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Most marine organisms disperse via ocean currents as larvae, so it
is often assumed that larval-stage duration is the primary de-
terminant of geographic range size. However, empirical tests of
this relationship have yielded mixed results, and alternative
hypotheses have rarely been considered. Here we assess the
relative influence of adult and larval-traits on geographic range
size using a global dataset encompassing 590 species of tropical
reef fishes in 47 families, the largest compilation of such data to
date for any marine group. We analyze this database using linear
mixed-effect models to control for phylogeny and geographical
limits on range size. Our analysis indicates that three adult traits
likely to affect the capacity of new colonizers to survive and
establish reproductive populations (body size, schooling behavior,
and nocturnal activity) are equal or better predictors of geographic
range size than pelagic larval duration. We conclude that adult
life-history traits that affect the postdispersal persistence of new
populations are primary determinants of successful range exten-
sion and, consequently, of geographic range size among tropical
reef fishes.

macroecology | marine dispersal | colonization

eographic range size is a fundamental biogeographic variable

that, among other effects (1, 2), strongly influences a species
susceptibility to extinction (3, 4). Because most marine organisms
disperse as larval propagules transported by ocean currents, it is
often assumed that the duration of the larval stage is the funda-
mental determinant of their dispersal ability, and hence their range
size (5, 6). Tropical reef fishes have geographic ranges that vary
greatly in size, from a few square kilometers around tiny isolated
islands to entire ocean basins (7-9). Given that pelagic larval du-
ration (PLD) also varies greatly among such fishes, from only a few
days to many months, the effects of PLD on dispersal potential
became an early focus of investigation on general determinants of
range size among those fishes and other near-shore marine species
(10-12). However, although it has become evident that PLD is
unlikely to be a primary determinant of geographic range size (13-
16), alternative hypotheses have only recently begun to be consid-
ered (9).

To expand its geographic range, a species must successfully
colonize new areas following the dispersal of its propagules (17).
Consequently, attributes other than pelagic dispersal capacity
may largely determine how widely reef fishes are distributed
geographically (9). Here we assess the relative importance of
seven adult and larval traits in influencing geographic range sizes
of tropical reef fishes at the global scale. We do so using data
from 590 species of tropical reef fishes in 47 families, the largest
compilation of such data currently available for any marine
group (Dataset S1). Traits directly linked to larval dispersal
potential include PLD and spawning mode. Adult traits include
maximum body size, schooling behavior, nocturnal activity, use
of multiple habitat types, and adult depth range. The adult-
biology traits chosen are not directly related to larval dispersal
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potential, but may influence the propensity for range expansion
by affecting the establishment and persistence of new pop-
ulations, as suggested by a recent study on Atlantic reef fishes
(9). For example, schooling (18, 19) and nocturnal activity (20)
reduce predation risk and thereby increase the chance of post-
settlement survival. Broad habitat use and depth range indicate
ecological generality, which is thought to influence establishment
success in new environments (21). Finally, body size is linked to
both predation risk and ecological generality (22).

Evaluation of these hypotheses is challenging because species
traits are phylogenetically nonindependent (23) and unevenly dis-
tributed among families. Previous studies of dispersal-range-size
relationships have controlled for effects of phylogeny, and limits on
range-size imposed by ocean-basin size, by separately analyzing
subsets of data (7, 16). However, this approach reduces statistical
power (23, 24) and the ability to assess the generality of the effects
of different factors. Our analysis controls for the nonindependence
of shared traits among related species by using linear mixed-effects
modeling (LMM) treating family and genus as nested random
effects (9, 23). Our analysis includes species from three different
regions that vary greatly in maximum (longitudinal or latitudinal)
extent: the Indo-Central Pacific (ICP; ~22,000 km), the tropical
Atlantic (TA; ~12,000 km), and the tropical eastern Pacific (TEP;
~5,000 km). To control for this variation, we include region and its
interactions with other variables as fixed effects in our models.
Modeling the data in this way, we are unique in being able to assess
the relative importance of various adult and larval traits as deter-
minants of range size among tropical reef-fish, as a group, at the
global scale.

Significance

Marine organisms disperse mostly by ocean currents as larval
propagules. Therefore, it is commonly thought that the dura-
tion of the larval stage is the fundamental determinant of
geographic range size. Using a global compilation of reef fish
traits, we test an alternative hypothesis: adult traits associated
with population establishment and persistence in novel areas
are better predictors of geographic range size than larval traits.
We conclude that colonization success is as primary determinant
of successful range extension and of geographic range size
among tropical reef fishes.
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Results and Discussion

Our analysis shows that region is the most significant predictor of
geographic range size (Table 1). This result could be because of
constraints of regional extent on range size within a region, or to
differences in the underlying structure of the range-size fre-
quency distribution within each region. To assess the importance
of regional extent, we repeated the analysis after expressing the
range size of each species as the ratio between the range size of
species and the extent of the region. When range sizes were
standardized in this way, all effects of species traits were main-
tained, and the region effect declined from the most important
to the least important predictor (Table 1).

Our analysis also shows that three of five adult life-history
traits—body size, schooling behavior, and nocturnal activity—are
significant predictors of geographic range size (Figs. 1 and 2) for
the global dataset (Table 2). Although PLD is also a significant
predictor of range size at the global scale, only the largest of the
three regions, the ICP, showed such a correlation (Table 2 and
Table S1), confirming the finding of a previous analysis (7). The
ICP correlation is largely driven by the few transpacific species
that cross the world’s largest oceanic barrier, the 4,000+-km-
wide Eastern Pacific Barrier (EPB) that separates the ICP from
the TEP (7). After the removal of those trans-Pacific species, the
effect of PLD dropped from the second-most influential factor,
globally, to the least-important trait (Table 1). A recent analysis
of global ocean circulation patterns and habitat distributions (16)
indicates that larvae of most tropical-reef species have PLDs
sufficient to reach most habitat patches. Our results are consis-
tent with that analysis: they show that the PLD effect is evident
only at the largest spatial scale and when habitat patches are
most isolated.

Our analysis provides further evidence for the view that range
extensions are strongly influenced by adult life-history traits (9),
factors likely to affect the capacity of new colonizers to survive
and establish reproductive populations. All three of the positive
adult-biology correlates of range size we identified—maximum
body size, schooling behavior, and nocturnal activity—may
enhance the probability of population establishment after
propagule arrival.

Predation is one of the main processes influencing the struc-
ture and species composition of ecological communities (25),
especially assemblages of coral reef fishes (26). If these factors
limit the number of locally coexisting species (27, 28), predators
may inhibit nonnative species establishment (29), and thereby

Table 1.
All species (n = 590)

constrain the geographic ranges of prey (30). Piscivorous pred-
ators are ubiquitous in coral reefs. Mortality is disproportionally
higher among new recruits (31, 32), although juveniles and adults
are not immune to predation, as evidenced by morphological,
chemical and behavioral antipredatory mechanisms they use (26,
33). Among reef fishes, predation may be particularly important
for species at early-stage colonization if predators tend to target
rarer species (27, 34). Immigrant species may have better chan-
ces of survivorship and establishment if they can rely on specific
antipredator mechanisms.

Reduction in predation risk is considered one of the main
benefits of schooling in fish (35), and per capita mortality rates in
schools of reef fishes decrease as school size increases (36).
Predators are less successful at singling out individual prey from
large schools because of the “confusion effect” (34). Survivorship
may increase in both single-species schools and mixed-species
schools not only through the confusion effect but also through
more effective foraging by social observation, better vigilance for
predators, and greater economy of time budgeting (35). Mixed-
species schools are common among recruiting juveniles of reef
fishes, sometimes involving species with different diets, which
reduces the competitive costs while retaining the benefits of
social behavior (19). Schooling may also increase the chance of
finding mates among a scarce cohort of colonizers, improve food
detection, and enhance access to resources protected by terri-
torial competitors (37, 38). Thus, schooling fishes may have
greater relative potential for population establishment and per-
sistence after reaching new areas.

Recently, direct evidence has emerged that diel activity pat-
terns of reef fishes are influenced by ongoing predation intensity:
day-active nocturnal fish were much more common at a preda-
tor-depleted atoll in the Central Pacific than at a neighboring
atoll with a large population of predators (20). This finding
supports the view that nocturnal activity allows prey to avoid
interactions with day-active predators. Differences in the mor-
phology and behavior of nocturnal and diurnal reef fishes also
are consistent with reduced predation intensity at night (39).
Nocturnal planktivores are relatively deep bodied and robust, in
contrast to their more streamlined diurnal counterparts, and
there is a general reduction of schooling at night (39). Whatever
the ultimate reasons for the development of nocturnal activity
among reef fishes, nocturnal species may be exposed to a smaller
subset of predators than day-active fishes (26, 39).

Significant variables ranked according to their independent effects

Trans-Pacific species removed (n = 564)

Variable df F value P value IE (%) Variable df F value P value IE (%)
Geographic range size
Region 2 117.83 <0.001 533 Region 2 104.80 <0.001 66.9
PLD 1 54.72 <0.001 17.3 Body size 1 31.44 <0.001 9.6
Body size 1 69.86 <0.001 15.5 Nocturnal 1 16.69 <0.001 8.4
Nocturnal 1 18.22 <0.001 7.8 Schooling 1 15.45 <0.001 8.0
Schooling 1 12.63 <0.001 6.0 PLD 1 12.23 <0.001 6.9
Ratio between the species range size and region size
Body size 1 111.70 <0.001 37.6 Body size 1 90.06 <0.001 36.0
PLD 1 23.28 <0.001 24.8 Nocturnal 1 38.13 <0.001 25.9
Nocturnal 1 33.17 <0.001 194 Schooling 1 12.94 <0.001 16.2
Schooling 1 11.47 <0.001 13.9 PLD 1 11.62 0.001 13.3
Region 2 2.09 0.123 4.2 Region 2 3.48 0.031 8.3

The independent effects (IE) value corresponds to the percentage of the explained variance accounted for by
each explanatory variable as calculated using hierarchical partitioning. In Geographic range size, ranking is
according to IE on geographic range size. In the ratio between the species range size and region size ranking is
according to IE on the ratio between the species range size and region size. Degrees of freedom (df), test
statistics (F value), and probabilities (P value) are listed for each coefficient in each model.
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Fig. 1. Relationships among geographic range size, body size and mean
PLD. (A) Indo-Central Pacific, (B) tropical Atlantic, (C) tropical eastern Pacific.
The regression plane is the prediction from the LMM. Points represent the
observed data.

Positive relationships between body size and range size have
been documented for diverse taxonomic groups of both terres-
trial and marine organisms (2). Larger fish species are generally
less susceptible to predation than smaller species (22, 31).
Mortality rate of reef fishes are high immediately following set-
tlement of the larval stage, regardless of adult size (26, 31-33).
However, juveniles of large species tend to grow faster than
those of smaller species (31, 40, 41), allowing them to quickly
reach a size refuge (31). Furthermore, large species can generally
use a broader range of food types, and are more tolerant of
environmental variability than small species (22, 42). Finally, in
general, body size is positively correlated with longevity among
marine fishes (43). This relationship may influence species es-
tablishment and persistence at new range outposts by reducing
the probability of local extinction between sporadic long-distance
recruitment (44) (i.e., the “storage effect”).

Broad habitat use and depth range, both assumed to indicate
ecological generality, were not significant correlates of geo-
graphic range size in our analysis. Analyses of ecological gen-
erality as a predictor of establishment success, mainly among
birds, have produced mixed outcomes (45). In a previous study of
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the likelihood of reef fish crossing dispersal barriers in the At-
lantic Ocean (9), broad habitat use correlated with crossing
a coastal barrier within which adults of generalist species likely
can survive, but not with crossing the Atlantic Ocean, where only
pelagic propagules can succeed. Therefore, habitat generality
may be important for only a specific type of barrier, which in turn
may account for its lack of global relevance as a predictor of
range size. Depth range and spawning mode had no statistical
effect in either this study or the study on dispersal barriers in the
Atlantic (9).

There are differences in the geographic distribution of reef
habitat in the three ocean regions that might be expected to
produce differences in factors affecting range size. The ICP
consists of a vast network of islands and continental coastlines
separated by less than 900 km (46), except for the ~2,000 km
isolation of peripheral islands like Hawaii and Easter Island. The
TEP and TA are dominated by relatively continuous continental
coastlines, with patches of nonreef habitats separating biogeo-
graphically distinct provinces within each region (9, 47) and a few
isolated oceanic islands separated by ocean gaps up to ~1,000
km. The TA is the only region with a large central ocean gap, the
3,500+-km-wide Atlantic. Despite these interregional differences
in habitat geography, the same three adult traits (schooling,
nocturnal activity, and large size) influence range size in all three
ocean regions (Figs. 1 and 2), emphasizing the importance of
these traits and colonization ability globally.

We conclude that adult life-history traits that enhance the
probability of population establishment and persistence are im-
portant determinants of the potential for successful range ex-
tension by tropical reef fishes in general. The implication of our
results is that factors affecting species persistence in new range
outposts are more important for determining the size of geo-
graphic ranges than larval dispersal potential (17). The exception
relates to the relatively uncommon crossings of the world’s
largest oceanic barrier, the EPB (48), where the PLD does have
a prominent role. Our analysis has implications not only for
biogeographic analyses but also for understanding the effects of
climate change. Predictions of poleward range shifts by marine

1.0+ T T T
| |
| |
1
0.8
—1

0.6

0.4

0.2

0.0- —1
T T T T
Non-schoolers  Schoolers Nocturnal Schoolers and
and non-nocturnal nocturnal

Proportional maximum linear distance in geographic range

Fig. 2. Effects of schooling behavior and nocturnal activity on the ratio
between the range size of species and the extent of the region. Dashed
vertical lines, gray bars, and black horizontal lines represent, respectively,
data range, interquartile range, and median. Nonoverlapping notches
among the gray bars signify a difference at the 95% confidence level.
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Table 2. Parameters of the final predictive LMM

Variable Estimate SE t value P value
Intercept 987.76 4425.75 0.223  0.823
Body size 2210.34 33541 6.589 <0.001
Schooling behavior 2030.28 609.71 3.329  0.001
Nocturnal activity 2503.27 881.27 2.840 0.004
PLD: Tropical Atlantic —247.54 1295.63 -0.191 0.848
PLD: Indo-Central Pacific 4935.42 1434.00 3.441 <0.001
PLD: Tropical Eastern Pacific 501.14 2406.30 0.208 0.835
Region: Indo-Central Pacific -10483.26 4915.94 -2.132  0.033
Region: Tropical Eastern Pacific -5102.71 8397.86 -0.607  0.543

Parameters estimated in a LMM with MLD of geographical range size (in
kilometers) as the response variable for larval and adult traits including an
interaction between PLD and biogeographic region, and genus nested
within family as a random variable. Estimate, coefficient estimate of explan-
atory variables; SE, test statistic (t value) and probability (P value). P values are
significant (P < 0.05) for coefficients if in bold. Reference levels for this re-
gression were set as “Tropical Atlantic” for region and as “no” for both school-
ing behavior and nocturnal activity.

species in response to ocean warming have been based on their
thermo-physiological tolerances (49). However, our results in-
dicate other life-history traits that may constrain range extension
and thereby influence extinction risks (4).

Materials and Methods

Species Traits. We selected life-history traits that are thought to potentially
influence range sizes (2, 9), and for which data are readily available for all
species for which we also have PLD data. Body size is correlated with many
other biological attributes of species, including range size (2). Schooling
behavior and nocturnal activity are mechanisms that may diminish predation
risk (18-20), and thereby enhance range expansion by assisting colonization.
Environmental generalist species might be expected to have greater estab-
lishment success than specialists in new and different environments (21).
Here, such generalists included species that have larger depth ranges and
those that use other habitats in addition to structural reefs (soft bottoms,
seagrass/macroalgae beds, mangroves, and estuaries).

PLD is linked to the time larvae are susceptible to pelagic dispersal.
Spawning mode (production of pelagic or benthic eggs), besides acting as
a proxy for PLD (9), influences the stage of development at which larvae
enter the pelagic zone. The eggs of pelagic spawners are immediately sub-
jected to transport by currents, whereas the eggs of benthic spawners are
deposited on the substrate and the larvae enter the pelagic realm only after
developing for some time in the egg before hatching. Existing data on
tropical reef fish PLD were compiled from the primary literature for 446
species (see references in Dataset S1). Additional data on PLDs were
obtained for 227 species, from which 144 are uniquely reported, by aging
settlers through analyses of daily growth increments and settlement marks
in otoliths (50). Because of a lack of sufficient data in one or more regions
we did not include one other factor that we assessed in our study of range
expansion across large barriers in the Atlantic Ocean (9): flotsam-rafting
behavior by postlarval stages. Data on spawning mode, maximum total
length (our metric for body size), depth range, schooling behavior, multi-
habitat use, and nocturnal activity were obtained from the primary litera-
ture and the global fish data aggregator FishBase (www.fishbase.org). We
considered schooling species to be those that regularly form polarized, co-
hesive groups of 20 or more individuals. Diurnal and nocturnal were defined
by the main period of day that each species actively forages.
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pp 345-367.

4. Thomas CD, et al. (2004) Extinction risk from climate change. Nature 427(6970):145-148.

. Shanks AL, Grantham BA, Carr MH (2003) Propagule dispersal distance and the size
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Geographic Range. For comparability with previous studies we used the linear
distance between the farthest two range endpoints—maximum linear dis-
tance (MLD) in kilometers—as a metric of geographic range size (7, 16).
Those studies found that the MLD of range size is strongly correlated with
the combined maximum latitudinal and longitudinal extent of ranges, and
they considered MLD to represent an adequate descriptor of a species’
geographic extent (7). Data on species range limits were obtained from
guidebooks (51-55) and from the Ocean Biogeographic Information System
(OBIS), a global aggregator of geo-referenced collection records (www.iobis.
org). Data from both FishBase and OBIS were screened by us and com-
plemented from our own records (56) (Dataset S1). Endpoint geographic
coordinates were determined to the nearest degree using Google Earth
(earth.google.com). The MLD was measured using the function “geodist” in
the R package “gmt” (57). Species were grouped in terms of their residence
in three well-defined biogeographic regions, the physical dimensions of
which delineate the maximum attainable range size in each region: the
Indo-central Pacific region (from the Red Sea to Easter Island), the tropical
Atlantic (from the northwest Gulf of Mexico to the southern Gulf of Guinea),
and the tropical eastern Pacific (from the northern Gulf of California to
northern Peru). Primarily tropical species that extend their ranges to tem-
perate zones had their full range considered in the analysis. Although it is in
the Pacific, together with the ICP, the TEP is a well-recognized biogeo-
graphic entity that has a substantial fauna with a high level of endemism
(~75%) (47). Only TEP endemics were included in the TEP group in our
analyses, which avoided possible confounding effects of recent trans-Pacific
crossers not having realized their full range potential in that region. The
few trans-Pacific species that occur in both the ICP and TEP were included as
members of the ICP fauna because most of the range of each is in the ICP
and most appear to have migrated from there to the TEP (48). We did not
consider the western and eastern sides of the TA as separate regions because
there are insufficient data on the PLDs of species endemic to the tropical
eastern Atlantic, which has a substantially lower rate of endemism than the
tropical western Atlantic (58).

Statistical Analysis. The LMM was fitted using the function “Ime” from the
package “nime” (59) in R. The response variable was the MLD between two
points along the geographic range boundary. PLD, spawning mode, maxi-
mum body size, schooling behavior, nocturnal activity, depth range, multi-
habitat use, and region were included as fixed variables, and genus and
family were included as nested random variables. Interactions between re-
gion and each fixed factor were considered in the full model. For model
selection, we followed the procedure recommended by Zuur et al. (60) of
a backward stepwise removal of nonsignificant fixed-effect terms (P > 0.05)
from the full model based on log-likelihood ratio tests (Table S1). Parti-
tioning of variance to determine the relative importance (percent of
explained variance; independent effects in Table 1) accounted for by each
explanatory variable in the model was calculated by hierarchical partitioning
using the R package “hier.part” (61).
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Table S1. Model selection for the effect of dropping the interaction of region with each variable and the effect of

dropping variables in a backward stepwise manner

Variables AIC P value for retention
Interactions
Full model 11794.14
Region* body size 11786.39 0.509
Region* schooling behavior 11787.01 0.373
Region* depth range 11785.86 0.664
Region* multihabitat use 11791.01 0.704
Region* nocturnal activity 11787.62 0.276
Region* pelagic larval duration (PLD) 11795.10 0.006
Region* spawning Mode 11785.47 0.809
Single factors
Region*PLD + body size + schooling + nocturnal + depth + spawn + habitat 11781.22
Region*PLD + body size + schooling + nocturnal + depth + spawn 11779.84 0.677
Region*PLD + body size + schooling + nocturnal + depth 11778.20 0.326
Region*PLD + body size + schooling + nocturnal 11779.92 0.060
Region*PLD + body Size + schooling 11784.63 0.009
Region*PLD + body Size + nocturnal 11788.85 <0.001
Region*PLD + schooling + nocturnal 11817.86 <0.001

The selected model (only significant variables retained) is indicated in bold. The P value shown in each line refers to the significance
for the retention of the factor excluded. Shown are Akaike information criteria (AIC) and significance (P value). P values in bold are

significant (P < 0.05).
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Dataset S1 - Species used in analyses in this study, examined by literature reviewed in the present study. Region: biogeographic region which a
species resides; ICP = Indo-Central Pacific; TA = Tropical Atlantic; TEP = Tropical Eastern Atlantic. Body size: maximum total length. Mean PLD:
average of the PLD values observed in the literature and/or collected for this study. Depth range: breadth between the minimum and maximum
depth recorded. Schooler: if is known to form schools; school is defined as cohesive and polarized groups of 20 or more individuals. Spawn: type of
egg release; DEM = demersal; PEL = pelagic. Nocturnal: if is known to actively forage at night. Transpacific: Such species occur in both the ICP and
in the TEP [Robertson, D .R,, Grove, ]. S. & McCosker, ]. E. 2004 Tropical transpacific shore fishes. Pac. Sci. 58, 507-565], although we treat then as
part of the ICP fauna as the most of their ranges are found in the ICP. Multi-habitat: Species that use other habitats in addition to structural reefs
(soft bottoms, seagrass/macroalgae beds, mangroves and/or estuaries). Reference: A list of references used in this table is provided in appendix 1.
PS = Present Study, species in which new data on PLD was used in addition to the literature. * = Species with mean PLD reported for the first time in
the literature. Notes: 1. Distributional records from online databases contain many errors [Robertson, D. R. 2008 Global biogeographic databases on
marine fishes: caveat emptor. Divers. Distrib. 14, 891-892]. Hence we vigorously screened all records obtained from such those sources using
guidebooks by professional scientists, and recent taxonomic revisions and faunal lists for localities published in refereed journals. We also reviewed
outliers in the OBIS database to assess validity; e.g. records of shallow species in deep water were likely larvae. 2. Acanthochromis polyacanthus, a
species that does not have larval pelagic phase (PLD = 0) was considered an outlier and excluded from analyses.
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vexillarium
caeruleopunctatus
chrysocephalus
cuvier

twistii
axillaris
bilunulatus
diplotaenia
eclancheri
mesothorax
perditio
rufus
muricatum
chlorourus
fasciatus
trilobatus
undulatus
inermis
anchorago
fasciatus
graphicus
cyanopleura
scottorum
temminkii
parrae
aygula
batuensis
flavovittata
gaimard
picta
venusta
lecluse
praetextatus
xanthurus
megalepis
insidiator
varius
adustus
argus
biocellatus
bivittatus
chierchiae
chloropterus
chrysus

TA
TA
TA
TA
ICP
ICcp
TA
ICp
TA
TA
ICP
ICp
ICP
TA
ICP
ICp

ICcp
ICP
ICp
TEP
TEP

ICp
TA
ICp
ICP
ICp

ICcp
ICP
ICp
ICP
ICp

ICp
ICP
TA
ICP
ICp

ICp
ICP
ICp
ICP
ICp
ICP
TA
ICP
ICcp
TEP
ICcp
ICP
TA
TEP
ICcp
ICP

PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL

pS*
10,14,32
32
10,32
pS*
pS*
32
pS*
32
32
pS*
pS*
pS*
32



LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE

Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Halichoeres
Hemigymnus
Hemigymnus
Iniistius
Labrichthys
Labroides
Labroides
Labroides
Labroides
Labropsis
Labropsis
Lachnolaimus
Macropharyngodon
Macropharyngodon
Macropharyngodon
Novaculichthys
Novaculichthys
Oxycheilinus
Oxycheilinus
Oxycheilinus
Pseudocheilinus
Pseudocheilinus
Pseudocheilinus
Pseudocheilinus
Pseudojuloides
Pteragogus
Pteragogus
Pteragogus
Scarus

Scarus

Scarus

Scarus

Scarus

Scarus
Semicossyphus
Semicossyphus

discolor
dispilus
garnoti
hortulanus
insularis
maculipinna
margaritaceus
marginatus
melanotis
melanurus
nebulosus
nicholsi
notospilus
ornatissimus
pictus

poeyi
prosopeion
radiatus
richmondi
scapularis
semicintus
trimaculatus
fasciatus
melapterus
pavo
unilineatus
bicolor
dimidiatus
pectoralis
phthirophagus
micronesica
xanthonota
maximus
geoffroy
meleagris
negrosensis
macrolepidotus
taeniourus
bimaculatus
digramma
unifasciatus
evanidus
hexataenia
octotaenia
tetrataenia
cerasinus
cryptus
flagellifer
guttatus
coeruleus
ghobban
iseri
rivulatus
schlegeli
taeniopterus
darwini
pulcher

TEP
TEP
TA
ICcp
TEP
TA
ICP
ICp
TEP
ICcp

TEP
TEP
ICcp
TA
TA
ICP
TA
ICP
ICp
TEP
ICcp

ICp
ICP
ICp
ICP
ICp

ICcp
ICP
ICp
TA
ICp

ICp
ICP
ICp
ICP
ICp

ICp
ICP
ICp
ICP
ICp

ICp
ICP
TA
ICP
TA
ICP
ICcp
TA
TEP
TEP

PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
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LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRIDAE
LABRISOMIDAE
LABRISOMIDAE
LABRISOMIDAE
LABRISOMIDAE
LABRISOMIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LETHRINIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTIJANIDAE

Sparisoma
Sparisoma
Sparisoma
Stethojulis
Stethojulis
Stethojulis
Stethojulis
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Xyrichtys
Xyrichtys
Xyrichtys
Xyrichtys
Xyrichtys
Xyrichtys
Labrisomus
Malacoctenus
Malacoctenus
Paraclinus
Starksia
Gnathodentex
Lethrinus
Lethrinus
Lethrinus
Lethrinus
Lethrinus
Lethrinus
Lethrinus
Lethrinus
Lethrinus
Monotaxis
Hoplopagrus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus

atomarium
aurofrenatum
viride
balteata
bandanensis
notialis
strigiventer
amblycephalum
ballieui
bifasciatum
duperrey
grammaticum
hardwicke
jansenii
lucasanum
lunare
lutescens
purpureum
quinquevittatum
robertsoni
trilobatum
virens
martinicensis
mundiceps
novacula
splendens
victori
wellingtoni
nuchipinnis
hubbsi
macropus
nigripinnis
ocellata
aureolineatus
atkinsoni
genivittatus
harak
nebulosus
obsoletus
olivaceus
ornatus
variegatus
xanthochilus
grandoculis
guentherii
analis

apodus
argentiventris
buccanella
campechanus
carponotatus
cyanopterus
decussatus
fulviflamma
fulvus

gibbus
griseus

TA
TA
TA
ICcp

ICcp
ICP
ICp
ICP
TA
ICP
TEP
ICP
ICcp
TEP
ICp

ICcp
ICP
TEP
ICP
TEP

TEP
TA
TA

TEP

TEP

TEP
TA
TA
TA
ICp

ICp
ICP
ICp
ICP
ICp

ICp
ICP
ICp
TEP
TA
TA
TEP
TA
TA
ICP
TA
ICP
ICcp
ICP
ICcp
TA

PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

DEM
DEM
DEM
DEM
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL

3,33,PS
33
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33
33,34
2,3,6,33



LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
LUTJANIDAE
MALACANTHIDAE
MONACANTHIDAE
MONACANTHIDAE
MONACANTHIDAE
MONACANTHIDAE
MULLIDAE
MULLIDAE
MULLIDAE
MULLIDAE
MULLIDAE
MULLIDAE
MULLIDAE
MULLIDAE
MURAENIDAE
MURAENIDAE
NEMIPTERIDAE
NEMIPTERIDAE
OPISTOGNATHIDAE
OSTRACIIDAE
OSTRACIIDAE
OSTRACIIDAE
PINGUIPEDIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE

Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Ocyurus
Pristipomoides
Hoplolatilus
Acreichthys
Monacanthus
Monacanthus
Paraluteres
Mulloidichthys
Mulloidichthys
Parupeneus
Parupeneus
Parupeneus
Parupeneus
Parupeneus
Upeneus
Echidna
Rhinomuraena
Scolopsis
Scolopsis
Opistognathus
Lactoria
Ostracion
Ostracion
Parapercis
Apolemichthys
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Centropyge
Chaetodontoplus
Chaetodontoplus
Chaetodontoplus
Chaetodontoplus
Chaetodontoplus
Genicanthus
Genicanthus
Holacanthus

guttatus
kasmira
novemfasciatus
sebae
synagris
viridis

vitta
chrysurus
filamentosus
purpureus
tomentosus
chinensis
tuckeri
prionurus
flavolineatus
vanicolensis
barbarinoides
barberinus
indicus
multifasciatus
pleurostigma
tragula
nebulosa
quaesita
bilineata
taenioptera
whitehursti
cornuta
cubicus
meleagris
australis
trimaculatus
acanthops
argi

bicolor
bispinosa
eibli
ferrugata
fisheri
flavissima
heraldi
interruptus
loricula
multifasciata
nox

potteri
tibicen
venusta
vroliki
duboulayi
melanosoma
mesoleucus
personifer
septentrionalis
bellus
melanospilos
bermudensis

TEP
ICcp
TEP
ICcp

TEP
ICP
TA
ICP
ICcp

ICp
TA
ICcp
ICP
ICp

ICcp
ICP
ICp
ICP
ICcp

ICp
ICP
ICp
TA
ICp

ICcp
ICP
ICp
ICP
TA
ICP
ICp
ICP
ICp
ICP
ICp

ICp
ICP
ICp
ICP
ICp

ICp
ICP
ICcp
ICP
ICcp

ICcp
ICP
ICcp
TA

PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
DEM
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL

36
PS*
36

31,PS

PS*
31,PS



POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACANTHIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE

Holacanthus
Holacanthus
Pomacanthus
Pomacanthus
Pomacanthus
Pomacanthus
Pomacanthus
Pomacanthus
Pomacanthus
Pomacanthus
Pygoplites
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Abudefduf
Acanthochromis
Amblyglyphidodon
Amblyglyphidodon
Amblyglyphidodon
Amblyglyphidodon
Amphiprion
Amphiprion
Amphiprion
Amphiprion
Amphiprion
Amphiprion
Amphiprion
Amphiprion
Cheiloprion
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis
Chromis

ciliaris
tricolor
annularis
arcuatus
imperator
navarchus
paru
semicirculatus
sexstriatus
Xxanthometopon
diacanthus
abdominalis
bengalensis
concolor
declivifrons
lorenzi
saxatilis
sexfasciatus
sordidus
taurus
troschelii
vaigiensis
whitleyi
polyacanthus
aureus
curacao
leucogaster
ternatensis
akindynos
chrysopterus
clarkii
melanopus
percula
perideraion
polymnus
tricinctus
labiatus
agilis

alpha

alta
amboinensis
atrilobata
atripectoralis
atripes
caerulea
caudalis
chrysura
cyanea
delta

hanui
insolata
iomelas
lepidolepis
limbaughi
lineata
margaritifer
multilineata

TA
TA
ICP
TA
ICP
ICcp
TA
ICp
ICP
ICcp

ICp
ICP
TEP
TEP
ICp

ICcp
ICP
TA
TEP
ICcp

ICp
ICP
ICp
ICP
ICp

ICcp
ICP
ICp
ICP
ICp

ICp
ICP
ICp
ICP
TEP

TEP
ICP
ICp
ICP
ICp
ICP
TA
ICP
ICcp
TA
ICcp

TEP
ICP
ICcp
TA

PEL
PEL
PEL
PEL

PEL
PEL
PEL
PEL
PEL

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
DEM

DEM
DEM
DEM
DEM
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34,47
2,15,20,46,PS
46,47
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POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
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POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
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POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE

Chromis

Chromis

Chromis

Chromis

Chromis

Chromis

Chromis
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Chrysiptera
Dascyllus
Dascyllus
Dascyllus
Dascyllus
Dascyllus
Dascyllus
Dischistodus
Dischistodus
Dischistodus
Dischistodus
Dischistodus
Hemiglyphidodon
Lepidozygus
Microspathodon
Microspathodon
Microspathodon
Neoglyphidodon
Neoglyphidodon
Neopomacentrus
Neopomacentrus
Neopomacentrus
Neopomacentrus
Neopomacentrus
Nexilosus
Plectroglyphidodon
Plectroglyphidodon
Plectroglyphidodon
Plectroglyphidodon
Plectroglyphidodon
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus

notata
retrofasciata
ternatensis
vanderbilti
viridis

weberi
xanthura
biocellata
brownriggii
cyanea
flavipinnis
galba

glauca
hemicyanea
oxycephala
rex

rollandi
talboti
traceyi
tricincta
albisella
aruanus
flavicaudus
melanurus
reticulatus
trimaculatus
chrysopoecilus
melanotus
perspicillatus
prosopotaenia

pseudochrysopoecilus

plagiometopon
tapeinosoma
bairdii
chrysurus
dorsalis
melas
nigroris
azysron
bankieri
cyanomos
filamentosus
nemurus
latifrons
dickii
imparipennis
johnstonianus
lacrymatus
sindonis
alexanderae
amboinensis
australis
bankanensis
brachialis
burroughi
chrysurus
coelestis

ICP
ICcp
ICP
ICcp

ICcp
ICP
ICp
ICP
ICcp

ICp
ICP
ICcp
ICP
ICp

ICcp
ICP
ICp
ICP
ICcp

ICp
ICP
ICp
ICP
ICp

ICcp
ICP
ICp
ICP
TEP

TEP
ICP
ICp
ICP
ICp

ICp
ICP
TEP
ICP
ICp

ICp
ICP
ICcp
ICP
ICcp

ICcp
ICP
ICcp
ICP
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DEM
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46,47
46,47
46,47

2,20,46,47

47

47

2,46,47
46,47,PS
2,46,47
46
pS*
46,PS
2,46

47

2,20,46,47
2,6,20,46,47
6
47
9
46,47
6,46,47,PS
pS*
46,47
2,46,47
46,47,PS

47
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9
6,46,47

47

46
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6,46,47
6,46
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POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
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POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
POMACENTRIDAE
PRIACANTHIDAE

PSEUDOCHROMIDAE

PTEREOLOTRIDAE
SCORPAENIDAE
SCORPAENIDAE
SCORPAENIDAE
SCORPAENIDAE
SCORPAENIDAE
SCORPAENIDAE
SCORPAENIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SERRANIDAE
SIGANIDAE
SIGANIDAE

Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomacentrus
Pomachromis
Premnas
Pristotis
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Stegastes
Teixeirichthys
Heteropriacanthus
Pseudochromis
Ptereleotris
Pterois

Pterois
Scorpaena
Scorpaena
Scorpaenodes
Scorpaenodes
Scorpaenopsis
Diplectrum
Grammistes
Hypoplectrus
Pseudanthias
Pseudogramma
Pseudogramma
Rypticus
Serranus
Serranus
Siganus
Siganus

emarginatus
grammorhynchus
lepidogenys
moluccensis
nagasakiensis
pavo
philippinus
reidi
simsiang
taeniometopon
vaiuli

wardi
richardsoni
biaculeatus
obtusirostris
acapulcoensis
adustus
apicalis
arcifrons
baldwini
beebei
diaencaeus
emeryi
fasciolatus
flavilatus
leucorus
leucostictus
lividus
nigricans
partitus
planifrons
punctatus
rectifraenum
redemptus
xanthurus
jordani
cruentatus
quinquedentatus
calliura
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