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Table S1. Summary information about the 25 marine protected areas (MPAs)
currently established in New Caledonian waters. Only 14 MPAs encompassed the
outer slope of barrier reefs, the preferred habitat of grey reef sharks. The remaining
eleven are displayed in red. No-entry MPAs prohibit all human activities including the
entrance of ships while no-take MPA allow non-extractive activities.

*: The North-Chesterfield no-entry reserve is part of the Chesterfield & Bellona atolls MPA.

S2. Shark tagging and acoustic array deployment procedures.

Shark tagging

147 grey reef sharks were internally fitted with V16 acoustic coded transmitters
(68 mm x 16 mm; frequency: 69 kHz; high power output; transmission delay
times: random between 30 and 90 s; VEMCO Ltd., Halifax, Canada). Sharks were
targeted along the outer slope of the barrier reef, where the receivers were
deployed. Sharks were caught on a 16/0 barbless, non-stainless, non-offset circle
hook (Mustad 39960D) attached to a floating drum line. Circular hook are
designed to hook in the corner of the jaw, facilitating their removal. When
removal is not possible, non-stainless hook rusting may facilitate their fall.
Captured animals were processed within a cloth harness alongside a small
runabout, where total length, sex and maturity were determined. The use of a
harness minimize animal stress by covering the eyes and by limiting movements
and possibilities of injuries. Maturity state was determined for males based on the
extension and calcification of the intromittant organs (claspers); for females it
was extrapolated from total length according to Robbins (2006). The V16



transmitter was surgically implanted in the peritoneal cavity. Hooks were
removed from sharks before release when possible.

Acoustic array deployment

Sixty-two VR2W acoustic receivers (VEMCO Ltd., Halifax, Canada) were deployed
from July 2015 to December 2018 across four regions of the New Caledonian
archipelago (D’Entrecasteaux, Chesterfield, Great Northern Lagoon [GNL],
Noumea; Fig. 1). Eight additional receivers were deployed along the west coast of
New Caledonia to monitor the movements across the study area. Receivers were
moored on the reef slope at 20 m depth, approximately 1 m from the substrate
facing upward. This configuration has previously been found to be suitable for
monitoring grey reef sharks on coral reefs (Field et al. 2010; Heupel et al. 2010).
Moorings consisted of a 3 m-long nylon rope, maintained vertical by 20 cm-wide
pressure-proof buoy, and attached to the reef matrix by a 2 m-long galvanized
steel chain and shackle. Receivers were attached to the rope with cable ties, and
were covered with three layers of antifouling paint to prevent benthic organisms
from colonizing the sensor and impairing reception performance (Heupel et al.
2008). Data was downloaded and batteries replaced at least once a year.
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Figure S1. Home range estimation methodology. The outer reef slope habitat was
identified using coral reef habitat data provided by Andréfouët et al. (2014). Acoustic
receivers where the individual was detected on 95% of daily occurrences (black dots) and
100% of daily occurrences (black and blue dots) allowed to delimitate UD95 (black
shading) and UD100 reef portions (black and blue shading). Grey dots represent acoustic
receivers not visited by the individual. Map generated with R package rgdal
(https://CRAN.R-project.org/package=rgdal).



Figure S2. Modelling MPA’s ability to cover sharks home range.



Figure S3. Comparison of home ranges for grey reef shark adults and juveniles
of both sexes. UD95 and UD100 values represent the surface of outer reef slope habitat
encompassed by the 95th and 100th percentile of daily positions. Large dots and bars
indicate group means and their bootstrapped 95% confidence intervals. Significance of
difference between group means were assessed with pairwise permutation Student tests
and displayed with lower case letters. Graphics generated with R package ggplot2
(https://ggplot2.tidyverse.org).



Figure S4. Seasonal space use. Proportions of outer reef slope portions exclusively
used during mating season (July-September), outside mating season and in both season
are respectively displayed in red, blue and grey. These proportions are displayed with
means and standard deviations for adult males (left) and for females and juveniles (right).
Nightingale’s roses represent individual proportions. Graphics generated with R package
ggplot2 (https://ggplot2.tidyverse.org).



Table S2. Comparison of shark home range by PERMANOVA, excluding
migratory individuals. Six adult males were observed to undergo long-range
migrations (Bonnin et al. 2019), up to 300 km from their tagging site. Here, these
individuals were removed from the dataset to investigate variations of home range with
sex, maturity stage and season. Divergence from the main analysis conclusions (i.e. when
including these individuals) is displayed in red.



Figure S5. Cumulative distributions of UD95 and UD100 values. Cumulative
distributions of UD95 and UD100 values for adult males (dark blue), adult female (red),
juvenile males (light blue) and juvenile female (pink) are displayed. Bootstrapped
confidence intervals are displayed with corresponding colour shading. Graphics generated
with R package ggplot2 (https://ggplot2.tidyverse.org).



Table S3. Marine Protected Areas’ ability to cover grey reef shark home range
in New Caledonia. Values of MPAs’ ability to cover sharks home range could not be
calculated for Whanga-ledane and Whan-denece reserves, as they were too small to
assess considering our home range estimates resolution (i.e. the spacing between
acoustic receivers).

*The North-Chesterfield no-entry reserve is part of the Chesterfield & Bellona atolls MPA.



S6. Oceanic travels.

Methods

For each pair of reefs encompassed by our array, the shortest possible deep-sea
channel(s) connecting them was (were) identified. Coral reef habitat typology
provided by Andréfouët et al. (2004) was used to determine oceanic habitat. Nine
deep-sea channels were thus identified, spanning from 2 to 422 km. For each of
these deep-sea channels, the total number of corresponding crosses were
counted, and the corresponding individuals were identified.
Results

Fifty oceanic travels, undertook by 11 individuals, were recorded. All of these
travels were recorded between the different D’Entrecasteaux atolls. No
movement was recorded between the mainland, Chesterfield and
D’Entrecasteaux atolls. Longest recorded oceanic travels were between Portail
and Surprise atolls (9.9 km; one travel) and between Huon and Grand Guilbert
atolls (9 km; nine travels undertook by five individuals). Individuals that
undertook oceanic travels were mostly adult males (n=9), with one juvenile male
and one juvenile female.

Figure S6. Oceanic travels. All oceanic channels crossable and recordable with our
acoustic receiver array are displayed, with dashed lines if no shark was observed crossing,
and with solid lines otherwise. In the latter case, the number of corresponding sharks is
displayed. Length of channels are displayed. Huon, Grand Guilbert, Petit Guilbert, Merite,
Surprise, Portail and Pelotas atolls form the D’Entrecasteaux atolls group pictured here.
Map generated with R package rgdal (https://CRAN.R-project.org/package=rgdal).


