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is probably limited by solubility.
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Serial Female Sex Changes After Simultaneous

Removal of Males from Social Groups of a Coral Reef Fish

Abstract. The simultaneous removal of three to nine males from large social
groups of Anthias squamipinnis led to close to a one-to-one replacement of the re-
moved males by sex-reversing females. The females changed sex serially within each
group with a mean interval between successive onset times of 1.9 days. The timing of
sex change is thus not independent for each fish but is influenced by the events sur-
rounding other sex reversals within the group.

Female-to-male sex reversal can be
initiated in several species of marine fish
by the removal of a male either from
spatially well-defined, bisexual social
groups (/-3) or from less tightly struc-
tured aggregations (4), depending on the
species. This phenomenon has been ex-
amined carefully in small, single-male
groups where the removal of one male
has led to the sex reversal of one female
(3, 6). The sexually dichromatic, serran-
id fish Anthias squamipinnis (Peters) is a
protogynous hermaphrodite that lives in
sedentary, bisexual social groups (2, 7,
8). When females of this species reverse
sex, their coloration, behavior, and go-
nadal histology change in well-defined
sequences (5, 9). This report shows (i)
that the simultaneous removal of N
males from large A. squamipinnis social
groups leads to the sex reversal of N fe-
males, that is, there is close to a one-to-
one replacement of sex-reversing fe-
males for removed males and (ii) that the
multiple sex reversals initiated within a
social group by the simultaneous remov-
al of multiple males do not begin at the
same time but are evenly spaced in on-
set, approximately 2 days apart, that is,
the timing of sex change is not indepen-
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dent for each fish but is influenced by
other sex reversals or by the events ini-
tiating other sex reversals within the
group.

Forty-eight social groups (7, 10) of A.
squamipinnis were identified with num-
bered floats and visually censused for the
number of adult males and females, at a
water depth of less than 15 m on the
northeast reef of Apo Island, near Duma-
guete City, Negros Oriental, Philippines,
in July and August 1978. From this
sample, 15 control groups and 11 experi-
mental groups were selected and
matched for approximate similarity in
size and adult composition. Groups
ranged from 2 adult males and 13 adult
females to 50 males and 294 females,
with a median group containing 10 males
and 61 females. In general, from each
control group one male was removed.
From each experimental group three to
nine males were removed (//) within an
8-hour period. After the males were re-
moved, the females of each group were
observed daily to within 2 m and scruti-
nized for the earliest changes in color-
ation indicative of sex reversal. Previous
laboratory and fieldwork on 44 socially
initiated sex reversals had specified the
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precise sequence of color changes to be
expected in five body regions (2, 9). The
first day of recognizable color change
was recorded as the day of onset of sex
change. The sex-reversing individuals
were distinguished within each group
primarily by the progress and degree of
advancement of their respective color-
ation changes. Experimental groups
were observed daily for 15 to 25 days and
control groups for 12 to 24 days after
male removals. A female was said to
have changed sex if her color changed
from characteristically female to typi-
cally male. This criterion was thought
sufficient because 96.9 percent of indi-
viduals (N = 130) in an earlier study
showed full correspondence between the
gender of external color pattern and the
histologically determined gonadal gender
and because 100 percent of individuals
(N = 45) that were observed to change
from female to male coloration contained
testes with histological evidence of a pri-
or ovarian state (3).

After 58 males were removed from
the experimental groups, 57 females
changed sex. In each group, very close
to the same number of females changed
sex as the number of males removed
(Fig. 1). Similarly, in most of the control
groups a single female changed sex after
the removal of one male, resulting in a
mean of 1.17 sex reversals per male re-
moved. The median onset day for sex re-
versals was day 3 after male removal,
with a range of 1 to 7, in the control
groups, and day 5, with a range of 1 to
16, in the experimental groups. The vari-
ance in day of onset for the 57 sex re-
versals in the experimental groups was
6.7 times as great as the variance in the
control groups (variance ratio test,
P < .001, two-tailed) and the onset day
for experimental groups was significant-
ly higher than the onset day for control
groups (Mann-Whitney U test, P < .001,
two-tailed). In the experimental groups,
when the first, second, third, fourth, and
S0 on successive sex reversals within
each group were examined separately,
the onset day varied directly with the or-
der of sex reversal within the group (Fig.
2). The sex reversals from the control
and experimental groups were unlikely
to have come from a single, homoge-
neous population (Fig. 2) (Kruskal-Wal-
lis one-way analysis of variance,
P < .001; single factor analysis of vari-
ance, P < .001, two-tailed). The mean
onset day for the one sex reversal in the
control groups was significantly lower
than the mean onset day for the third,
fourth, fifth, sixth, and seventh plus sex
reversals in the experimental groups
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(Dunnett test, P < .01, one-tailed).
When the 11 experimental groups were
examined separately, the median num-
ber of days separating the onsets of suc-
cessive sex reversals ranged from 1 to 6,
with a median separation time for the 11
median values for these groups of 2 days.
When the 46 intervals separating succes-
sive sex reversals in all 11 groups were
considered together, the median separa-
tion time was 1.5 days, the mean was 1.9
days, and the standard deviation was 1.9
days.

Thus, generally, for each of multiple
males removed from a group, one female
changed sex. When multiple males were
removed simultaneously from a group,
multiple sex reversals succeeded one an-
other in onset with a mean interval of 1.9
days. These results were not predicted
by a detailed analysis of intragroup be-
havior before and after male removal in
small, single-male groups (2, 5) and
seemed unlikely to be predicted by exist-
ing models for the evolution of the prop-
er time of sex change (¢, /2). While some
large, multimale groups are divided into
two or three spatially separated sub-
groups (7), one-to-one replacement sug-
gests an additional, high degree of intra-
group social structure in large groups.

One simple hypothesis is that large
groups consist of an aggregation of spa-
tially defined clusters of individuals,
each containing one male and multiple
females, with sex reversal controlled in-
dependently within each cluster. The re-
moval of the male from several clusters
would separately induce one female to
change sex within each cluster and one-
to-one replacement would result. In such
a case, the onset of sex reversal should
be independent for each cluster. There
should be no difference in onset times
between each of the multiple sex revers-
als after removal of many males and no
difference between those onset times and
the onset times of single sex reversals af-
ter removal of single males. This predic-
tion is belied by the present results. Fur-
thermore, while identified males, in one
study, showed overlapping but statisti-
cally distinct home ranges within a large
group, identified females moved in no
simple relation to the home ranges of
specific males (/3). The multiple cluster
hypothesis, then, appears not to apply.

These results might be partially ex-
plained if the group were organized, not
into spatially defined clusters, but into
behavioral subsets of individuals, each
involving one male and multiple females.
If the rapidity of onset of sex reversal de-
pended on the value of some measure of
interaction between members of the sub-

5 SEPTEMBER 1980

10 1

Number of females changing sex

o P S S T S S S S
0 2 4 6 8

Number of males removed

10

Fig. 1. The number of females that changed
sex after the removal of three to nine males
from each of 11 social groups of A. squami-
pinnis. Each data point represents one social
group. The number of females changing sex
was correlated with the number of males re-
moved (Spearman rank order correlation,
rs = .82, P < .01, two-tailed). The straight
line (y = —0.93 + 1.16x) is a linear regression
fitted to the data points.

set, and if subsets were hierarchically ar-
ranged within the group, with interaction
levels within each subset determined by
the subset’s relative rank in the group,
then multiple male removals would pro-
duce multiple sex reversals whose onsets
would be spaced in accordance with the
difference in rank between the subsets
whose males were removed. The diffi-
culty with this hypothesis is that it pre-
dicts a different, definite onset time for
each subset within the group. It is most
unlikely that a haphazard removal of
three to nine males from groups con-
taining up to 50 males would invariably
select males from high ranking subsets
with very rapid onset times. Yet, in each
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Fig. 2. The onset time, in days after male re-
moval, for the coloration changes (i) of single
sex reversals in large control groups after the
removal of a single male and (ii) of seven or
more successive sex reversals in large groups
of A. squamipinnis after simultaneous remov-
al of many males. Sample sizes were, for the
controls, N = 15; first, N = 11; second,
N = 11; third, N = 9; fourth, N = 8; fifth,
N =7; sixth, N =4; and seventh plus,
N=17.

group, the first sex reversal showed on-
set 1 to 7 days after male removal (Fig.
2).

Alternatively, if females were hier-
archically arranged in multimale groups,
as they are in small, single-male groups
@, 5), the first female to begin changing
sex may interact with a lower ranked fe-
male in such a way as to delay the onset
of sex reversal of the lower ranked fish
by approximately 2 days; or the second
fish to change sex may depend on some
interaction from the first sex-reversing
fish before its sex reversal could begin,
and the particular interaction at question
may require several days for the first fish
to perform. This sort of hypothesis could
possibly explain the delay in onset time
between successive reversals, but not
the one-to-one replacement of sex-re-
versing females for lost males. Some
combination of a behavioral subset
structure and stimulation or suppression
between hierarchically arranged females
may provide the solution.

DoucGLAs Y. SHAPIRO
Department of Marine Sciences,
University of Puerto Rico,
Mayaguez 00708
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