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Fishing for survival: The forgotten slaves of Tromelin

Island (Indian Ocean)

understand how humans are able to overcome the obstacles to survival. Moreover, a better understanding of the survival capacity of a human group on a small isolated island can provide useful information on the lifestyles and resilience of the first coastal inhabitants in a given area.

Several famous shipwrecks on tropical Indo-Pacific islands are known but little information is available concerning the daily subsistence of the survivors. For example, in 1629, the ship Batavia from the Dutch East India Company, with more than 300 people on board, was wrecked on the Houtman Abrolhos archipelago, 60 km from the Western Australian mainland [START_REF] Green | The VOC ship Batavia wrecked in 1629 on the Houtman Abrolhos, Western Australia[END_REF]. Their search for drinking water is described but nothing is known about their fishing activities.

Maritime and shipwreck archaeology are even less developed in the western Indian Ocean [START_REF] Lane | Maritime and shipwreck archaeology in the western Indian Ocean and southern Red Sea: An overview of past and current research[END_REF]. At Tromelin, we have a rare opportunity to document the marine resources exploited for survival on a small island by a relatively well-known number of people over a known period of time of 15 years.

On November 17, 1760, l'Utile, a cargo ship belonging to the French East India Company, departed from Bayonne, France, with 140 crew members, whose mission was to supply the colonies of the Indian Ocean [START_REF] Guérout | Tromelin. L'Île aux esclaves oubliés[END_REF]. After their safe arrival at Mauritius Island, the ship was sent to Foulpointe, Madagascar, to bring back rice and beef.

However, the captain decided to fraudulently embark 160 Malagasy slaves to be sold at Rodrigues Island before joining Mauritius. The ship, having deviated from its route, was shipwrecked during the night of July 31, 1761, on the edge of the Isle of Sands, today called Tromelin Island (Fig. 1). The 45 m-long ship ran aground and broke over the coral reefs surrounding the deserted island; 70 slaves drowned locked in the hold, and 18 sailors were carried away by the stormy sea. The 210 survivors who reached the beach recovered any debris from the wreck, especially food and drink. Although they tried to organise themselves to survive, dehydration killed 8 further slaves before a well of brackish water was dug. Over the next two months, camps separating the slaves from the crew were set up, an oven and a forge were built, and the few available food resources on the island were exploited: birds, sea turtles and marine fishes. Faced with the lack of help, the French crew left Tromelin on September 27, 1761, aboard a makeshift boat, La Providence, built using debris from l'Utile.

They abandoned 80 survivors on the island [START_REF] Guérout | Tromelin. Mémoire d'une île[END_REF], promising to return to seek them: the Malagasy slaves were to be trapped there for 15 years and many died. Guérout and Romon (2015: 112) consider that after three years, only 13 survivors occupied the island for the 12 remaining years. On November 29, 1776, the 8 remaining survivors, 7 women and a 7-month-old infant, were eventually rescued by the corvette la Dauphine under the where they were declared free [START_REF] Guérout | Tromelin. L'Île aux esclaves oubliés[END_REF]. testimonies as well as the historical written sources allowed Max Guérout (Groupe de Recherche en Archéologie Navale: GRAN) to shed light on this event [START_REF] Guérout | Tromelin (Océan Indien)[END_REF]. With the collaboration of Joe Guesnon (GRAN) and Thomas Romon (Institut National de Recherches Archéologiques Préventives: INRAP), terrestrial and underwater archaeological excavations were conducted in Tromelin in 2006Tromelin in , 2008Tromelin in , 2010Tromelin in and 2013, as , as part of a project sponsored by the UNESCO project, 'Forgotten Slaves', documenting the slave trade in the Indian Ocean, particularly in Madagascar [START_REF] Guérout | Tromelin (Océan Indien)[END_REF].

The archaeological study of Tromelin, the extreme conditions prevailing on the island and the peculiar human context related to the shipwreck of L'Utile, offers a rare opportunity to enrich our knowledge on the survival behaviours of the displaced Malagasy people and their ability to rapidly adapt to hostile conditions. The diet of the survivors relied almost exclusively on nesting green sea turtles and colonies of terns (Laroulandie & Lefèvre, 2014 and unpublished data) and marine fishes. The aim of this ichthyoarchaeological study is to document the fish exploitation strategies implemented by the shipwrecked survivors. The quantification, the taxonomic identification of the fish remains and the analysis of their spatial distribution provided data that allowed us to characterise what part fish played in their diet and the fishing techniques they likely used.

| CONTEXT

Tromelin Island (54° 31' E, 15° 53 S) is a small, oval coral island of about 1 km², measuring 1500 x 700 m (Fig. 2). It is composed of white sand, microdunes and scattered coral blocks surrounded by beach sandstone slabs and storm slopes. The highest point of the island is in the north and culminates at 8.5 m altitude [START_REF] Marriner | The forgotten slaves of Tromelin (Indian Ocean): New geoarchaeological data[END_REF]. The island of Tromelin is surrounded by a reef flat nearly 400 m wide, with furrows corresponding to tidal F o r P e e r R e v i e w channels exposed at low tide and ending in a coral reef and a sandy outer slope. The foreshore area is subject to heavy surf, violent currents and breakers, especially on the south coast of the island [START_REF] Marriner | A geomorphological reconnaissance of Tromelin Island, Indian Ocean[END_REF]. The area is also affected by tropical disturbances and cyclones are common. Tromelin is swept by the prevailing trade winds and the swell can penetrate up to 250 m inside the island during the most intense storms. Palaeostorm levels are clearly visible in the sedimentary records: brutal cyclones cause the movement and spreading of sand, forming storm leashes. The layer associated with the 18th century's occupation has been preserved and sealed by a sterile level of storm deposit composed of beach sand [START_REF] Guérout | Tromelin. L'Île aux esclaves oubliés[END_REF]. The vegetation of the island is very limited, and trees are absent. However, there are velvet shrubs (Tournefortia argentea), which can grow up to 2.5 m tall, herbaceous meadow (Boerhavia diffusa), which are subservient to microdunes, as well as purslane (Portulaca oleracea), and the Durand potato (Ipomoea pes-caprae). Almost no plant remains have been recovered at the site (M.-P. Ruas pers. comm.). Terrestrial fauna is also restricted [START_REF] Paulian | Observations sur la faune terrestre de l'île Tromelin[END_REF] but well represented in the archaeological records. Rare remains of small mammals and rats, and a pig canine, probably exogenous, have been discovered and are under analysis. Avifaunal remains are dominated by the sooty tern (Onychoprion fuscatus), which no longer breeds on the island, with noddy (Anous sp.), tropicbird (Phaethon sp.), booby (Sula sp.) and frigatebird (Fregata sp.) also represented in the assemblages [START_REF] Laroulandie | The use of avian resources by the forgotten slaves of Tromelin Island (Indian Ocean)[END_REF].

Marine archaeofauna unearthed on the site is much more diverse and consists of fishes, crustaceans, molluscs, including giant clams (Tridacna spp.), and green sea turtle (Chelonia mydas). Indeed, Tromelin is part of the Indo-Pacific biogeographic zone and is endowed with a rich marine biodiversity. Yet, scientific surveys and inventories for Tromelin are rare and its fish fauna is poorly known.

All of the post-shipwreck related areas were investigated during the four archaeological campaigns, including those on the beach, constituting the crews' and slaves' occupation zones during the first two months, and Site 5, called "High Point", in the north of the island (Fig. 3). Disturbances related to the construction of the meteorological station and the uncertain state of conservation of structures built by the slaves led to the implementation of emergency excavation strategies specific to preventive archaeology. Some areas have been opened with an excavator; others were searched by hand and sometimes screened. The stratigraphy of the site, except in the sector where disturbances were recorded, was relatively clear and marked out by layers resulting from climatic phenomena [START_REF] Marriner | The forgotten slaves of Tromelin (Indian Ocean): New geoarchaeological data[END_REF]. The lithified storm deposit C5 is a non-anthropized layer, which lies on the coral substrate. It is in the C4 cultural level, corresponding to the occupation of the shipwreck survivors between 1761 and 1776 and divided into 3 sub-levels (C4a, b and c), that most of the remains have been uncovered. It is partly sealed with a storm level, called C3. Layer C2 constitutes a palaeosol posterior to the rescue of the slaves but anterior to construction of the meteorological station, between 1776 and 1950, sometimes disturbed in its lower part (C2b).

Layer C1 is composed of the embankment resulting from the construction of the meteorological station, post-1950 (Guérout & Romon, 2015: 146).

| MATERIAL AND METHODS

The totality of the 4282 Teleostei and Chondrichthyes bones studied here were unearthed in Site 5, between 2006 and 2013. These remains stem from sediments collected in sectors corresponding to the habitat of the Malagasy people after the departure of the French crew. The sediments were sieved through meshes of different sizes (2, 3 and 5 mm) according to the sectors and structures. These protocol differences did not allow for a spatial analysis. The fish bones were relatively well-preserved and with low rate of fragmentation; the sand layer which fixed the occupation level enabled good preservation by protecting the remains from climatic hazards. Several cut marks and burning traces were also observed on some remains and have been specified and recorded. All anatomical elements were considered in the analysis, cranial as well as post-cranial [START_REF] Reitz | Zooarchaeology[END_REF][START_REF] Bouffandeau | Fishing at Arapus-Mangaasi, Efate, Vanuatu (2800-2200 BP): New methodological approaches and results[END_REF]; however, no otoliths were found. Taxonomic identification, by morphological comparison was attributed to species level whenever possible, using the osteological reference collection housed at the National Museum of Natural History, Paris. This collection includes more than 850 Indo-Pacific fish specimens (ca 90 families, 220 genera, 475 species). Publications presenting regional ichthyofaunal lists [START_REF] Terashima | Field guide to coastal fishes of Mauritius[END_REF][START_REF] Letourneur | An updated checklist of the marine fish fauna of Reunion Island, South-western Indian Ocean[END_REF] were also necessary to guide the identifications and target local taxa within the rich Indo-Pacific biodiversity. The quantitative approach was based on counts and weights: the total Number of Remains (NR), composed of all identified or unidentified bone elements; the Number of Identified Specimens (NISP), and the Weight of Identified Specimens (WISP). The counts of the Minimum Numbers of Individuals (MNI) were performed by excavated units and then aggregated by levels. We used the MNI per combination [START_REF] Poplin | Remarques théoriques et pratiques sur les unités utilisées dans les études d'ostéologie quantitative, particulièrement en archéologie préhistorique[END_REF].

The body weight of each identified individual was visually estimated by comparison with the specimens available in the reference collection, in order to obtain average dimensions of the fishes composing the assemblage and refine the interpretations. By combining medium weight of individuals and MNI for each species we could roughly evaluate the total biomass of fish, from which we could obtain the edible biomass, by taking the 50% of the total weight (Torry Research Station, 1989).

The horizontal distribution of the fish remains in the levels was also examined, since it is likely to reveal potential functional areas and/or particular fish processing and consumption methods by the occupants of the site.

Finally, we took advantage of the many underwater photographs taken by the divers during the underwater prospections and excavations around the island. Most of the coral, benthic and pelagic fish taxa, visible on the photographs could be identified with the help of fish guides [START_REF] Terashima | Field guide to coastal fishes of Mauritius[END_REF][START_REF] Taquet | Poissons de l'océan Indien et de la mer Rouge[END_REF]: surgeonfishes (Acanthuridae), triggerfishes (Balistidae), jacks (Carangidae), sharks (Carcharhinidae), butterflyfishes (Chaetodontidae), stingrays (Dasyatidae), wrasses (Labridae), snappers (Lutjanidae), moray eels (Muraenidae), angelfishes (Pomacanthidae), damselfishes (Pomacentridae) and groupers (Serranidae). In some instances these photographs helped us to be more confident with species attribution of fish bones, especially for large individuals of jack, snapper and triggerfish.

| RESULTS

| Assemblage composition

Out of the 4282 studied fish remains, 889 were taxonomically identified (NISP), representing 1/5 of the assemblage in terms of number of remains and 2/3 (760 g) of the total fish bone weight (Tab. 1). The MNI was estimated at 518. Table 1. List of taxa identified with their numbers of remains, MNI and bone weight.

The relatively low identification rate, despite good conservation, can be explained by the strong representation of non-diagnostic elements such as scales (NISP = 1326), or fin elements such as spines and pterygiophores (Tab. 2). Vertebrae, whose identification is more challenging, were also present in significant number (NISP = 666). However, the fact that there is no perceptible imbalance between the number of cranial and postcranial elements, along with the occurrence of numerous scales, seems to indicate that the fish were brought back whole to the habitat zone and scaled on site.

Table 2. Distribution of fish skeletal parts.

The good preservation of fish bones enabled the reliable identification to species level in several cases (Tab. 1; Fig. 4). Among the identified taxa, a clear majority belong to the Teleostei or bony fish (Fig. 5), whereas Chondrichthyes, such as sharks (NISP = 3) and rays (NISP = 1) are poorly represented. The diversity within teleosts is important, since at least 22 families and 41 genera compose the assemblage. The modern species observed during the underwater prospections (N = 62) correspond well to those identified in the archaeological material (Tab. 1; Tab. 3). Carangidae, or jacks, largely dominate the faunal spectrum (Fig. 6), in NISP (49%), MNI (42%) and WISP (66%). However, it is not surprising that these carnivorous pelagic fishes, frequently encountered around coastal reefs and oceanic islands, are well represented as they are a common prey of anglers. The diversity of the identified carangids is quite high (at least 7 species), although the genus Caranx dominates. Among this genus, many identified specimens exceed 10 kg and, in some cases, 20 kg, which likely indicates the exploitation of giant trevallies (Caranx ignobilis), often found frequenting the drop-offs.

Several blue jacks (Caranx melampygus), which usually swim along the shorelines, were also identified in the assemblage. Within the assemblage, four other families represent more than 5% of the MNI: Serranidae, Acanthuridae, Balistidae and Lutjanidae. These taxa are usually connected with substrates close to the shore and can even be observed in surge zones, in particular surgeonfishes, such as Acanthurus lineatus. Several individuals of large dimensions were also noticeable in these families, especially the carnivorous ones. A few serranids in our sample reached nearly 30 kg, most likely Epinephelus tukula (potato grouper); balistids weighed up to 4 or 5 kg, like Balistoides viridescens (titan triggerfish); and some of the lutjanids, such as Lutjanus bohar (red dog snapper), weighed 7 kg. It should also be noted that some large specimens occurred in more accessory families, such as parrotfishes, with Scarus ghobban at 7 to 8 kg, or porcupinefishes, with Diodon hystrix at 3 kg.

As for the rest of the identified fish, the sizes are variable but many show small dimensions, with weights ranging from a few dozen to a few hundred grams. Among these are reef-associated fishes, such as Pomacentridae (damselfishes), Chaetodontidae (butterfly fishes) and Bothidae (flatfishes).

Finally, it is interesting to mention the mysterious presence of two remains of what seems to be a sailfish (Istiophorus platypterus). The two remains, part of a rostrum and a fragment of caudal vertebra, are quite distant from each other (sectors 19 and 21) but could have belonged to the same individual. This large pelagic species is very combative, which raises questions as to its method of capture, especially as it weighed at least 50 kg. The occurrence of this species in the vicinity of an oceanic island such as Tromelin, where depths of 1000 m are attained at only 2.5 km from the island's coastline [START_REF] Marriner | The forgotten slaves of Tromelin (Indian Ocean): New geoarchaeological data[END_REF], is easily conceivable. However, it is highly unlikely that an individual just washed up on shore, and it is more probable that it was harpooned in open water because it often swims near the surface, showing its sail.

Considering the estimated weights and MNI, the total fish biomass could be approximately 1000-1200 kg, which constitutes an edible biomass of about 500-600 kg.

| Stratigraphic and spatial distribution

In all structures where the same stratigraphy could be found, most of the fish bones were concentrated in the C4 layer, which yielded 74% of the identified remains. Another 12% of the NISP stem from layer C2b. The remaining 14% were recovered from the sector S21-TR1312. In all cases, Carangidae (jacks) dominate with a NISP between 47% and 64%, and the order of the main families remains unchanged: Carangidae, Serranidae, Acanthuridae, Balistidae, Lutjanidae. As expected for larger sample sizes, taxonomic diversity is higher in layer C4, which also shows the largest number of remains. However, a different pattern is visible in sector S21-TR1312: the proportion of jacks is the highest but only a restricted number of large-sized individuals are present (i.e. 2 specimens of big-head trevallies, weighing respectively 12 kg and 18 kg). Remarkably, this sector yielded solely cranial elements but no vertebrae. One of the two remains of sailfish, a fragment of rostrum bearing burning traces, was also uncovered in this area. Could it have been a disposal zone for nonvaluable fish parts?

The quantitative distribution of remains per sector (Tab. 4; Fig. 3) offers little information, due to the sieving parameters not being homogeneous. For example, sectors 17 to 21, excavated in 2013, were sieved by means of a smaller mesh size than the other ones, which could explain why they yielded an important number of remains. It is, however, noticeable that sector 17 provided the largest NR for the whole of Site 5, with a total of 1487 remains, out of which 1482 belong to layer C4 (NISP = 232 or 27%). The other structures that yielded significant numbers of remains (> 5%) are, in descending order of importance: S19, S21, S06, S15, S11 and S20. All of them are outlying sectors: does this indicate a disposal pattern, or a choice by the occupants to keep the central area of their habitat clean? Table 4. Distribution of fish remains by sector. Given the total number of fish remains found in the excavations (NR = 4282), it appears that fish were not the primary source of protein for the castaways, but that birds and sea turtles also played an important role (Laroulandie & Lefèvre, 2014 and unpublished data). However, these figures must be put into perspective by considering the large sizes of some of these fishes: a grouper of at least 30 kg, jacks of 20 to 25 kg, and snappers and parrotfishes of about 10 kg, as well as one or two sailfishes of about 50 kg. Considering the estimated weights and MNI, the total fish biomass could be approximately 1000-1200 kg, which constitutes an edible biomass of about 500-600 kg. If we consider that only 13 survivors occupied the island for 12 years [START_REF] Guérout | Tromelin. L'Île aux esclaves oubliés[END_REF], that would mean ca 3.5 kg of fish flesh per person per year, which is certainly not a negligible amount within the diet of the castaways.

| DISCUSSION

The capture of these big fishes would have required venturing out to the open sea and, for carnivorous specimens, to fish using lines and hooks. Indeed, four hooks from sector S03 and a spear tip from sector S19, were found, attesting to angling and harpooning activities (Fig. 7).

But although building a craft to go fishing during calm sea days might have been possiblethe shipwrecked people could have taken advantage of the debris of the wreck or driftwood stranded on the shore for its construction -it would still have been necessary to overcome their probable apprehension of the ocean. Angling is the most likely technique for the capture of several carnivorous species present in the studied material, such as jacks, groupers and snappers. The occurrence of the latter species, Lutjanus bohar (see Fig. 3), is also mentioned in the logbook attributed to Hilarion Dubuisson de Keraudic, the ship's official log keeper (M. Guérout pers. comm.): "Nous avons pris deux grandes sardes". The term "sardes" probably corresponds to the name given to snappers in the Caribbean (Cuvier & Valenciennes, 1828: 440) where some of the crew members might have worked previously; its relationship with bonitos (Sarda spp.) seems less likely.

The fishing of small-size fishes could have been practiced along the shore in calm weather, taking advantage of the low tide and tidal pools; indeed, some of the small reef fishes identified in the assemblage might have been captured by hand in these intertidal pools. The origin of the slaves is not known with certainty; thus, it is difficult to define if they were accustomed to the marine environment and fishing. However, anthropologists suggest, after analysis of the strontium and barium of two skeletons uncovered at the site, that they possibly originated from Madagascar -the highlands for one individual, and the coastal zone for the second [START_REF] Guérout | Tromelin. L'Île aux esclaves oubliés[END_REF]. It is therefore likely that those among the Malagasy people or the French sailors who knew how to fish transmitted their knowledge and techniques to the entire group during the first two months. On this permanently swept coast fishing is opportunistic, as it is often the case in extreme situations and environments. It appears that selection by size or specific distinctions were not made during the capture of the fish and all accessible biotopes seem to have been exploited. The survivors showed an amazing ability to adapt, which is also visible in the use of raw materials and reuse of objects recovered from the wreckage.

| CONCLUSION

This study allows us to glimpse aspects of the life of the slaves on a remote and desolate island. At the same time, this example illustrates the importance of such studies for the understanding of the ability of humans to adapt and survive to complex conditions in hostile environments.

The ichthyoarchaeological data provides insight into the use of marine resources through fishing on a desolated island. It reveals that ichthyological resources also played a key role in the subsistence of the Malagasy shipwreck survivors on Tromelin, besides those of sea turtles and birds. And although one would have expected that fish, a permanent resource, would have played a major role in their diet, access to this rough sea from a small island with almost no reef flat, by people that were, at least at the beginning of their stay, probably little experienced as mariners, would have been difficult. In this sense, shipwreck archaeology has much to contribute to the understanding of behavioural adaptation to survival and, beyond that, to the exploitation of marine resources by human groups during dispersal along coastal routes. 
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 2 Figure 2. Aerial view from the south of Tromelin Island (© Richard Bouhet / AFP).
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 3 Figure 3. Layout of the excavation of Site 5.

Figure 4 .

 4 Figure 4. Some diagnostic fish bone remains from Site 5 of Tromelin : (A) precaudal vertebra of Caranx ignobilis; (B) precaudal vertebra of Epinephelus sp.; (C) caudal vertebra of Naso sp.; (D) precaudal and caudal vertebrae of Pomacentridae; (E) caudal vertebrae of Bothus sp.; (F) right maxilla of Caranx ignobilis with cut marks; (G) neural process of a caudal vertebra of Istiophorus platypterus; (H) tooth of Balistoides viridescens; (I) dermal spine of Diodon hystrix; (J) dentary of Gymnothorax sp.; (K) right palatine of Lutjanus bohar; (L) epibranchial 4 of Scarus sp. -Scale bar = 1cm.
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 5 Figure 5. Main large species identified among the fish material and observed at Tromelin (from left to right and top to bottom): Caranx ignobilis; Caranx melampygus; Epinephelus tukula; Acanthurus lineatus; Balistoides viridescens; Lutjanus bohar. Copyright: Joël Mouret.

  Table 3. List of the 62 fish species observed at Tromelin based on underwater photos taken during underwater prospections.
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 6 Figure 6. Distribution (NISP) of fish taxa from among the fish material from Tromelin site.
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 7 Figure 7. Fishing artefacts, fishhooks (T08.PH5.272 & T08.PH5.273) and spear point (T13.PH5.1035), recovered during the excavation of the Tromelin site. Scale bar = 1 cm
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 457 Figure 4. Some diagnostic fish bone remains from Site 5 of Tromelin : (A) precaudal vertebra of Caranx ignobilis; (B) precaudal vertebra of Epinephelus sp.; (C) caudal vertebra of Naso sp.; (D) precaudal and caudal vertebrae of Pomacentridae; (E) caudal vertebrae of Bothus sp.; (F) right maxilla of Caranx ignobilis with cut marks; (G) neural process of a caudal vertebra of Istiophorus platypterus; (H) tooth of Balistoides viridescens; (I) dermal spine of Diodon hystrix; (J) dentary of Gymnothorax sp.; (K) right palatine of Lutjanus bohar; (L) epibranchial 4 of Scarus sp. -Scale bar = 1cm. 169x129mm (300 x 300 DPI)
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