
Mating system of the freckled hawkfish, Paracirrhites forsteri
(Cirrhitidae) on Kuchierabu-jima Island reefs, southern
Japan

Tatsuru Kadota & Yoichi Sakai

Received: 2 November 2015 /Accepted: 15 August 2016 /Published online: 24 August 2016
# Springer Science+Business Media Dordrecht 2016

Abstract The mating system of cirrhitids is generally
classified as harem polygyny. However, detailed infor-
mation on the spatial distribution patterns and mating
relationships is lacking in large hawkfish species. We
investigated the spatial distribution patterns and mating
relationships among individuals of the large hawkfish,
Paracirrhites forsteri, on a Kuchierabu-jima Island reef
in southern Japan. Large males maintained territories
and attacked other large males near the boundaries of
their territories. Females usually stayed outside of male
territories during the day and moved to prominent coral
heads within male territories during the late afternoon
for mating. Large males spawned with several females
around sunset, and females seldom changed their mating
partners. In addition, we confirmed the occurrence of
small males with a body size similar to that of females.
These small males placed their territories against other
small males within/around the territories of large males

and pair-spawned with small females. The female dis-
tribution pattern and occurrence of small males have
never been reported in haremic hawkfish, but their sta-
ble mating partnership is very similar to that of
haremic hawkfish. Our results reveal considerable
variation in mating systems within Cirrhitidae.
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Introduction

A range of mating systems has been reported by field
studies of several reef fish species (Thresher 1984; Turner
1993; Kuwamura 1997; Wong and Buston 2013).
Empirical data from field studies suggest that mating
systems can be categorized broadly into five types: mo-
nogamy, harem polygyny, male-territory-visiting (MTV)
polygamy, nonterritorial polygamy, and polyandry
(Kuwamura 1996, 1997). Harem polygyny is common
among strongly site-attached small reef fish (Thresher
1984; Moyer 1991), e.g., Pomacanthidae (Moyer and
Nakazono 1978; Sakai and Kohda 1997), relatively small
Labridae (Kuwamura 1984; Moyer 1991), and
Pinguipedidae (Nakazono et al. 1985). This mating sys-
tem is characterized by cohabitation of multiple females
within a male’s territory and stable monopolization of
mating opportunities with the females by the male
(Thresher 1984; Kuwamura 1996, 1997). MTV polyga-
my is also found widely in reef fish, particularly in
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relatively large species with good free-swimming ability
(e.g., labrids and scarids) (Moyer 1991; Suzuki et al.
2008; Kuwamura et al. 2009). This mating system is
different from harem polygyny, as females are usually
located outside the male mating territories and
choose mating partners (Kuwamura 1996, 1997).
MTV polygamy include lek-like mating systems
(Kuwamura 1996, 1997).

The Cirrhitidae includes about 33 species in 12
genera, and most species are distributed on rocky
and coral reefs in tropical and subtropical waters of
the Indo-West Pacific Ocean (Nelson 2006). The
freckled hawkfish, Paracirrhites forsteri, is a relatively
large cirrhitid (20 cm standard length) that inhabits
shallow reefs in the Indo-West Pacific (Randall 1963;
Nakabo 2002) and preys on small fish and benthic
animals (Hiatt and Strasburg 1960; Hobson 1974).
Some hawkfish species have been confirmed
protogynous hermaphrodites based on a gonadal
histological evaluation (Sadovy and Donaldson
1995; Sadovy de Mitcheson and Liu 2008) or field
observations (Kadota et al. 2012). The mating sys-
tem of cirrhitids, including P. forsteri, is generally
classified as harem polygyny (Thresher 1984;
Donaldson 1986, 1987, 1989, 1990; Kadota et al.
2011). However, detailed information on the spatial
distribution patterns and mating relationships is
lacking in large (15 cm standard length or more)
hawkfish, e.g., Paracirrhites hemistictus, P. forsteri
and Cirrhitus pinnulatus. Mating systems are influ-
enced by a variety of factors, including phylogeny,
resource distribution and dispersal of females
(Moyer 1991; Shapiro 1991; Kuwamura 1997).
Body size is another important factor affecting the
mating system (Thresher 1984; Moyer 1991). For
instance, among comparative large fishes, enhanced
mobility, due to perhaps lower risks of predation,
often leads to migrations to favored spawning sites,
promoting MTV polygamy or nonterritorial polyga-
my. Thus, it is predicted that the mating system of
large hawkfish is different from those of small
hawkfish. We investigated the home range distribu-
tion, intraspecific interactions, and spawning events
of P. forsteri on Kuchierabu-jima Island reefs, south-
ern Japan to clarify their mating system. We discuss
factors affecting the hawkfish mating system from
an ecological perspective in terms of feeding and
mating tactics based on empirical data from field
observations and a removal experiment.

Materials and methods

This study was conducted on reefs in Nishiura Bay of
Kuchierabu-jima Island (30°28 ′N, 130°10 ′E),
Kagoshima, southern Japan, which is the same locality
where the timing of P. forsteri spawning was investigat-
ed by Kadota et al. (2010). The island is located in a
subtropical region close to the Kuroshio Current and
hosts over 200 tropical fish species on it reefs (Gushima
andMurakami 1976).We set up an observational area of
approximately 100 m × 120 m on the reef at a depth of
1–6 m. Where the density of male and female P. forsteri
was relatively high around sunset, the observational area
(ca. 5000 m2) was divided into 3 m or 10 m grids and a
mapwas drawn (Supplementarymaterial, Fig. S1a). The
main observational area was determined by a prelimi-
nary study conducted in 2002.

We observed the spatial distribution, intraspecific
interactions, spawning events, and feeding activity of
P. forsteri using SCUBA or by snorkeling between May
and October 2003. Each P. forsteri individual was
photographed as it rested on the substrate (Fig. S1),
and individual animals were distinguished based on
natural variations in the number and appearance of black
dots on the head. Total length (TL) was estimated by
observing the body length of an individual as it rested on
the substrate and then measuring that length with a ruler
once the fish had moved. The fish was encouraged to
move by the slow approach of the observer. We identi-
fied the functional sex of each individual based on
spawning behavior and differences in ventral shape
(expanded belly signified egg maturation in females just
before spawning). We defined the sex of bachelor indi-
viduals whose sex could not be identified as male based
on agonistic interactions with similar sized males be-
cause no mating behavior was observed. Seven males
and 12 females were present in the observational area.

Courtship and spawning generally occurs around
sunset in P. forsteri (Donaldson 1990; Kadota et al.
2010). We followed each individual fish for 4–
124 min (median 49 min) between 3 h before sunset
and 1 h after sunset (termed the Blate afternoon^) and
recorded spawning events, intraspecific interactions,
swimming routes, meeting locations with other individ-
uals, and feeding behaviors on the map. If observed
individuals moved outside the main observational area,
we dropped sinkers attached to small floats as markers
to record swimming routes of these individuals whilst
following the fish. When a risk of losing the focal
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animal was increased due to wave condition, we record-
ed either mating relationships or swimming routes. Each
individual was observed 1 to 10 times (median 5 times,
95 observations in total), with the exception of a female
whose home range was located outside of the observa-
tional area. A total of 189–606 min and 73–238 min of
observations were conducted for individual males
(n = 7) and females (n = 11), respectively. During these
behavioral observations, we usually positioned our-
selves about 2.5 m from the focal animal. The presence
of observers appeared to have little effect on the behav-
ior of the hawkfish because the hawkfish had been
confirmed to naturally spawn despite the presence of
observers in a preliminary study. We defined the home
range for each individual as an area encompassing the
most peripheral swimming route and all meeting loca-
tions recorded in observations of other individuals. The
overlap ratio (%) of the home range was calculated as
follows: total area overlapping another individual’s
home range × 100/area of home range of the target
individual. If individuals attacked other individuals near
the boundaries of their home ranges, we treated these
home ranges as territories in this study. Many hawkfish
use coral as feeding sites, refuges, or courtship sites
(Donaldson 1990; DeMartini 1996; Kane et al. 2009;
Kadota et al. 2011). Thus, we set 2 × 10 m lines (n = 40)
perpendicularly to shore and calculated the percentage
of area that was covered by branching or tabular corals
within each line (%). In addition, corals were
photographed to identify species.

We also conducted the focal individual observa-
tions for 8–163 min (median 60 min) during the
morning and early afternoon (between 07:00 and
13:00) to examine diurnal changes in the spatial
distribution, frequencies of intraspecific interactions,
and feeding behaviors. Each individual was ob-
served 1 to 3 times (median 2 times, 27 observations
in total). A total of 60–123 min and 10–172 min of
observations were conducted for individual males
(n = 6) and females (n = 8), respectively.

We conducted a male removal experiment in the
study area to examine social relationships and territori-
ality among males in detail. We removed the largest
male on 24 August and examined the changes in the
spatial and mating relationships during the late after-
noon for the following 62 days. We conducted the
additional observations between May and June 2004
because mating relationships of all individuals were
not confirmed in the 62 days.

We used nonparametric tests because of the small
sample sizes. All analyses were performed using R V.
3.1.2 (R Development Core Team 2014). A P-value
<0.05 was considered significant.

Results

Male spatial distribution and territoriality

Of the seven males present at the start of the study, five
were large in size (median TL, 165 mm; range, 158–
183 mm; n = 5), and will be called Blarge males^
hereafter. They were significantly larger than females
(median TL, 130 mm; range 95–159 mm; n = 11;
Mann–Whitney U-test, U = 2.0, P < 0.05). The remain-
ing two males were small in size (TL, 118 and 139 mm)
(called Bsmall males^ hereafter). Their sizes were not
different from those of the females (Mann–Whitney U-
test,U = 10.5, P = 1.0). Of the two small males, one was
not observed to spawn through the study period. Thus,
the sex of the bachelor individual was identified as male
based on agonistic interactions with the other small
male.

The large males maintained territories against other
large males based on late afternoon observations (medi-
an, 290 m2; range, 102–504 m2; n = 5; Fig. 1a). The
territories of the large males rarely overlapped (overlap
ratio: median, 1.4 %; range, 0.2–9.9 %; n = 5). Coral
coverage in their territories (median, 9.6 %; range 4.4–
45.9 %; n = 15) was significantly higher than that in the
other areas (median, 2.8 %; range, 0.2–40.0 %; n = 25;
Mann–Whitney U-test, U = 89.5, P < 0.01). The males
maintained territories in the same place during the morn-
ing and early afternoon as in the late afternoon (median,
106 m2; range, 70–166 m2; n = 4; Fig. 1b), except for
one male (M-d). That male eventually moved outside
the observational area.

Intraspecific interactions among the large males
sometimes occurred on the boundaries of their territories
during the morning and afternoon observations (morn-
ing and early afternoon: median, 0.5 times/h; range, 0–
1.0 times/h; n = 5; late afternoon: median, 0.3 times/h;
range, 0–0.6 times/h; n = 5). Aligning spots
(Supplementary material, Fig. S1b) appeared on the
lateral sides of the bodies of two large males when they
encountered each other, and they alternately circled
around each other with their pectoral fins moving in-
tensely (called Bstruggling^). In some instances, we
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observed one individual biting the other during these
displays. Besides struggling, the males swam away from
other approaching males.

The territories of small males (M-f and M-g) were
placed around the territories of large males. Their terri-
tories seemed to be relatively smaller in size (39 m2 and
110 m2), compared to those of the large males (Fig. 1a)

and were not significantly different from female home
ranges (Mann–Whitney U-test, U = 4.0, P = 0.23). The
small males overlapped their territories considerably
with those of the large males (overlap ratios, 18.8 %
and 59.7 %) and the small males (overlap ratios, 13.6 %
and 38.0 %). Their territories included none, or only
one, prominent coral head where females appeared in

Fig. 1 Spatial distribution of male
territories and female home ranges
during the late afternoon a and
morning and early afternoon b.
Shaded areas and thick lines
indicate large and small males,
respectively. Medium lines
indicate the female home ranges.
Thin broken lines illustrate
outlines of rocks or cracks.
Triangles and circles indicate the
prominent coral heads where
females appeared during the late
afternoon and spawning sites,
respectively. Some females
spawned on the prominent coral
heads. The mating relationships
are shown by common letters; e.g.,
M-a (Male-a) had mating oppor-
tunities with F-a1 (Female-a1) and
F-a2 (Female-a2). The two fe-
males that were not observed
spawning before the experiment
are indicated by B?^. The terri-
tories of males and home ranges of
females during the late afternoon
were drawn from 270 – 591 min
(median, 471 min) and 73–
238 min (median, 110 min) of ob-
servations, respectively. The terri-
tories of males and home ranges of
females during the morning and
early afternoon were based on
108–123 min (median, 121 min)
and 58–172 min (median,
121 min) of observations, respec-
tively. The home ranges of two
individuals (M-d and F-?1) were
not drawn on the map in the
morning and early afternoon.
These individuals were observed
in the observational area for a short
time but M-d eventually moved
outside the observational area and
F-?1 eventually disappeared in the
observational area. Data were tak-
en from 2 May 2003 to 23 August
2003
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the late afternoon (see below), whereas the territories of
the large males included one to three coral heads (n = 5).
One small male (M-g) maintained a territory during the
morning and early afternoon in the same location as that
in the late afternoon, but another male (M-f) was not
found within the observational area (Fig. 1b).

Large male-small male interactions were observed
only during the late afternoon (1.5 times/h and 2.3
times/h, n = 2). Small males either swam away from
approaching large males or hid in the coral interstices.
Interactions between small males also occurred only
during the late afternoon (0.1 and 1.0 times/h, n = 2).
We observed struggling between small males on the
boundaries of their territories.

Female spatial distribution and diurnal movements

All 12 females were found within the territories of the
large males during the late afternoon where they ap-
peared on the same prominent coral heads (Acropora
intermedia, A. robusta, A. valenciennesi or Pocillopora
eydouxi) (Fig. 1a). They hid in shelters within male
territories just after spawning around sunset and were
not observed to re-emerge from their shelter on the day.

Three individual females were always observedwith-
in male territories during the morning and early after-
noon. Four other females maintained their home ranges
outside the male territories (Fig. 1b). The other five
females (F-a1, F-b4, F-d1, F-e1, and F?-1) were not
seen within the observational area during the morning
and early afternoon and had probably moved far away
from the observational area. The median female home
range size was 24 m2 during the morning and early
afternoon (range, 5–53 m2, n = 7 females within the
observational area) and was not significantly different
from that during the late afternoon (median, 23 m2;
range 1–96 m2; n = 11; Wilcoxon signed-ranks test:
T = 10, P = 0.58). Females rarely overlapped their home
range within the territory of a large male during the
morning and early afternoon (median, 10.3 % of female
home ranges; range, 0.0–74.3 %; n = 7 females within
the observational area). The overlap ratio between large
males and females increased significantly during the late
afternoon (median, 99.7 % of the female home range;
range, 63.8–100 %, n = 11; Wilcoxon signed-ranks test:
T = 0, P < 0.05). Similarly, the female home ranges did
not overlap with each other during the morning and
early afternoon (median, 0 %; n = 7). The overlap ratio
among females tended to increase during the late

afternoon (median, 7.6 %; range, 0–100 %; n = 11;
Wilcoxon signed-ranks test: T = 0, P = 0.06). The
density of males and females was lower during the
morning and early afternoon (0.16 individuals/100 m2

in a minimum oblong area that encompassed all home
ranges and territories of observed individuals) than dur-
ing the late afternoon (0.25 individuals/100 m2).

Intraspecific interactions were rare among females
during the late afternoon (median, 0 times/h; range, 0–
0.9; n = 11). Females hid in the coral interstices if
approached by other females sharing the same promi-
nent coral. However, the females were not evicted from
the prominent corals by other females. In contrast, fe-
males either struggled with or chased away other fe-
males that did not share the prominent coral. Encounters
between females during the morning and early after-
noon were not observed.

Feeding activity

Each individual usually rested still on a coral head or on
the bottom of the reef when feeding, and then lunged
suddenly at prey. In the majority of feeding events (92%
of the 72 feeding events), hawkfish were observed lung-
ing at small benthic animals, such as crustaceans or
small fish. In contrast, pelagic animals, such as the blue
sprat, Spratelloides gracilis, and zooplankton were oc-
casionally (7 %) preyed upon. The feeding frequency of
the hawkfish was significantly higher during the morn-
ing and early afternoon (median, 1.5 times/60 min;
range, 0–4.0 times/60 min; n = 13) than that during the
late afternoon (median, 0 times/60 min; range 0–3.3
times/60 min; n = 13; Wilcoxon signed-ranks test,
T = 3. P < 0.01).

Courtship and spawning

Male–female interactions occurred infrequently during
the morning and early afternoon (median, 0 times/
60 min; range 0–2.0 times/60 min; n = 5). Females
either swam away or hid in the coral interstices if
approached by males.

Large males moved frequently between prominent
corals during the late afternoon. Males tended to move
greater distances during the late afternoon (median,
142 m/h; range, 67–212 m/h; n = 5) than during the
morning and early afternoon (median, 68 m/h; range,
31–82 m/h; n = 4). Females appeared on prominent
corals approximately 2 h before sunset and waited for
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males. Male–female interactions increased during the
late afternoon (median, 3.1 times/60 min; range, 1.3–
3.9 times/60 min; n = 5). If a large male met a female
on a prominent coral head, the female either swam away
or hid in the coral interstices at first. However, the female
did not swim away from an approaching large male as
spawning approaches and moved from the prominent
coral head to a spawning site (median, 0.7 m; range, 0–
26.4 m; n = 9) with the large male. Just prior to
spawning, the large male positioned himself beside and
parallel to the female (Supplementarymaterial, Fig. S1c),
and the pair executed a spawning ascent into the water
column around sunset. Once spawning was finished, the
large male moved immediately to another prominent
coral to search for and mate with other females.

Mating relationship stability between sexes

Each large male had mating opportunities with 1–4 fe-
males (median, 2; n = 4), whereas a small male had
mating opportunities with one female. One large male
and one small male did not mate with females. The
number of females that males mated with tended to
increase with male body size, although there was no
significant correlation between the number and the body
size probably because of the small sample sizes
(Spearman’s rank correlation coefficient rs = 0.66,
n = 7, P = 0.10). Of the nine females observed to spawn
with large males, none mated with more than one male
(Table 1). Seven females always spawned with large
males dominating the prominent coral heads, on which
the females always appeared during late afternoon. As an
exceptional case, one female (F-e1) appeared on two
prominent coral heads dominated by two different large
males (M-b and M-e), but spawned with only one of the
males (M-e). The other exception was a female (F-b4)
that appeared at a particular prominent coral head within
the territory of a large male (M-c) but moved to a neigh-
boring territory of another large male (M-b) to spawn.

A small male (M-g, 118 mm TL) had a mating op-
portunity with the smallest female (F-g1, 110 mm TL)
within the territory of a large male (M-b, 183 mm TL).
The smallest female used a prominent coral head, which
was commonly used by a mating pair between a large
male (M-b) and a female (F-b1, 148 mm TL), but mated
only with the small male (M-g). Struggling between the
small male (M-g) and the larger female (F-b1) were
observed at the coral head. Besides struggling, the small
male either swam away or hid in the coral interstices if

approached by the large female. The small male was
never observed to spawn with the large female.

Large male removal experiment

Two largemales (M-a, 183mmTL andM-c, 158mmTL)
expanded their territories to take over a prominent coral
head occupied previously by a large male (M-b, 183 mm
TL) one day after that male was removed from the obser-
vational area (Fig. 2). Although a small male (M-g) ap-
peared on one of the prominent coral heads, it was chased
away by a large male (M-a). As a result, the small male
lost a mating opportunity with the smallest female (F-g1),
and the female subsequently mated with male M-a. Of the
four females that had spawned with M-b, two females (F-
b4 and F-b1) started to spawnwithM-a on days 16 and 46
after the male was removed. The other two females (F-b3
and F-b2) spawnedwithM-c three days after themale was
removed and during the next mating season.

Discussion

Each female appeared on a prominent coral head located
within a male territory during the late afternoon, and

Table 1 Mating relationship of each female Paracirrhites
forsteri. Total lengths (mm) are shown in parentheses

Female Male Total no. spawning

F-a1 (130) M-a (183) 5

F-a2 (133) M-a (183) 1

F-b1 (148) M-b (183) 4

M-aa (183) 1

F-b2 (140) M-b (183) 3

M-ca (158) 2

F-b3 (135) M-b (183) 2

M-ca (158) 3

F-b4 (115) M-b (183) 1

M-aa (183) 2

F-d1 (ND) M-d (165) 1

F-e1 (159) M-e (158) 4

F-e2 (95) M-e (158) 2

F-g1 (110) M-g (118) 2

M-aa (183) 2

F-?1 (125) M-ea (158) 1

F-?2 (118) M-ea (158) 1

a Spawning records after the large male (M-b) removal
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large males monopolized mating opportunities with the
females. This stable mating relationship appears to be
similar to that of haremic fish, such as small hawkfish
(Kadota et al. 2011). The majority of females however
left male home territories during the morning and early
afternoon, unlike haremic fish. This distribution pattern
is an important characteristic of MTV polygamy
(Thresher 1984; Kuwamura 1996, 1997). Why did fe-
maleP. forsteri leave male territories during the morning
and early afternoon? Hawkfish more frequently
ambushed prey during the morning and early afternoon
than during the late afternoon, suggesting that the fe-
malemovement patterns are considerably related to their
feeding activities. Females may be attempting to maxi-
mize feeding opportunities over a larger area that could
have a relatively greater abundance of prey.

Hawkfish spawned within a short time around sunset
(Kadota et al. 2010). In addition, females were dispersed
widely and interacted rarely with their mating partners
during the morning and early afternoon. Thus, interac-
tion between mating partners would be limited to a
relative narrow time frame commencing late in the
afternoon and continuing past sunset. Hawkfish females
always appeared and remained on the same coral heads
during the late afternoon, whereas males moved be-
tween the coral heads searching for mates. This result
suggests the specific corals are used as rendezvous sites
(sensu Moyer and Zaiser 1981; Thresher 1982) to re-
duce the risk of losing a mating opportunity. Thus,
rendezvous sites may be important resources for territo-
rial males to defend.

Another important P. forsteri characteristic is the
coexistence of small males with large territorial males.
One of these small males was observed pair-spawning

with a small female within a large male’s territory.
Another case of pair-spawning by a small male was
confirmed in a preliminary study conducted in 2002
(T. Kadota, unpubl. Data). In the large male removal
experiment, the small male lost mating opportunities
because of intrusion by adjacent large males. This result
suggests that small males are subordinate competitors
among territorial males and acquire mating opportuni-
ties differently than large males, although the large male
removal experiment were conducted only once.
Alternative reproductive tactics of males have been
reported in several species of fish (Gross 1996;
Taborsky 2001). A similar example of the coexistence
of two types of males was reported in the left eye
flounder, Engyprosopon grandisquama (Manabe et al.
2000), although small males have rarely been reported
in haremic species in general (Kuwamura 1984; Sakai
and Kohda 1997; Kadota et al. 2011). Small
E. grandisquama males have opportunities to pair-
spawn with small females because only a few females
mate with large males, which prefer large females, with-
in the narrow mating time window around sunset
(Manabe et al. 2000). P. forsteri spawned around sunset,
and small males spawned with the smallest females
within large male’s territories. Thus, small hawkfish
males may be restricted to mating with only small
remnant females, as is seen in small left eye flounder
males. This tactic used by small males could make the
best of a bad situation because the number of females
that small males mated with was lower than the number
of females that large males mated with. Further support
for this comes from the fact that a small male observed
in the preliminary study became a large territorial male
in the present study (T. Kadota, unpubl. Data).

Fig. 2 Changes in the spatial
distribution of male territories and
female home ranges before a and
after removing a large male (M-b)
b. Shaded areas and thick lines
indicate the large male and small
male, respectively.Medium lines
indicate the female home ranges.
Thin broken lines illustrate outlines
of rocks or cracks. Triangles
indicate the prominent coral heads
where females appeared
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The P. forsteri mating system has previously been
classified as harem polygyny by Donaldson (1990).
In this study, we confirmed a stable mating relation-
ship in this species. However, the spatial distribution
of the fish did not fit the definition of harem polyg-
yny at our study site. The spatial distributions of
some reef fish change according to habitat condi-
tions (e.g., Fricke 1980; Shapiro 1991; Karino et al.
2000). Thus, habitat conditions, such as proximity
between suitable feeding and spawning sites and
abundance of predators, may have differed between
sites in the previous and the present study. In addi-
tion, body size (TL) was considerably smaller in the
previous study (male: mean, 141 mm; female:
98 mm) than that in the present study (male: mean,
158 mm; female: 128 mm). This size difference may
also have affected spatial distribution because body
size can influence mobility (Thresher 1984; Moyer
1991). Further study on the P. forsteri mating system
in other habitats is expected to reveal phenotypic
plasticity in the mating system of this species.

The P. forsteri mating system observed in this study
has not been reported in other small hawkfish species,
although small hawkfish are relatively well-studied
(Thresher 1984; Donaldson 1986, 1987, 1989, 1990;
Kadota et al. 2011, 2012). This observation indicates
that spatial distribution may varymore in large hawkfish
than in small hawkfish. Thus, it is plausible that a
mating system similar to that of P. forsteri occurs in
other large hawkfish.
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