
Vol.:(0123456789)1 3

Journal of Ethology (2019) 37:175–186 
https://doi.org/10.1007/s10164-019-00584-8

ARTICLE

Dual social structures in harem‑like colony groups 
of the coral‑dwelling damselfish Dascyllus reticulatus depending 
on body size and sheltering coral structures

Rei Sakanoue1 · Yoichi Sakai1

Received: 2 November 2018 / Accepted: 14 January 2019 / Published online: 8 February 2019 
© Japan Ethological Society 2019

Abstract
The coral-dwelling damselfish Dascyllus reticulatus shows heterosexual cohabitation on branching corals and has been 
considered to maintain a haremic mating system, where a few males monopolize mating within the group. However, details 
of the group structure have not been investigated. To clarify the individual-level group structure of D. reticulatus, we con-
ducted field observational surveys on a damselfish population on reefs of Kuchierabu-jima Island, southern Japan. Relatively 
large D. reticulatus inhabited corals with long branches and wide gaps with a female-biased sex ratio, and they maintained 
haremic groups where the largest male monopolized mating. In contrast, small adults and juveniles cohabited in higher indi-
vidual densities on short-branch corals, with no bias in individual sex ratio. Only nine of 26 adult males in the short-branch 
coral groups showed mating activities. Nineteen of 37 adult females in the short-branch coral groups spawned, and their 
spawning frequency was lower than that of the females on the long-branch coral. Thus, we observed two contrasting social 
compositions and mating activities within harem-like cohabitation groups that depended on body size and sheltering coral 
structures. We observed inter-harem moves by large non-breeding individuals from the short-branch corals to the long-branch 
corals, implying a conditional use of the two types of groups related to body size. Our observations present a new example 
of multiple forms of groups in haremic reef fishes.
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Introduction

Social structure and mating systems are essential to under-
standing the mating strategies of reef fishes (Thresher 1984; 
Kuwamura 1996, 1997). Empirical field data have been used 
to define the patterns of spatial relationships and mating 
relationships to classify the mating systems of reef fishes: 
monogamy, harem polygyny, male-territory-visiting (MTV) 
polygamy, non-territorial polygamy, and polyandry (review 
in Kuwamura 1996, 1997). Polygamous mating systems, 
including harem polygyny and MTV polygamy, are broadly 
present in reef fishes (Robertson and Warner 1978; Warner 
and Robertson 1978; Thresher 1984; Moyer 1990).

Strong correspondence between mating system and social 
structure has been confirmed in various polygamous fishes. 
Females of MTV polygamy groups usually visit male mat-
ing territories during mating periods, where female mate 
choice often results in mate change (e.g., Warner and Schultz 
1992; Kuwamura et al. 2000). In cases of harem polygyny, 
females stably spawn with cohabiting territorial dominant 
males. Therefore, heterosexual cohabitation, dominance 
relationships and mating monopolization are commonly con-
firmed as characteristics of social structure in haremic fishes 
(e.g., Kuwamura 1984; Sakai and Kohda 1997; Kadota et al. 
2011).

Pomacentridae (damselfishes) is a common reef fish 
group characterized by a reproductive mode with paren-
tal care of demersal eggs (Nelson et al. 2016). The poma-
centrids show a wide range of mating systems, including 
monogamy (Amphiprion: Fricke and Fricke 1977; Acan-
thochromis: Thresher 1985) and MTV polygamy (Stegastes: 
Karino and Nakazono 1993; Abudefduf: Keenleyside 1972). 
The genus Dascyllus is a coral-dwelling species group with 
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a polygamous mating system (Fricke 1980; Fricke and 
Holzberg 1974; Schwarz and Smith 1990; Godwin 1995). 
In addition, other than species with gonochoristic sexuali-
ties, sequential hermaphroditism (i.e., sex change) has been 
confirmed in some pomacentrid species (Fricke and Fricke 
1977; Moyer and Nakazono 1978b), including Dascyllus 
(Schwarz and Smith 1990; Kuwamura et al. 2016). Thus, 
damselfishes represent a wide ecological diversity in mating 
systems and sexualities.

Dascyllus reticulatus is a small planktivorous damselfish 
that commonly occurs on coral reefs of the eastern Indian 
Ocean and western Pacific and prefers branching corals for 
shelter and mating (Allen 1991; Godwin 1995; McCafferty 
et al. 2002). Dascyllus has intraspecific variation of group 
structure depending on population density, including mul-
tiple gregarious male groups in dense populations (Fricke 
1977, 1980; Schwarz 1980; Coates 1982). Harem-like 
cohabiting groups typically occur in relatively low-density 
populations (Fricke 1977, 1980). Harem-like cohabiting 
groups of Dascyllus damselfishes often have strongly biased 
sex ratios towards females, with size-related protogynous 
sexuality where the largest individual functions as male and 
the remaining individuals are female (D. aruanus: Fricke 
and Holzberg 1974; Coates 1982; Kuwamura et al. 2016; D. 
marginatus: Holzberg 1973; D. reticulatus: Schwarz 1980). 
Moreover, a socially controlled protogynous sexuality with 
dominance relationships depending on individual body size 
within a colony group has also been suggested in the genus 
(Sale 1970; Fricke and Holzberg 1974; Coates 1982; Asoh 
2003, 2004; Asoh and Yoshikawa 2003).

Dascyllus reticulatus is believed to maintain a harem 
polygyny based on the spatial cohabitation patterns of 
males and females (Schwarz and Smith 1990; Asoh 2005), 
despite a lack of data on social structures and mating system. 
Observational surveys are key approaches to confirm social 
structure and mating systems, but they have hardly been 
conducted for harem-like cohabiting groups of Dascyllus 
damselfishes. In the present study, we conducted an obser-
vational field survey on a relatively low-density population 
of D. reticulatus to describe the social structure and mating 
system of harem-like cohabiting groups. We found the coex-
istence of two distinctive group types within the harem-like 
cohabiting groups. Here, we report details of group structure 
of D. reticulatus in nature as a new example of multiple 
haremic group formation.

Materials and methods

Study area

We conducted underwater surveys on reefs in Nishiura Bay, 
Kuchierabu-jima Island (30°28′N, 130°10′E), Kagoshima, 

southern Japan. The island fronts onto the Kuroshio Cur-
rent in a biogeographically subtropical region, and over 600 
fish species inhabit the reefs (Gushima and Murakami 1976; 
Kimura et al. 2017). We set up a study area of 50 × 100 m 
on the flat reef zone at depths of 4–8 m in the bay (Fig. 1).

Field observations

The field observational survey was conducted daily using 
SCUBA from June to October 2016 and June to November 
2017. On reefs of Kuchierabu-jima Island, breeding activ-
ity of D. reticulatus starts from June and ends around early 
November (Sakanoue, unpublished data). We could not 
conduct surveys during the winter season and early spring 
(December to April) because of stormy wave conditions. 
Water temperature ranged from 22.4 to 32.3 °C.

At the start of each study period, we captured all D. 
reticulatus within the study area using hand nets and screen 
nets. There were 56 individuals in 2016 (density 0.011 indi-
viduals/m2) and 88 individuals in 2017 (0.018 individuals/
m2). Captured individuals were carefully transferred to 
the laboratory for the following procedures. While being 
anesthetized with diluted clove oil (0.05%), each individual 
was measured [standard length (SL)] to the nearest 0.1 mm 
using calipers and sexed by microscopic observation of the 
shape of the urogenital papilla (long and conical papilla 
indicate males, short and thick papilla indicate females, 
and undeveloped small papilla indicate juveniles, Thresher 
1984; Mizushima et al. 2000). In addition, we confirmed 
gamete production by gently pressing the abdomen (Fricke 
1980). A small individual (SL < 35 mm) having undeveloped 
small papilla and being unable to discharge gametes by the 
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Fig. 1   Study area (50 m × 100 m) for observational surveys of harem-
like groups of Dascyllus reticulatus on reefs of Kuchierabu-jima 
Island. A total of seven (A, B, C, D, E, F, G) and six (A2, C2, D2, E2, 
H, I) branching corals harboring harem-like cohabiting groups of D. 
reticulatus were present within the study area at the start of the study 
in 2016 and 2017, respectively. Inter-group moves and extra-group 
spawning are indicated by solid lines and dotted lines, respectively. 
The thickness of the arrow reflects the number of individuals (n val-
ues are shown in parentheses). Pale arrow indicates a failed case of 
movement. Outlines of reef substrates are drawn as pale lines 
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operation was defined as a juvenile. We injected a visible 
implant elastomer tag (Northwest Marine Technology Inc., 
Shaw Island, WA, USA) subcutaneously into the lateral body 
for individual discrimination. We did not mark individuals 
less than 20 mm in SL. All captured fish were released at the 
place of capture the next day. In order to accurately confirm 
the individual composition of each group and the functional 
sex of individuals, we recaptured, measured and sexed all 
individuals again 2 months into the study periods (i.e., Sep-
tember) and at the end of the study periods.

Dascyllus damselfishes form groups on branching cor-
als, including Acropora, Pocillopora and Stylophora (Allen 
1975; Scott 2008). In this study, D. reticulatus formed 
groups on Pocillopora eydouxi, P. elegans and Acropora 
aff. divaricata. In 2016, we found seven branching iso-
lated corals (A, B, C, D, E, F, G in Fig. 1). In 2017, we 
found six branching isolated corals (A2, C2, D2, E2, H, 
I in Fig. 1). We measured the size of each shelter coral. 
The branch length and the inter-branch width of each shel-
ter coral colony were measured randomly 5 times at once 
and the average value was calculated. We observed two 
conspicuous patterns in branch lengths (Fig.  2). Pocil-
lopora eydouxi had thick long branches (branch length: 
median = 10.6 cm, range = 8.4–11.9 cm; inter-branch width: 
median = 6.8 cm, range = 6.2–7.9 cm, n = 4; groups A, A2, 
G and I in Fig. 1), which provided wider gaps. The other 
two corals, i.e., P. elegans (n = 3; groups E, E2 and F in 
Fig. 1) and Acropora aff. divaricata (n = 6; groups B, C, 
C2, D, D2 and H in Fig. 1) commonly developed fine short 
branches, which provided narrow gaps between branches 
(branch length: median = 2.7 cm, range = 2.2–3.0 cm; inter-
branch width: median = 2.5 cm, range = 1.9–4.2 cm, n = 9; 
Table 1). We combined these two corals’ data together as 
the short-branching corals in the present study. In com-
paring branch length and inter-branch width, P. eydouxi 
had significantly longer branches and wider gaps than the 
other two short-branching corals (Mann–Whitney U test, 
U = 0, P < 0.01 in both). Whereas, in comparing coral 
colony sizes, there was no significant difference in the vol-
umes of the coral colonies between the long-branch ones 
(median = 0.11 m3, range = 0.09–0.12 m3, n = 4) and short-
branch ones (median = 0.05 m3, range = 0.03–0.18 m3, n = 9; 
Mann–Whitney U test, U = 11, P = 0.3; Table 1). We defined 
individuals that used the same sheltering coral as a single 
group. We called groups on Pocillopora eydouxi “long-
branch groups”, and those on P. elegans and Acropora aff. 
divaricata “short-branch groups.” 

In our preliminary survey, we confirmed that spawn-
ing of D. reticulatus in each colony group occurred in 
the morning, especially between 07:30 and 09:30. To 
survey the mating activities of D. reticulatus, we con-
ducted behavioral observation during the morning 
(07:00–12:00 h) for a total of eight colony groups. To 

calculate reproductive success, we used groups that we 
were able to continuously monitor throughout the study 
period (nearly half of the Dascyllus individuals disap-
peared in September 2016 due to heavy disturbance by 
typhoons). In total, we observed two groups (A and E) in 
2016 and six groups (A2, C2, D2, E2, H, and I) in 2017. 
Among these eight groups, three and five were long-
branch groups (A, A2 and I) and short-branch groups 
(C2, D2, E, E2 and H; Table 2), respectively. Duration of 
the observation period for each group ranged 10–120 min 
depending on the mating activity of each group. To 
obtain comparative data of reproductive activity among 
groups (individuals), the morning behavioral observa-
tions were repeatedly conducted for 36–69 days in each 
group (Table 2). We recorded the time and place of male 
courtship displays (signal-jumps, Sale 1971), spawning 
behaviors, and parental egg care behavior. Before spawn-
ing, females often visited a male’s mating nest in a coral 

Fig. 2   Two types of the host corals of harem-like cohabiting groups 
of Dascyllus reticulatus on reefs of Kuchierabu-jima Island. Pocillo-
pora eydouxi (a) with thick long branches and Acropora aff. divari-
cata (b) with relatively fine short branches
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or on an adjacent rock surface (Tanaka 1999). Spawning 
events were visually confirmed by the presence of eggs on 
the nest. In this study, males who established mating nests 
and showed mating and egg care were called “breeding 
males.” Females confirmed to have spawned were called 
“spawning females.” To evaluate reproductive success, we 
calculated spawning frequency: “total number of spawn-
ing events (times)”/“observation period (days).” To evalu-
ate the stability of mating partnerships, we calculated the 
total number of mating partners per individual. Spawning 
participation prevalence was calculated as “number of 
breeding males (or spawning females)”/“total number of 
adult individuals.”

Statistical analyses

The data did not meet parametric assumptions, so we 
used nonparametric tests for statistical analyses. We used 
Mann–Whitney U and Wilcoxon signed-rank tests to com-
pare between short-branch and long-branch groups. The 
binomial proportion test (expected frequency 0.5) was 
used to compare sex ratios in the population. For correla-
tion analyses between individuals’ body lengths (SL mm) 
and spawning frequencies (times/day), Spearman’s rank 
correlation coefficient test was used. P-values less than 
0.05 were considered statistically significant. Statistical 
calculations were conducted using R 3.2.2 (R Core Team 
2015).

Results

Difference in group composition and shelter coral 
type

We observed multiple males cohabiting within the same 
colony group 9 times, and we observed solo males 4 times 
(Table 1). The occurrence ratio of multiple male groups 
was not significantly different between the long-branch 
groups and short-branch groups (Fisher’s exact probability 
test, P = 0.4). The sex ratio of the long-branch groups (8 
males and 18 females; Table 1) was significantly different 
from a 1:1 ratio (binominal test for proportion, P = 0.04), 
while the ratio was not significantly different than 1:1 in the 
short-branch groups (37 males and 47 females; Binominal 
test, P = 0.3; Table 1). The individual densities of the short-
branch groups (median = 240 individuals/m3, range = 39–300 
individuals/m3, n = 9) were significantly higher than that 
of the long-branch groups (median = 58 individuals/m3, 
range = 25–100 individuals/m3, n = 4; Mann–Whitney U 
test, U = 3, P < 0.05; Table 1).

Males in long-branch groups (SL median = 60.8 mm, 
SL range = 51.6–72.1  mm, n = 8) were significantly 
larger than those in the short-branch groups (SL 
median = 42.0 mm, SL range = 34.8–55.5 mm, n = 37; 
Mann–Whitney U test, Z = 6, P < 0.001; Fig. 3). Similarly, 
females in long-branch groups (SL median = 53.7 mm, SL 
range = 47.1–61.8 mm, n = 18) were significantly larger 
than those in short-branch groups (SL median = 38.3 mm, 

Table 2   Mating activity of two types of harem-like groups of Dascyllus reticulatus on reefs of Kuchierabu-jima Island

a Sum of days when at least one female spawned at the group
b Total spawning number/observation period
c Based on data at the end of survey period
d Including extra-group spawning (n = 3)

Group name Total 
mating 
daysa

Occurrence fre-
quency of mating 
days (%)

Total 
spawning 
number

Frequency of 
spawning (times/
day)b

Spawning 
participation 
prevalence 
(breeding indi-
viduals/group 
members)c

Observation period

Males Females

Long-branch groups
 A 2 5.6 3 0.08 1/1 2/2 36 days (August 15–September 19, 2016)
 A2 5 7.2 15 0.22 1/1 4/5 69 days (June 26–September 2, 2017)
 I 6 15.0 14 0.35 1/2 3/3 40 days (July 24–September 1, 2017)

Short-branch groups
 H 11 16.4 19 0.28 4/12 7/12 67 days (June 29–September 3, 2017)
 C2 5 8.3 8d 0.13 1/2 4/5 60 days (July 5–September 2, 2017)
 D2 2 3.3 3 0.05 2/8 4/11 61 days (July 6–September 4, 2017)
 E 3 5.8 5 0.10 1/2 3/5 52 days (September 10–November 31, 2016)
 E2 2 3.0 2 0.03 1/2 1/4 66 days (June 28–September 1, 2017)
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range = 31.0–53.8 mm, n = 47; Mann–Whitney U test, 
Z = 7, P < 0.001; Fig.  3). Overall, mature individu-
als in long-branch groups (SL median = 55.7 mm, SL 
range = 47.1–72.1 mm, n = 26) were significantly larger 
than those in short-branch groups (SL median = 40.5 mm, 
SL range = 31.0–55.5 mm, n = 84; Mann–Whitney U test, 
Z = 7, P < 0.001; Fig. 3). Focusing on sexual differences 
within groups, males were significantly larger compared 
to females in both group types (Mann–Whitney U test, 
long-branch groups U = 16, short-branch groups Z = 3, 
P < 0.01 for both; Table 1).

All four long-branch groups were comprised of only 
mature individuals (adult individual ratio: all 1.0, n = 4; 
Table 1). In contrast, the short-branch groups included 
juvenile and adult individuals (adult individual ratio: 
median = 0.67, range = 0.55–0.88, n = 9; Table 1). The 
adult vs juvenile ratios were significantly higher in the 
long-branch groups compared to those of the short-branch 
groups (Mann–Whitney U test, U = 0, P < 0.01; Table 1). 
However, the net number of mature individuals was not 
different between the two groups (Mann–Whitney U test, 
U = 13, P = 0.4 ; Table 1).

Difference in reproductive activities

We observed a total of 61 spawning events by 28 mating 
pairs during the daily continuous surveys of the six groups in 
2017 (Table 2). In only three cases (4%) did females spawn 
with males outside their original groups, all females in the 
short-branch groups (Table 2). In mating pairs, males were 
always larger than females (Wilcoxon signed-rank test, T = 0, 
P < 0.05, n = 28; Fig. 4). Spawning events occurred on 1–2 
successive days (i.e., mating days) in each spawning cycle 
(median = 1, n = 38), and duration between spawning cycles 
(i.e., non-spawning period) ranged from three to 21 days 
(median = 9, n = 26). The occurrence frequencies of the mat-
ing days in the observation period were not significantly 
different between long-branch groups (median = 8.7%, range 
5.6–15.0%, n = 3) and short-branch groups (median = 5.8%, 
range = 3.0–16.4%, n = 5; Mann–Whitney U test, U = 6, 
P = 0.7; Table 2). The frequencies of spawning in each 
group were also not significantly different between two 
group types (long-branch group: median = 0.23 times/day, 
range = 0.08–0.35 times/day, n = 3; short-branch group: 
median = 0.10 times/day, range = 0.03–0.28 times/day, n = 5; 
Mann–Whitney U test, U = 4, P = 0.3; Table 2). Thus, there 
were no differences in mating activities between the groups.

Most female individuals in the long-branch groups 
spawned at least once during our observational survey 
(spawning participation prevalence 90%: 9 of 10 individu-
als; Tables 2, 3). In contrast, only 19 of 37 female individu-
als (51.3%) spawned in the short-branch groups (Tables 2, 
3). The spawning participation prevalence ratio was signifi-
cantly lower in the short-branch groups compared to those 
in the long-branch groups (Fisher’s exact probability test, 
P = 0.03). In addition, the spawning frequency of female 
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Fig. 3   Body size compositions of Dascyllus reticulatus on reefs of 
Kuchierabu-jima Island in relation to two group types (a long-branch 
groups, b short-branch groups). Solid bars indicate mature males, 
open bars indicate females, and shaded bars indicate juveniles. SL 
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Fig. 4   Mating pair combinations of Dascyllus reticulatus of harem-
like cohabiting groups on reefs of Kuchierabu-jima Island. Data of 
two long-branch groups (A2 and I) and four short-branch groups (C2, 
D2, E2 and H) during 2017 season are used. Solid circles indicate 
male–female combination data in the long-branch groups (n = 7), and 
open circles indicate those in the short-branch groups (n = 21). The 
dotted line indicates 1:1 body size. SL standard length
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individuals in the long-branch groups (median = 0.058 times/
day, range = 0.00–0.125 times/day, n = 10) was significantly 
higher than that of the short-branch groups (median = 0.015 
times/day, range = 0.00–0.09 times/day, n = 37; Mann–Whit-
ney U-test, Z = 3, P = 0.001; Fig. 5). Even when exclud-
ing non-spawning females (long-branch groups: n = 1, 
short-branch groups: n = 18), females in the long-branch 
groups (median = 0.058 times/day, range = 0.028–0.125 
times/day, n = 9) showed higher spawning frequency than 
those of short-branch groups (median = 0.017 times/day, 
range = 0.015–0.09 times/day, n = 19; Mann–Whitney 
U-test, U = 31, P = 0.007; Table 3).

In each group type, spawning frequency was not sig-
nificantly correlated with female body size (Spearman 

correlation coefficient: long-branch groups: rs = − 0.21, 
P = 0.54, n = 10; short-branch groups: rs = 0.01, P = 0.9, 
n = 37; Fig. 5). When combining all group data, however, a 
significant correlation was confirmed, reflecting the contrast-
ing results between the two group types (Spearman correla-
tion coefficient, rs = 0.38, P = 0.01, n = 46).

Breeding males maintained mating relationships with 
multiple females in both group types (long-branch groups: 
median = 3 females, range 2–4, n = 3; short-branch groups: 
median = 3, range 1–7, n = 9; Mann–Whitney U-test, U = 12, 
P = 0.8; Table 4). The spawning participation prevalence 
ratio was not significantly different between the long-branch 
groups (3 of 4 males) and the short-branch groups (9 of 
26 males; Fisher’s exact probability test, P = 0.3; Table 2). 

Table 3   Spawning females of 
Dascyllus reticulatus in two 
types of harem-like groups on 
reefs of Kuchierabu-jima Island

Non-spawning females: n = 1 in the long-branch groups, n = 18 in the short-branch groups
One spawning event was excluded from data for both A and D2 because of difficulty in identifying indi-
vidual spawners
a Including an attempted extra-colony group spawning with the largest male of C2

Group name SL (mm) Spawning num-
ber (times): A

Observation 
period (days): B

Spawning frequency 
(times/day): A/B

Mates number

Long-branch groups
 A 58 1 36 0.028 1

50.2 1 0.028 1
 A2 59.2 4 69 0.058 1

52.7 4 0.058 1
48.0 4 0.058 1
54.6 3 0.043 1

 I 55.1 5 40 0.125 1
48.0 5 0.125 1
50.0 4 0.100 1

Short-branch groups
 H 39.0 6 67 0.090 3

36.0 5a 0.075 4a

39.1 3 0.045 3
34.0 3 0.045 2
35.7 1 0.015 1
32.7 1 0.015 1
31.0 1 0.015 1

 C2 31.3 2 60 0.033 1
38.2 1 0.017 1
37.6 1 0.017 1
33.2 1 0.017 1

 D2 36.1 1 61 0.016 1
36.1 1a 0.016 1a

34.0 1 0.016 1
32.2 1a 0.016 1a

 E 50.2 3 52 0.058 1
40.5 1 0.019 1
36.6 1 0.019 1

 E2 44.1 2 66 0.030 1
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In the long-branch groups, the largest male in each group 
monopolized all spawning events (Tables 2 and 4). In the 
short-branch groups, one or three males monopolized all 
spawning events (Tables 2 and 4), but they were not always 
the largest males (group H, D2 and E2; Table 4).

The spawning frequency of males in the long-branch 
groups (median = 0.15 times/day, range = 0–0.35, n = 4) were 
higher than those in the short-branch groups (median = 0.00 
times/day, range = 0.00–0.13, n = 24; Mann–Whitney U test, 
Z = 2, P = 0.04). Within the short-branch groups, the cor-
relation between spawning frequency and male body size 
was significant (Spearman correlation coefficient, rs = 0.41, 
P = 0.04, n = 24). As a result of contrasting differences in 
body size composition between the two group types, the 
spawning frequency of males was significantly correlated 
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Fig. 5   Spawning frequency (times/day) of female Dascyllus reticula-
tus in relation to body size. Solid circles indicate long-branch groups, 
and open circles indicate short-branch groups

Table 4   Spawning success of 
male Dascyllus reticulatus in 
two types of harem-like groups 
on reefs of Kuchierabu-jima 
Island

Two male individuals that performed an inter-group move from H to A2 in the middle of the observation 
period were excluded from the data
a Includes three extra-colony spawning attempts (see Table 3)

Group name SL (mm) Spawning num-
ber (times): A

Observation 
period (days): B

Spawning frequency 
(times/day): A/B

Total mate num-
bers (individuals)

Long-branch groups
 A 56.3 3 36 0.08 2
 A2 63.5 15 69 0.22 4
 I 64.4 14 40 0.35 3

48.8 0 0.00 0
Short-branch groups
 H 48.2 7 67 0.11 4

43.9 4 0.06 3
43.3 0 0.00 0
43.0 3 0.05 3
42.0 0 0.00 0
40.8 5 0.08 4
40.8 0 0.00 0
39.0 0 0.00 0
37.5 0 0.00 0
35.7 0 0.00 0

 C2 41.0 8 60 0.13 7a

39.0 0 0.00 0
 D2 43.0 0 61 0.00 0

41.6 2 0.03 2
41.2 1 0.02 1
41.2 0 0.00 0
41.2 0 0.00 0
41.0 0 0.00 0
40.0 0 0.00 0
36.1 0 0.00 0

 E 55.5 5 52 0.10 3
44.7 0 0.00 0

 E2 45.6 0 66 0.00 0
44.1 2 0.03 1
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with male body size when considering all data (Spearman 
correlation coefficient, rs= 0.54, P = 0.003, n = 28, Table 4).

Inter‑group moves

Inter-group moves, or temporary intrusions to other groups, 
were observed in six individuals (four males, one female, 
and one juvenile; Fig. 1); all were non-breeding individuals 
belonging to the short-branch groups that moved or intruded 
into a long-branch group (A2; Fig. 1).

Three non-breeding males of group H (SLs = 42.0, 45.0, 
and 46.0 mm) successfully moved into group A2, but a non-
breeding male (SL = 43.0 mm) failed after being attacked 
by the largest A2 male (SL = 63.5 mm) and immediately 
returned to group H. The non-breeding male became a 
breeding male in group H afterward (Table 4). The two 
emigrating males that succeeded in moving to A2 also suf-
fered attacks by the larger A2 males in the shelter corals, and 
their status remained non-breeding until the end of the study 
(November 2017), except for one individual (SL = 46.0 mm), 
who obtained a spawning opportunity with a newly recruited 
small female, once. Thus, emigrating males did not eas-
ily obtain breeding status after moving to the long-branch 
groups. These four non-breeding males that conducted 
inter-group moves were significantly larger than the other 
non-breeding males in group H (SL median = 39.9 mm, 
SL range = 35.7–43.3, n = 6; Mann–Whitney U-test, U = 3, 
P = 0.04).

A juvenile from group C2 (SL = 33.2 mm) successfully 
moved and became a member of group A2 on September 
2017 and became a mature female around the time of the 
inter-group move (no spawning within the observation 
period, but maturation was confirmed by sexing in the labo-
ratory at end of the survey). A non-breeding female from 
group H (SL = 35.7 mm) also successfully became a member 

of group A2 (no spawning was confirmed by the end of 
study). In addition, three females showed temporary intru-
sions for spawning (extra group spawning; Fig. 1, Table 3). 
All three females (SLs = 32.2 and 36.1 mm in group D2 
and 36.0 mm in group H) were accepted into group C2 
and spawned once with the largest male (SL = 41.0 mm; 
Table 4). There were no failed inter-harem moves or tempo-
rary intrusions by females or juveniles, though emigration 
attempts were very limited.

Discussion

Social and environmental factors are known to promote 
intraspecific variation in the mating and social systems in 
some reef fishes (e.g., Pomacanthidae Moyer et al. 1983; 
Serranidae Yogo 1987; Shapiro 1988; Labridae Shap-
iro 1991; Karino et al. 2000). Intraspecific variation of 
social structure depending on population density has been 
observed in Dascyllus damselfishes, including multiple-male 
gregarious groups in dense populations (Fricke 1977, 1980; 
Schwarz 1980; Coates 1982). Harem-like cohabiting groups 
often occur in relatively low-density populations (Fricke 
1977, 1980). This was the case for D. reticulatus in our cur-
rent study. However, in addition to these population-level 
variations, we observed unique variation in the social struc-
ture of harem-like groups of Dascyllus damselfish within a 
population.

The coral-dwelling damselfish D. reticulatus showed 
two contrasting types of harem-like colony groups with 
different social structures and mating activities depending 
on body size and coral types (Table 5). In groups estab-
lished on corals with long branches, the largest male main-
tained stable haremic mating relationships with cohabiting 
females (Table 5). In haremic fishes, the largest male often 

Table 5   Summarized features of two types of harem-like groups of Dascyllus reticulatus 

Long-branch groups Short-branch groups

Host coral species Pocillopora eydouxi Acropora aff. divaricata. or Pocillopora eleganis
Shelter space Wide Narrow
Individual density Low High
Individual composition All matured (no juveniles) Matured and juveniles
Sex ratio Female biased Even
Individual body size Large Small
Breeding males The largest one 1–4 males
Spawning partners Within groups Within groups basically (including extra-group spawning)
Female mate numbers One male One male basically
Male mate numbers 2–4 females 1–7 females
Spawning prevalence 90% of females 51.3% of females
Spawning frequency High Low
Inter-group movement No emigrants To long-branch groups by non-breeding individuals
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monopolizes mating with stably cohabiting females by 
excluding other males from mating sites (Robertson 1972; 
Moyer and Nakazono 1978a; Kuwamura 1984; Sakai and 
Kohda 1997; Kadota et al. 2011). D. reticulatus males of the 
long-branch groups seem to meet this condition by monop-
olizing mates and maintaining stable mating relationships 
with cohabiting females. Though social interactions among 
males were infrequently observed, we observed aggressive 
attacks by the largest male in one group toward intruding 
males from an adjacent group, implying a territoriality of 
large males of D. reticulatus in the long-branch groups. 
Thus, the social structure and mating relationships of the 
long-branch groups of D. reticulatus appear to be similar to 
many examples of haremic fishes. This is the first empiri-
cal evidence of harem groups in Dascyllus, as predicted 
by Schwarz and Smith (1990) and Asoh (2005). We would 
expect harem groups of D. reticulatus to occur in conditions 
where corals have long branches to accommodate colonies 
with large individuals.

In contrast, groups on short-branching corals showed 
social and mating conditions that were different from typi-
cal examples of harems (Table 5). Some males were repro-
ductively active and maintained mating relationships with 
several females like haremic fishes. However, a lot of non-
breeding adult individuals cohabited within the groups. 
Thus, mating opportunities and habitat resources were not 
monopolized in the short-branch groups. Our results suggest 
that not all harem-like cohabiting groups of D. reticulatus 
have identical social structures and mating activities.

Male body sizes were larger than those of females within 
groups and within mating pairs regardless of group types, 
suggesting that the principal mating group may be harem-
like even in the short-branch groups. If so, what factors 
differentiate social structures between long-branch groups 
and short-branch groups? It is possible that high individual 
density conditions in short-branch groups promote a disor-
ganized social structure. There were no differences in the 
number of adult individuals between the two group types; 
the high densities within short-branch groups were caused 
by juvenile cohabitations (Table 1). Large group sizes and 
cohabiting individual densities within a group often cause 
inactive reproduction in some individuals and sometimes 
result in protogynous sex changes in females (Yogo 1987; 
Sakai 1997). The sexuality of hermaphroditic fishes is 
socially controlled by interactions with local group mem-
bers, especially dominant individuals (Robertson 1972; 
Warner 1988; Munday et al. 2006). In harem groups of Cen-
tropyge angelfish, decreased spawning frequency in females 
was observed when social interactions with dominant males 
were infrequent (Sakai 1997), which may be similar to the 
conditions in the short-branch groups in D. reticulatus. The 
low spawning participation prevalence ratio and the low 
spawning frequencies observed in the short-branch groups 

may be due to inadequate social dominance within the 
group.

In the long-branch groups, the sex ratio was biased 
towards females, which may result from the territoriality of 
the largest male preventing male emigration and maintaining 
social control on sex change in females. On the other hand, 
the sex ratio was not biased in the short-branch group, which 
is likely due to weak social dominance by large breeding 
males in the high-density conditions. A few individual non-
breeding females in the short-branch groups changed sex 
into males (Sakanoue in prep), which supports the idea of 
there being insufficient social dominance conditions within 
the group. Observational data on behavioral interactions 
within groups are expected to clarify the differences in social 
relationships among cohabiting members between the two 
group types in future.

Small species of Dascyllus rarely move away from their 
shelter coral due to high predation pressure (Sale 1971; 
Fishelson et al. 1974). The distribution of branching corals 
suitable for D. reticulatus shelters were broadly scattered in 
the study area (Fig. 1), which would indicate considerable 
risks in leaving the sheltering corals. We observed preda-
tion on D. reticulatus by carnivorous fish, including group-
ers Cephalopholis urodeta and Variola albimarginata and a 
sandperch Parapercis millepunctata (Sakanoue unpublished 
data). When hiding, D. reticulatus places its body into the 
gap between coral branches. The gap in short-branching cor-
als (around 2–3 cm branch length) is too small for individu-
als with SLs greater than 5 cm, requiring them to live in 
long-branching corals. In contrast, corals with long branches 
would be unsuitable or unpreferable for small adult or juve-
nile individuals because they may allow predators to intrude. 
In addition, the numerous narrow gaps and complicated lab-
yrinth structure would allow a high density of small adult 
and juvenile individuals to cohabitate within a coral colony. 
Fricke (1980) surveyed D. marginatus in the Red Sea and 
showed that the size of coral determines group size and that 
individuals living in the genus Stylophora had body lengths 
that were greater than for those of individuals residing in the 
finer genus Acropora, which is similar to our observations 
for D. reticulatus. Thus, individual living space requirements 
may be a strong factor promoting the segregation of group 
composition based on different coral types.

The reproductive success of females is determined 
by the amount of eggs that can be made, so it increases 
according to body size and is not affected by mating sys-
tem (Warner 1975), which is consistent with our observa-
tion of high spawning frequency in large-sized females in 
the long-branch groups. It is widely confirmed that large 
males display a high capacity and ability to care for eggs 
(Schmale 1981; Thresher and Moyer 1983; Peterson 1995). 
So, it would be beneficial for the females in the long-branch 
groups to spawn with large males. In contrast, females in 
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the short-branch groups seemed to prefer mating with small 
males on narrow nest spaces between coral branches. For 
individuals settled on short-branching corals, inter-group 
moves may be a crucial pathway to obtaining better condi-
tions for reproduction.

Only non-breeding individuals from the short-branch 
groups conducted inter-group moves. Emigrants had body 
sizes that were relatively large compared to the other non-
breeding individuals in their original groups, which may be 
related to swimming ability for eluding attacks from larger 
males and predators during the moves. All inter-group 
moves were conducted toward an adjacent long-branch 
group, and no reverse-directive moves from long-branch 
groups occurred. The fact that no individuals moved from 
the long-branch coral to the short-branch coral suggests 
that the large-branching corals were preferable for large D. 
reticulatus individuals. As a conditional life-history pathway 
of D. reticulatus, we predict that individuals will first settle 
and stay on short-branch corals to prioritize survival when 
small, and then change groups after growth to achieve better 
reproductive status.

The previous studies on group composition of Dascyllus 
suggested the occurrence of harem groups in low-density 
populations (Fricke and Holzberg 1974; Coates 1982; Holz-
berg 1973; Schwarz 1980). However, none of them directly 
confirmed the sexualities of cohabiting individuals within 
groups. In the present study, we confirmed the presence of 
harem groups on long-branching corals. Furthermore, even 
within harem-like cohabiting groups, we also found another 
type of social group on short-branching corals mainly com-
prised of smaller adults and juveniles. In haremic reef fishes, 
the social structure of each group is organized basically in 
unitary form; each group is comprised of reproductively 
active adults and juveniles and is organized in size-based 
dominance relationships (e.g., Labridae: Kuwamura 1984, 
Pomacanthidae: Sakai and Kohda 1997, Cirrhitidae: Kadota 
et al. 2011). In the present study, D. reticulatus maintained 
two types of harem-like groups with different social struc-
tures and mating activities, and this is the first report of the 
coexistence of dual group forms in haremic fishes.

Hattori and Casadevall (2016) suggested that mat-
ing system variation (monogamy or harem polygyny) in 
the genus Dascyllus is determined by shelter size. In the 
case of D. reticulatus, gregarious groups have often been 
observed in densely distributed coral colonies, i.e., shelter 
rich conditions (Asoh 2005). Furthermore, as shown in the 
present study, the physical structures of branching corals 
also affected the group structure of D. reticulatus. However, 
sample sizes of the long-branch groups are limited in the 
present study. Therefore, further detailed examination of the 
social structure and mating system, including experimental 
approaches, are expected for verifying the causal effect of 
coral structure on alternative group forms and for revealing 

the adaptive significance of the dual group forms in the con-
text of the survival and mating strategy of D. reticulatus.
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