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Abstract Spawning sites and spawning migration paths of tagged females of the protogynous wrasse,
Halichoeres marginatus, were studied on the shallow reefs at Kuchierabu-jima Island, Japan. Males set up
mating territories above prominent rocks on the offshore reef slope in the late afternoon, and pair-spawned
with females, which had migrated there from their home ranges located in inshore areas. Small females
migrated to the spawning sites near their home ranges, whereas large females migrated to various
spawning sites located within a wide area, including downcurrent sites. Spawning at the downcurrent sites
favors transport of eggs offshore, thereby increasing the female’s fitness. The spawning sites where an
individual had spawned as a female were subsequently used for mating after it had changed sex. It is
suggested that the wide migration of females to various spawning sites, enables the storing up of
information on those sites, which later helps in the acquisition of mating territories after changing sex.

Many labroid species migrate to specific spawning
areas on the outer or downcurrent edges of reefs
(Thresher, 1984). Such spawning areas have been
suggested as giving the best opportunity for eggs to
be carried rapidly off the reef and away from reef-
based predators (Randall and Randall, 1963; Warner
et al.,, 1975; Robertson and Hoffman, 1977; Johan-
nes, 1978; Robertson, 1981; Jones, 1981; Moyer and
Yogo, 1982).

Spawning sites of females shift with growth and
changes in water current in Thalassoma bifasciatum
(Warner, 1985, 1986). Warner (1985, 1986) sug-
gested that the shift of spawning sites is related to the
acquisition of mating territories after changing sex,
but this has not yet been confirmed by observation of
mating behavior after sex change.

In this paper, the spawning sites and paths of
spawning migration in small and large females of
Halichoeres marginatus are described and the rela-
tion of female spawning migrations to mating behav-
ior after changing sex is discussed.

Materials and Methods

The Island of Kuchierabu-jima (30°28'N,
130°10°E) lies between Kyushu and the Ryukyu
Islands (Fig. 1). The reef fish fauna of the island
shows predominantly tropical characteristics (Gu-
shima and Murakami, 1977). A study area of about
100000 m* was selected in Nishiura Bay, where

spawning sites of H. marginatus were concentrated.
The substrate consisted of rocks and boulders at the
spawning sites from about 10 to 75 m offshore, 1 to 3
m deep, and of rocks and dead corals at those from
about 75 to 100m offshore, 3 to 8m deep. The
substratum sloped steeply about 90 to 120 m offshore,
to depths of 5 to 12 m. Sampling and field observa-
tions were mainly made by snorkeling.

Halichoeres marginatus is a sexually dichromatic
species composed of both protogynous hermaphro-
dites and primary males (i.e., diandric). General
characteristics of its reproductive ecology in the
study area are summarized as follows (Shibuno et al.
in prep.). Both females and males fed alone on the
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Fig. 2. Location of spawning sites of H. marginatus (A to K encircled). Spawning migration paths of two
females are also illustrated from the observation during 17:10-17:58 on 21 July (Y-L) and 17:25-18:05
on 16 August (Y-M) 1990. Dotted lines indicate the home ranges of Y-L and Y-M. Contour lines of 3, 5

and 10m depth are given.

hard substrate in the inshore area in the morning and
early afternoon. Large terminal phase (TP) males
(=200mm TL) set up mating territories around the
prominent rocks on the reef slope from 15:00 to
18:30. Females began to migrate to the mating
territories from about 16:00. Territorial males pair-
spawned with females from about 17:00 to 18:00
everyday. Non-territorial TP males or initial phase
males spawned by sneaking and group spawning.
Females spawned once each day. The spawning
season was from early May to early November.

In the present study underwater observations were
made on tagged females. Twenty females were cap-
tured by gill net in the inshore area near spawning
sites C and D (see Fig. 2) from 16 May to 7 August
1990. The total length (TL) was measured, and the
fishes were marked with lettered, colored plastic tags
(see Moyer and Yogo, 1982). Most females retained
their tags for more than 3 months and some for more
than 6 months. Observations on the mating behavior
of individuals which changed sex and color phase
during the observation period, were continued
throughout.

Each female was tracked for 1 to 2 hours before its
spawning migration on at least 2 days, and the area
including all the observed locations of each female
was regarded as its home range (foraging area).

Six tagged females were tracked from about 2
hours before their spawning migration until their
return to their foraging areas, on 15 occasions in

total. Their location, behavior and swimming paths
were recorded throughout. When other tagged fe-
males were observed spawning during tracking of a
focal fish, the spawning sites of those females were
also recorded. These data were collected during the
peak spawning season, between 14 July and 13 Sep-
tember 1990. At two spawning sites (C and D in
Fig. 2) observations were made during the spawning
period on 9 days from 13 to 23 August 1990.

Each territorial male in the spawning site was
observed for 10 to 15 minutes during the spawning
period on at least 8 occasions, from 14 July to 13
September 1990. Each male was identified by individ-
ual differences in color and size, and the position of
each territory recorded on a map.

Water movements in the study area were observed
by releasing fluorescein dye at the time of spawning
on 43 days.

Results

Spawning sites of females in relation to water
movement. Large TP males established their
mating territories at 11 sites (Fig. 2). On the basis of
their location the 11 spawning sites were grouped
into four spawning areas: area #1 included spawning
sites A and B, #2 C, Dand E, #3 F, G and H, and #4
I, J and K.

Out of 20 tagged females, three were not seen
subsequently. The home ranges of 14 tagged females
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were located in the inshore area near spawning sites
C, D and E (adjacent to the home ranges of Y-L and
Y-M shown in Fig. 2). The home ranges of the
remaining three females (O-D, O-H and O-L) were
located about 300 m south of this area (left side of
the map in Fig. 2).

The spawning sites of the former 14 tagged fe-
males were analyzed. Small females (<130 mm)
spawned only at spawning sites C and D near their
home ranges, whereas large (> 130 mm) females
spawned at several, widely distributed spawning sites
(3.1+1.0SD, n=9) (Table 1). The average distance
from the center of each female’s home range to its
spawning sites was positively correlated with the
total length of the fish (Kendall’s 7=0.508, n =14,
p<0.05, two-sided test). The number of spawning
sites and areas where each female spawned was also
positively correlated with the total length (7=0.688,
p<0.01; 7=0.545, p<0.05, respectively).

Females spawned at an average of 2.6 (= 1.1 SD,
n=14) spawning sites, with an average of 3.6 (*+1.7
SD) TP males; that is, females spawned with more
than one male at a single spawning site. Females
seemed to choose the spawning sites rather than the
males, since the sites did not change even with a
change of territorial male.

In the study area the direction of water movement
varied day by day, but did not differ between the
spawning areas. Out of 43 observation days, the
direction of water movement during the spawning
period was to the northeast on 27 days (62.8%), to

Table 1.

the southwest on 9 days (20.9%), and there was little
or no water movement on 7 days (16.3%).

The relationship between spawning site selection
and water movement were analysed for both small
and large females. Small females (<130mm)
spawned irrespective of the direction and strength of
water movement at spawning sites C and D, al-
though they sometimes left the sites without spawn-
ing (Table 2). Large females (>130mm) used
spawning areas #1 and #4, which were distant from
their home ranges, almost only when these areas
were downcurrent (southwest in #1; northeast in #4;
Table 3). When water movement was absent or
weak, large females spawned only at spawning areas
#2 and #3, near their home ranges.

Female spawning migrations. The patterns of
spawning migrations in small and large females were
compared. During migration to spawning sites near
their home ranges, small females (<130 mm) often
hid in crevices or under rocks. They often followed
large females, which they encountered at a shelter,
for a short distance to the next shelter. In 15 spawn-
ing migrations observed, small females followed
large females on 44 occasions out of 65 encounters.

Large females ( > 130 mm) employed either of two
spawning migration types, related to distance to the
spawning areas. When large females migrated to
spawning areas #2 and #3 near their home ranges,
they visited several spawning sites (e.g., Y-M in
Fig. 2). They often swam with other females en-
countered on the way, occasionally hiding at shel-

Spawning sites of each female H. marginatus, observed during 14 July to 13 September 1990

Spawning area and site

Average distance from the

Individual TL :;tzlf #1 # #3 #4 center of hom.e range to
code (mm) spawning the spawning site
A°B CDE F GH 1 1K x£SD (m)
B-E 100 3 0 o0 0 3 0 0 0 O 0 0 0 36.7+0
Y-7 105 6 (VI I 5 0 0 0 O 0 0 O 29.1+4.5
C-3 113 5 0 0 1 4 0 0 0 O 0 0 O 18.9%+3.0
B-C 115 3 0 0 0 3 0 0 0 O 0 0 O 74.1%0
Y-O 128 5 0 o 2 30 0 0 O 0 0 O 43.8+0.7
B-H 133 5 0 0 0 1 0 o 1 3 0 0 O 152.0+53.1
O-B 135 2 0 o0 0o 1 0 0 0 1 0 0 O 108.2+51.9
O-C 135 2 0 0 0 0 1 0o 1 0 0 0 0 55.8+18.4
G-X 145 2 0 O 0O 0 0 1 0 O 0o 1 0 98.8+62.4
Y-M 148 5 1 0 0O 0 O 2 0 O 1 1 0 165.61+107.9
Y-K 151 19 0 0 6 12 1 0 0 0 0 0 O 43.6+7.1
O-K 155 4 0 O 0 0 0 1 1 2 0 0 O 77.0+19.1
B-1 162 7 1 0 0 0 1 1 0 3 0 1 0 139.5£96.9
Y-L 178 7 1 0 0 1 1 0 0 O 0o o0 4 193.2+100.5
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ters. After spawning, they returned to their home
ranges without hiding. When large females migrated
to spawning areas #1 and #4, distant from their home
ranges, they did not pass through other spawning
areas (e.g., Y-L in Fig. 2). They moved quickly
along crevices with other females encountered on the

Table 2. Frequency of spawning at spawning area
#2 in relation to water movements, for 5 small
females (<130mm TL, see Table 1) during 13
to 23 August 1990. Numerals in parentheses
show the number of individuals which appeared,
but did not spawn

No. of Total No. of
Water movement days no. of spawning

observed spawnings  per day*
Northeast 5 12 (5) 24
Southwest 2 5() 2.5
Weak or absent 1 2(1) 2.0

* Kruskal-Wallis test, p >0.05

Table 3. Frequency of spawning at each spawning
area in relation to water movements, for 9 large
females (>130mm TL, see Table 1) during 14
July to 13 September 1990

Spawning area

Water movement Total
1 #2 #3 #4
Northeast 0 16 8 7 31
Southwest 3 3 3 1 10
Weak or absent 0 6 6 0 12

way. After spawning, they returned individually to
their home ranges without passing through other
spawning sites. The migration route of Y-L depicted
in Fig. 2 was alsousedbytheothertwolargefemalesthat
spawned at area #1. Large females migrated with an
average of 9.3 (%7.4 SD, n =15) individuals, includ-
ing an average of 3.1 (£3.2 SD) small females and
6.1 (£7.1 SD) large females.

Mating sites after changing sex. Five large,
tagged females changed sex between July and Sep-
tember 1990. Except for an individual (Y-K), which
changed sex in late September, four of them (B-H,
O-D, B-I and Y-L) were observed to intrude repeat-
edly into the mating territories of other males after
changing sex. All except one of the spawning site into
which they intruded after changing sex, had been
used by them while they were females (Table 4).
Two of the four sex-changers (O-D and Y-L)
showed a significant preference for the spawning
sites which they had previously visited as females.

The above individuals, Y-L and O-D, mated as
males within about 3 or 4 weeks of their last spawn-
ing as females, and possessed mating territories at
spawning sites B and E, respectively, about 3 or 4
weeks later. Sex-changers B-H and B-I were not
observed to successfully mate as males during the
same spawning season.

Discussion

Females of H. marginatus spawned with new

Table 4. Relationship between spawning sites visited as a female and those as a male after changing sex in H.

marginatus
Date of S a\::l?;‘l Ofsites S| aull\ll'xoi;lc’fsites spa No" Ofit S Fisher's exact
Individual TL last pa yning spawning bawning site probability
. visited as a visited as a visited both as
code (mm) spawning test*
female before male after a female and .
as a female . . (one-tailed)
changing sex changing sex as a male
B-H 133 30 Aug. 4 2 2 p=0.109
B-1 162 3 Sept. 10 3 3 p=0.727
O-D 162 23 July 7 8 7 p=0.024
Y-L 178 1 Aug. 8 7 7 p=0.024

* The null hypothesis is that the spawning sites visited as a male after changing sex present a random draw from the
available 11 spawning sites, with no influence of past visits as a female; e.g., a contingency table for B-H is as follows:

Spawning sites as o’

visited

as ¢ visited
not visited

not visited
2 2
0 7

— 360 —



Shibuno et al.: Labrid Spawning Migration

males after replacement of former territorial owners,
and did not follow males to new territories. They also
spawned with non-territorial males at the spawning
sites. These results suggest that H. marginatus fe-
males choose spawning sites rather than the males
occupying them, as reported for other wrasses,
Pseudolabrus celidotus, Thalassoma duperrey and T.
bifasciatum (Jones, 1981; Ross, 1986; Warner, 1987,
1990).

Small females of H. marginatus migrated short
distances to the spawning sites near their home
ranges, irrespective of the direction of water move-
ment. As they grew larger, females began to migrate
to various spawning sites located within a wide area.
Large females migrated long distances to down-
current spawning areas. The possible advantages of
spawning in a downcurrent spawning area have been
suggested for many labroids (Randall and Randall,
1963; Warner et al., 1975; Robertson and Hoffman,
1977; Johannes, 1978; Robertson, 1981). Thus it
appears that when females of H. marginatus become
large, they migrate by daily assessment to spawning
sites that favor the transport of their eggs offshore,
thereby increasing fitness. The reason why small
females did not migrate long distances to spawn
seems to have been due to high predation pressure, as
has been suggested for many small reef fishes
(Hobson, 1974; Helfman, 1978; Johannes, 1978;
Jones, 1981). The hiding behavior observed, even
during short migration, for small females of H. mar-
ginatus suggested high predation pressure upon them
in the study area.

Sex-changed individuals intruded repeatedly for
mating purposes, into the spawning sites which they
had previously visited for spawning as females, and
later established mating territories in one of those
spawning sites. This observation supports Warner’s
(1985, 1986) suggestion that T. bifasciatum females
stored information on spawning sites by migrating
widely to various sites, such later helping in the
acquisition of a mating territory after changing sex.
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