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Abstract
Oceanographic features influence the transport and delivery of marine larvae, and
physical retention mechanisms, such as eddies, can enhance self-recruitment (i.e. the
return of larvae to their natal population). Knowledge of exact locations of hatching
(origin) and settlement (arrival) of larvae of reef animals provides a means to compare
observed patterns of self-recruitment ‘connectivity’ with those expected from water circulation patterns. Using parentage inference based on multiple sampling years in
Moorea, French Polynesia, we describe spatial and temporal variation in self-recruitment of the anemonefish Amphiprion chrysopterus, evaluate the consistency of net dispersal distances of self-recruits against the null expectation of passive particle
dispersal and test the hypothesis that larvae originating in certain reef habitats
(lagoons and passes) would be retained and thus more likely to self-recruit than those
originating on the outer (fore) reef. Estimates of known self-recruitment were consistent across the sampling years (~25–27% of sampled recruits). For most (88%) of these
self-recruits, the net distance between hatching and settlement locations was within
the maximum dispersal distance expected for a neutrally buoyant passive particle
based on the longest duration of the larval dispersive phase and the average direction
and speed of current flow around Moorea. Furthermore, a parent of a given body size
on the outer (fore) reef of Moorea was less likely to produce self-recruits than those in
passes. Our findings show that even a simple dispersal model based on net average
flow and direction of alongshore currents can provide insight into landscape-scale
retention patterns of reef fishes.
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Introduction
Knowledge of animal and plant dispersal is fundamental for understanding both the dynamics of populations
and evolution of species (Clobert et al. 2001; Ronce
2007). For most marine reef fish, spatially separated
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populations are connected primarily via dispersal of larvae. Attributes of dispersal and settlement of marine
larvae can be influenced by the oceanographic conditions they experience (Schmitt & Holbrook 2002; Cowen
et al. 2007; Pineda et al. 2007) and their behaviour (Stobutzki & Bellwood 1997; Kingsford et al. 2002; Paris &
Cowan 2004; Paris et al. 2007). Generally, the probability
of successful larval dispersal diminishes with distance
from the hatching site (Pinsky et al. 2010; Buston et al.
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2012), and a growing number of studies have shown
that net dispersal distances (shortest in-water distance
between hatching and settlement sites) of successful fish
settlers can be short (~1 km scale). Examples of coral
reef fishes that have displayed such short dispersal distances include Chaetodon vagabundus, Amphiprion percula,
A. polymnus, Plectropomus maculatus, Stegastes partitus,
and Elacatinus lori (Almany et al. 2007; Buston et al.
2012; Harrison et al. 2012; Hogan et al. 2012; Saenz-Agudelo et al. 2012; D’Aloia et al. 2015), while others have
been shown to disperse over much larger distances
(Planes et al. 2009; Berumen et al. 2012; Puebla et al.
2012; Simpson et al. 2014).
A long-standing issue has been the extent to which
locally vs. externally produced larvae replenish local
populations of reef organisms, with estimates of selfrecruitment varying from none to the majority of colonists for reef fishes (D’Aloia et al. 2015; Steinberg et al.
2016). While high numbers of self-recruits need not
imply that a high proportion of the locally produced
larvae have been retained (Botsford et al. 2009; Berumen
et al. 2012; Burgess et al. 2014; Lett et al. 2015), the
degree of self-replenishment of populations has vast
ecological and management implications. The retention
of the dispersive stages of fish near suitable habitats
can both occur actively due to larval behaviours and
passively through transport promoted by water movement patterns (Paris & Cowan 2004). Coral reef fish larvae have a suite of sensorial and swimming abilities
that steer them during the dispersal phase towards their
settlement habitats. For example, hearing and smell
have been shown to guide reef fish larvae during dispersal (Kingsford et al. 2002; Simpson et al. 2005; Gerlach et al. 2007). Larvae from the same cohort can use
behaviour to remain together while dispersing (Paris &
Cowan 2004), which can result in them settling concurrently to the same microhabitat (Bernardi et al. 2012).
While fish larvae can use behaviours to enhance retention (Paris et al. 2007), several water circulation features
also can act to retain larvae, which may lend insight
into spatial patterns of self-recruitment (Swearer et al.
1999).
For islands encircled by a barrier reef, breaking
waves create more or less a unidirectional flow of water
over the reef crest into the lagoon, which later returns
to the open ocean through one or more passes (openings in the reef) (Hench et al. 2008; Edmunds et al. 2010;
Leichter et al. 2013). At smaller scales, within the
lagoon, varying degrees of turbulent mixing are forced
by different coral species/morphologies (Monismith
2007; Hench & Rosman 2013); longer water residence
time also could contribute to the retention of larvae.
Additionally, other meso-scale phenomena operating
seaward of the barrier reef, such as eddies or the slower

water flows on the leeward side of tropical islands
(Swearer et al. 1999), may also favour the retention of
larvae and thus influence dispersal. However, there is
limited empirical support that spatial patterns of selfrecruitment for reef fishes are influenced by physical
retention features. Given impracticalities in following
individual larvae throughout their entire pelagic dispersal stages (Leis 1991), one approach to this issue has
been to use parentage inference to identify larvae that
recruit into their population of origin (e.g. Jones et al.
2005; Almany et al. 2007; Beldade et al. 2012) and to
map the precise locations of hatching (origin) and of
settlement (arrival) of individual self-recruiting larvae.
In this study, we first describe spatial and temporal
variation in self-recruitment of a coral reef fish (the
orange-fin anemonefish, Amphiprion chrysopterus), on
Moorea, French Polynesia, over 5 years. Here, we define
a self-recruit as a post-settlement juvenile on Moorea
that was produced by an adult on the island, and ‘selfrecruitment connectivity’ as the spatial topology
between locations of origin and subsequent settlement
of self-recruits around Moorea. This enabled us to evaluate the consistency of putative dispersal trajectories of
self-recruits to a minimalistic passive particle dispersal
model to assess how much of the connectivity in selfrecruitment could be accounted for by a simple physical
transport model. Moreover, considering water flow patterns, we tested the hypothesis that larvae originating
in different reef habitats (lagoon, pass, fore reef), which
implies being more or less exposed to certain water circulation regimes, vary in the degree of self-recruitment.
Finally, we explore whether self-recruits and exogenous
recruits (i.e. not produced by adults on Moorea) differ
in the reef habitats to which they settle.

Methods
Study site and model species
Field work was conducted on Moorea (17°300 S,
149°500 W), French Polynesia. The island is encircled by
a barrier reef that forms a system of lagoons that are
0.8–1.3 km wide and 5–7 m deep and are connected to
the ocean by several passes. The offshore reef slopes
steeply to >500 m depth within about 1 km of the reef
crest. Several aspects of Moorea’s water circulation that
are pertinent to transport and retention of larvae have
been described in Leichter et al. (2013). An alongshore
flow just offshore of the barrier reef follows a net counterclockwise direction (CCW) that may contribute to the
retention of larvae near the island (Leichter et al. 2013).
Several processes such as tides, winds, surface waves
and internal waves can cause reversals of the alongshore current in Moorea, and the duration of such
© 2016 John Wiley & Sons Ltd
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reversals varies from hours to days (Leichter et al.
2013). However, over periods of two to three weeks, the
net residual flow is counterclockwise at 0.03 per ms,
and it is strongest near the surface and appears to turn
offshore with depth. Breaking waves create a unidirectional flow of water over the reef crest into the lagoon,
which later returns to the ocean through the passes, a
process that can take hours to tens of hours (insert in
Fig. 1; Lenhardt 1991; Hench et al. 2008; Edmunds et al.
2010). Some of the surface water exiting the passes
might be retained near the reef crest in the CCW flow
and later may be forced back over the reef crest by incident waves (Monismith 2007). At a smaller scale
(<100 m), spatial flow at the level of coral colonies or
patches of coral colonies in the lagoon shows differential degrees of turbulent mixing forced by different
coral species/morphologies. Such trapping and recirculating of water in the wakes of corals and other lagoonbottom structures could provide shelter from peak
water velocities and impact larval dispersal (Hench &
Rosman 2013).
Anemonefish have been used to assess recruitment
dynamics to minimize sampling difficulties and statistical constraints of parentage analysis (e.g. Jones & Arden
2003). These difficulties, which include the presence of
multiple species and large numbers of potential parents,
are largely alleviated in Moorea where a single species
of anemonefish is present, the orange-fin anemonefish,
Amphiprion chrysopterus, and the adult population is relatively small (Fig. 1), in part because populations on
Moorea are recruitment limited (Schmitt & Holbrook
2000, 2003). Anemonefish live in small groups consisting of an adult breeding pair and a varying number

of subadults (Fautin & Allen 1997). In Moorea,
A. chrysopterus enhances the growth and survivorship
of its host anemone (Holbrook & Schmitt 2005) and is a
superior competitor for anemone space with a co-occurring damselfish (Holbrook & Schmitt 2004). After hatching from an egg mass laid adjacent to host anemone of
its parents, larvae of A. chrysopterus spend approximately 14–17 days (Pelagic Larvae Duration PLD)
(Wellington & Victor 1989) in the pelagic environment
before settling onto an anemone.

Field surveys and tissue collection
We searched extensively for anemonefish island-wide
by sampling comprehensively in lagoons and using
manta tows (divers towed slowly behind a boat) around
the island on the more extensive fore reef to locate anemones; deeper locations on the fore reef were targeted
by scuba divers (see Beldade et al. 2012). While we
undoubtedly did not sample the entire population of
anemonefish on Moorea, we believe that our surveys
provide a good representation of the anemonefish population and we have no evidence of bias in the fraction
of anemonefish sampled among lagoon, pass and fore
reef locations. It is possible that we under-sampled
anemonefish that occurred deep on the fore reef slope,
although these tend to be rare compared to shallower
reef habitats.
To obtain tissue for genetic analysis, anemones hosting anemonefish were visited by SCUBA divers following previous surveys (Beldade et al. 2012). Coordinates
(GPS) of each anemonefish individual or group were
noted. Anemonefish were captured with a handnet and
Fig. 1 Location of Amphiprion chrysopterus
(photograph) at 47 sites in Moorea
(French Polynesia). At each site, size (of
each circle) is proportional to fish abundance; colour (of each circle) represents a
different reef habitat: green for lagoon,
yellow for pass, and blue for outer reef.
Three large black arrows outside the barrier reef represent the prevailing counterclockwise alongshore current, and arrow
size represents speed following Leichter
et al. (2013). The small insert represents
wave-induced water circulation over reef
crest and out the nearest pass.
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returned to their anemone immediately after obtaining
a fin clip for genetic analyses. No mortality due to handling was subsequently detected. Anemonefish were
categorized as new recruits if <6 cm total length (TL)
(<1 year old), and as adults if >6 cm TL. The anemonefish population in Moorea was sampled three times
over a five-year period, in 2006, 2008 and 2010. Patchy
spatial distributions and low population densities of
host sea anemones result in patchy distributions of
A. chrysopterus (Fig. 1).

Genetic analyses
Immediately after collection, fin clips were placed in
95% ethanol. Total genomic DNA was prepared from
20 mg of fin tissue by proteinase K digestion in lysis
buffer (10 mM Tris, 400 mM NaCl, 2 mM EDTA, 1%
SDS) overnight at 55 °C. This was followed by purification using phenol/chloroform extractions and alcohol
precipitation (Sambrook et al. 1989). We amplified a
total of 11 microsatellites: eight described in Beldade
et al. (2009) and three (61, 44 and 10TCTA) described
for a congener, Amphiprion polymnus (Quenouille et al.
2004). Scoring of peaks was performed manually using
GENEMAPPER version 3.7 (Applied Biosystems). To estimate potential genotyping errors, we randomly selected
20% of all samples and re-amplified, rescored and evaluated concordance between first and second observer
scores. Overall in each year, genotyping errors were
<1% and missing data <2% for any given locus. Deviations from Hardy–Weinberg (HW) equilibrium due to
the presence of null alleles and linkage disequilibrium
were tested using ARLEQUIN (Excoffier & Lischer 2010)
and MICROCHECKER (Van Oosterhout et al. 2004). One
locus was dropped because it was not in HWE for any
of the years, with 10 loci retained for parentage
analysis.

Parentage analysis and estimates of self-recruitment
We used a maximum-likelihood approach for parentage analysis implemented by FAMOZ (Gerber et al.
2003) to identify putative parent–offspring matches
and estimate self-recruitment at the scale of the
whole island. In FAMOZ, statistical confidence in
parentage assignment is based on offspring simulations from genotyped parents and allele frequencies.
To account for possible genotyping errors, we set the
error level to 0.001 to minimize type I and type II
errors (Gerber et al. 2000). Type II error (i.e. incorrectly assigning a false parent as a true parent when
the true parent was not sampled) was further
reduced by rescoring all positive parent–offspring to
increase confidence in the assignment. Furthermore,

we allowed a maximum of one mismatch between
parental and offspring alleles.

Consistency between putative and passive dispersal
distances
Taking into account the minimum and maximum
duration of the pelagic larval dispersal (14 and
17 days, respectively) and the long-term mean velocity
of the counterclockwise (CCW) alongshore flow
(~0.03 m/s) around the island (Leichter et al. 2013), we
calculated minimum and maximum dispersal distances
that anemonefish larvae would be able to travel from
their origin if they acted solely as neutrally buoyant
passive particles. Net dispersal distance travelled by
each self-recruiting larva following the CCW alongshore flow was calculated in Google Earth by tracing
the shortest in-water route between hatching and settlement sites that paralleled the reef crest. Finally, we
calculated the percentage of net dispersal distances following the CCW alongshore flow that could be
explained by the minimum and maximum passive dispersal distances.

Reef habitat and the origin of self-recruits
We categorized all anemonefish that we sampled as
occurring in one of three habitats: lagoon, pass and
fore reef. Data from all three years were combined,
and any individuals that were resampled were
removed from this analysis. We calculated the normalized proportion of self-recruits produced in each habitat by first dividing the number of females that
produced self-recruits in a habitat by the total number
of females in that habitat. We then divided each of
these values by the sum of the proportion of females
that produced self-recruits in each habitat to obtain a
normalized proportion. Chi-square analysis tested the
prediction of equal proportion of self-recruits originating from each habitat category (i.e. 0.33) against the
observed normalized proportion (to account for differences in females among habitats); this assumes that we
sampled equal fractions of the anemonefish population
in each habitat. To determine which categories were
different, we further compared lagoon and pass,
lagoon and fore reef, and pass and fore reef using chisquare tests, with alpha adjusted following a Bonferroni correction to 0.047.

Reef habitat and settlement of recruits
We compared the numbers of self- and exogenous
recruits (offspring from parents that were not in the
© 2016 John Wiley & Sons Ltd
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sampled population) that settled into each reef habitat
and tested whether there were differences in settlement between these two groups using chi-square
analysis.

Results
Temporal variation in self-recruitment
We collected a total of 540 adult samples and 155
recruit samples, over three two-month-long sampling
periods across five years. The number of adults sampled varied slightly over the years: 172 in 2006, 197 in
2008 and 171 in 2010. Numbers of recruits sampled
were similar across years (50, 52 and 53, respectively).
Parentage analysis based on ten variable microsatellite
loci (Table S1, Supporting information) was performed
separately for each year. A total of 40 self-recruits
(recruits whose identified parents were present in
Moorea) were identified across the three years. The
number and proportion of self-recruits was similar
among the three sampling periods. In 2006, there were
13 self-recruits (~26% of all recruits); in 2008, there were
14 (~27%); and in 2010, there were 13 (~25%). Details of
parentage inference results are given in Table S2 (Supporting information) (LOD thresholds; average and
standard deviation LOD scores for singles and couples;
allele mismatches between parents and offspring; and
estimates of type I and type II errors).

Consistency between putative and passive dispersal
distances
During the dispersal stage (14–17 days), Amphiprion
chrysopterus larvae acting as passive particles in the
CCW shelf current could cover a minimum distance of
36 km (14 day larval duration) to a maximum of 44 km
(17-day larval duration). Overall, the net dispersal distances covered by A. chrysopterus larvae during dispersal (assuming a CCW trajectory) ranged from 60 m to
over 48 km with an average of 17.5 km over all years
(Fig. 2a–d). Net dispersal distances were shorter than
the 44 km threshold in 88% of the cases (30 of 34 selfrecruits) and under the 36 km threshold in 76% of the
cases (26 of 34 self-recruits) (Fig. 2d). These calculations
excluded six larvae that originated and settled into the
same lagoon sector (north, east or west when their
putative trajectories did not cross a pass) as they might
not have left the lagoon and been subjected to the
alongshore flow. For comparison, we also calculated net
dispersal distances with no directional forcing and minimal in-water distance between hatching and settlement
sites (Fig. S1, Supporting information) and the respective yearly averages (Table S2, Supporting information).
© 2016 John Wiley & Sons Ltd

Reef habitat and the origin of self-recruits
The likelihood of producing a self-recruit among reef
habitats (lagoon, pass, fore reef) was found to be significantly different from random (chi-square = 9.43;
P = 0.008) (Table 1). Self-recruitment differed significantly between the fore reef and pass (chi-square = 8.51,
P = 0.003) and between the lagoon and pass (chisquare = 4.60, P = 0.04), but not between the lagoon
and the fore reef (chi-square = 0.65, P = 0.42) (Table 1).
Overall, there were fewer self-recruits produced by
adults on the fore reef than expected. Our earlier study
revealed that larger females contribute more to the production of self-recruits than their smaller counterparts
(Beldade et al. 2012). However, in this study, the size of
females did not differ significantly among the habitats
[mean  SD TL (mm) in lagoon: 128.2  17.7, fore reef
131.8  21.6 and pass 133.4  17.8; ANOVA F2,244 = 1.128,
P = 0.33]. Thus, the observed among-habitat difference
in the production of self-recruits was not driven by differences in female size.

Reef habitat and settlement of recruits
The frequency of settlement into lagoon, pass or outer
reef habitats did not differ between self-recruits and
exogenous
recruits
(chi-square = 0.56;
P = 0.76).
Recruits were distributed similarly among the three
habitats regardless of their origin (Table 2).

Discussion
At the scale of the island of Moorea, self-recruitment
for Amphiprion chrysopterus was remarkably consistent
among three estimates made over five years, ranging
from 25% to 27% of the total recruitment. While these
likely are underestimates (due to incomplete sampling
and possibly overly stringent parent–offspring classification criteria), the levels of self-recruitment we found
are similar to estimates for anemonefish species in other
geographic locations [~15% to 31% for A. polymnus in
Papua New Guinea (Jones et al. 2005); ~42% for A. percula in Papua New Guinea (Almany et al. 2007; Planes
et al. 2009; Saenz-Agudelo et al. 2011)]. Furthermore, the
temporal consistency in our self-recruitment estimates
is similar to two other self-recruitment studies that were
carried out over multiple years (Berumen et al. 2012;
Saenz-Agudelo et al. 2012). By contrast, our results differ from estimates of interannual variability in selfrecruitment reported for another tropical damselfish
(Dascyllus aruanus), which ranged from 0% to 21% (Cuif
et al. 2015).
Our results revealed that anemonefish larvae originating in the passes were more likely to self-recruit than
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Fig. 2 Location of Amphiprion chrysopterus at 47 sites in Moorea (French Polynesia) for each of the sampling years (a: 2006, b: 2008, c:
2010). The location of parents that produced self-recruits is given by a number in a white square (corresponding to the origin or
hatching site) and the location of its corresponding self-recruiting offspring by the same number in a black oval (corresponding to
the arrival or settlement site) in each sampling year. Figure 2d shows the net dispersal distances following the alongshore average
net flow around Moorea in each year (see Methods section), and solid vertical lines indicate the minimum and maximum dispersal
distances.

Table 1 Total number of females (All females) and females
that produced self-recruits (SR females), indicating the putative
and actual origin of self-recruits, in each reef habitat (lagoon,
pass and fore reef)
Origin

Lagoon

Pass

Fore reef

All females
SR females
Normalized proportion
Expected proportion

198
31
0.27
0.33

19
6
0.54
0.33

27
3
0.19
0.33

larvae originating from the fore reef or the lagoon. One
explanation is that larvae born in passes may be
exposed to several retention mechanisms, operating
both within the lagoon and on the fore reef. Larvae
originating on the fore reef may be less likely to be
entrained in lagoon processes that favour retention,
especially if their parents are on deeper sections of the
outer reef where they are also less likely to become
entrained in the shelf current that has a net counterclockwise flow. The differences in proportion of self-

Table 2 Number of self-recruits and exogenous recruits collected in each reef habitat (lagoon, pass and fore reef) over
three sampling events. Self- and exogenous recruits were similarly distributed among the three habitats (chi-square = 0.56;
P = 0.76)
Recruitment

Lagoon

Pass

Fore reef

Self-recruits
Exogenous recruits

28
72

3
9

9
32

recruits found between lagoon and pass may be related
to the fact that there is a much larger number of
females in the lagoon thus diluting the proportion of
those that produced self-recruits. Simultaneously, perhaps the alongshore currents are more relevant to selfrecruitment than the currents at a smaller scale
(experienced within the lagoon). Furthermore, our calculations based solely on the number of females producing or not self-recruits in each habitat implicitly
assume that all females produce the same approximate
number of offspring. Differences in fish fecundity are
© 2016 John Wiley & Sons Ltd
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correlated to the body size of an individual. Although
larger females have been found to contribute more to
the production of self-recruits than their smaller counterparts (Beldade et al. 2012; Saenz-Agudelo et al. 2015),
in the current study, the size of females did not differ
significantly among the reef habitats. Thus, our findings
are not driven by differences in female size. However,
our analysis assumes that we sampled the same fraction
of anemonefish populations in the three habitats, and
although we have no evidence of biased sampling, it is
possible we may have missed proportionately more
anemonefish on the outer reef than elsewhere. Occasionally and elsewhere in the French Polynesia,
A. chrysopterus has been observed beyond the 40 m
depth, at those depths searching becomes logistically
difficult.
Mechanisms of larval retention, which can promote
self-recruitment, operate across several spatial scales. At
a very localized scale, larvae may benefit from
increased turbulent flows to remain near corals. We
report several examples of larvae that hatched from and
arrived to anemonefish groups in the same lagoon
(Fig. 2a–c), within the same lagoon sector, and some
that were very close to each other (e.g. couples 9 and 10
and their offspring, Fig. 2b). No such cases of recruitment close to the point of origin were found for
anemonefish on the outer reef. On a somewhat larger
scale, larvae originating in the lagoon and passes may
be retained in eddies created by the waves breaking
over the crest. In our study, two sites located in the
lagoon near the major pass on the northwest shore produced larvae that settled to a site (downstream) just
outside the pass (e.g. Couple 1 in Fig. 2b). At the
whole-island scale, our results show that retention
occurs even when recruits travel substantial distances
outside the barrier reef. Many of the self-recruits in our
study likely travelled as larvae offshore of the barrier
reef to settle within the lagoons or passes. For example,
in 2006 (Fig. 2a), couples 1, 3, 4 and 11 located on the
eastern side of the island all produced larvae that later
settled onto the north shore. Dispersal across the northeastern tip of the island, where the lagoon is absent,
implies an open ocean journey, demonstrating that
retention may have operated at a meso-scale.
Much of the spatial pattern of self-recruitment we
observed conformed to expectations from the most simple passive dispersal model for Moorea, at least at the
whole-island scale. For example, the average net velocity and direction of the alongshore current flow (Leichter et al. 2013) could transport a passive particle around
the 55 km perimeter of the island in ~21 days; thus, a
passive larva with a 14- to 17-day PLD that was
entrained in the alongshore current of Moorea could,
on average, be transported as a passive particle 65–80%
© 2016 John Wiley & Sons Ltd

of the distance around the island. The large majority of
the self-recruitment net dispersal distances were smaller
than the distance estimated considering even the shortest pelagic larval duration (Fig. 2d). Similarly, Nanninga et al. (2015) used a sophisticated passive particle
dispersal model with real-time forcing to predict a low
probability of reef-scale self-recruitment of an anemonefish (Amphiprion bicinctus) in the central Red Sea, which
also mapped well onto observed levels of self-recruitment based on parentage analyses. Of course, this does
not imply that larval behaviour was unimportant or
absent. Fish larvae are capable of sustained swimming
and have well developed behaviours prompted by sensory capabilities (e.g. Leis et al. 2009), and fish larvae
have been shown to use bio-physical mechanisms that
enhance retention (Paris & Cowan 2004; Paris et al.
2007). There were several cases in which net dispersal
distances were smaller than 500 m. Given the 2+-week
pelagic larval duration of our focal species, it seems
unlikely that the highly localized retention can be
achieved without active larval behaviour being coupled
with small-scale physical retention features.
There is, of course, a difference between self-recruitment (in our case, the fraction of recruits produced by
adults on Moorea) and local retention (the fraction of
larvae produced on Moorea that recruited to Moorea)
(Burgess et al. 2014). While it appears there is a substantial level of exogenous recruitment of A. chrysopterus on
Moorea (i.e. larvae produced elsewhere), we found no
difference between locally produced and exogenous larvae in their relative pattern of recruitment among the
three major types of reef habitats (lagoons, passes, fore
reef). We believe the alongshore flow around Moorea
serves as both a delivery and retention feature, and that
larvae may then be entrained by another smaller scale
retention feature such as lagoon – fore reef circulation
cells that could result in advection across all three habitat types. Despite the fact that fish larvae are unlikely to
behave as passive particles, our findings suggest that
knowledge of key oceanographic transport and
retention mechanisms can provide insight into landscape-scale patterns of larval connectivity in general
and self-recruitment in particular. While incorporating
behaviour into models of larval connectivity is a necessary and useful endeavour, knowledge of multiple-scale
transport and retention features can provide insight into
patterns of population replenishment useful for conservation and management.
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Fig. S1 Net dispersal distances, i.e., minimal in-water distance
between hatching and settlement sites in the three sampling
years.
Table S1 For each year’s adult population, Observed Heterozygosity (Ho), Expected Heterozygosity (He), significant deviations to Hardy-Weinberg Equilibrium are marked with an
asterisk, potential presence of null alleles (na), and FIS marked
with an asterisk in the cases it is significant, for the 10 loci used.
Table S2 Parentage inference details: threshold LOD scores for
single fathers (tLOD SP) and parents (tLOD P); Estimated average ( standard deviation) of estimated LOD scores for single
fathers (eLOD SP) and parents (eLOD P); type I and type II
error for each estimate (given as proportions); Number of
assignments to single parents (SP), parents (P) and total; number of cases with one mismatch in single parents (SP) and parents (P) and net dispersal distance (m) with no forcing (see
Fig. S1, Supporting information) between hatching and settlement sites per year.

