


a batch spawner. Sexual differentiation occurs around
11 cm FL. Ovaries contained vitellogenic oocytes in
females as small as 18.0 cm FL. We estimate female L50
at 20.4 cm FL (Fig. 12, this estimate ignores a single imma-
ture female at 22.8 cm FL). One transitional individual, not
reproductively active as either sex, was 23.2 cm FL. All

males from 19.2 to 24.5 cm FL were mature. However,
the smallest and largest males (17.0 and 26.0 cm FL,
respectively) were immature. Because of the low number
of immature males, we could not reliably estimate male
L50. Figure 13 shows the relative frequency of reproduc-
tive states in each 1-cm size class.
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Fig. 11. Histological sections of gonads of longfin emperor, Lethrinus erythropterus, from Papua New Guinea;
A ovary of immature female (11.4 cm) containing only primary-growth oocytes and a conspicuous ovarian lumen (OL),
B ovary of mature female (18.6 cm) consisting of a mixture of oocyte stages including primary-growth (I), early
vitellogenesis (IIIa), late vitellogenisis (IIIb) and final maturation (IVa), C ovo-testis from a transitional individual
(23.2 cm) containing spermatogenic cysts (SC), yellow bodies (YB), and primary growth (I) oocytes, D testis lobe
of a mature male (19.2 cm) with sperm ducts (SD) containing tailed spermatozoa; Scale bars = 100 µm



Our minimum-size-at-maturity (Lm) and ♀L50 values
are substantially smaller than Lm estimates (25.7 cm for
males, 31.0 cm for females) derived from the empirical
equations of Froese and Binohlan (2000), given a maxi-
mum size of 48 cm FL based on a maximum 50 cm TL
(Allen and Swainston 1993) converted to FL using the
TL–FL relation of Froese and Pauly (2013). For instance,
the Lm values we present are only 75% (for males) or 58%
(for females) of the empirically derived Lm values.
Further, the relative sizes-at-maturity for each sex are
switched. The Froese and Binohlan (2000) estimate sug-
gests males mature at a smaller length than females.
However, our observations indicate that females mature at
the smaller length.

We saw evidence of sex change in Lethrinus ery-
thropterus. A t-test indicated mean length of mature
males is significantly greater than that of mature females
(t = –4.1567, DF = 21, P = 0.0004). Further, the gonad of
one 23.2 cm FL individual contained a mixture of ovarian
and spermatogenic tissue. In agreement with general
expectations for lethrinids (Bean et al. 2003, Ebisawa
2006, Marriott et al. 2010, Motlagh et al. 2010, Currey et
al. 2013), we classify L. erythropterus as a protogynous
hermaphrodite.

Overall sex ratio in this Lethrinus erythropterus popu-
lation is female biased (Table 1, χ 2 = 40.011, DF = 1,
P = 0.0001). Considering only mature individuals, the
observed sex ratio is not significantly different from 1 : 1
(χ 2 = 0.043, DF = 1, P = 0.8348). However, the sex ratio
of mature individuals varied predictably with length; size
classes are initially female biased then become male
biased (Fig. 14). An equation describing the percent of
mature females (% ♀), from female L50 through maxi-
mum specimen length (Table 1, r2 = 0.97), predicts that
the transition from a female- to a male-biased state occurs
at 21.2 cm FL and that the population is exclusively male
≥ 23.9 cm FL.

Because none of the ovarian sections we retained for
batch fecundity analysis had oocytes in stages ≥ 4a, we
could not construct a length-batch fecundity relationship.
However, as for Caesio cuning, the effects of size-specif-
ic sex ratios would profoundly impact individual batch
fecundity estimates. Because Lethrinus erythropterus
females are not expected to attain 23.9 cm FL, egg pro-
duction would stop at this size.

We reiterate that the results of rapid reproductive
analysis should be considered preliminary. However, we
think our results are a useful contribution to the currently
insufficient body of knowledge about reproduction in
Pacific coral-reef fishes. In particular, these results will
help subsistence-fishing communities, such as Lababia,
balance the conflicting desires of conserving marine
resources for future generations against the immediate
need for and cultural value of exploiting reef fishes.

The potential impact of size-specific sex ratios on reef-
fish management and conservation efforts is currently
under-recognized. It is commonly assumed that that large
fish play a disproportionately important role in the repro-

ductive output of a population because large females pro-
duce many more eggs than small females (see Roberts and
Polunin 1993, Allison et al. 1998, Halpern 2003,
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Fig. 12. L50 for longfin emperor, Lethrinus erythropterus,
from Papua New Guinea; 50% of females (closed cir-
cles, solid line) are mature at 20.4 cm; this estimate
ignores two, immature 22.8 cm females (closed square)
in the largest size class; We could not reliably deter-
mine L50 for males (open circles)

Fig. 14. Size-specific sex ratios for mature longfin emper-
or, Lethrinus erythropterus, from Papua New Guinea

Fig. 13. Relative frequency of reproductive states of
longfin emperor, Lethrinus erythropterus, from Papua
New Guinea in each 1-cm size class



Froese 2004, Birkeland and Dayton 2005, Sale et al. 2005).
Our results challenge this assumption. Females are absent
from the largest size classes of both study species, sug-
gesting that smaller size classes are responsible for the
majority of population-level egg production. These results
should not be surprising for protogynous species such as
Lethrinus erythropterus. However, the consequence of
a similar pattern in a gonochoristic species such as Caesio
cuning, particularly with its overall 1 : 1 sex ratio for
mature individuals, cannot be overstated.

Despite the value of our results, life-history-based
management and conservation requires more than repro-
ductive analysis. As such, aging studies would be a valu-
able complement to the above results.
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