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Quinca mirifica Mees, 1966 is a relatively large cardinalfish endemic to western Australia that displays a combination of
unusual traits for an apogonid, including solitary behavior, conspicuous ephemeral sexual dichromatism, lack of a
dispersing larval period, and production of non-functional oocytes. The ovaries are of cystovarian type and present a
germinal ridge running longitudinally along the entire medial face. Ovaries show distinct division in oocyte
composition, with a clear division between a rostral section composed of normal oocytes, and a caudal section that
is composed of a mass of~13,000 non-vitellogenic oocytes of~0.2–0.3 mm in diameter, which after hydration, measure
~0.8–1.0 mm. The egg clutch contains ~200–250 eggs of ~3.5 mm in diameter. Egg clutches sometimes break during
the transfer, and males retrieve no more than ~50% of the eggs. Courtship and mating include a ‘‘holding behavior’’
not observed in other apogonids, and the mating process (egg transfer) lasts up to about 90 seconds, the longest
observed in any apogonid. Males (orally) incubate the eggs and hatched embryos for about 22–26 days, fasting during
this period. Embryos hatch after ~22 days (8.5 mm SL) and remain in the male’s oral cavity for another four days
feeding endogenously before being released as juveniles (SL¼9.5 mm). Females became sexually mature at about 10–11
months of age (~77 mm SL). A study with two females (13 spawns) showed mean frequency of ~33 days between
mating events. Gross anatomy of gonads, embryology, and juvenile development are described.

A
POGONIDS are a large group of relatively small,
generally marine, and exclusively paternal mouth-
brooder fishes. Currently, 356 species are recognized

as valid (Eschmeyer and Fong, 2018) making Apogonidae the
seventh most speciose family of Perciformes. Apogonids
inhabit tropical and subtropical latitudes with their greatest
diversity localized in the Indo-Australian Archipelago, where
its center of origin has been postulated and more than half of
species are found (Fraser, 1972; Allen and Kuiter, 1994;
Vagelli, 2011). Although most apogonids occur in shallow
coral reefs, this ecological diverse group includes species
inhabiting deeper waters, brackish bays, and estuarine
environments. In addition, one genus is confined to
temperate waters and another genus is composed of strictly
freshwater species (Fraser, 1973; Allen, 1987; Neira, 1991; van
Zwieten, 1995; Fraser and Randall, 2003; Fraser and Allen,
2011; Fraser, 2012, 2013; Fraser and Prokofiev, 2016). The
family’s common name derives from the red coloration
present in several species, particularly in the earliest
described ones. However, other hues including yellow, white,
and brown are very common in the family, and many species
possess striped or barred color patterns (Randall et al., 1997;
Mabuchi et al., 2006).

Apogonids display a wide range of social behaviors,
including various degrees of gregariousness and territoriality.
Typically, apogonids form small groups or pairs, but some
species occur in large aggregations (Vagelli, 2011).

Apogonidae is one of seven osteichthyan families contain-
ing species that are exclusively paternal mouthbrooders
(Blumer, 1979), and paternal oral incubation is the only
reported parental care in the family (e.g., Fraser, 1972;
Barlow, 1981; Thresher, 1984; Allen, 1993). Apogonids show
significant differences in their reproductive process, includ-
ing variations in territorial behavior, duration of pair
bonding, timing and duration of nuptial displays, post-
mating levels of mate fidelity, and length of embryo
incubation (Vagelli, 2011).

The mating pattern in Apogonidae has been generally
described as monogamous (e.g., Okuda and Yanagisawa,
1996; Whiteman and Côté, 2004). However, the scarcity of

long-term field observations on individual mating pairs and
the mentioned variance in their social and breeding
behaviors has led to a subjective and often inconsistent
characterization. Thus, according to the current available
information, the mating pattern of most apogonids could be
more accurately referred to as temporary monogamy.

Apogonids lack evident sexual dimorphism. Generally, the
only time at which gender can be differentiated is during
reproduction, when females display typical enlarged abdo-
mens and males are certainly distinguished by their conspic-
uously enlarged oral cavity. However, such enlargement is
apparent only when males are brooding and is not due to
permanent intersexual osteological differences (Vagelli and
Volpedo, 2004; Barnett and Bellwood, 2005).

A few cases of permanent sexual dichromatism have been
reported in Apogonidae but all consist of subtle variations in
color or pattern (Vagelli, 2011). Similarly, among the
approximately 20 apogonids whose nuptial and mating
behaviors have been observed, temporary sexual dichroma-
tism has been only reported in a handful of species and most
comprised minor changes in the normal coloration, i.e.,
fading/lightening, increasing intensity of the normal color-
ation, or minor color/pattern changes. In addition, no
evident relationship was found between social behavior,
mating system, and degree of sexual dichromatism (Vagelli,
2014).

Information regarding reproduction in Apogonidae mostly
refers to the number and size of eggs being incubated by the
collected specimen, or often, just to their condition as oral
incubators. Detailed studies on reproductive biology have
been conducted in a relatively few species. Courtship
behavior and/or mating were documented in about ten
apogonids, whereas reproductive strategy was studied in
about five (Table 1). Studies on gonads, including fecundity
and/or histological analysis, have been completed in more or
less detail in Apogon imberbis, Apogon lineatus (now Jaydia
lineata), Glossamia gjellerupi, Ostorhinchus rubrimacula, Pter-
apogon kauderni, Siphamia tubifer, Sphaeramia orbicularis, and
Vincentia conspersa (Allen, 1975; Vagelli, 1999; Kume et al.,
2000a; Lahnsteiner, 2003; Longenecker and Langston, 2006;
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Klein, 2007; Vagelli, 2011; Choi et al., 2012; Gould et al.,
2016). In addition, Fishelson and Gon (2008) carried out a
comparative study on ovarian morphology, egg envelopes,
and oogenesis in 30 apogonids, and Fishelson et al. (2006)
studied the testes sperm and spermatogenesis in 16 apogo-
nids. To date, works on early ontogenetic development in
Apogonidae remain almost nonexistent. Embryological de-
velopment has been studied in detail only in P. kauderni
(Vagelli, 1999, 2011), and superficial descriptions were done
in just a handful of species: Apogon imberbis, A. rueppellii (now
in Ostorhinchus), and Sphaeramia orbicularis (Garnaud, 1962;
Allen, 1975; Neira, 1991).

There are a few descriptions of newly hatched apogonids.
In those species producing typical small eggs, the reported
size of newly hatched larvae ranges from 1 mm for Apogon
affinis (now in Paroncheilus) to 3.3 mm for S. orbicularis
(Allen, 1975). Newly hatched O. rueppellii, a species that
produces intermediate-size eggs, measure ~6 mm (Neira,
1991). Embryos of apogonids producing large eggs (�3 mm)
hatch at a yolk-sac stage (eleutheroembryo) measuring .6
mm SL and develop directly into juveniles without a
metamorphic process (direct development; Table 1).

The use of comparative early ontogenetic patterns to
complement fish phylogenetic studies has been recognized
as useful (Johnson, 1984; Kendall et al., 1984; Ruple, 1984).
Reproductive traits, including behavior, gonads, develop-
ment, and egg and larval morphology have been shown to be
helpful in clarifying evolutionary relationships, both at
higher categories (Parenti, 1993, 2005; Pavlov and Osinov,
2004) and at the intergeneric level (Van Tassell, 1998; Chen
et al., 1999; Rizzo et al., 2002). They have even been the basis
for new phylogenetic hypothesis (Britz et al., 1995; Britz,
1997). Most apogonids from which reproductive data are
available produce small eggs of up to about 1 mm in diameter
and display short embryonic development. The oral incuba-
tion is restricted to eggs, and embryos hatch at a larval stage
(Table 1). However, ontogenetic and larval characters in the
family differ (Leis and Bullock, 1986; Neira, 1991; Leis and
Rennis, 2004), and in some groups very significantly (Vagelli,
2011; Leis et al., 2015).

The most remarkable aspect of apogonid reproduction is
the presence of direct ontogeny in four genera, two of which
are monotypic. This unusual life history was first observed
and described in Pterapogon kauderni (Allen and Steene, 1995;
Vagelli, 1999) and has since been observed in the temperate
Vincentia conspersa (Vagelli, 2011) and in the freshwater
Glossamia trifasciata (Allen et al., 2008; pers. comm.) and G.
aprion (pers. obs.). In addition, G. gjellerupi was reported to
produce eggs of about 3.3 mm in diameter (van Zwieten,
1995), which strongly suggests the lack of a larval period. The
sharing of such unusual early ontogeny might be indicative
of a close phylogenetic relationship among these four genera.

Quinca mirifica is a relatively large apogonid that in
captivity can reach a standard length over 120 mm and a
weight over 110 g. In 1959, G. Robinson collected the first
specimen of Quinca mirifica off Cockatoo Island (northwest-
ern Australia) and deposited it at the Western Australian
Museum (WAM). Mees (1966) described this specimen as new
species, creating the genus Quinca based on its supernumer-
ary second dorsal fin. Virtually nothing is known about the
natural history of this species. It seems to be confined to the
western coast of Australia. Records of the WAM show Q.
mirifica in 30 rotenone collections conducted from 1971 to
1999, ranging from approximately 138450 to 228070S. The
author’s limited observations in the wild suggest that this is

an unusual apogonid with solitary behavior and that during
day hours it remains well hidden in rock overhangs in
shallow waters.

Despite the growing number of systematic studies in
Apogonidae, still little is known about the general biology
of most described species, including their reproductive
biology. This work describes the reproductive biology of
Quinca mirifica under laboratory conditions, including
mating behavior, gonadal morphology, ovarian cycle, and
ovarian ontogenetic development. In addition, it provides a
detailed account of this species’ embryology and speculates
about the potential value of using reproductive traits for
clarifying intergeneric relationships.

MATERIALS AND METHODS

Broodstock, holding system, and general conditions.—Ten adult
specimens were collected with nets in November 2005 off the
Gulf Coast and Mangrove Bay (Exmouth, Western Australia)
and shipped to the author’s laboratory in New Jersey, USA.
One specimen (female) died four days after arrival. The
remaining specimens were two females and seven males (as
typical in Apogonidae, Q. mirifica is a monomorphic species
with no apparent secondary sexual dimorphism, and gender
was determined during reproductive studies). Unexpectedly,
shortly after their arrival, the specimens showed extremely
agonistic behavior towards each other and had to be isolated.
Fish were maintained in three recirculating systems, each one
composed of two 400 L fiberglass tanks (119 L x 58 3 58 cm)
with a glass front. Each tank was partitioned either into two
or three equal sections using dividers built with PVC frame
and plastic mesh with 2 cm openings. Rocks and 10 cm
diameter PVC pipe sections were used to fabricate hiding
places for each specimen. The bottoms of the tanks were
covered with a 1 cm thick layer of gravel and crushed coral.
Filtration for all systems included a biofilter, an ultraviolet
filter, and activated carbon. Each tank was illuminated by
two 40 W fluorescent tubes, with a photoperiod of 12 hL:12
hD. Artificial seawater was utilized (salinity ranged between
34-35 ppt), and temperature was maintained at 2760.58C.
Daily feeding consisted of chopped mussels (Perna canalicu-
lus), krill (Euphasia spp.), and smelt (Osmerus sp.).

Reproductive studies.—Behavioral observations, including
courtship displays and ephemeral sexual dichromatism, were
conducted with nine wild-caught specimens (two females)
and 18 captive-bred F1 individuals (ten females). The mating
process was studied utilizing six wild-caught specimens (two
females) in a non-choice situation, over a period of ten
months, in which 15 mating events occurred.

Given their highly agonistic behavior, specimens had to be
isolated, which prevented the natural formation of mating
pairs as the case with group-forming apogonids. Pair
formation was achieved by trying several combinations of
two individuals in a tank section. The pair selection was
decided by observing the behavior of two specimens
separated by a divider. If the individuals did not show
agonistic displays, such as sudden burst of movements facing
each other and attempts of biting through the divider, and
showed signs of apparent receptiveness (e.g., by both
remaining close to the divider and following each other
with slow movements for extended periods), the individuals
were considered a potential mating pair and the divider was
removed. If no signs of aggressiveness were evident, they
were maintained together. If the joined individuals mated,
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Table 1. Reproductive biology of Apogonidae. Species in which some reproductive information has been reported, in addition to being
mouthbrooders. All sizes in mm. All times in days. Bold: species presenting direct development. a ¼ SL; b¼ TL.

Speciesa
Brooder

size
Eggs per
clutch

Egg
size

Time to
hatch

Size at
hatch

Time to
recruit

Size at
recruit

Mating
time References

Apogon coccineus — 3,600 — — — — — — Allen (1993)
Apogon erythrinus 43b 2,600 0.49 — — — — — Barlow (1981)
Apogon imberbisb 7.4–11b 4,147–22,137 0.5 8 2 — — Dusk Garnaud (1962); Klein

(2007); Mazzoldi et al
(2008)

Apogon maculatus 56.5–60.6b 75–100 0.16–0.34 — — — — — Charney (1976);
Thresher (1984)

Apogonichthyoides nigerb,c — — — 5 — — — Day Kuwamura (1985);
Okuda (1999a);
Okuda and Ohnishi
(2001)

Apogonichthys perdix 35–43b 1,500–5,100 0.59–0.61 — — — — — Barlow (1981)
Cheilodipterus isostigmus — 5,250 — — — — — — Allen (1993)
Cheilodipterus macrodonb — — 2.0–2.5 — — — — Day Fishelson (1970)
C. quinquelineatusb — — 7 — 23–24 11.8 Dusk Job and Bellwood

(2000); Kuwamura
(1987)

C. singapurensis — 5,000 — — — — — — Allen (1993)
Foa brachygramma 52b 4,800 0.44 — — — — — Barlow (1981)
F. madagascariensis 41b — 0.5 — — — — — Petit (1931); Breder and

Rosen (1966)
Glossamia aprionb 70–120a up to ~800 2.5–3.0 18–20 5.5a 24–26 6.5a Day pers. obs.
G. gjellerupi — 62–94 2.5–3.7 — 7 — — — van Zwieten (1995)
G. trifasciata — — — — 10b — — — Allen et al. (2008)
Nectamia fusca — 5,500–6,500 — — — — — — Allen (1993)
Ostorhinchus compressus — 3,600 — 7 — 23–24 11.6 — Allen (1993); Job and

Bellwood (2000)
O. cyanosomab,c — 1,500–2,100 — 4 — 23–24 11.7 Day Allen (1993); Thresher

(1984); Job and
Bellwood (2000);
Rueger et al. (2014)

O. doederleinib,c — ~10,300 — 5–17 — — — Day Kuwamura (1985);
Okuda and
Yanagisawa (1996);
Okuda et al. (1997,
1998)

O. hartzfeldii 46.6a 4,950 0.6–0.7 — — — — — pers. obs.
O. hoeveniid 40.6a 2,000 0.6–0.7 — — — — — Petit (1931); Allen

(1993); pers. obs.
O. maculiferus 97b 17,000 0.43 — — — — — Barlow (1981)
O. monospilusd 57.2b ~10,000 0.5 — — — — — pers. obs.
O. notatusb,c — 1000s — 8 — — — Day Kuwamura (1983,

1985); Okuda
(1999b, 2000)

O. parvulusd 20.1a 450 0.45–0.5 — — — — — pers. obs.
O. rueppellii 45—94 51–457 2.4 16 5.5–6.4 — — — Neira (1991); Chrystal et

al. (1985)
O. sealeid — 1000s 0.6 — — — — — pers. obs.
O. semilineatus 70–100 b — 0.58–0.6 — 2.3 — — — Ebina (1932)
O. taeniophorus — 3,700 — — — — — — Allen (1993)
Paroncheilus affinisd 54.7–87.5b 21,000 0.35–0.40 — 1 — — — Smith et al. (1971)
Phaeoptyx conklini 34.8–42.4b — 0.19–0.31 — — — — — Charney (1976)
Pristiapogon kallopterus — 20,000 0.41 — — — — — Barlow (1981)
P. menesemus 129b 19,500 0.47 — — — — — Barlow (1981)
Pterapogon kaudernib,c 35–50b 40–70 2.8–3.2 19 6–6.5a 25–29 8a Day Vagelli (1999, 2011)
Taeniamia lineolata — 1,733 — — — — — — Allen (1933)
T. sp.d 19.4a 692 0.6 — — — — — pers. obs.
Quinca mirifica 120–150b 80–200 3.5–4.2 18 8.4a 22–26 9a Day this work
Siphamia corallicola 25–28 162 0.95–1.0 — 2.8 — — — Allen (1975, 1993)
S. fuscolineatad 27.7a 600 0.7–0.8 — 2.5 — — — pers. obs.
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they were considering a pair. They were sexed and perma-
nently identified by their individual natural morphological
differences, including size and small natural marks present
on their dorsal and/or pectoral fins. After mating, the pair
was separated, and the brooding male was isolated during the
entire incubation period. The pair’s behavior was observed
daily for several hours, generally from 1000 to 1500 h, until
mating occurred. A digital camcorder was used to record
mating behavior and the transfer of eggs.

Observations on breeding frequency and incubation, and
description of embryology were conducted with two pairs of
wild-caught individuals during a nine-month, non-choice
breeding study. During this period, 15 mating events
occurred. Five broods were left to be incubated by the males,
and nine egg clutches were extracted from the males (one
was lost). Of the nine extracted clutches, five were removed
either immediately (four) or 24 h after mating for studies on
fertility and egg-clutch characteristics. The other four egg
clutches were removed one hour (two), seven days, or 15
days after fertilization for embryological studies.

To obtain egg clutches, the brooding males were trans-
ferred into 10 L plastic containers, and usually it was required
to open their mouth and apply pressure on the opercular area
to induce the release of the egg clutch. To observe embryonic
development, the eggs were separated from the clutch and
placed into a 6 L McDonald egg hatcher, which was
connected to the main system. An upward flow strong
enough to move the eggs gently around the bottom was kept
and no aeration was provided. The hatcher was covered to
avoid direct light on the eggs. Eggs were checked daily and
dead embryos were removed.

After hatching, embryos were maintained in a 4 L beaker
until they were able to swim and to feed on exogenous food.
They were then transferred to a separate tank. Juveniles were
fed daily (ad lib.) with Artemia salina nauplii and were
weaned onto frozen food at about one week of age.

Gonadal data.—Description of gonads, including ovary and
testes gross anatomy, ovary’s ontogenetic development and
reproductive cycle, fecundity, as well as description of eggs
and egg-clutch characteristics, was based on five wild-caught
adults (three females), and 30 captive-bred juveniles and
young adults (23 females), from three different broods.
Several specimens were sampled monthly, starting on month
four until month 15 post-release. Females younger than four

months post-release (,~35 mm SL) were not included in the
analysis of fecundity and oocyte development. Fecundity was
calculated by counting all oocytes in all size classes from one
ovary and multiplying by 2, except in two females (WC2 and
CB3), in which ovaries were unequal in size (and weight). In
these two cases, the actual counting was done on the larger
ovary. For the smaller ovary, the number of oocytes was
calculated by multiplying the numbers of the larger ovary by
the factor proportional to the difference in weight with the
small ovary. Oocytes classified as non-functional oocytes
(NFO) were those forming a compact caudal mass (CMO) of
non-yolked, hyaline oocytes of a similar diameter of ~0.2
mm, conspicuously different from all other oocytes, and
resembling the NFO described in other apogonids (e.g., Kume
et al., 2002). The number of NFO was calculated by counting
all NFO from three samples ranging from ~4 to 12 mg of the
CMO. The mean number per mg was calculated and used to
determine the total number of non-functional oocytes. For
juveniles of age four to nine months post-release, develop-
ment stage and maximum size of oocytes were determined
(but not counted).

Oocytes were classified into size classes following the
discrete composition of oocyte population shared for most
females. Oocytes were measured to the nearest 0.1 mm
utilizing polyester micrometer cover slips (10 3 10 mm) with
subdivisions of 0.05 mm.

For egg size studies, 20 randomly selected eggs from each
clutch were measured using a digital Vernier caliper under a
dissecting microscope to the nearest 0.01 mm and weighed
to the nearest 1 mg (Metler AE 2000 analytical scale,
readability of 0.1 mg). Eggs were considered oblate spheroids,
and the formula: 0.75p x er2 x pr was used to calculate their
volumes, ‘er’ being the equatorial radius and ‘pr’ the polar
radius. Female gonadosomatic indices (GSI) were calculated
from the equation W1W2

–1 x 100, where W1¼weight of the
ovary and W2 ¼ total body weight (Crim and Glebe, 1990).
For ovarian histology, a mature ovary was fixed in 10%
formalin, embedded in paraffin, sectioned at 7 lm, and
stained with hematoxylin and eosin. Photographs were taken
with a digital camera mounted on the microscope. All
specimens were euthanized with tricaine methane sulfonate
(MS222).

Description of early ontogeny.—Embryonic development was
studied with an Olympus SZH (7.5–64X) dissection micro-

Table 1. Continued.

Speciesa
Brooder

size
Eggs per
clutch

Egg
size

Time to
hatch

Size at
hatch

Time to
recruit

Size at
recruit

Mating
time References

S. tubifer 22–43.5a 412–870 0.8 — 2.1 — — — Leis and Bullock (1986);
Gould et al. (2016)

Sphaeramia orbicularisb 62–89 6,100–11,700 0.6–0.7 8 3.3 — — — Allen (1975)
Vincentia conspersab 95–120a 150–250 3.5–4.5 30–70 7.5a 35–78 8.5a Day Hale (1947); Vagelli

(2011)
Jaydia lineata 53.2–91b 3,160–23,705 — — — — — Dusk Neira (1991); Kume et

al. (2000b)
Zoramia fragilis — 700–1,235 — — — — — — Allen (1993)
Z. gilberti — 454 — — — — — — Allen (1993)
Z. leptacanthad 35.8a 1,320 0.6 — — 4 — Day Allen (1993); pers. obs.

a Scientific names according to current valid nomenclature (fishbase.org), may not agree with nomenclature used in the cited reference
b Spp. in which courtship behavior and/or mating has been documented
c Spp. in which reproductive strategy has been investigated
d Observation on individuals collected in the Banggai Archipelago, Indonesia
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scope and documented photographically using an attached
digital camera. Measurements were done to the nearest 0.1
mm using the above-mentioned cover slips and caliper.
Measurements of perivitelline space and diameter of oil
globules were made with a micrometer mounted on the
dissecting microscope. The embryological work was conduct-
ed utilizing four egg clutches (from two females and two
males, wild-caught). Three to five eggs were sampled every 24
h during the 20–22 days of incubation. Description of
embryology followed the life-history model of Balon (1975,
1990) and the embryology description of Pterapogon kauderni
(Vagelli, 1999). Thus, early ontogeny was divided into two
periods: 1) embryo, which includes a series of three
developmental phases: cleavage-egg, embryo, and yolk-sac
embryo (eleutheroembryo); and 2) juvenile. The cleavage-egg
phase begins with the activation of the egg and ends with the
appearance of the embryonic shield. The embryo phase was
divided into 11 chronological states (Crawford and Balon,
1994) corresponding to the days of development 2, 3, 4, 5, 6–
7, 8, 10, 12, 15, 16–17. The yolk-sac embryo phase encom-
passes the time from hatching to release (end of incubation).
The juvenile period starts at release (beginning of exogenous
feeding) and ends at sexual maturity. This scheme was based
on the appearance of the more conspicuous morphological
structures. Embryos and juveniles were cleared and stained
following the technique of Potthoff (1984). Unless stated
otherwise, the age of juveniles and young adults throughout
the paper is given in days or months after release.

RESULTS

Reproduction

Courtship and pre-spawning behaviors.—As is the case with
other studied apogonids, Quinca mirifica is a demersal
mouthbrooder that forms mating pairs. It exhibited pre-
mating behaviors similar to those described in other species,
such as side-by-side swimming, trembling, nuzzling by the
female, and mouth–opening by the male (for a detailed
description of those behaviors, see Kuwamura, 1983, 1985,
1987; Thresher, 1984; Vagelli, 1999, 2011). In Q. mirifica, pre-
mating behaviors were prolonged, lasting between three and
3.5 h. During this time, ‘‘side by side trembling’’ became
more frequent and lasted longer. In addition, Q. mirifica
displayed a pre-mating ‘‘holding’’ behavior, which has not
been previously reported in Apogonidae. It begins with the
mating pair situated close to the bottom of the tank and the
individuals positioning themselves side by side, joining their
lateroventral lines, while maintaining an almost vertical
position. Then, while the pair maintains contact along the
ventral-posterior section of their bodies, the male begins to
separate himself dorsally until forming an angle of approx-
imately 90 degrees between the pair’s sagittal planes. Thus,
while the female remains in an almost vertical position, the
male rotates to an almost horizontal plane. This movement
occurs with the female holding the male with the expanded
pelvic fin that is closer to the male. In this position, the
posterior ventral line of both individuals remains in contact
and the urogenital papillae are in close proximity (Fig. 1A, B).
The ‘‘holding’’ behavior always began after the pair had
displayed the other mentioned pre-mating behaviors and
only when the male remained ‘‘acceptingly’’ contiguous to
the female, i.e., without the female requiring active
approaches to the male, as it typically occurs with other
pre-mating behaviors.

The ‘‘holding’’ behavior persisted for extended periods
lasting up to two hours. Although it was frequently
interrupted, the breaks lasted no more than 2–5 seconds
and the pair stayed close to each other. During ‘‘holding’’
behavior, males remained almost motionless, ‘‘resting’’ on
the female’s pelvic fin and passively allowing the male to be
moved up and down in the water column by the female.

Ephemeral sexual dichromatism.—(See Vagelli, 2014 for an
extensive analysis of this behavior). The most conspicuous
courtship display in Quinca mirifica was a rapid and striking
change in coloration and color pattern by males. It consisted
of a sudden fade of the normal deep black coloration and the
appearance of (depending ambient illumination) a glittering
silvery white or intense opaque white on most of the male’s
body (Fig. 1C).

The color change occurred rapidly, with the full color
change attained within 3–10 seconds. In most observed
events, the strongest bouts were displayed for short periods,
usually no longer that ~2 minutes, and then males re-
acquired the normal all black coloration within a few
seconds.

This courtship display occurred in the presence of sexually
mature females. It typically occurred within a minute after a
female approached the male and began displayed pre-mating
behaviors. After the males reverted to their black coloration,
the pairs initiated mating behaviors, particularly ‘‘holding,’’
and the males did not repeat the color change display, unless
mating (spawning-egg transfer) was not completed.

Mating and egg-clutch transfer.—Pairs were joined during the
morning and courtship displays usually began soon after-
wards; however, mating always took place after noon,
commonly between around 1600–1800 h.

A characteristic sign of the female readiness to spawn was
the release of a string-like hyaline tissue composed of non-
functional oocytes of a few millimeters through the genital
papilla (Fig. 1D). During the prolonged pre-mating behaviors,
females continued to extrude the mentioned tissue, which
reached about 1 cm in length. The mating pairs remained
close to the bottom most of the time.

Mating and egg transfer occurred either close to the
bottom or at about mid-water. The egg-clutch release and
fertilization occurred during ‘‘holding’’ behavior and took
between about 1.5 and 2 minutes to be completed. During
this period the female held the male with the pectoral fin in
the described ‘‘holding’’ position, while the male maintained
the genital papilla over the egg clutch as it was being released
(Fig. 1E).

The egg clutch of Quinca mirifica consisted of two distinct,
but joint, sections, i.e., a smaller part composed of a compact
white mass of small non-functional oocytes and a larger part
composed of the bright orange mature ova (see reproductive
biology section, below). The mass of small oocytes was
released first. Its release took about 20 seconds, whereas the
release of mature ova lasted about 40 seconds. During the
first 20–25 seconds after the first mature ova began to be
extruded, the pair remained in a steady position. Afterwards,
the female began to slowly move in a circular pattern
completing one to two circles in about 30–50 seconds, while
‘‘carrying’’ the passive male on her expanded pelvic fin and
maintaining the ‘‘holding’’ position. Once the entire egg
clutch was expulsed, the female stopped circling and
‘‘released’’ the male. The male immediately turned around
and gulped the egg clutch (Fig. 1F).
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Fig. 1. (A, B) Holding behavior. In addition to other courtship and mating behaviors observed in Apogonidae, ‘‘holding behavior’’ has not been
reported in other species. The female, in almost a horizontal plane, holds and carries the male with her expanded pelvic fin, while the male remains
passively on it. (C) During courtship, male Q. mirifica generally display a dramatic but, ephemeral color change, which fades when mating begins. (D)
The unusually lengthy mating process in Q. mirifica begins with the release of a string of non-functional oocytes (arrow) that hangs from the genital
papilla and slowly increases, as more oocytes are expulsed. During this time, it is believed hydration of non-functional oocytes occurs. (E) Mating in
Q. mirifica often occurs with the pair in ‘‘holding position.’’ The female (left) is holding the male with her pelvic fin while releasing the large egg
clutch, which clearly shows the division between the part formed by non-functional oocytes (which is released first), and the part made of functional
mature ova. The entire egg clutch retains the ovary’s bilobed shape. (F, G, H) The elastic egg clutch is held together by chorionic filaments, but
sometimes it breaks as the male, after fertilizing the ova, forcefully pulls the clutch from the female in order to engulf it, with the consequent loss of
fertility. (I) Typical post-spawning behavior by the female. After the egg transfer is completed, the female remains very close to the male seemingly
displaying a protective action and gently pushing towards available hiding substrates. (J, K) Incubation. If the egg clutch is engulfed entirely, it will
take a few hours before the male can accommodate the egg clutch in its oral cavity (presumably by swallowing the non-functional oocytes, and
perhaps some mature ova) and be able to close its mouth.
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The last portion of the egg clutch to be released was always
firmly attached to the female, and its extraction, which took
about 6–11 seconds to be completed, required a considerable
amount of pulling by the male. The egg clutch had high
elasticity, and while being pulled by the male, it became
greatly elongated until it was suddenly freed from the
female’s papilla (Fig. 1G). In two instances, however, the
egg clutch was cut off while the male was pulling it with the
consequent loss of eggs (about 50%; Fig. 1H). In one case, the
egg-clutch portion that remained attached to the female’s
papilla fell to the bottom after a few minutes. The male
approached the eggs but did not recover them, and the eggs
were eaten by the female. In the second case, the female
turned around and grabbed the eggs suspended from her
own papilla and swallowed them.

Post-spawning behaviors.—Depending on the size of the egg
clutch that males engulfed, it took them between 30–70
seconds to accommodate the egg clutch inside the oral cavity
and close the mouth. However, in instances when the egg
clutch was particularly large and entirely retrieved, males
were unable to close the mouth for an extended period (up to
several hours), and presumably, may have swallowed a
portion of the clutch in order to close the mouth.

As observed in other apogonids, the brooding male
frequently opened the mouth seemingly trying to accom-
modate the egg clutch for several hours after the egg transfer.

Females displayed an active male-protection behavior,
which lasted up to about one hour after mating. Females
remained close to the brooding male and frequently gently
pushed and lifted the brooding male using the snout and
frontal area against the males’ latero-ventral side of their
head and abdomen. Typically, females moved the males out
of the open space by pushing them close to the tank’s
substrates, near the bottom (Fig. 1I).

Males always chose PVC pipe sections as hiding substrate
(instead of available rock work) where they remained during
the entire incubation period, i.e., until the release of
juveniles (Fig. 1J, K). During this period, 20–22 days,
brooding males did not eat.

Reproductive biology

Gonads.—The ovaries of adult Quinca mirifica are elongated
organs fused in their caudal section forming a common
ample tube-like oviduct. The oviduct ends in a narrow
muscular urogenital duct that opens into the urogenital
papilla, which in both sexes has a triangular shape. The
ovaries arise at about a 458 angle, laterally positioned against
the body wall (right) and beneath the liver (left). Dorsally, the
ovaries are lengthwise attached to the ventral wall of the
swim bladder whereas ventrally they lie against the stomach.
The oviduct is distally attached to the urinary bladder, which
opens into the urogenital duct, while proximally it is
attached to the last section of the intestine. A long
mesovarium, arising from the ovaries’ proximal end, is
attached along the ventral edge of the swim bladder and
extends to the esophagus. In adults, the wall of mature
ovaries is thin and translucent, which allows the bright
orange mature oocytes to be perceived, whereas in immature
ovaries the wall is thicker and presents a silver-guanine
pigmentation masking the oocytes. Moreover, the ovary’s
morphology changes during the ovarian cycle, from an
approximately cylindrical-section form to a triangular-prism
shape, with the medial side varying from flat to concave,
while the lateral size is always convex (Fig. 2A–F).

The ovaries are of cystovarian type (Nagahama, 1983), i.e.,
a sacular structure that contains a cavity (ovocoel). Ovaries
present a germinal ridge running longitudinally along the
center of the entire medial face. In mature ovaries, the ridge
is quite conspicuous given its white color, which contrasts

Fig. 2. (A, B, C, D, E) Gross anatomy of ovaries from the three wild-caught females. F1: extracted immediately after spawning; F2: extracted ten days
after spawning; F3 extracted after female died shortly after arrival. (D) Ovaries before removal. (F) Mature captive-bred adult 15 months old (85 mm
SL). (G) In mature ovaries, the distinction between the rostral section containing mature ova and caudal section with the non-functional oocytes is
very evident. (H) Histological detail at the confluence of the caudal and rostral sections of a mature ovary. li, liver; m, mature oocytes; nfo, non-
functional oocytes; ov, ovary; ovd, oviduct; pg, primary growth oocytes; sbc, cavity corresponding to the collapsed swim bladder; sbw, wall of swim
bladder collapsed after being cut; st, stomach; ub, urinary bladder; y, yolk.
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with the surrounding bright orange oocytes. The germinal
tissue unfurls from the germinal ridge and presents a raceme-
like aspect. Developing oocytes are attached to thread-like
connective tissue arising medially from a central raquis,
which is attached to the ovary’s anterior end at the point
where the mesovarium emerges. In each ovary, the rachis
divides repeatedly into thinner stroma-like threads where the
oogonia and developing oocytes are imbibed (Fig. 3A–F).

Ovaries of adult females showed a distinct division in
oocyte composition, with a clear division between two parts.
A rostral section, encompassing about two thirds of the
ovaries’ length, carried oocytes in various developmental
states, and a caudal section, comprising the caudal third of
the ovaries (and the oviduct) contained a homogeneous,
compact, whitish mass of non-functional oocytes (NFO) that
did not undergo vitellogenesis (Fig. 2G, H). In mature ovaries,
this division was also externally apparent given the translu-
cent nature of the ovary wall (Figs. 3B, 4H). The caudal mass
of non-functional oocytes (CMO) occupied between about
27% and 39% of the ovaries’ length (including the oviduct)
and contained between about 12,000 and 15,000 oocytes of a
similar size of ~0.2–0.3 mm in diameter, which after
hydration, measured ~0.8–1.0 mm in diameter.

The paired testes of Quinca mirifica are relatively small,
thin, smooth organs of generally an approximately equal
size, and of a white coloration. They are symmetrically
positioned along the ventral section of the swim bladder to
which they are medially-dorsally attached their entire length.
Ventrally, the testes lie against the dorsal section of the
stomach. The testes are suspended by a long mesorchium
that after arising from the testes’ proximal end, attaches to
the upper alimentary tract, and reaches the esophagus area.
The mesorchium runs medially along the entire inner face of

each testis attaching to the peritoneum of the swim bladder.
Caudally, the testes are fused to the anterior wall of the large
urinary bladder, at the point where the deferent ducts
converge to form a common spermatic duct. The relatively
long common spermatic duct runs caudally imbibed into the
anterior wall of the urinary bladder and opens into the
urogenital papilla (Fig. 3M1–M3).

In accordance with the sexual maturity state, testes varied
in shape and size, but not significantly. In adult individuals,
testes were sub-cylindrical, whereas in immature (juvenile)
individuals they were flat and elongated. In young juveniles
(,6 months old), testes had a thread-like appearance (Fig.
3M1). In older juveniles, testes developed a characteristic
short narrower cranial section (about a third of the
maximum width) with a nearly flat-trapezoidal shape (Fig.
3M2). At eight months (65–67 mm SL), testes measured 10.5
mm (L). In young adults (15 months old), testes varied from
13.5 mm (L) x 3.8 mm (W) (79 mm SL) to 15 mm (L) x 2.2
mm (W) (84 mm SL). The narrower cranial end measured
about 2 mm, and the mesorchia arising from the anterior
ends measured ~8 mm. The weight of (both) testes increased
from about 6 mg in juveniles six months old to 37 mg at 15
months (Table 2).

Ovarian development during reproductive cycle.—The oocyte
maturation cycle fits the ‘group-synchronous’ type (Wallace
and Selman, 1981) where at least two cohorts of oocytes can
be distinguished at one time, a synchronous population of
larger (mature) oocytes and a more heterogeneous popula-
tion of smaller oocytes, from which the mature clutch is
recruited. During early stages of oogenesis, oogonia and
oocytes in primary growth stage (up to ~0.3 mm) develop
attached to the above-mentioned raceme-like stroma tissue.

Fig. 3. Gross anatomy of ovaries from young mature captive-bred females 13 months (m) of age, and testes from juveniles six m old (M1), 10 m old
(M2; liver removed), and a young adult 12 m old (M3). (A) Ventral side of left ovary with portion of the oviduct and urinary bladder. The ovarian wall
was removed. (B) Ventral perspective of a mature ovary, in which mature oocytes are conspicuously seen through the thin ovarian wall, which is
attached to the medial–ventral side of the ovary along the germinal ridge. In mature ovaries, the distinction between the rostral section containing
mature ova and caudal section with the non-functional oocytes is very evident. Non-functional previtellogenic oocytes (C), oocytes (D, F), and
oogonia (E) are attached to stroma–like tissue that arises in a raceme fashion from a principal raquis that emerges at the ovary anterior end. an, anus;
de, common deferent duct; gri, germinal ridge; in, intestine; li, liver; me, mesorchium; nfo, non-functional oocytes; obh, horn-like extension of urinary
bladder; og, oogonia; ovw, ovarian wall removed; pa, genital papilla; pc, pyloric caeca; sb, swim bladder; st, stomach; str, stroma; te, testicle; ub,
urinary bladder.
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In mature ovaries, maturing and mature oocytes form a

single compact mass that occupies the entire ovary’s lumen.

Oogonia and cohorts of smaller oocytes (typically in cortical

alveoli stage) are randomly interspersed among the larger

oocytes, located at their junction edges and tightly attached

by thin thread-like stroma tissue.

Ovaries of three wild-caught, full-grown, adult females

(WC) at different stages of their sexual cycle carried between

three and four discrete size classes of oocytes, typical of a

batch spawner. In addition, the ovaries contained a large

mass of non-vitellogenic, non-functional oocytes (CMO) in

their common caudal section (CCS) that extended into and

filled the common oviduct.

The ovaries from WC1 (1 h post-spawning) were cylindri-

cal with a similar size of ~25 mm in length (L) and 7 mm in

width (W). The ovaries’ common caudal section (CCS),

Fig. 4. Ontogenetic development of ovaries. (A) Four months post release (mpr) left ovary. (B) Five mpr, left ovary. (C) Six mpr, left ovary. (D) Seven
mpr, left ovary. (E) Eight mpr, right ovary. (F) Nine mpr. (G, H, I) Ten mpr. hub, horn-like extensions of urinary bladder; mo, maturing oocytes; nfo,
non-functional oocytes; ov, oviduct; sbc, cavity corresponding to swim bladder; ubl, urinary bladder.
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including the oviduct, measured 9 mm (L) x 7 (W) mm. The
total weight (both ovaries) was 1.15 g and the GSI was 1.55.
The ovaries did not contain mature nor maturing oocytes.
They carried vitellogenic oocytes (secondary growth) of three
discrete size classes (range¼ 0.5–2.0 mm) and previtellogenic
oocytes (primary growth; 0.1–0.3 mm). The CMO occupied
~33% (in length) of the ovaries (Table 3; Fig. 2A, D).

The ovaries of WC2 (10 days post-spawning) were unequal
in size. The right ovary, including the oviduct, measured 34
mm (L) x 12 mm (W), whereas the left ovary measured 28
mm (L) x 9 mm (W). The ovaries did not contain mature
oocytes. They carried secondary growth oocytes of three
distinct size classes (range¼ 0.5–3.0 mm) including maturing
oocytes (.2.5 mm) and primary growth oocytes (Table 3; Fig.
2B).

The ovaries of WC3 (unknown exact ovarian cycle stage,
but clearly the most advanced of the three wild specimens)
had a pyriform shape, with a similar size of 35 mm (L) x 15
mm (W). The ovaries contained mature (2.8–3.3 mm) and
both secondary growth and primary growth oocytes. The
CMO occupied ~39% (in length) of the ovaries (Table 3; Fig.
2C, E).

The ovaries from three captive-bred young adult females
(CB) 13 months of age, at different stages of their sexual cycle
carried between three and four discrete size classes of oocytes
and the caudal mass of non-functional oocytes. Ovaries from
CB1 (7 days post-spawning) had a similar size and an
approximate triangular prism shape (laterally convex, medi-

ally flat). They measured, including the oviduct, 20 mm (L) x

7 mm (W) x 4 mm (D). The CCS was 7 3 7 mm. The ovaries

contained oocytes in secondary growth stage of three size

classes (range ¼ 0.5–3.2), primary growth oocytes, and eight

large atretic oocytes (3–3.2 mm). The CMO occupied ~37.5%

of the ovaries (Table 3).

Ovaries from CB2 (14 days post-spawning) had a similar

size of 22 mm (L) x 9 mm (W), and the CCS measured 6 3 6

mm. The ovaries contained secondary growth oocytes of four

size classes including mature (3–3.2 mm) and primary growth

oocytes. The CMO occupied ~32% of the ovaries (Table 3). As

expected, the ovaries from CB3 (at spawning time) were the

largest of the three same-age females. The ovaries were

subequal in size (the right slightly larger) with an approxi-

mate triangular prism shape (laterally convex, medially flat)

and measured 32 mm (L) x 14 mm (W) x 9.5 mm (D). The

CCS measured 7 3 7 mm. The ovaries contained secondary

growth oocytes of two size classes, including mature oocytes

(3–3.2 mm) as well as primary growth oocytes. The CMO

occupied ~31.5% of the ovaries (Table 3).

The NFO composing the CMO in WC1, 2, 3, CB1, and 2

measured ~0.2–0.3 mm and were not hydrated. In contrast,

the NFO forming the CMO in CB3 (which was fixed during

courtship displays) had the same appearance of those

composing the CMO section of a newly spawned egg clutch,

i.e., they presented a hyaline aspect, were fully hydrated, and

measured ~0.8–1.0 mm in diameter.

Table 2. Ontogenetic development of testes from juveniles to young adults and full-grown wild caught (WC). No male juvenile was sampled on
month seven.

Age (months post-release) 5 6 8 9 10 11 12 15 WC

SL (mm) 41.6 52 66.5 71.2 71.5 76.5 78.4 84.5 98
W (g) 3.4 6.1 11.6 14.1 14.5 16.8 19 21.5 36
Testis length (mm) 6.0 8.5 10.5 11.7 11.8 12.9 13.5 15 15
Testis width (mm) 0.2 1.0 1.0 1.46 1.5 2.0 2.0 2.2 3.1
Testis weight (mg) — 6.0 14 16 16 20 34 37 64

Table 3. Ovarian composition (number of oocytes at different stages of development) of three wild full-grown females (WC) and three captive-bred
young adults (CB) 13 months post-release, at different stages of their reproductive cycle. Female WC3 died a few days after arrival. MB: ovary
retrieved during mating behavior. NFO: number of non-functional oocytes comprising the caudal mass (CMO) that filled the common caudal section
of ovaries and oviduct. All sizes, including oocytes at different stage of development, in mm. All weights in g. *Atretic.

Specimen/time after spawn WC1/1h CB1/7d WC2/10d CB2/14d WC3/? CB3/MB

SL 116 76.1 118 79.1 114 81.6
Weight 74.1 17.7 100.2 19.8 55.0 23.2
Ovaries size (L x W x D) 25 3 7 20 3 7 3 4 34 3 12 R 22 3 9 35 3 15 32 3 14 3 9.5

28 3 9 L
Ovaries total weight 1.15 0.53 2.89 0.87 4.6 2.68
Ovaries CCSa (L x W) 9 3 7 7 3 7 8 3 6 6 3 6 8 3 7 7 3 7
GSI 1.55 3.01 2.88 4.43 8.36 11.58
Maturation (2.8–3.3) 0 8* 0 20 172 156
Maturation (2.5–3.0) 0 248 0
Secondary growth (1.6–2.0) 46 86 0
Secondary growth (1.0–1.4) 192 80 0 130 0
Secondary growth (0.5–0.9) 310 196 174 134 218 348
Secondary growth (0.2–0.3) 140
Primary growth (0.1–0.3) 1952 396 2348 620 1160 4590
NFO not hydrated (0.1–0.2) 15124 3876 14856 4554 12548 —
NFO hydrated (0.8–1.0) — — — — — 1348
CMO %b 33 37.5 27 32 39 31.5

a Ovaries’ caudal section and common oviduct
b Percentage of ovary in length occupied by the CMO
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The ovaries of captive-bred specimens did not show an
important growth up to the second week post-spawning, but
their size, weight, and consequent GSI greatly increased at
the third week post-spawning (Table 3).

Ontogenetic ovarian development and age at maturity.—The
ovaries of juveniles ,7 months old were small, narrow, flat
ribbon-like organs with a short and rather rectangular
common caudal section of ~1 mm in length, which
connected to the genital papillae. The overall ovarian
morphology remained without conspicuous changes until
individuals reached ~50 mm SL. At four months (~35 mm
SL), ovaries measured ~5.5 x ~0.5 mm with a fused caudal
section of ~1 3 1 mm (Fig. 4A). At five months (~47 mm SL),
the ovaries were still flat organs, but their size increased to
~9.5 mm x 1 mm with an expanded proximal section of
about 1.5 mm in width (Fig. 4B). Ovaries of juveniles age four
and five months only contained oogonia. At six months,
ovaries developed a cylindrical, tube-like appearance without
increasing the overall length, which persisted without
significant changes until reaching the age of approximately
nine months (Fig. 4C–E). The ovaries of six-month-old
juveniles carried some primary growth oocytes up to 0.2
mm, whereas ovaries of seven- and eight-month-old juve-
niles had small vitellogenic oocytes up to 0.4 and 0.6 mm,
respectively. At nine months, ovaries measured ~15 mm x 3
mm and carried oocytes at secondary growth stage up to 1.1
mm (Fig. 4F). Ovaries of ten-month-old juveniles measured
~17 mm x ~4 mm with a CCS of ~2 mm and had four size
classes of oocytes, with the largest cohort measuring between
1.6–2.0 mm (Fig. 4G–I; Table 4). Gonadosomatic indexes of
juveniles up to nine months did not show an important
variation, but it increased from 0.64 (nine months) to 1.95 in
ten-month-old juveniles.

The youngest age at which females showed a division in
ovary composition with a clear distinct CMO was nine
months old. The CMO occupied about 28.5% of the ovary’s
length and was formed by NFO ~0.2 mm in diameter. At ten
months, females had a CMO occupying about 33% of the
ovaries and NFO of ~0.2–0.3 mm. Females attained sexual
maturation at about 11 months, the age at which oocytes
first reached the maturation stage (Table 4).

The egg clutch.—A newly released egg clutch had a general
oblong shape and resembled the bilobed ovarian morphol-
ogy (Fig. 5A, B). A large, complete egg clutch measured about
6 cm (L) x 3 cm (W) and was composed of up to about 200
eggs. The eggs were held together by both a sticky substance
and by chorionic filaments, although it seems they dissolve
after a few days of incubation and the eggs become loose in
the oral cavity. The egg clutch retained the unusual ovarian
morphology, consisting of two markedly distinct (but joint)
sections. The first part released was composed of a highly
compacted mass of hyaline non-vitellogenic oocytes of about
2.5 cm (W) x 2 cm (L) (Figs. 1E, 5E). The oocytes were
hydrated, had a similar spherical shape, and measured
between ~0.8–1 mm in diameter (Fig. 5E). The second and
larger part of the egg clutch measured about 4 cm (L) x 3 cm
(W) and consisted of ‘‘normal’’ mature ova (Fig. 5A, B).

The eggs recovered just after fertilization were generally
spherical, but more closely resembling oblate spheroids (i.e.,
presenting an equatorial axis larger than the polar one). The
eggs measured between about 3 and 4 mm (equatorial axis).
They were bright yellow orange with a thick short-conical
(pyriform) shaped yolk, occupying most of the egg volume
(Fig. 5D). The yolk size showed important variation due to
differences in its height, which in turn determined variation
in the perivitelline space at the upper section, ranging from
~0.25 to ~0.6 mm. The yolk’s middle and lower parts always
occupied most of the lower ł of the egg’s volume leaving a
narrow perivitelline space of ~80–150 lm. In eggs 3.9 3 3.6
mm, the yolk measured 3.4 mm vertical length x 3.2 mm
width. At the upper (antigravity) pole, the yolk contained
numerous oil globules forming a cup-like aggregate of a dome
shape of about 2–2.5 mm in diameter and extending
equatorially for about 1 mm. The aggregate was formed by
two size classes of oil globules. One, the most numerous and
mostly centrally distributed, measured between 40 and 80
lm in diameter, whereas the other typically formed a ring
outside the conglomerate of smaller globules and measured
between 140–220 lm (Fig. 5C, D).

The analysis of five egg clutches extracted after mating
showed an important among-clutch mean egg size variation.
It ranged from a clutch containing eggs with a mean
equatorial axis of 3.47 mm to a clutch with a mean of 4.07

Table 4. Ovary composition (number of oocytes at different stages of development) from captive-bred females during ontogenetic development.
NFO: number of non-functional oocytes filling the caudal section of ovaries and oviduct. Size of oocytes at different stage of development in mm.
*most¼ 1–1.4 mm; ** most¼ 1.3–1.8 mm.

Age (months post-release) 4 5 6 7 8 9 10 11 12

SL (mm) 35.1 47.2 51.51 63.2 67.9 75 77.29 76.95 78.9
Weight (g) 2.23 4.4 5.35 8.9 14.8 19.1 22.02 22.3 20.6
Ovary size (L X W) 5.3 3 0.7 9.3 3 0.9 9.5 3 1 10 3 1.5 12 3 2.5 15 3 3 18 3 4.5 19 3 9 21.8 3 10
Ovary weight (mg) 3.0 7.3 9.8 24 53.9 121.5 429.3 982 1414
Ovaries CCSa (L) 1 1 2 2 2 5 6 6 7.5
GSI 0.13 0.16 0.18 0.27 0.36 0.64 1.95 4.4 6.8
Maturation (2.5–2.9) 142
Maturation (2.1–2.6) 0 0 0 0 0 0 0 144
Secondary growth (1.6–2.0) 0 0 0 0 0 0 108 0
Secondary growth (1.1–1.8) 0 0 0 0 0 x 56* (1) 52** 28 (1)
Secondary growth (0.4–1) 0 0 0 x x x 118 172 142
Primary growth (�0.3) xb x x x x x 1172 1292 1720
NFO 0 0 0 0 0 x 6624 8800 7172
Maximum oocyte size 0.1 0.1 0.2 0.4 0.6 1.3 2.0 2.6 2.9

a Ovaries caudal section and common oviduct
b Most were oogonia (�0.5 mm).
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mm, and with a mean volume from 19.50 mm3 to 31.63

mm3, respectively. The analysis also revealed an important

within-clutch variation in egg size, with egg size varying

between ~11% and 27% in equatorial axis and between 33%

and 53% in volume (Table 5).

Spawning frequency, fecundity, and incubation time.—During

the nine-month, non-choice breeding study, two pairs of

wild-caught individuals mated a total of 15 times. The pair F1

(SL ¼ 11.6 cm) x M1 (SL ¼ 11 cm) mated six times with a

mean spawning interval of 35 d (shortest interval¼ 18 days,

longest¼55 days), whereas F2 (SL¼11.8 cm) mated six times

with M2 (SL¼ 9.8 cm) and had a mean spawning interval of

26 days (shortest interval ¼ 15 days, longest ¼ 40 days). The

sixth mating was not successful (the female released the egg

clutch, but the male failed to grab it, and after it fell to the

bottom, the female engulfed it). In addition, F1 mated once

with M2, and F2 mated once with M3 (SL ¼ 11.5 cm) and

once with M4 (SL ¼ 9.7 cm).

Of the 15 mating events, ten were observed, and five were

noticed the same day they occurred (from about a few

minutes to four hours after they occurred). In six out of the

ten observed mating events, the egg transfer was complete,

i.e., after mating the male was able to retrieve the entire egg

clutch; in four, at least half of the egg clutch was lost when it

broke during the ‘‘pulling’’ action by the male. Nine broods

were extracted from the males’ oral cavities, and five broods

were left to be incubated by the males, of which four were

successfully incubated and one was lost after 12 days of

incubation, presumably eaten by the male (F1 x M2).

Embryos from these four broods hatched 18 (one brood),

21 (two broods), and 22 (one brood) days after fertilization,

Fig. 5. (A) Egg clutch extracted from
the male immediately after transfer.
In this case, about 50% of the
functional ova (fertilized eggs) were
lost during the transfer, while the
non-functional oocytes did not suffer
major loss. (B) Egg clutch recovered
immediately after release by an iso-
lated female. At release, the egg
clutch retains the form of the ovaries.
The arrow points to the separation
between egg masses corresponding
to each ovary. (C) Close up of edge
between the CMO and mature ova.
(D) Egg immediately after fertiliza-
tion. (E) Hydrated, non-functional
oocytes after spawning.
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and post-hatched embryos remained three (one brood) and

four (three broods) days in the males’ oral cavities before

being released, for a total of 22–26 days of incubation

(26.58C). Of the observed three complete transfers, the egg-

clutch size varied from 118 to 208 eggs (mean ¼ 175), and

between 86 and 138 eggs (mean ¼ 109) for four observed

incomplete transfers (i.e., when the egg clutch broke during

the transfer and a proportion of eggs were not retrieve by the

male). The number of recruits released from two complete

transfers was 80 and 172, whereas the number of recruits

released from non-observed transfers was 35 and 71 (Table 6).

In addition, during a 12-month period two captive-bred F1

females released a total of five egg clutches while being held

without a mate.

Embryology

Period: Embryo; Phase: cleavage egg (summary of the early

ontogeny).—The large amount of yolk concentrated in the

vegetative (gravity) pole (telolecithal egg), which in this

species occupies most of the egg’s volume, determined a

meroblastic cleavage. Although the perivitelline space was

wider at the animal (antigravity) pole, the blastodisc

Table 5. Analysis of five egg clutches from two wild-caught females (WC). WC1 I, II; WC2 II, III: extracted from the male immediately after mating
(am); WC2 I: 24 h am. *Transfer was incomplete, with a loss of about 50% of eggs. **Mating (transfer) was not observed. Size¼mm; W¼mg; V¼
mm3.

Female WC1 WC2 WC 1 & 2

Clutch (n) I (123)* II (138)* I (126)** II (86)* III (118) nt ¼ 591

Previous spawn (days) 24 20 20 22 15
Mean EAa 3.75 3.61 4.07 3.9 3.47 3.8
Mean PAb 3.45 3.23 3.65 3.5 3.1 3.4
Mean egg V 25.41 22.04 31.63 27.82 19.5 25.5
Mean egg W 26.2 22.9 32.2 29.9 20.3 26.7
Max egg size 4.08 3 3.81 3.91 3 3.39 4.43 3 3.62 4.26 3 3.42 3.77 3 3.35 4.43 3 3.62
Min egg size 3.61 3 3.28 3.32 3 2.98 3.72 3 3.27 3.74 3 3.53 2.76 3 2.69 2.76 3 2.69
Max egg V 33.2 27.1 37.2 32.5 25.5 37.2
Min egg V 22.2 17.2 23.7 25.8 10.8 10.8
CMOc 8012 9488 — 9572 6118 8342.5

a Equatorial radius
b Polar radius
c Mass of non-functional oocytes filling the caudal section of ovaries and oviduct

Table 6. Analysis of spawning frequency, egg-clutch size, and incubation time over a nine-month period, including wild-caught females (F) 1, 2 and
males (M) 1, 2, 3, 4. FE¼Female’s egg-clutch number; MO¼mating observation; TC¼ transfer completion; ER¼actual number of eggs retrieved from
male; TE¼ approximate total number of ovulated (spawned) eggs; BR¼ actual number of juveniles released; DPS¼ number of days from previous
spawning of each female; DTH¼ days from fertilization to hatch; DTR¼ days from hatch to juvenile release; TI ¼ days of total incubation.

FE MO TC ER TE BR DPS DTH DTR TI

F1 x M1 1 n — — 71 — 18 4 22
2 y c 200 200 — 41 — —
3a n — — — 35 37 22 4 26
4 y c 208 208 — 55
5 y ib 123 250 24
6 y ib 138 270 18

x̄ F1 x M1 35
F1 x M2 7c n — — — — 70 — — —
x̄ F1 167 232 53 35
F2 x M2 1 y ib 90 180 — —

2 y c — — 172 40 21 3 24
3a n — 40 — 20
4 y c 118 118 — 33
5 y ib 86 172 — 15
6d y c — — — 22

F2 x M3 7 n 126 24
F2 x M4 8 y c — 80 34 21 4 25
x̄ F2 92 157 126 23.5
x̄ F1, F2 125.4 199.7 89.5 33.3 21 3.5 24.5

a Likely an incomplete transfer with elevated egg loss
b Observed loss of ~50% of egg clutch during transfer
c Male stopped brooding (presumably consumed the eggs) 12 days after mating
d Male failed to engulf the egg clutch and female ate it
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developed eccentrically in a narrower perivitelline space with

a consequent discoidal type.

Cleavage began at about 1 h after activation and formation

of the perivitelline space (Fig. 6A). At 2 h after activation, the
blastodisc consisted of two blastomeres (Fig. 6B). At 3 h, the
next division occurred (Fig. 6C). At 24 h, the blastula

measured 0.6 mm in diameter and was located off-center,
i.e., close to the edge of the cup-like aggregate of oil globules,

which measured ~2.2 mm in diameter (Fig. 6D, E).

Period: Embryo; Phase: embryo (a series of chronological states
was defined as a number of days [d] after activation).—2d: At
48 h, the germinal ring was very evident and the blastoderm

covered about 30% of the yolk. At 64 h, the germinal ring
was at about the equator and the neural keel was present. The

oil globules forming the cup-like aggregate at the top of the
animal pole began to coalesce into about 20 globules of 0.4–

0.65 mm in diameter and dozens of globules about 0.1–0.2
mm (Fig. 6F).

3d: The blastoderm covered up to 75% of the yolk.
Constrictions in the future head region indicated the
beginning of brain zone differentiation. Neurocoel first

appears. The large head fold presented lateral outgrowths
forming auditory placodes and solid optic buds, and in some

embryos, the onset of optical vesicles with lens primordia
was noticeable. Posteriorly, about 8–12 somites were visible

as well as a thin, tube-like notochord (Fig. 6G, H).

4d: The embryos measured about 2.5 mm in length and

presented a free tail-bud. The epiboly was completed. Optic
capsules and lenses were well differentiated. Primordia of otic
vesicles were visible, and each contained two otoliths.

Olfactory placodes were apparent. The forebrain, midbrain,
and hindbrain were well differentiated. The telencephalon

and diencephalon developed, enclosing a typical rhomboid-
shaped third ventricle. From a lateral perspective, a well-

developed cerebellar fold and otic tectum were visible. The
rhombencephalon presented a large ventricle and several

rhombomeres were distinguishable. On the ventral side of
the head region, the heart appeared as an unchambered, bell-
shaped tube that distally extended laterally and symmetri-

cally forming short and narrow contracting vessels. The
primitive heart beat 130 times per minute, but circulation

was not yet discernible and blood cells were not pigmented.
The large oil globules continue to coalesce and appeared

bright yellow, whereas the yolk and small oil droplets were
pale (Fig. 6I, J).

5d: Embryos measured about 3.5 mm in length. A common
finfold extended from the posterior section of the head all
around the body to the anus. Numerous exposed neuromasts

were present in the head and trunk, and scattered greenish
chromatophores were located on both sides of the tail

section. The blood circulation increased. Both anterior
vitelline veins were noticeable. The heart presented a well-

differentiated atrium and ventricle and beat 120 times per
minute. A large oil globule of about 1.6 mm (1/3 of the egg

diameter) was formed by the aggregation of smaller globules
and was surrounded by several globules of about 0.2–0.4 mm.

Myotomes were clearly demarked, and a conspicuous
notochord reached the tip of the tail section. Embryos were
active with frequent movements of the tail.

In the chondrocranium, a pair of narrow parachordals were
already fused to the trabecular bars, delimitating, rostrally, an
approximate circular space (the hypophyseal fenestra) where
the notochord’s end was located. The thin and almost
parallel trabecular bars were separated by a narrow space,
but at their anterior end, they diverged laterally delineating
the future ethmoid plate. The anterior basicapsular commis-
sures merged the parachordals with a developing otic capsule
delimitating a pair of large auditory sacs. In the splachnoc-
ranium, the Meckel’s cartilages were medially connected to
each other and distally to small palatoquadrates. Rudimen-
tary hyosymplectics, ceratohyals, and the first three cerato-
branchials were chondrified (Fig. 6K).

6d: In the head region, the olfactory vesicles appeared. The
optic capsules presented melanophoric pigmentation, mostly
concentrated on the inner and outer edges forming two
darker rings and a few iridophores. Lenses protruded out of
the optic capsules about one-half of their diameter. There was
an important increase in blood circulation, which included
an extensive capillary network covering the entire yolk, and
circulation in the head was apparent. The bulbus arteriosus
was evident and the posterior vitelline and caudal veins were
present. The blood was pigmented. The large oil globule had
a diameter equal to ~0.37 of the egg’s diameter and was
situated at the equatorial level. Another six oil droplets
measuring ~0.4–0.5 mm in diameter were located just
beneath it. The urinary and swim bladders were apparent.
The pectoral-fin buds were already separated from the body
(Fig. 6L).

8d: The embryos measured 4 mm. The yolk still contained a
large oil globule, but now it was located in front of the head,
beneath the heart. It had a diameter similar to the maximum
width of the head (distance between the external edges of
lenses). A few oil droplets of about 0.2–0.5 mm were present
at its inferior part. Blood circulation increased and was
evident in three branchial arches. The capillary network in
the yolk was very widespread and blood circulation was clear
in the brain and eyes. The dorsal aorta and cardinal veins
were well developed. A prominent liver with a small gall
bladder with pale green coloration was visible, and a large
hepatic vein was formed. Melanophoric pigmentation on
optic capsules increased notably, covering their entire
external surfaces, which were also covered by iridophores.
On the head, pigmentation first appeared, with scattered
chromatophores present on the dorsal-posterior part. Em-
bryos still presented a common finfold, but a constriction
developed at the future location of the caudal fin, and tissue
was accumulating, dorsally and ventrally, along the distal
part of the notochord. In the chondrocranium, the ethmoid
plate rostrally developed two paired lateral processes, with
the most posterior ones (lamina orbitonasalis) being longer.
The posterior basicapsular commissures connected the
parachordals with the otic capsule, and occipital arches
appeared. On their anterior end, the trabecular bars fused and
expanded into the ethmoid plate. In the splachnocranium,
the maxillae appeared as very short thread-like symmetrical
elements at the height of the ethmoid plate. The first three
ceratobranchials were connected directly to a common feeble
basibranchial, although the first two ceratobranchials already
showed a constriction marking the onset of the hypobran-
chial differentiation. The fourth ceratobranchials appeared.
The ceratohyals still had a rod-like appearance, and slightly
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stained small interhyals connected them to the hyosymplec-

tics. The hypohyals were chondrified, but still not completely

separated, and the basihyal was not apparent.

Pectoral-fin buds showed some distal indentations, but

formation of rays was not apparent. In the pectoral girdle,

thin, rod-like cartilages (cleithra) extended from above the

notochord down to the ceratohyals, and short thin coraco-

scapular cartilages appeared at the base of the pectoral fins

(Fig. 7A–D).

10d: The embryos measured ~4.5 mm, were more active, and

opened the mouth. The blood circulation continued to

Fig. 6. (A) First blastomere and formation of perivitelline space 1 h post-activation (pa). (B) First cleavage after 2 h pa. Chorionic filaments keep eggs
attached forming the clutch, with two non-vitellogenic oocytes entangled. (C) Second cleavage at 3 h pa. (D, E) Blastula stage at 24 h pa. (F) 64 h pa
neural keel is evident, and oil globules begin to coalesce. (G, H) Three days post-activation (dpa). (I, J) Four dpa. (K) Five dpa. (L) Six dpa. abc,
anterior basicapsular commissure; apl, auditory placode; atr, atrium; bl, blastomere; bla, blastula; bpo, blastopore; ceb, ceratobranchials; cef,
cerebellar fold; cof, chorionic filaments; crh, ceratohyal; die, diencephalon; esh, embryonic shield; ger, germinal ring; hea, primitive heart; hpf,
hypophyseal fenestra; lav, left anterior vitelline vein; len, lens; mec, Meckel’s cartilage; nec, neurocoel; nek, neural keel; nfo, non-functional oocytes;
not, notochord; ogl, oil globule; olp, olfactory placode; opb, optic bud; opc, optic capsule; opl, optic lobe; opt, optic tectum; oto, otolith; otv, otic
vesicle; par, parachordal; peb, pectoral-fin bud; pes, perivitelline space; ptq-hyo, palatoquadrate-hyosymplectic; rho, rhombomeres; som, somites;
sve, sinus venosus; tel, telencephalon; tra, trabecula; ven, ventricle.
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increase, and a large network of capillaries extended from the
three vitelline veins. The optic capsules presented a contin-
uous external layer of light-reflecting guanine. The digestive
tract was more advanced, and the liver increased in size. The
oil globule was still about the same diameter as the head, but
it was now positioned on the left side, centered at the height
of the liver. In the chondrocranium, the parachordals’
occipital arches fused to the otic capsules but did not join
dorsally yet. The sagittae expanded in size with an oval shape
and a conspicuous central nucleus. A short upward medial
projection appeared on the margin of the ethmoid plate
(future septum internasalis), and the paired lamina orbito-
nasalis were connected to the anterior taenia marginalis. The
posterior taenia marginalis and epiphyseal bar were also
chondrified. In the splachnocranium, the interhyals notably
enlarged, and the ceratohyals greatly expanded downwards
at their posterior ends with a paddle-like shape. The
palatoquadrate’s pars articularis also expanded, and a long,
thin processus pterygoideus developed, almost reaching the
anterior lateral process of the ethmoid plate. The paired
maxillae grew downward as thin curved rods reaching the
posterior part of the Meckel’s cartilages, which posteriorly
developed a downward process where the retroarticulars will
later ossify. The premaxillae appeared as short thread-like
elements. A second basibranchial developed between cerato-
branchials 3 and 4 as a small isolated cartilage. Hypobran-
chials 1, 2, and 3 were clearly demarked but not yet detached.
The fifth ceratobranchials appeared as isolated thin, short
elements lightly stained with alcian blue. Epibranchials 1, 2,
and 3 were formed. In the axial skeleton, more advanced
embryos began developing the first three to four neural
arches, but they were short and the halves of each arch did
not reach the opposite one. In addition, three short hypurals
began to chondrify in the caudal section, and some striation
can be seen on the caudal section of the finfold, showing
evidence of the forthcoming ray development, but the
flexion interval was not reached. In each pectoral girdle,
the scapula-coracoid cartilage expanded and bore the fossa
scapularis. Rostrally, the upper and lower ends of the scapula-
coracoid were connected to the cleithrum, and caudally, to a
broad sheet of cartilage, which already presented a median
cleavage indicating the onset of development of the first
radials (Fig. 7E, G).

12d: The embryos measured 5.5 mm in length. A large yolk
still occupied most of the egg volume leaving a very narrow
perivitelline space, except at the area where the embryo’s
head and trunk were localized (where it was sufficiently wide
to allow the opening of opercula and movement of pectoral
fins and tail). The embryos were active, showing frequent
ventilation-like actions by the movements of opercula. There
was a conspicuous increase in blood circulation in the head,
including the lower jaw, as well as in the hepatic portal
system. Circulation was also visible on the caudal finfold.
The oil globule measured 1.5 mm in diameter, slightly more
than a third of the egg diameter. It was localized on the left
side of the embryo, in close proximity of the liver, between
the anterior and the posterior vitelline veins and the caudal
vein. The swim bladder increased in size and was reflective to
light, but no pigmentation was apparent. In the chondro-
cranium, the occipital arches of parachordals expanded and
fused dorsally as a narrow tectum synoticum. In the auditory
capsules, the sagittae had significantly expanded and they
were about four times larger than the lapilli. The asterisci

were not visible yet. Ventrally, the paired thin, rod-like pre-
facial commissures connected the parachordals’ anterior
margin with the otic capsule, delimiting a foramen for the
facial nerve. The medial process on the ethmoid plate front
enlarged. Anterior to it, a small rostral cartilage appeared
between the vertical processes of the premaxillae, which were
well developed, and had two teeth on the posterior part. In
the splachnocranium, the ceratohyals had four branchioste-
gal rays, and the basihyal, the fifth ceratobranchials, the
fourth epibranchials, and pharyngobranchials 1 and 2 were
present. The postero-ventral processes of the Meckel’s
cartilages enlarged downward and attached to them, and a
paired chondrifying element (future anguloarticulars) devel-
oped antero-dorsally. In the axial skeleton, no constrictions
on the notochord were apparent yet, and the anterior end of
the notochord was still free within the hypophyseal fenestra.
About 22–23 neural arches were present, but only the first
two joined dorsally. Sixteen haemal arches were also present
and the posterior 13 were joined. The flexion interval was
reached. Four hypurals were well differentiated, and some
embryos had a parahypural. A narrow common finfold still
connected all fin buds, but the dorsal and anal fins started to
develop, and about eight short, rod-like elements, represent-
ing future proximal pterygiophores, appeared in both fin
buds. In the pectoral girdle, the lower end of the coracoid
developed a thin posterior process. Still no radials were
present, but the median cleavage was longer and separated
two denser cartilage sheets which were still connected at
their posterior ends (Fig. 7F, H, I).

15d: The embryos measured 6 mm in TL (5.5 mm SL). Head
length was 2 mm and eye diameter ~0.9 mm. The single oil
globule was about 1.2 mm in diameter and localized on the
upper middle left side of the yolk sac, below the liver.
Pigmentation on the head region became more conspicuous
on day 13, consisting of a few stellate melanophores
clustered on the otic capsule area. At day 15, body
pigmentation increased. About ten large stellate melano-
phores spread evenly on the top of the head; several large
both stellate and punctiform melanophores concentrated at
the height of the swim bladder on both sides of the trunk.
Smaller melanophores formed a feeble line along the
notochord on both sides of the trunk, and a cluster of
medium size melanophores appeared on the external dorsal
surface of the swim bladder. The gall bladder was very
conspicuous and presented a dark green coloration. The
blood circulation continued to increase in the head. There
was a large expansion in the network of capillaries in the
yolk, the hepatic portal system, and the kidney area. A
segmented series of vessels was visible between the develop-
ing vertebrae.

In the chondrocranium, the notochord’s anterior end was
no longer protruding within the hypophyseal fenestra. At the
center of the epiphyseal bar, a triangular growth appeared.
The taenia marginalis’ anterior end medially developed a
new process that fused to the septum internasalis. This
process, together with the lamina orbitonasalis, delimitated a
large fenestra, which already showed a lower constriction
(delimitating the future olfactory foramen). The laminae
orbitonasalis were laterally outwardly expanded. The audito-
ry capsules were fully roofed. A third otolith, the asteriscus,
appeared. In the splachnocranium, the thin pterygoid
process of the palatoquadrate extended beyond the ethmoid
plate and significantly expanded medially at the point of the
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Fig. 7. (A, B, C, D) Embryo eight days post-activation (dpa). (E, G) 10 dpa. (F, H, I) 12 dpa. (J, K) 15 dpa. (L) 18 dpa just prior to hatching. 1df, first
dorsal fin; 2df, second dorsal fin; abc, anterior basicapsular commissure; ang, angular; atm, anterior taenia marginalis; atr, atrium; bas, basipterygia;
bbr, basibranchial; brc, branchial arch circulation; ceb, ceratobranchials; cff, common finfold; cle, cleithrum; cpe, caudal peduncle; crh, ceratohyal; cro,
cromatophore; da, dorsal artery; del, distal element of pterygiophore; epb, epiphyseal bar; epi, epihyal; epu, epural; etp, ethmoid plate; fsc, fossa
scapularis; gbl, gall bladder; haa, haemal arch; hb1–4, hypobranchials 1–4; hev, hepatic vein; hph, hypohyal; hyf, hyomandibular fenestra; hyo,
hyosimplecticum; hyp, hypural; int, intestine; ith, interhyal; lav, left anterior vitelline vein; liv, liver; lon, lamina orbitonasalis; max, maxilla; mec,
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ethmo-palatine articulation. The hyosymplectic was very
elongated and ran adjacent along the pars metapterygoidea
and quadrata. Four epibranchials were present. Epibranchial
1 was close to a short, thin suspensory element, epibranchial
2 loosely connected to a small pharyngobranchial, and
epibranchials 3 and 4 were connected to a large, flattened
pharyngobranchial 3 bearing three teeth. Seven branchios-
tegal rays were attached to the ceratohyals and were slightly
stained with alcian blue. Rudiments of teeth-like gill rakers
appeared on ceratobranchials 1, 2, and 3. In the axial
skeleton, vertebrae were not completely differentiated yet,
but constrictions and blue stained segmentary areas were
present along the notochord. Twenty-three pairs of neural
arches were present and fused dorsally, except the first one.
Eighteen haemal arches were formed, all fused except the
most anterior. Three supraneurals chondrified and were
located before neural arches 1, 2, and 3. In the caudal
skeleton, hypurals 1–2 and 3–4 began to fuse posteriorly.
Hypural 5, three epurals, and a parahypural were present. All
principal rays were formed, and two procurrent rays
articulated with the haemal arch of the pleural vertebra 2.
The proximal and distal elements of the dorsal- and anal-fin
pterygiophores were formed. In the pectoral girdles, fused
coraco-scapular cartilages were connected to long and thin
cleithra. Four proximal radials were differentiated, but 1–2
and 3–4 were still distally connected, and 13 distal radials
carried fin rays. First sign of pelvic girdle development, with
two very small cartilage elements representing future
basipterygia (Fig. 7J, K).

16–17d: The embryos measured 10 mm in TL (8 mm SL). The
yolk sac was still very prominent, and the oil globule had a
diameter of ~2 mm. The eye diameter was ~3 mm. A broad,
dark pigmented line developed beneath the first dorsal fin,
reaching the upper part of the yolk sac, and above the gas
bladder. Large stellate melanophores were located on the
upper part and front of the head, around the eyes, and on the
upper portion of the yolk sac. Pigmentation increased
conspicuously on the posterior ł section of the trunk, from
about the fifth radius of the second dorsal fin and
concentrated posteriorly. Also, some iridophores appeared
on the upper part of the yolk sac, which showed an
simportant increase in vascularization. In the chondrocrani-
um, the mesopterygoid and some elements of the opercular
series appeared as a very thin and almost transparent lamina.

In the splachnocranium, the premaxillae bore four teeth,
whereas dentaries had five, but teeth were not stained (Fig.
7L).

Period: Embryo; Phase: yolk-sac embryo.—18–22d: Embryos
hatched 18–22 days post-activation measuring ~9.5 mm TL
(~8.5 mm SL), with a large yolk sac (eleutheroembryo) of
about 4 mm in length by 3.4 mm in width. In those that
hatched earlier (18 d), a large oil globule (1.5 mm in
diameter) was still present and located in the left side, at
the lower medial section (Fig. 8A). However, embryos that
hatched at a later day had a smaller yolk sac lacking the oil

globule (Fig. 8B). Melanophoric pigmentation was concen-
trated in three main areas: a) on the head, where it was most
concentrated on the dorsal-posterior region, and more
sparsely on the frontal and ventral areas; b) at the height of
the beginning of the first dorsal fin, a dense melanophoric
band of about 1.5 mm in length covered the trunk from the
base of the first dorsal fin (and part of fin) to the uppermost
area of the yolk sac. A few iridophores were concentrated at
the lowest part of the band; c) on the caudal region another
dark band, of ~2.5 mm, developed covering the area from
about the middle of the second dorsal fin to the beginning of
the hypural plate at the point of the anal-fin origin and
extending to the hypural plate. In addition, melanophoric
pigmentation was present at the base and rays of the first
dorsal, pectoral, and the posterior half of both the second
dorsal and anal fins. About six very large stellate melano-
phores posteriorly encircled the eyes, reaching the lower jaw.
In the chondrocranium, a small and transparent vomer
appeared with two teeth. In the splachnocranium, a circular
foramen developed on the upper posterior part of hypohyals,
close to articulation with ceratohyals. Dentaries carried 10–
11 teeth, whereas the premaxillae had 6–8. A long basibran-
chial cartilage articulated with hypobranchials 1, 2, and 3
(which posteriorly bearded downward processes), and a small
approximately square cartilage articulated with the fourth
ceratobranchials. The fifth pharyngobranchials were not
present. Rakers were present in the first ceratobranchials
and first epibranchials, whereas very short, tooth-like rakers
developed on ceratobranchials 2, 3, and 4. The fifth
ceratobranchials had an expanded patch of large teeth.
Several long teeth were present in the third pharyngobran-
chial, and one tooth in the second pharyngobranchials. In
the axial skeleton, vertebrae were well differentiated, and the
second and third had epineurals. The first five pairs of pleural
ribs were present. All proximal and distal pterygiophores,
spines, and rays of the first and second dorsal, anal, pelvic,
and pectoral fins were present. A pair of slender uroneurals
appeared but did not stain. In the caudal skeleton, all
hypurals were still separated. Hypural 1 expanded signifi-
cantly to a width of about twice that of hypural 2. Two small
interhaemal cartilages appeared, one between the para-
hypural and the last haemal spine, and the other between
the last two haemal spines. All principal (9þ8) and procurrent
(spinous; 4þ4) caudal rays were present. In the pectoral
girdle, the five radials were separated, and in the pelvic girdle,
the posterior end of the thin elements developed a broad
sheet of cartilage where several fin radii were attached. The
anterior ends of the developing basipterygia were close to the
cleithra. In the head, several dermal bones were formed, but
they were very thin and did not stain with alizarin red,
including the parasphenoid, broad ectopterygoids, the
opercular series, and lower jaw bones (Fig. 8C).

Period: (Early) Juvenile.—22–26d: After hatching, yolk-sac
embryos remained in the male’s oral cavity for about four
days feeding endogenously. At release, ~22–26 days post-
fertilization, juveniles measured between ~11–12 mm TL (~9

 
Meckel’s cartilage; nea, neural arch; not, notochord; oca, occipital arch; ogl, oil globule; otc, otic capsule; oto, otolith; par, parachordal; pbc,
posterior basicapsular commissure; pef, pectoral fin; pel, proximal element of pterygiophore; phy, parahypural; pmx, premaxilla; pra, proximal
radials of pectoral girdle; prp, pterygoid process; pte, pterygiophore; ptm, posterior taenia marginalis; ptq, palatoquadrate; ptq-hyo,
palatoquadrate-hyosymplectic; rav, right anterior vitelline vein; roc, rostral cartilage; sbl, swim bladder; sco, scapula-coracoid; sin, septum
internasalis; sto, stomach; sup, supraneural; sve, sinus venosus; tes, tectum synoticum; tra, trabecula; trh, trabecular horn; ubl, urinary bladder;
vcn, vitelline capillary network; ven, ventricle. Figure without labels is available as Supplemental Figure 1; see Data Accessibility.
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mm SL), had their yolk reabsorbed, and presented a

seemingly disruptive color pattern consisting of an overall

deep black body with two large white notches: one in front of

the second dorsal fin and the other between the pelvic and

anal fins extending almost symmetrically from the dorsal

and ventral edges to almost to the lateral midline (Fig. 8E, F).

At 25 days post-activation, several skeletal elements stained

with alizarin red indicating ossification, including premax-

illae, maxillae, dentaries, vomer, parasphenoid, opercular

series, and cleithra. Ossification also began on the ecto- and

endopterygoids, ceratohyals, and supracleithra. In the

splachnocranium, the fifth epibranchials appeared as thin,

rod-like elements. In the axial skeleton, vertebrae and both

neural and haemal arches (except the last three and four,

respectively) completed ossification. All proximal radials of

the pectoral fins were still separated. In the caudal skeleton,

hypurals 1 and 2, and 3 and 4 began to fuse distally, but the

terminal centrum was the only ossified element. In the pelvic

girdle, the paired basipterygia were firmly articulating with

the cleithra, very close to the point where the coracoids

joined the cleithra. Basipterygia had one spine and five rays

(Fig. 8D). At one week after release, juveniles measured ~15

mm TL (~11 mm SL) and showed an important increase in

main body depth (measured between origin of second dorsal

and pelvic fins), from ~3 mm at release to ~5 mm. At two

weeks, juveniles measured ~13 mm SL (16 mm TL). At three

weeks, the length increased to ~13.5 mm SL (17 mm TL) and

the body depth to ~6 mm. At four weeks post release (~53

days post fertilization), juveniles measured ~14–15 mm SL

(~18–21 mm TL), and had a body depth of ~6.5 mm. At this

age, most elements of the neurocranium, splachnocranium,

and axial skeleton were ossified, and in the caudal skeleton,

hypurals 1–2 and 3–4 were fused (but with a suture line

clearly visible).

Juveniles acquired the adult uniform deep black coloration

by the end of the second week after release (Fig. 8G, H).

Fig. 8. (A) Newly hatched embryo, 18 days post-activation (dpa). Notice the still prominent oil globule on the left inferior part of the large yolk sac. (B,
C) Embryo at hatching time, 20 dpa. The egg envelope still covers the head and anterior part of the yolk sac. Notice the absence of oil globule in the
yolk sac. (D) 25 dpa. (E, F) Juvenile 25 dpa, just after release (ar). (G) Juvenile 13 days ar. (H) 24 days ar. 1df, first dorsal fin; ang, angular; atm, anterior
taenia marginalis; bas, basipterygia; brs, branchiostegals; cle, cleithrum; cor, coracoid; crh, ceratohyal; del, distal element of pterygiophore; dra, distal
radials; ect, ectopterygoid; enp, endopterygoid; env, egg envelope; epb, epiphyseal bar; epi, epihyal; epu, epural; fsc, fossa scapularis; haa, haemal
arch; hyp, hypural; ihc, intercalary cartilage; ith, interhyal; max, maxilla; mec, Meckel’s cartilage; nes, neural spine; not, notochord; ogl, oil globule; otc,
otic capsule; pcr, procurrent rays; peg, pelvic girdle; pel, proximal element of pterygiophore; phy, parahypural; plr, pleural rib; pmx, premaxilla; ppr,
principal rays; pra, proximal radials; psf, parasphenoid; pt2df, pterygiophore of second dorsal fin; ptaf, pterygiophore of anal fin; ptm, posterior taenia
marginalis; ptpe, pterygiophore of pectoral fin; ptpf, pterygiophore of pelvic fin; ptq, palatoquadrate; roc, rostral cartilage; sc, scapula; sp, spine; sup,
supraneural; te, teeth; tes, tectum synoticum; ver, vertebra. Figure without labels is available as Supplemental Figure 2; see Data Accessibility.
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DISCUSSION

Reproductive behavior.—The reproduction of Quinca mirifica
has not been observed in the wild; thus, duration of pair
bonding, degree of fidelity, size of mating site, or territoriality
are unknown. The author’s assumption was that at the time
of its collection, Q. mirifica would display more or less
gregarious behavior (as is the case for many observed
apogonids), and conspecific aggressive behavior was assumed
to be low. However, individuals were found isolated,
occurring tens or even hundreds of meters apart from others.
The very low density at which the species was found is
consistent with ichthyological surveys carried out in 1998–
1999 and in 2001 in the Dumpier Archipelago (about 400 km
north of Exmouth; Hutchins, 2004). The field observations
regarding its distribution agree with the aggressive conspe-
cific behavior immediately displayed in captivity. Remark-
ably, even newly released recruits showed a similar lack of
tolerance for conspecifics by spreading throughout the tank
immediately after release. These observations would indicate
that Q. mirifica is one of the less gregarious apogonids.

Their agonistic behavior precluded observations on pair
formation under captive conditions. Given the adults’
relatively large size and the relatively small size of the
breeding tanks, there was no other alternative than to
conduct a non-choice breeding study (see methods). None-
theless, the observed non-gregarious behavior in the wild
and both intra- and intersexual agonistic behavior is
consistent with the assumptions that Q. mirifica form
transient pairs and its mating pattern corresponds to
temporary monogamy, which characterize most apogonids
whose reproduction have been observed in the wild (Vagelli,
2011).

Ephemeral sexual dichromatism is not common in
Apogonidae (Vagelli, 2014). Minor changes in color/color
pattern during courtship displays have been reported in a few
species. For instance, Rudel (as cited in Breder and Rosen,
1966) observed an intense black marking developing on fins
and opercle in both sexes of Glossamia gilli (a similar color
change was observed by the author in G. aprion). To date, the
only species in which a more significant temporary color
change has been reported is Apogon niger (now in Apogonich-
thyoides; Kuwamura, 1985). Thus, the dramatic ephemeral
sexual dichromatism displayed by male Q. mirifica is likely to
be unique in Apogonidae. Vagelli (2014) suggested that the
development of such dramatic temporary color change was
associated with the presence of a prominent solitary (and
cryptic) behavior in conjunction with an appropriate
physiological mechanism suited for a rapid color change,
i.e., black coloration, a rare combination in Apogonidae.
Moreover, the author suggested that in Q. mirifica, ephemeral
sexual dichromatism is not related to a particular social
behavior; it has evolved subjected to both epigamic and
natural selections, and it functions as a sign of readiness to
mate.

Mating, i.e., egg release, fertilization, and clutch transfer, in
Q. mirifica is an exceptionally prolonged process that takes up
to 90 seconds to be completed, as opposed to the rapidness (a
few seconds) in which it occurs in all other observed
apogonids, including large species such as Vincentia conspersa
and Glossamia aprion (Garnaud, 1950; Fishelson, 1970;
Thresher, 1984; Kuwamura, 1985, 1987; Vagelli, 1999,
2011, pers. obs.). The prolonged time the large egg clutch
remains exposed (attached to the female) is consistent with
the observed non-gregarious behavior of this species. It

would indicate that in the wild, mating occurs in isolation,
perhaps with the mating pair hidden inside reef crevices or
ledges, to avoid harassment and potential loss of spawns by
intruders, including conspecifics, as observed in other
apogonids (Okuda, 1999a, 2000; Fukumori et al., 2009). It
seems that an alternative strategy, i.e., an aggressive defense
of breeding site against intruders during mating (as reported
in other apogonids, but with a rapid egg transfer; Kuwamura,
1983, 1987; Vagelli, 1999), would not be advantageous. In
this case, it is difficult to envision a successful egg transfer, for
the pair would require constant interruptions of this lengthy
and laborious mating process to confront intruders likely
attracted by such conspicuous egg clutches.

Production of non-functional oocytes.—The ovarian morphol-
ogy in adult Quinca mirifica, with a division between a rostral-
medial section occupied by ‘‘normal’’ developing oocytes and
a smaller caudal section composed of non-functional
oocytes, is atypical. However, Fishelson and Gon (2008)
reported a similar ovarian division in Apogon fleurieu (now in
Ostorhinchus) and A. hungi (now in Jaydia). They described it
as a ‘‘peculiar situation,’’ in which the ovaries were divided
into two different compartments, with the distal one
containing clusters of oocytes smaller than those present in
the proximal section. In addition, Kume et al. (2002)
observed in Jaydia lineata that during oogenesis, the oocytes
located on the ‘‘upper part’’ of the ovaries did not undergo
vitellogenesis and stayed at a ‘‘vesicle yolk interval.’’ Both the
ventrally located ‘‘normal’’ and dorsally located ‘‘abnormal’’
oocytes completed hydration simultaneously in the ovary
(prior to ovulation) and were ovulated as a single egg mass. At
ovulation, the non-vitellogenic oocytes measured ~0.4–0.5
mm, whereas the mature ova measured ~0.5–0.7 mm in
diameter. The relatively small difference in size between both
types of oocytes perhaps contributed to the authors’ failure
to observe such oocyte differentiation in a previous study
(Kume et al., 2000b).

In Quinca mirifica, non-functional oocytes (NFO) develop
in the caudal section of the ovaries, and hydration seems to
occur shortly before spawning, during the prolonged pre-
mating displays. Even in ovaries well advanced in their
ovarian cycle, including ovaries from females at three weeks
post-spawning cycle and containing mature oocytes, the
NFO formed a compact mass of small, not hydrated oocytes
of about 0.2–0.3 mm in diameter. The only instance in which
NFO were found hydrated before spawning, i.e., in the ovary,
was a female fixed while displaying pre-mating behaviors
(CB3, Table 3). In this case, the hydrated NFO had a similar
size (~0.8–1.0 mm) as those forming the typical non-
vitellogenic oocyte mass of the spawned egg clutch. As
mentioned in the results, pre-mating behavior in Q. mirifica
is a lengthy process and includes the extrusion by females of
a string-like hyaline tissue composed of small non-vitello-
genic oocytes, indicative of a prompt mating (release of egg
clutch). Thus, it is likely that hydration of these oocytes,
which undergo an approximate three-fold expansion in their
diameter, takes place shortly before mating.

The only other apogonid known to display a similar
division in ovarian/egg-clutch division is Glossamia aprion
(pers. obs.). The ovaries of this freshwater species present an
even more puzzling differentiation into three sharply distinct
parts: a smaller rostral section, occupied by oocytes that
undergo normal development; a medial section containing
spherical non-vitellogenic oocytes resembling those of Q.
mirifica; and a larger caudal section composed of ovoid non-
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vitellogenic oocytes. In this species, however, females do not
release any tissue during pre-mating behaviors. Interestingly,
in the congeneric G. gjellerupi, van Zwieten (1995) found that
ovaries always contained eggs in the same state of develop-
ment and did not note any ovarian division.

It is tempting to speculate that the production of NFO may
be related to the type of parental care displayed by apogonids
(oral incubation) and its associated behavioral and energy
investment components. Interestingly, besides apogonids,
the only other taxa in which production of NFO have been
observed is in mouthbrooding catfishes of the families
Ariidae and Bagriidae (Gunter, 1947; Menon, 1984, 1991).

Kume et al. (2002) suggested that in Jaydia lineata (a species
in which partial-brood cannibalism occurs) the production of
egg clutches containing non-vitellogenic oocytes is an
adaptation to prevent entire-brood cannibalism. The as-
sumption is that males are reluctant to consume large spawns
as their reproductive return exceeds the cost of providing
care. Thus, females would reduce energy investment as they
produce a significant portion of non-yolked oocytes, and
males would not sense a reduced volume of a smaller egg
clutch. However, if a larger spawn prevents brood cannibal-
ism, arguably females would benefit more by producing a
larger clutch of only functional oocytes, which would
increase their reproductive output, as is the case in the
majority of studied apogonids. The energy investment per
reproductive event would be higher, but so would their
reproductive return. In addition, the production of NFO was
not observed in other apogonids displaying regular partial-
brood cannibalism (Okuda and Yanagisawa, 1996; Okuda,
1999a, 2000), nor in other demersal spawning coral reef
fishes in which filial cannibalism is common (Petersen and
Marchetti, 1989; Lindström and Sargent, 1997; Payne et al.,
2003).

Gunter (1947) suggested that females of Galeichthys felis
(now in Ariopsis) might produce NFO as a source of ‘‘highly
nutritious’’ food in order to help males during the two-
month period of oral incubation. He recognized the
speculative nature of his suggestion, given that in this
species, NFO are produced as long strips of hyaline small
oocytes attached to mature eggs, individually, and it is
difficult to envision how the brooding male can consume the
small oocytes without swallowing the larger eggs to which
they are attached. Menon (1984) did not elaborate about the
possible function of the small (non-functional oocytes) he
observed in several species of catfishes and only mentioned
that they may be incidental food for the male.

However, despite the fact that mouthbrooding is present in
hundreds of species of at least 11 families in four orders of
Teleostei, including four suborders of Perciformes (Breder and
Rosen, 1966; Oppenheimer, 1970), encompassing broad
ecological and environmental spectrums, the production of
NFO has only been observed in a few apogonids and several
siluriforms. Furthermore, in relatively large species with
prolonged periods of fasting during oral incubation such as
Quinca mirifica (not to mention even larger species with even
longer fasting periods such as catfishes), the nutritional
component provided by NFO would seem marginal at best.
The mass of NFO of large egg clutches represents only about
8% of the weight (~80–100 g) of a full-grown adult male Q.
mirifica, which is likely the amount of food the fish
consumes in a single day. Thus, it seems not to be a
meaningful amount of nutrients for a fish that will fast for
about 28 days, especially taking into consideration the little
nutritional content likely provided by the non-yolked

oocytes (the corresponding energetic content of the NFO is,
most likely, significantly less than the corresponding value of
a similar percentage of the fish’s normal diet). In addition,
given that the first portion of the egg clutch the male engulfs
is composed of NFO (it is the first part in being released), its
presence sometimes leads to a loss of fertilized eggs. This
occurs when the egg clutch is cut while the male pulls it from
the female. Thus, it could be argued that on those instances
the presence of NFO may actually be detrimental.

Yet, the fact remains that production of NFO has only been
observed in species with oral incubation and the oocytes are
consumed by the brooding male. In Quinca mirifica, the mass
of non-functional oocytes disappears within the first 24 h
after mating, likely within a few hours. In addition, it is likely
that such a large mass of oocytes interferes with the regular
churning of the eggs, which begins as soon as the egg-clutch
transfer is completed and is vital for keeping the eggs well
oxygenated and for avoiding the growth of fungi and
microbial pathogens (Okuda et al., 1998; Ostlund-Nilsson
and Nilsson, 2004).

Thus, until more information is available on the factors
involved in the production of non-functional oocytes
(including physiological and genetic), on their nutritional
value, and on the ethological aspects of the brooding male,
their function and adaptive value may not be easily
explained.

Direct development and systematics in Apogonidae.—Direct
development allows the production of significantly larger
eggs with a greater amount of yolk (and necessary lower
fecundity), significantly longer embryonic development, and
the elimination of the larval phenotype. At hatching,
embryos possess large yolk sacs (eleutheroembryos) and
continue to feed endogenously for several days while they
remain incubated within the paternal oral cavity. Upon
release, juveniles recruit within the parental habitat, without
suffering most pre-settlement mortalities; however, the cost
of this reproductive strategy is the elimination of all
planktonic dispersal (Balon, 2002; Vagelli, 2011).

This reduced early ontogeny is highly unusual among coral
reef fishes (Doherty et al., 1995; Planes and Doherty, 1997;
Bonhomme and Planes, 2000; Bernardi and Vagelli, 2004;
Bernardi et al., 2017), including in Apogonidae, where most
of the about 50 species from which reproductive data are
available (and most likely the vast majority of apogonids)
present a typical bipartite life cycle, producing small eggs
with embryos hatching at a larval stage (Table 1).

In Apogonidae, direct development was first described in
Pterapogon kauderni (Vagelli, 1999). By then, according to the
groundbreaking osteology-based taxonomic review of the
family (Fraser, 1972), Quinca mirifica was considered its closet
relative and treated as congeneric. The relatively restricted
geographic range of Q. mirifica (western coast of Australia),
which strongly suggested the lack of planktonic dispersal,
and the putative phylogenetic closeness of the two species,
led the author to hypothesize that Q. mirifica would likely
possess a similar unusual early ontogeny, which led to this
work.

In addition, the report of a specimen of Vincentia conspersa
found brooding eggs of ~4.5 mm in diameter (Hale, 1947)
indicated that this species might possess a similar reproduc-
tive style, including the incubation of post-hatched embryos
(Vagelli, 1999). Eventually, reproductive studies in V. con-
spersa confirmed that it lacks a larval period with embryos
developing directly into the juvenile phenotype with
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recruitment occurring at the time of release by the brooding
male (Vagelli, 2011). A similar case occurred with a species of
the freshwater genus Glossamia. Recent laboratory studies
demonstrated G. aprion possesses a similar early ontogeny
with the production of large ova and embryos developing
directly into juveniles before release (pers. obs.).

Vagelli (2011) suggested that the presence of such an
unusual reproductive style in these four genera was more
likely a reflection of a common ancestry than an indepen-
dently evolved mode of reproduction, particularly given the
number and variety of physiological, ecological, and etho-
logical components that would be involved in the develop-
ment of direct ontogeny.

The first comprehensive systematic review of Apogonidae
was completed over 40 years ago (Fraser, 1972). Since then,
numerous works have dealt with description of new species,
genera, as well with the redescription and revision of species
and group of species (e.g., Allen, 1993; Allen et al., 1994;
Gon, 1995, 1996; Fraser, 1999, 2000; Fraser and Allen, 2001;
Fraser et al., 2002; Gon and Randall, 2003a, 2003b).

Description and revision of taxa continues, and important
advances have been made, particularly concerning the most
specious genera, but the phylogenetic relationships and
taxonomic rank of many apogonids remain unstable (e.g.,
Mabuchi et al., 2006; Fraser, 2008, 2013, 2014, 2016; Fraser
and Allen, 2010; Gon et al., 2015; Fraser and Prokofiev, 2016;
Yoshida and Motomura, 2017, 2018). Furthermore, the
clarification of the intergeneric relationships in Apogonidae
has been elusive (Thacker and Roje, 2009; Vagelli, 2011;
Mabuchi et al., 2014).

The latest molecular phylogenetic analysis of Apogonidae
(including morphological surveys) included the broadest
taxon sampling to date (about one third of all valid species,
and 33 of the 40 genera/subgenera; however, Quinca was not
included). In this new comprehensive systematic work
(Mabuchi et al., 2014), virtually all trees generated (including
maximum parsimony, partitioned maximum-likelihood, and
Bayesian analyses) resolved three main clades (proposed as
subfamilies), with one well-supported monophyletic group
that included all apogonines. Within this large group, 12
clades were consistently produced and proposed as new
tribes. However, remarkably, despite the strong agreement in
the vast majority of the analyzed taxa, Pterapogon kauderni,
Vincentia novaehollandiae, Glossamia aprion (and Ostorhinchus
margaritophorus) were the only species not resolved. Thus,
this study, similarly to the previous cited molecular phylo-
genetic works, has not clarified the intergeneric relationships
of the taxa displaying direct development.

Three out of the four genera possessing direct ontogeny are
distributed in Australia. Quinca and Vincentia occur along the
western coast, and Vincentia is also distributed along the
southern coast of Australia and Tasmania. Glossamia inhabits
lotic environments of northern Australia and New Guinea.
Pterapogon inhabits the Banggai Archipelago in Indonesia,
but its origin has been postulated to be in the Australian–
New-Guinea plate (Vagelli, 2011). Such distribution raises the
question: Did direct development, absent in the vast majority
of apogonids, evolve independently in these four genera, all
of which are distributed in the same relatively small and
isolated region, or, is the presence of direct development in
these four groups indicative of a common lineage?

Until a well-resolved phylogeny of Apogonidae is available,
the phylogenetic meaning of direct development may
remain unclear. If further phylogenetic work establishes that
direct development evolved independently in these four

genera, then the question of what is so unique (paleogeo-
graphically and ecologically) about the Australian continent
that it is the only region where direct development in
Apogonidae has either evolved (Glossamia, Quinca, Vincentia)
or has been hypothesized to have originated (Pterapogon) will
demand investigation.
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Océanographique (Monaco) 977:1–10.

Garnaud, J. 1962. Monographie de l’Apogon méditerranéen,
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