All individuals caught were tagged with a titanium tag [1], measured (CCL) and sexed when possible. The individuals captured were then divided into 3 categories depending on their size according to Limpus et al. [3] and Limpus and Chaloupka [2]: juveniles were between 20 and 65 cm curved carapace length (CCL), sub-adults between 65 and 90 cm CCL and finally adults were 90 cm CCL and plus.
In 2013 and 2014, CCL was recorded and gonads interpretation were done on individuals hunted by tribes for traditional ceremonies. Photographs of the reproductive system were taken during the carving of the individuals. Gonads were scored by sex, maturity and breeding status using the methods of  Limpus (1992) and Limpus and Limpus (2003) (Limpus 1992b) and Limpus et al. 2005.
Females were scored in four categories:
1. Pubescent immature (compact ovary, no scars and oval oviduct ~10 mm diameter)
2. Preparing for breeding (ovary with enlarged vitellogenic follicles >1 cm diameter)
3. Bred in the previous season (presence of healing corpora lutea (>3 mm diameter) and enlarged atretic follicles).
4. Bred in the season before last or up to 3 years ago (presence of corpora albicantia ~ 3 mm diameter and white radiating connective tissue). 
Data analysis
To test for differences in the individual’s sizes between location and seasons, a mix model two-way ANOVA was done to assess the effect of the season and the area on the Curved Carapace Length (CCL) of the individuals caught during the different field trips. Assumptions for ANOVA were tested prior to the analyses: no significant deviation from normality [18] and variances not significantly different between treatments (Batlett test, p < 0.05) . Data were transformed using Log(x +1) to respect these assumptions. A posteriori Tukey HSD test was running to look for patterns or relationships between subgroups of the population in case of significant differences (ANOVA, p < 0.05). The difference of sampling distribution between season and sites was tested using a Chi square test. All statistical analysis was performed using Stat graphics Software, and significance assumed if P < 0.05.
Results
182 green turtles were captured and measured within the GLS during the first year of the study. Their size ranged from 38 to 78.4 cm CCL with a mean ± SD of 50.3 ± 7.0 cm (Figure 3). The CCL of the individuals caught inside nesting season or outside nesting season were not significantly different (2-way Anova,  F= 6.44, P>0.1) but a very significant difference was observed between areas  ( 2-way Anova, F= 14.89 , P=0). The post-hoc analysis showed that the areas of “Uo” and “Goro” both had smaller means in CCL than “Ile Ouen” (Tukey test, P < 0.05). The frequency at which the different CCL was caught were independent to the season (P>0.1) but was highly dependent to the area (χ², P=0). Four sub-adults were caught at Ile Ouen, only one was caught at Goro and none in the Uo area.
A total of 15 females had their gonads examined during this study (Table 1).  One female was preparing to bred in the next season, two had bred during the last season, but most had breed during seasons two or more years in the past (n = 8) and four were immature. All individuals examined were resident turtles of the GLS meaning that the C. mydas used for the traditional ceremonies are part of the mixed stock foraging in the study area. Thus from the genetic analysis [14] it can be hypothesised that a majority of the individuals belong to the d’Entrecasteaux genetic stock.
[image: ]
Discussion
 In 2012, the department of environment (DENV, Province Sud) gave the authorisation for 41 turtles to be caught for traditional purposes and numbers are similar for 2013 and 2014 (mostly for the yam celebration and weddings). No significant difference in CCL was found between the nesting season and outside of the nesting season. This shows that the areas sampled are not important corridors for migrants which are sustained by a very low numbers of nesting females in the GLS during nesting season: last reported sighting in 1996 (Limpus, pers. Comm). No adults were captured during all the field trips within the area. The mean CCL shows a very young population that only recruited to the coastal areas in the last couple of years.
However, a significant difference was found when the CCL’s were compared by area. This can be explained by the low numbers of sub-adults (SA) caught only one SA was found in Goro and 4 were captured in Ile Ouen. More captures in the different areas will validate or discredit the actual hypothesis that “Goro” and “Uo” support smaller individuals then “Ile Ouen”. This does not change anything to the fact that no sexually active individuals were encountered at any of the sites. 
The frequency at which C.mydas were caught was similar inside and outside nesting season but once again when compared per area, a difference was found due to unbalanced sampling. The catch-effort will be increased this year, and this will certainly adjust the results. 
A study in US showed that two locations separated only by a couple of kilometers had very different size partitioning: adults and sub-adults were caught at one location, with straight carapace length (SCL) ranging from 69.3 to 108.5 cm compared to juveniles with SCL ranging from 27.0 to 59.3 cm) in the second location [19]. 
Shoal water Bay, in Australia, was the location for a foraging ground study for C. mydas. During the 4-year period the study lasted, the ratio of juveniles was the highest found (with 37 %) but not far from sub-adults (32%) and adults (31%). The population in Shoal water bay seems to be homogeneous [20]. Another study done in Australia surveyed 4 different locations: Moreton Bay, Heron/ Wistari Reef, Clack Reef and then again Shoal water Bay. The individuals caught were only divided into 2 distinct categories, immature and adult. In Moreton Bay, 96% of C. mydas captured were immature compared to 64% in Heron/Wistari Reef. At Clack Reef, 87% were immature and in Shoal water Bay 64% percent were also immature, which correlates with the results found in the earlier study if we add the juveniles to the sub-adults [5]. This could mean that the new areas that will be sampled could possibly show clear partitioning in the size class of the C.mydas residing in the GLS of New Caledonia. 
Recaptures were not analysed in this paper, as numbers are too low, but within the juveniles caught in “Goro”, a small number (n= 15) of them can be categorised as new recruits. They are distinguishable by their white ventral surfaces and the carapace has sharp edges. One turtle (K90680) was recaptured in the same area at which it was initially tagged but 4 months later, the plastron was pale yellow and covered green algal growths.  These changes were also seen in individuals in Shoalwater Bay [20] and was also recorded in loggerhead turtles [21]. The large number of juveniles (and new recruits) could mean that the population is hitting a spur in growth that could be explained by the changes in the legislation. For example, the South Province implemented its new protection law on sea turtles in 2006 (N° 20-2006/APS), it states that fishing sea turtles and collecting eggs is no longer authorized and that permits will be given for specific tribal ceremonies. 
From the tag recoveries made in New Caledonian waters, , individuals found foraging in New Caledonia belong to multiple breeding populations thus the management unit extends across the Coral Sea [14]. In Queensland, C. mydas is protected as a threatened species under the Nature Conservation Act 1992. This could mean that we could be witnessing the results from the conservation changes. Queensland government also allows aboriginal communities to kill sea turtles for traditional purposes but in 2012 an amendment was made in order to reduce the cruelty in the hunting and killing of turtles [22]. The areas sampled could be a nursery for the new recruits and juveniles. 
Conclusion
For now, no seasonal patterns were found in the resident population of C. mydas foraging in the GLS of New Caledonia. No adults were found foraging in the sampling areas. More data should be collected in the area in order to understand the ecology and habitat use of this species and the role of New Caledonia within the South Pacific. New recruits are a positive sign for  C. mydas in the area which is not the case for the other two species found foraging in New-Caledonia (Eretmochelys imbricata and Caretta caretta ) for which no juveniles were seen during the study. It should be noted  that during this study, the natural reserve “Merlet” located within the Great Lagoon South could not be sampled and it can be hypothesized that large individuals can be found there.
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Figure 2: Map of the GLS with the different world heritage zonations.
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Figure 3: Distribution of the size of C. mydas (+ 7. 0 cm) captured at the different areas in the GLS, New Caledonia
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Figure 1: The different genetic stocks of C. mydas found in Australia.






