[bookmark: _Toc79915470]SUPPLEMENTARY MATERIAL
Table S1. Number of A: sampling effort units (days), B: sightings of reef manta rays (Mobula alfredi) per site and per year in New Caledonia recorded using photo-identification. Main sites represent locations where surveys were performed by the authors. Data at secondary sites were only collected by citizen scientists. Numbers in parentheses refer to the number of sightings recorded by the authors. Boxed sections indicate chosen periods to perform residency analysis. The dashed line indicates the beginning of data collection by the authors.

	A
	1993
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	Total

	
Main sites:

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Noumea
	1
	1
	0
	0
	1
	5
	2
	7
	8
	14
	28
	14
	23
	22
	38
	41 (4)
	77 (1)
	42 (7)
	46
	370 (12)

	Touho
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	33
	95
	3
	3
	6 (6)
	7 (6)
	3 (2)
	150 (14)

	Ouvea
	0
	0
	0
	2
	0
	1
	0
	0
	0
	1
	0
	1
	1
	4
	1
	15 (7)
	16 (4)
	17 (9)
	16 (3)
	75 (23)

	
Total main sites
	1
	1
	0
	2
	1
	6
	2
	7
	8
	15
	28
	15
	57
	121
	42
	59 (11)
	99 (11)
	66 (22)
	65 (5)
	595 (49)

	
Secondary sites:

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Poindimie
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Boulouparis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	2

	Bourail
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	IDP
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5
	6
	0
	3
	15

	Pouembout
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	2

	Lifou
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	2
	5

	Mare
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	11
	15
	1
	28

	Ouano
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	4
	0
	5

	
Total secondary sites


	0
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	7
	17
	22
	7
	59

	Total of all sites
	1
	2
	0
	2
	1
	6
	3
	7
	9
	16
	28
	15
	57
	122
	43
	66 (11)
	116 (11)
	88 (22)
	72 (5)
	654 (49)









	B
	Unk. date
	1993
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	Total

	
Main sites:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Noumea
	33
	1
	2
	0
	0
	2
	6
	4
	12
	13
	36
	63
	27
	37
	46
	67
	97 (16)
	199 (20)
	100 (32)
	105
	850 (68)

	Touho
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	114
	365
	6
	7
	35 (35)
	49 (47)
	12 (10)
	591 (92)

	Ouvea

	17
	0
	0
	0
	6
	0
	2
	0
	0
	0
	3
	0
	1
	1
	9
	2
	56 (34)
	44 (25)
	35 (25)
	28 (7)
	204 (91)

	
Total main sites
	53
	1
	2
	0
	6
	2
	8
	4
	12
	13
	39
	63
	28
	152
	420
	75
	160 (50)
	278 (80)
	184 (104)
	145 (17)
	1645 (251)

	
Secondary sites:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Poindimie
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Boulouparis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	5
	6

	Bourail
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	2

	IDP
	0
	0
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	11
	9
	0
	4
	27

	Pouembout
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	8

	Lifou
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	2
	7

	Mare
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	13
	22
	1
	37

	Ouano
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	4
	0
	5

	Unk, site
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3

	
Total secondary sites
	3
	0
	3
	0
	0
	0
	0
	3
	0
	7
	1
	0
	0
	0
	1
	1
	14
	22
	29
	12
	96

	
Total of all sites
	56
	1
	5
	0
	6
	2
	8
	7
	12
	20
	40
	63
	28
	152
	421
	76
	174 (50)
	300 (80)
	213 (104)
	157 (17)
	1741 (251)








Table S2. Reef manta ray (Mobula alfredi) survey effort by the authors (in hours) 
at the three main study sites in New Caledonia. 
	Sites
	2017
	2018
	2019
	2020
	Total per site

	Noumea
	14
	20
	28
	0
	62

	Touho
	0
	27
	18
	6
	51

	Ouvea
	16
	15
	82
	8
	121

	Total per year
	30
	62
	128
	14
	234





Table S3. Overview of the asymptotic models and evaluation of the goodness-of-fit using Akaike’s Information Criterion (AIC) for discovery curves of the number of individuals per number of sighting events of reef manta rays (Mobula alfredi) at each site and for the whole population in New Caledonia. 
	
	
	
	Noumea
	Touho
	Ouvea
	Others
	NC

	Curve name
	Equation
	Reference
	AIC
	AIC
	AIC
	AIC
	AIC

	Von Bertalanffy 
	


	Brown & Rothery 1993
	2116.7
	519.07
	12.208
	7.9678
	16578

	Michaelis-Menten

	


	Colwell & Coddington 1994
Tjørve 2003
	3012.4
	392.19
	5.2285*
	6.6533*
	26492

	Logistic function
	


	Verhulst 1938
Tjørve 2003
	11669
	1492
	857.67
	240.79
	114510

	Gompertz
	


	Gompertz 1825
Tjørve 2003
	6929.3
	1035.6
	363.18
	104.16
	65184

	Hill
	


	Hill 1910
	19.909*
	19.232*
	8.6164
	8.8224
	107.18*


	
Abundance estimation (using best-fit model):

	440.72
(392.1 – 461.6)
	150.91
(25.64 – 163)
	246.26
(245.4 – 247.5)
	290.81
(284 – 299.1)
	1346.7
(1225 – 1413)


* indicate the smallest value of AIC for each dataset. Numbers in brackets indicates 95% CI. NC = New Caledonia.













Table S4. Summary of the connectivity between aggregation sites recorded for reef manta rays (M. alfredi) of New Caledonia using photographic sightings.
[image: Une image contenant texte, document, capture d’écran, Police
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Table S5. Model parameters and fits for reef manta ray (M. alfredi) sightings data from New Caledonia using Akaike Information Criterion (AIC) for Touho (2014 – 2015) and Quasi-Akaike information Criterion (QAIC) for Noumea (2017 – 2020) and Ouvea (2017 – 2020). 
	
	
	Noumea
	Touho
	Ouvea

	Model 
	Model explanation
	QAIC
	∆QAIC
	AIC
	∆AIC
	QAIC
	∆QAIC

	A
	Closed 
(1/a1=N)
	25167.9307
	35.6608
	30939.5469
	92.125
	845.8863
	3.9967

	B
	Closed 
(a1=N)
	25167.9307
	35.6608
	30939.5469
	92.125
	845.8863
	3.9967

	C
	Emigration/mortality 
(a1=emigration rate; 1/a2=N)
	25146.9674
	14.6975
	30893.4986
	46.0767
	842.5976
	0.708

	D
	Emigration/mortality 
(a1=N; a2=Mean residence time)
	25146.9672
	14.6973
	30893.4985
	46.0766
	842.5976
	0.708

	E
	Emigration + reimmigration 
(a1=emigration rate; a2/(a2+a3)=proportion of population in study area at any time)
	25160.4114
	28.1415
	30913.6898
	66.2679
	841.8896
	0

	F
	Emigration + reimmigration 
(a1=N;a2=Mean time in study area; a3=Mean time out of study area)
	25137.5908
	5.3209
	30849.1546
	1.7327
	841.8896
	0

	G
	Emigration + reimmigration + mortality
	25150.9672
	18.6973
	30884.2822
	36.8603
	845.0502
	3.1606

	H
	Emigration + reimmigration + mortality (a1=N; a2=Mean time in study area; a3=Mean time out of area; a4=Mortality rate)
	25132.2699
	0
	30847.4219
	0
	842.6027
	0.7131


N = population, res = residence.
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