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Abstract: The reef manta ray (Mobula alfredi) is a highly mobile and plankton-feeding species, classified 

vulnerable to extinction on the IUCN Red List for Threatened Species. Knowledge on their spatial ecology and 

the extent of their dispersal remain incomplete, especially within island-fragmented habitats as found in New 

Caledonia. Satellite telemetry was used to investigate the horizontal movement ecology of reef manta rays in 

New Caledonia. A total of 21 manta rays were tagged with pop-up satellite archival transmitting tags (21 

Fastloc and 2 MiniPAT) that remained deployed for a duration ranging from 3 to 180 days (mean ± SE = 76.7 ± 

50.3). Rays presented a strong site fidelity and an important affinity for coastal waters. Long-distance 

migrations (> 300 km) were also observed, mainly through coastal and shallow water paths. Horizontal 

movements were compared to a home range area and classified into four distinct patterns: Fidelity, Excursion, 

Fidelity + Relocation and Relocation. The most dominant pattern was Fidelity where manta rays remained within 

their home range for the whole duration of the tag deployment. Our findings may assist the design of more 

appropriate management strategies for the species in New Caledonia and other regions worldwide. 

Keywords: Tagging ; Home Range ; Habitat Use ; Movement Patterns 

 

1. Introduction 

Understanding the processes that influence a species distribution and its dynamics is 

particularly relevant for conservation [1]. This information may assist in mapping biodiversity and 

ecosystem services, identifying effects and potential threats of environmental changes and 

anthropogenic activities, enabling effective prioritization of areas for biodiversity conservation. It 

also provides crucial knowledge to develop tools and models used in conservation [1,2]. To obtain a 

comprehensive view of these processes, it is mandatory to understand the life history traits and the 

biology of the species as well as the environmental factors to which the species may respond. Marine 

species that are capable of large-scale movements have a high dispersal potential especially in 

continuous environment like open ocean where physical barriers are not obvious [3,4]. Yet, several 

studies showed high residency and site fidelity patterns in marine species where movements were 

influenced by environmental barriers and biological factors such as mating success, access to 

breeding grounds or access to consistent food resources. For instance, reef fishes show limited 

connectivity between reefs separated by large sand channels [5,6], killer whales display intrinsic 

isolation of communities due to different food resources [7], bottlenose dolphins demonstrate 

restricted home range linked with productive habitats [8] and oceanic whitetip sharks record high 

site fidelity driven by the consistent availability of prey [9]. Food resource is also a major factor that 

influence the movement of large-bodied filter-feeding species [10-12]. Yet, this resource depends on 

environmental factors resulting in different distribution patterns between regions of the world. 

Consequently, spatial distribution and dynamics of these highly mobile filter-feeding species may be 

different from one region to the next.  
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Reef manta rays (Mobula alfredi, (Krefft, 1868)) are filter-feeders found in tropical waters around 

the word. Populations are observed near coastal reefs and their movements have been documented 

to be driven by the availability of food resources. For instance, in the Maldives, seasonal peaks in 

productivity gather hundreds of individuals each year [13]. In Indonesia, reef manta rays perform 

long distance migration triggered by monsoon shifts and associated reduction in productivity [14]. 

In Australia, highly productive eddy events are likely to trigger offshore movements of individuals 

[15] and seasonal variations in temperature appears to initiate latitudinal migration over hundreds 

of kilometres along the east coast of Australia [16,17]. In contrast, when the resource is consistent 

throughout the year, reef manta rays seem to demonstrate strong residency patterns with only few 

connections between geographically close populations. In Hawaii, no connection was found over 10 

years of photo-identification monitoring between two aggregation sites located only 150 km apart. 

Similarly, in Indonesia, acoustic telemetry suggested spatial segregation between populations that 

are only 150 km apart [18]. These evidences suggest that the spatial ecology of reef manta rays can be 

difficult to predict and that localised investigation might be necessary to obtain comprehensive 

understanding of their movements. This is a crucial task as the species is heavily exploited in many 

regions of the world for their gill plates that are used in Asian medicinal trade [19]. In addition to this 

fishing pressure, reef manta rays exhibit several conservative life history traits that exacerbate this 

vulnerability including small population size, low fecundity and fragmented distribution. Their 

strong affinity for coastal shallow waters increases their exposition to human activities, such as 

bycatch fisheries [20], uncontrolled mass tourism [21,22], habitat degradation [23-26], boat strikes [27] 

and fish nets entanglement [28]. Consequently, reef manta rays are classified vulnerable to extinction 

on the IUCN Red List of Threatened Species [29]. Providing robust information on the movement 

patterns and habitat use of reef manta rays would contribute to the design of effective management 

and conservation measures that are essential to protect the species. 

Among methods that enable spatial analysis, satellite telemetry is now a common practice with 

an increasing number of studies deploying tags to track movements of a wide range of species 

including terrestrial species, marine birds, sea turtles, marine mammals, and elasmobranchs [2,30-

37]. This tool allows researchers to investigate broad-scale and fine scale movements, diving 

behaviour as well as preferred depth and temperature, and sometimes revealing misconceptions or 

unexpected findings about the ecology of a species [38-40]. Satellite tracking devices are effective 

tools to detect unsuspected large migrations in elasmobranchs such as the basking shark [41], the six 

gills shark [42] and the white shark [43], for example.  

In New Caledonia, reef manta rays have not been studied until recently [46,47,48] and basic 

information on the population of this emblematic and threatened species are needed. Previous 

findings using four years of photo-identification monitoring revealed that the population of reef 

manta rays was distributed in all parts of the archipelago and exhibited high long-term fidelity rates 

at these sites. Connectivity was also limited but possible between all sites showing high dispersal 

potential [47]. In addition, genomic analyses found genetic differentiation between aggregation sites, 

which confirms the importance of site fidelity and exacerbated the lack of connectivity between 

geographically close habitats [48].  

On this basis, we use satellite tracking to investigate the spatial ecology of M. alfredi in the 

fragmented environment of the New Caledonia archipelago. Our objectives are to assess the fine scale 

habitat use and potential broad scale migration patterns by addressing the following points: quantify 

the use of offshore versus coastal waters, show the extend and limitation of the movements from 

aggregation sites with high fidelity rates, define the frequency and magnitude of the connectivity 

between studied sites, detect potential broad scale movements and the existence of unknown key 

habitats.  
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2. Methods 

2.1. Study Sites  

The archipelago of New Caledonia consists in a Main Island surrounded by a barrier reef of 

1,660 km that enclose shallow waters of a 16,874 km2 lagoon [49]. This barrier reef marks the limits of 

the continental shelf where the bathymetry drops to depths greater than 2,000 m. Smaller islands with 

a relatively narrow continental shelf, named the Loyalty Islands, are located off the east coast of the 

Main Island separated by a 2,000-meter-deep channel (Fig. 1).  

 

Figure 1. Locations of the deployment of pop-up satellite tags (SPLASH10 and MiniPAT) on reef 

manta rays (Mobula alfredi) in New Caledonia, South Pacific. Study sites (in bold): Noumea (N = 6), 

Ouvea (N = 4) and Touho (N = 6). 

Reef Manta rays were tagged at two locations off the Main Island: Noumea in the southern part 

of the west coast and Touho in the northern part of the east coast. The other tagging site was off the 

northern island of the Loyalty Islands, Ouvea. In Noumea, tagging operations took place at two 

aggregation sites (24 km apart) on the barrier reef: the Boulari channel (22˚29’S, 166˚26’E) and the 
Dumbea channel (22˚21’S, 166˚15’E). The Boulari channel is a cleaning station on a 15-meter-deep reef 

flat on the north tip of the channel and the Dumbea channel is a feeding site within the 30 meters of 

the water column facing the reef crest of the south tip of the channel. In Touho (location undisclosed), 

the aggregation site is a cleaning station located at the north tip of the Great Channel of Touho on a 

15-to-20- meter reef shelf less than 5 km off the coast. In Ouvea, the deployment of the tags occurred 

at two aggregation sites: the Northern Pleiades (20˚45’S, 166˚44’E) and the Southern Pleiades (20˚43’S, 
166˚23’E). Both sites are cleaning station on the reef slope at a depth of 10 to 15 m on the continental 

shelf off the northern tip and southern tip of the island, respectively (Fig. 1).  

2.2. Tagging 

We deployed 21 SPLASH10-F-321A PSAT tags and two MiniPAT tags (Wildlife Computers Inc.; 

Redmond, Washington, USA) coated with Propspeed™ silicone coating to prevent fouling during 

the deployment period. Tag deployments were timed to coincide with sightings peaks for all sites 
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between December and February over 4 years from 2015 to 2020. Two additional tags were deployed 

opportunistically in Touho in November 2018. In Noumea and Touho tags were deployed while 

scuba diving, in Ouvea tagging was performed while free diving on free-swimming manta rays. The 

tag is tethered by a 30 cm stainless steel cable to a titanium dart-tip. A modified pole spear was used 

to apply dart into the dorsal musculature of the manta ray. All tags were programmed to remain 

attached for a maximum period of 180 days. Alternatively, detachment was programmed in case of 

the tag being recorded at a constant depth for more than 24 hours (in case of mortality). SPLASH10 

tags collected external temperature, light level, and pressure (depth) data every 10 s. Data were 

transmitted via the ARGOS satellite system (www.argos-system.org) into 12-h periods.  Prior to 

tagging, manta rays were identified using photo-identification, the sex and maturity was also 

determined, and the size (disc width) was visually estimated to the nearest 10 cm.  

2.3. Data Analysis 

Locations were retrieved using the Wildlife Computers location processing systems (Fastloc GPS 

and GPE3).  Location records are assigned with a quality rank based on the number of uplinks 

received per satellite pass for Argos data and on the number of connected satellites for Fastloc data. 

Argos data quality numbers rank from 3 to 0 and then A, B and Z, with 3 being the most accurate and 

Z being an invalid location. Fastloc data accuracy followed a gradient indicated by quality classes 

corresponding to the number of satellites, starting at 4 to 7 [50].  All location data were filtered 

according to the following steps. First, we manually removed duplicates and on-land locations, 

examined duplicates, and removed the less accurate ones. Second, argos-derived locations with an 

accuracy class inferior to A (no accuracy estimation) and Fastloc-derived locations inferior to 5 

satellites were removed. Finally, we used the sdafilter function from the R package argosfilter [51] to 

exclude improbable locations based on speed and distance where trips exceeding a given speed (2 

m.s-1) over a given distance (5,000 m) were considered improbable.  

Filtered datasets were analysed using R version 3.6.3 [52]. Maps and bathymetry data were 

extracted from the marmap [53] package in R.  

2.4. Statistical Analysis 

Comparison of means between grouping factors were tested using an analysis of variance 

(ANOVA) and Tukey’s post-hoc test. Welch’s F tests were used when variance where unequal. 
Pairwise comparisons of means were tested with Student t-tests. The assumption of homogeneity 

was tested using Levene’s tests. Chi-squared (ꭓ2) goodness of fit tests were used to examine the 

number of individuals between and among movement patterns. Z-tests of proportion were used to 

compare proportions. Finally, Kolmogorov-Smirnov test were used to compare distributions and 

Pearson correlation coefficient was used to test linear relationship between variables. In this paper, 

mean values are followed by the standard deviation in the format: (MEAN ± SD). 

2.5. Ethic Statement 

The tagging was conducted with authorizations from the Southern Province (permit no: 34584) 

and the Northern Province (permit no: 609011–33) of New Caledonia. In the Loyalty Islands Province, 

no permit was required by the competent authorities, though permission of the local customary 

representatives was granted. 

3. Results 

3.1. Tagging 

A total of 23 tags were deployed, 19 successfully transmitted data and 4 failed for unknown 

reasons (Table S1). Data from 16 tags were retrieved through the ARGOS server with a mean 

decoding rate of 83.9 ± 13.9 %, and 3 tags were physically recovered allowing 100 % of the data to be 

decoded. After the data filtering process, 2 tags were excluded from the analysis of horizontal 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1879.v1

https://doi.org/10.20944/preprints202305.1879.v1


 5 

 

movements due to inaccurate data. The mean retention period is 76.7 ± 50.3 days (range from 3 to 180 

days). Only the MiniPAT tag detached at the term of the programmed period (180 days), all other tag 

popped-up prematurely for unknown reasons. The majority of tagged individuals were females (57.9 

%) including a pregnant one and two were juveniles (one of each sex). Finally, all tagged individuals 

recorded only a few locations per day of deployment with an average of one record every 1.5 days. 

This number varied between sites from one record every 5.5 days and 0.9 days in Ouvea and Noumea, 

respectively. In Touho a location every 2.7 days of deployment was recorded. 

3.2. Horizontal Movements 

Horizontal movements varied greatly in length and direction between individuals. Manta rays 

travelled an average of 4.6 ± 3.1 km d-1 (ranging from 0.2 to 12.3 km d-1) with total track lengths 

varying from 23 to 688 km in 100 and 53 days, respectively. The latitudinal range extended from 7.1 

to 224 km with an average of 76.7 ± 74.1 km. These movements remained mostly within a relative 

proximity of the site of deployment with 63.5 % of the recorded locations observed within 30 km from 

the deployment areas. The average distance from the tagging site was 41 ± 66 km with a maximum 

at 311 km. Manta rays remained close to shallow waters, on average at a distance of 3.5 ± 4.4 km from 

depth under 10-meter. They displayed limited offshore movements, only one individual was located 

offshore up to 105 km from the nearest reef. During these movements, manta rays occurred at 

locations with highly varying bathymetry averaging 325 ± 411 m below the surface and a maximum 

recorded at 2,720 m deep. 

Movement patterns are defined using a threshold distance from the site of origin to determinate 

a home range area. This value corresponds to the distance beyond which the distribution of record 

frequencies shows a significant drop. When combining all location data from all sites, the distribution 

of distance from the tagging site reveals a significant drop beyond the 50 km range (Fig. 2). This 50 

km threshold from the site of origin will be used to identify movement patterns in and out of this 

range.  

 

Figure 2. Frequency distribution of records of reef manta rays (Mobula alfredi) (N = 16) at different 

ranges of distance from the site of tag deployment, using satellite tags (SPLASH10), in New 

Caledonia. 
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Four different movement patterns were identified from the combined records of all sites (Fig. 3, 

Fig. 4, Table 1). First, fidelity when manta rays remained within 50 km from the location of tagging. 

This represents half of the individuals. Second, excursion when manta rays extended their movement 

beyond 50 km off the site of origin at least once but consistently returned to this area. Three 

individuals followed this pattern. The number of excursions per deployment varied from 1 to 16 for 

a maximum duration ranging from 1 to 9 days (Fig. S1). Third, the relocation pattern when manta rays 

moved at more than 50 km off the tagging site, and remained outside this tagging site more than half 

of the time until release of the tag. Only two individuals (12.5 %) relocated at distance ranging from 

71 to 248 km for a maximum duration of 48 and 40 days before release of the tag, respectively. Finally, 

the fourth pattern, fidelity + relocation, represents manta rays that had more than half of their recorded 

location within the 50 km range before moving further away toward the end of the deployment. This 

last pattern describes 18.7 % of individuals. The counts of individuals were not significantly different 

between movement pattern categories (ꭓ2(3,16) = 4.0, p > .05).  

 

Figure 3. Movement patterns recorded for reef manta rays (Mobula alfredi) after deployment of the 

tag, using satellite tag (SPLASH10), in New Caledonia. Percentage based on the total number of 

individuals (N = 16). 
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(b) 

Figure 4. a. Movement patterns of reef manta rays (Mobula alfredi) In New Caledonia using satellite 

telemetry (SPLASH10). Symbols shapes indicate site of origin: circle = Noumea (N = 6), square = Ouvea 

(N = 4) and diamond = Touho (N = 6). b. Examples of movement patterns of reef manta rays (Mobula 

alfredi) In New Caledonia using satellite telemetry (SPLASH10). Circles indicate respective home 

range and arrows indicate deployment location. F + R = Fidelity + Relocation and Mx indicate 

individuals identification. 
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Table 1. Movement pattern characteristics and distribution between sites and sex of reef manta rays 

(Mobula alfredi) (N = 17) in New Caledonia using satellite telemetry (SPLASH10). HR: Home Range. 

Movement 

Patterns 
Pattern explanation 

Noumea Ouvea Touho 
TOTA

L 
Mal

e 

Femal

e 

Mal

e 

Femal

e 

Mal

e 

Femal

e 

FIDELITY 100 % records in the 

HR 
1 1 0 3 1 1 7 

EXCURSION ≥ 1 record outside the 
home range followed 

by ≥ 1 record within the 
HR 

0 2 1 0 1 1 5 

FIDELITY + 

RELOCATION 

≥ 50 % records in the 
HR followed by ≥ 1 
record outside at tag 

release 

1 0 1 0 0 0 2 

RELOCATION ≥ 50 % records outside 
the HR until tag release 

0 1 0 0 1 1 3 

Comparisons between sites reveal significantly different distributions of distance frequencies 

(Fig. S2, Table S2). Home ranges were smaller in Touho (N = 19 records) and Ouvea (N = 105) with a 

limit at 20 and 35 km from the tagging site, respectively. In Noumea (N = 626) the home range was 

bigger with a limit at 50 km (Fig. 4, Table 1). At this site, one third of the tagged manta rays remained 

within the home range perimeter. Another third recorded excursions along the barrier reef up to 86.1 

km north of the deployment location. The last third relocated at 96 (M4) and 250 km (M3) at the 

southern tip of the lagoon of the Main Island and on the east coast of the Main Island, respectively. 

In Ouvea, two individuals remained within the designated home range of 35 km from the site while 

another recorded an excursion halfway between the island of Ouvea and the Main Island over the 

2000-meter-deep channel (Fig. 4, Table 1). The last manta ray relocated up to 225 km north toward 

the isolated reefs of Petrie and spent a maximum of 107 days outside its initial home range. In Touho, 

two manta rays remained within the 20 km home range (Fig. 4, Table 1). Two individuals recorded 

excursions, including one that moved 131 km down the coast for a maximum of 82 days outside its 

initial home range. Finally, the two other manta rays from Touho relocated. One travelled down to 

the Isle of Pines (311 km) to return later toward the tagging site where the tag detached 70 km south. 

The other relocated at the Isle of Pines. Differences in the number of individuals per movement 

patterns between site were not significant (Table S3). 

Overlap in space occupation between individuals tagged at different sites was observed between 

manta rays from Touho and Noumea in the southern tip and the southern part of the east coast of the 

Main Island (Fig. 4). Among individuals tagged at the same site, overlap of movements outside the 

tagging sites only occurs off Noumea within an area located 50 km north of the Dumbea channel near 

the St-Vincent channel.  

3.3. Sex  

Females were recorded at significantly farther distance from the site of tagging than males (t(781) 

= 5.9, p < .001). However, none of the gender was more mobile than the other with no significant 

difference in distances per day (t(14) = 0.46, p > .05), total track lengths (t(14) = 0.14, p > .05) or in the 

extend of the latitudinal range (t(14) = 1.01, p > .05). The comparison of movement patterns among sex 

showed a significant difference in distributions of frequencies of recorded distance from sites (K-S: 

D(21) = 0.67, p < .001).  Females (N = 9 individuals) recorded a broader home range than males (N = 7) 
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with a perimeter of 50 km against 35 km, respectively. Differences in the number of individuals per 

movement patterns between sex were not significant (p-values > .05 by Fisher’s exact test). 

4. Discussion 

In New Caledonia, reef manta rays tend to remain close to coasts and reefs. Except for one 

individual, all records were within 35 km off the closest reef. Several studies that documented 

movements of reef manta rays reported consistent use of coastal and reef areas in Australia [15,54], 

in the Red Sea [55,56], in the Seychelles [57], and in the British Indian Ocean Territory MPA [58]. The 

use of coastal habitat by reef manta rays and other planktivorous elasmobranchs has been associated 

with food availability [13,24,59-63]. Coastal areas of islands surrounded by deep waters are prone to 

assemble the conditions to generate primary productivity hotspots combining upwellings and land 

inputs and generating reliable food resources which might result in strong residency pattern in reef 

manta rays’ behaviour [57,64]. In New Caledonia, such conditions exist with little annual variations 
[65,66]. Limited offshore movements are likely due to the foraging ground being coastal and the 

probable lower productivity of the adjacent oceanic waters [67]. Other than food resources, coastal 

areas and shallow waters of the lagoon offer more protection from predators such as large sharks and 

hence, represent a suitable environment for potential nurseries. In New Caledonia, the detection of 

juvenile individuals remains sporadic, and neonates are even scarcer, although lagoons are places of 

nursery grounds for reef manta rays in Raja Ampat, Indonesia [64] and for other elasmobranchs [68-

70]. Further investigations in suspected adequate nursery grounds using aerial surveys and accurate 

measurement methods to quantify maturation stages might lead to the discovery of nurseries in New 

Caledonia. In addition, coral reefs are also home to numerous cleaning stations that are essential to 

manta rays’ well-being and health [71], as well as mating and socialization [72,73]. Sheltered waters 

also act as a thermal refuge where enclosed shallow waters have a significantly higher temperature 

than oceanic waters. In this study, manta rays were observed to favour relatively high temperatures 

(27 to 29 °C) but were also able to face much colder water for instance when deep diving (7.6 °C). 

Basking in warm shallow waters after a deep dive would allow regulation of the body temperature. 

Thermoregulation is an important part of the behaviour of mobulids [45,74] and other elasmobranchs 

[75,76] and the presence of warm-sheltered water in proximity of deep feeding grounds might be 

essential.  

The use of offshore waters by one individual recorded in this study could be interpreted as a 

transiting trip toward potential alternative foraging grounds near isolated reefs. Presence of reef 

manta rays at isolated reefs have already been recorded during aerial surveys [77], further 

investigation in these areas might reveal new aggregations. Offshore movements by reef manta rays 

were also documented using satellite telemetry and were associated with foraging opportunities. In 

the east coast of Australia, [15] recorded most of the tagged rays in the offshore Capricorn Eddy 

Region and attributed this behaviour to be food related to the high productivity generated by the 

eddy. In the Red Sea, [55] observed offshore excursions to deeper water at night where manta rays 

performed deep dives supposedly to exploit pelagic planktonic resources.  

Despite their demonstrated coastal affinity, reef manta rays have been observed over waters up 

to 2,720 m deep. The archipelago of New Caledonia has a relatively narrow continental shelf, 

especially on the east coast of the Main Island and around the Loyalty Islands, beyond which water 

depth drops rapidly. Even though manta rays spent most of their time within the first 50 meters, our 

results suggest that this species is able to use deeper water to transit between areas (e.g.; to connect 

with an isolated reef) or to access to demersal food resources [78]. This supports previous findings 

that recorded reef manta rays commuting between islands chain separated by deep water in 

Indonesia [14,64] or transiting by deep water to access food resources in east Australia [15] and the 

Maldives [79]. However, even if there are evidence that deep water is not a strict barrier to their 

movements, large expanses of deep water might still be a restricting factor to connectivity. For 

instance, in this study, spatial occupancy overlapped only for individuals originating from sites 

sharing the same coastline and not for individuals separated by a 2,000-meter-deep channel. Other 

evidence through different spatial and temporal scale using photo-identification [47] and genomics 
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[48] showed that these connections occur but were limited, highlighting the lack of connectivity over 

this deep-water channel. Other studies taking place in atolls were consistent with these observations 

with populations recording no or only few connections between islands separated by deep waters in 

Hawaii [80,81], in the Maldives [82], in French Polynesia [83] or in the Seychelles [57]. On the contrary, 

reef manta rays showed long distance movements along continuous coastlines, up to 1150 km in east 

Australia [84], but also along the west coast of Australia (up to 700 km, [54]) or the coast of southern 

Mozambique (up to 350 km, [85]). 

Horizontal movements were classified into four distinct patterns. The most dominant pattern 

was Fidelity where manta rays remained within their home range for the whole duration of the tag 

deployment. Manta rays displayed also excursions travelling, occasionally, relatively long distance 

as far as 131 km away from the site of origin. Moreover, total track lengths were relatively small 

(maximum of 688 km) in comparison to previous findings averaging 839 km in western Australia 

[54], 1169 km in east Australia [15] and 1074 km in the Seychelles [57]. Our results describe a 

behaviour that corresponds to site fidelity as defined by Chapman et al. (2015): the return of an 

individual to a location where it previously resided after an absence as long as or longer than the 

residency period [86]. Additional evidence of such behaviour was found in New Caledonia using 

long-term photo-identification data to find high re-sighting rates for each site [47] and genomics 

analysis to detect genetic structure between sites [48]. Site fidelity is often motivated by consistent 

foraging opportunities over time within an area [86]. This behaviour has been largely documented 

for reef manta rays in Hawaii [81], Mozambique [87], east Australia [60], Indonesia [64,88] or French 

Polynesia [83]. Although most of the tagged individuals displayed constrained movements near the 

aggregation site of origin, manta rays of New Caledonia demonstrate the ability to potentially 

connect with all parts of the archipelago, at least parts that are linked by coastlines or shallow waters. 

In particular, almost a third of the individuals showed Relocation and Fidelity + Relocation patterns, 

connecting with sites up to 311 km from the site of origin. Coupled with return trips over 200 km 

away from the deployment location, these observations suggest that manta rays connect to 

intermediate sites. For instance, while no connection was observed between studied sites during this 

study, overlap occurred for individuals from Touho and Noumea at in-between sites along the east 

coast and at the southern tip of the Main Island. Sightings of manta rays using photo-identifications 

over five years revealed different aggregation sites throughout the archipelago with multiple re-

sightings from individuals originating from different sites [47]. The present results suggest the 

potential existence of additional aggregation sites where manta rays from different sites may 

encounter each other, although no field operation could be undertaken to confirm it.  

The present results present a partial short-term overview of the spatial ecology of the reef manta 

rays of New Caledonia. The average deployment duration in this study was short (approx. 77 days) 

compared to what was achieved in other satellite telemetry studies on reef manta rays (e.g.; 92 days, 

[15]; 147 days, [55]; 116 days, [57]). This might also explain the relatively smaller track lengths 

recorded in this study than at other locations in the world. To complement this finding, long term 

monitoring of the movements and geographically extended sampling effort might help deciding 

whether these observations are sporadic, frequent, seasonal or to what extend long-term site fidelity 

is supported. They may as well reveal new connections and new potential aggregation sites. To this 

regard, photo-identification offers such perspectives and acoustic telemetry may narrow the gap 

between photo-identification and satellite telemetry by generating spatially and temporally 

intermediate data. In addition, genomics would provide a greater picture of the evolutionary 

processes that shape the population.  

5. conclusions 

This work used satellite telemetry and confirmed that reef manta rays are resident to coastal 

water and show strong site fidelity in New Caledonia. Yet, this species is capable of relatively long-

distance migrations seemingly favouring, but not limiting them to, coastal and shallow water paths. 

Deep water might be a restraining factor but not a complete barrier to connectivity. These results 

raise concerns regarding threats associated with habitat degradation, human exploitation and 
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disturbance. The home range of this species may also extend over greater distances than previously 

thought, especially in habitat fragmented by deep waters, which raises concerns regarding potential 

movements outside areas under protective jurisdictions. In New Caledonia, concerns regarding the 

species conservation are limited since reef manta rays are not targeted by fisheries and human activity 

remains relatively low. Such favourable context is scarce which makes the population of reef manta 

rays in New Caledonia a reference to be preserved [19]. Therefore, preventive precautions should be 

taken at local level where coastal development is rapidly expanding and might threaten critical 

habitats. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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