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Presence of bisexual individuals and a sex-specific bimodal size distribution are suggestive of protog-
yny in the dash-and-dot goatfish Parupeneus barberinus, but the most parsimonious interpretation of
histological analysis is juvenile hermaphroditism. This is the first report of hermaphroditism in the
Mullidae.
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Functional hermaphroditism has been confirmed in 27 and proposed in an additional
21 teleost families (Sadovy de Mitcheson & Liu, 2008). In a sub-set of these (at
least 11 families), adults of some species develop from a bisexual juvenile, but
only reproduce as one sex during their lifetime. This phenomenon has been called
juvenile hermaphroditism (Ebisawa, 1999), rudimentary hermaphroditism (Takahashi
et al., 1989), non-functional hermaphroditism and functional gonochorism (Sadovy
de Mitcheson & Liu, 2008). Historically, no evidence has been presented for sex
change in the Mullidae (Munro, 1983). Congruently, a reproductive analysis of the
dash-and-dot goatfish Parupeneus barberinus (Lacépede 1801) in Jordan did not
provide any evidence of hermaphroditism (Wahbeh & Ajiad, 1985). Longenecker
etal. (2011), however, reported that a P. barberinus population from Papua New
Guinea (PNG) displayed two characteristics of sequential hermaphroditism: a statisti-
cally significant sex-specific bimodal size distribution and a single individual (of 108
examined) possessed an ovotestis. Longenecker et al. (2011) concluded, however, that
there was not enough evidence to diagnose hermaphroditism and classified P. bar-
berinus as a gonochore. Recently, reproductive analysis of a different sub-population
of P. barberinus in PNG provided additional information relevant to determining the
sexual pattern of the species. The purpose of this report is to evaluate the possibility
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of hermaphroditism in P. barberinus in light of all available data from PNG (i.e.
including data from 108 specimens analysed by Longenecker et al., 2011).

Two-hundred and seventy-two specimens were purchased from local fishers as
follows: 108 specimens at Kamiali Wildlife Management Area (KWMA), Morobe
Province (09° 01’ S; 143° 53’ E) in 2011; 151 specimens near Kavieng, New Ireland
Province (02° 35’ S; 150° 47" E) in 2015; an additional 13 specimens from KWMA in
2015. Fork length (L) was measured to the nearest 0-1 cm and recorded. A mid-ventral
incision was made from the vent through the pelvic girdle and gonads were excised.
Approximately 3 mm X 3 mm X 3 mm gonad sub-samples, fixed in Dietrich’s solution
for at least 24 h, were dehydrated in ethanol (at least 30 min in each of 50% and two
changes of 95% ethanol). Using JB4 plastic embedding medium (Electron Microscopy
Sciences; www.emsdiasum.com) and following kit instructions, gonad sections were
infiltrated in two changes of infiltration solution, transferred into size 00 embedding
capsules (BEEM; www.tedpella.com) and embedded. From each embedded gonad
sub-sample, 10 tissue sections (c¢. 7 pm thick), distributed evenly throughout each
tissue block, were obtained by serial sectioning on an MT1 Porter-Blum microtome
(Microtome Service Company; www.microtomeserviceco.com) outfitted with a glass
knife. Tissue sections were stained in a 0-5% solution of toluidine blue in water for 15 s.
Ovary sections were examined at x40 and testis sections at x100 for evidence of repro-
ductive maturity. Ovaries were classified according to Wallace & Selman (1981) and
testes according to Nagahama (1983) and Uribe et al. (2014); females were considered
mature with the onset of vitellogenesis or when postovulatory follicles were present
and males mature when the testes contained visible spermatozoa (sperm cells with
tails). Bisexual gonads were classified using the criteria of Sadovy & Shapiro (1987).

Of the 272 specimens examined, 56 were immature females, 62 mature females,
eight bisexual individuals, 30 immature males and 116 mature males. These had a
sex-specific, bimodal size distribution; mean +$.D. female L was significantly less
than that of the male L of 16:19 +2-21 cm and 19-28 + 3-05 cm, respectively (unequal
variance f-test, t=-9-52, d.f. = 258, P <0-001; Fig. 1). Testes of functional males
were of the unrestricted lobular type (described in Uribe ef al., 2014) and spermato-
genic cells (spermatocytes and spermatids) were encapsulated by sertoli cells to form
discrete spermatocysts. Eight individuals (12-9 to 22-5cm Ly) had ovotestes (Fig. 2);
seven of these were specimens from Kavieng. Ovotestes were undelimited [type 2 of
Sadovy & Shapiro (1987)]; oocytes and spermatocysts were intermixed and not sepa-
rated from one another by connective tissue. All ovotestes contained immature oocytes
(one stage I, seven stage II) and spermatocysts in what appeared to be an ovary undergo-
ing reorganization. Gonial cells were proliferating in these gonads [Fig. 2(b)]. Further,
atretic oocytes and melano-macrophage centres (MMC) were present in two ovotestes
[Fig. 2(c)]. MMCs were also present in some inactive females, but were never present
in functional males. Although not in themselves diagnostic for sex change (Sadovy
& Shapiro, 1987), the presence of MMCs within ovaries and ovotestes is consistent
with an etiology of ovarian regression in these individuals [however, they may also
be caused by infection and subsequent inflammatory processes (Agius & Roberts,
2003)]. Whereas all ovotestes had a lamellar organization associated with an ovarian
lumen, neither a lumen nor lamellae were evident in functional testes. Further, no atretic
oocytes were observed in functional testes.

The relatively high frequency of bisexual individuals overall (2:94%) and in
the Kavieng sub-population (4-64%), combined with a sex-specific bimodal size
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Fic. 1. Fork length (Lg)-frequency distribution of females (OJ), bisexual () and males (W) Parupeneus barber-
inus from Papua New Guinea. Note that the eight bisexual individuals are apportioned equally between

females (above the x-axis) and males (below the x-axis).

distribution in which males are significantly longer than females, suggests that P.
barberinus is a protogynous hermaphrodite. The evidence for protogyny, however,
is weakened by the lack of a lumen in functional testes and the lack of transitional
individuals showing clear evidence of former female function (e.g. atretic vitellogenic
oocytes). The former does not disprove protogyny (Sadovy & Shapiro, 1987) and
there are well-documented cases of solid testes in sex-changed individuals (Sadovy de

FiG. 2. Ovotestes of Parupeneus barberinus from Papua New Guinea stained with 0-5% toluidine blue in water:
(a) 12-9 cm fork length (Ly) specimen from Kamiali Wildife Management Area with stage I oocytes, (b)
21-6cm Ly specimen from Kavieng with stage I and II oocytes and proliferating gonial cells and (c) the
same specimen with an atretic stage II oocyte and melano-macrophage centres. t indicate spermatocysts,
II, stage II oocyte; AO, atretic oocyte; G, gonial cells; MMC, melano-macrophage centre; OL, ovarian
lumen. Scale bar = 100 pm; Note that, to increase contrast, the slide for images (b) and (c) was wetted with
water and a cover slip added prior to photographing.
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Mitcheson & Liu, 2008). More problematic is the lack of evidence for former female
function, but transitional individuals may be missed during sporadic collecting such as
occurred during the present study (Sadovy & Shapiro, 1987). Nevertheless, the most
parsimonious interpretation of these results is that the sexual pattern of P. barberinus
is juvenile hermaphroditism (or functional gonochorism). As far as is known, this is
the first report of hermaphroditism in the Mullidae.

Many instances of juvenile hermaphroditism occur in families known to have pro-
togynous species (Sadovy de Mitcheson & Liu, 2008). Those phenomena, a failure to
disprove protogyny and the preliminary nature of the data set warrants further study to
evaluate the possibility that P. barberinus does in fact change sex.
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