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— ABSTRACT

Structural and functional maturation in gametogenesis through comprehensive histoarchitectural
and gross morphological analyses can serve as a powerful tool for gauging population health and resilience
within gonochoristic fish populations. The Philippines boasts a robust neritic tuna fishery, with Bullet Tuna
(Auxis rochei) being a significant species. Nonetheless, our understanding of reproductive parameters in neritic
tunas remains deficient, hampering sustainable management strategies. In this study, 975 fish samples were
collected from Sarangani Bay, Davao Gulf, Moro Gulf, and Sulawesi Sea. Samples were then classified and
grouped into four size classes: Size 1 (< 15 cm), Size 2 (15.1 - 25 cm), Size 3 (25.1 - 35 cm), and Size 4
(>35 cm). Six reproductive maturity stages were profiled: Immature, Onset Maturation, Developing/Maturing,
Spawning/Mature, Spent, and Recovering. In Spawning/Mature, the testis appears opaque white, with full lobes
discharging contents.At the same stage, the ovary is orange/pink in color, with noticeably visible venation.
Examination of histoanatomy shows viable spermatozoa in testes, along with lobular lamina, secondary
and primary spermatocytes, and spermatids. Ovaries at this stage show secondary vitellogenic oocytes and
prominent yolk granules, with distinguishable follicular epithelium at the border of the follicle. Our data
show that A. rochei gonad strategy is asynchronous and spawns at 25.1-35.0cm (Size 3). Our study is the first
description of the gonadal maturity on the gross and histological aspects of Auxis rochei concerning its fish
body length in the waters of Sarangani Bay, Davao Gulf, Moro Gulf, and Sulawesi Sea.
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1. INTRODUCTION

The tropical and subtropical waters of the world
are home to the Auxis genus. Like the frigate
tuna (Auxis thazard), the bullet tuna (Auxis
rochei) is closer to the shore compared to its oceanic
counterparts and is considered neritic (Collette
and Nauen 1983). Being a fishery resource and an
economic commodity, especially in the Philippines,
neritic tuna has been the subject of numerous scientific
investigations, especially regarding fishing and
harvesting methods. However, there is little published

scientific literature regarding the reproductive biology
of neritic tuna (Rey and Cort 1981; Sabatés and
Recasens 2001). At present, the basis for determining
the sexual maturity of neritic tunas is their physical
size. At the 2018 meeting of the International Council
for the Exploration of the Sea (ICES), a workshop
for Advancing Sexual Maturity Staging in Fish
(WKASMSEF) proposed morphology as the criteria for
determining maturity.

Our study proposes that evaluating the
gonadal stages is a crucial element of many studies
on fish reproductive biology development. The
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techniques used range from thorough histological
examinations to quick descriptions of the physical
appearance of gonads, but other comparative studies
are scarce, and accordingly, interpretations can vary
dependability of such descriptions (West 1990). The
information on reproductive biology is crucial for
efficiently managing fisheries and aquaculture. Large-
scale field biology manifestations, such as spawning
season, sex ratio, batch fecundity, gonadosomatic
index, and gonad histological analysis, have generally
been the focus of such research to date (Susca et al.
2001). In Scombridae, the lack of knowledge regarding
the reproductive physiology of tuna has recently been
addressed by researchers (Susca et al. 2001; De Metrio
et al. 2010; Chini et al. 2008). Research on fish gonadal
histological alterations is essential for identifying a
reproductive time frame encompassing developmental
stages (Unver and Saraydin 2012). Investigation
into the physiological principles driving tuna
reproductive biology, such as gonadal differentiation
and reproductive stages, is crucial to the management
of fisheries and aquaculture (Gardner et al. 2012;
Rasmussen et al. 2006).

Gonad histological characterization is
a microscopic technique that, while somewhat
expensive and considerably time-consuming, can
offer an objective evaluation of maturity to confirm at-
sea categories and demonstrate a more comprehensive
process of oogenesis and development (McBride et
al. 2013). A fish's reproductive biological profiling
may be described by its reproductive

eventually, a collapse in the supply of this valuable
species. This study, therefore, aimed to (1) evaluate
the gonadal maturity of A. rochei both on the macro
and micro scale and (2) establish at which size the
reproductive maturity of A. rochei occurs.

In an attempt to acquire a thorough
description of gonadogenesis, this paper provides in-
depth evidence of the reproductive maturity indices
based on fish body length of A. rochei as seen in the
testicular and ovarian gonadogenesis at the (a) gross
morphology (micro) as well as the (b) histological
levels (micro). The findings of this study may serve
as a baseline for developing policy for tuna resource
management and its allied sectors.

2. MATERIALS AND METHODS
2.1 Field sampling

The collection of samples was carried out
in collaboration with the National Stock Assessment
Program of the Bureau of Aquatic Resources (NSAP-
BFAR) Region XI and XII, private tuna enterprises,
and local fisherfolks. Monthly sampling was
conducted for one year, from April 2021 to March
2022, around the waters of Mindanao-Sarangani
Bay (5.9656° N, 125.1929° E), Davao Gulf (6813° N,
125.8280° E), Moro Gulf (6.8014° N, 123.4384° E),
and Sulawesi Sea (3.6121° N, 122.2998° E), in areas
selected by the BFAR XI and XII (Figure 1). Fishery-
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Figure 1. Collection sites for Bullet Tuna (Auxis rochei). Sampling was conducted
throughout the main large waters of Mindanao, particularly where fishing grounds for
tuna species are well-established, specifically, in Sarangani Bay (5.9656° N, 125.1929° E),
Davao Gulf (6813° N, 125.8280° E), Moro Gulf (6.8014° N, 123.4384° E), and Sulawesi
Sea (3.6121° N, 122.2998° E), Southern Philippines. The sampling sites' legend identifies
the locations of the fish captures (QGIS-created content).



At the Onset of Gonadogenesis: A First Description of Ovarian and Testicular Macro and Microanatomical

dependent and -independent sampling strategies were
used in the collection. In lieu of the event that adverse
weather makes sampling impractical or impossible,
fishery-independent sampling techniques were
opted to be utilized. Fish morphometry, dissection
(gonad extraction), tissue processing, and subsequent
histological analysis and microscopy were carried out
at the Histopathological Laboratory in the Regional
Science Research Center of Mindanao State University
- General Santos City.

2.2 Morphological Diagnostic of Bullet Tuna and
Gonads

Morphological characteristics of A. rochei
were examined and identified based on the description
given by Collette and Nauen (1983) (Figure 2).
Evaluation of gonad morphology after dissection was
carried out ocularly immediately after extraction from
the fish. The color and surface texture of lobes were
profiled: ovaries (yellowish, granular) and the testis
(whitish, smooth). The General Fisheries Commission
for the Mediterranean (GFCM) macroscopic maturity
scale for bony fish, as indicated in the 2018 report by
the International Council for the Exploration of the
Sea for the Workshop for Advancing Sexual Maturity
Staging in Fish (ICES WKASMSF), was used to
identify the stages of maturity.

2.3 Length and weight measurement

Fork length (FL) of A. rochei samples was
taken with a ruler (I mm accuracy) and weight
was measured using an electronic weighing scale
calibrated to the nearest 0.001g accuracy. The length
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from each sexual stage for histological characterization.
The assessment of gonadal maturity (macro) and
histological (micro) evaluations were separated due to
the bias and ambiguity of the ocular gross classification
technique, which could seriously misclassify the fish's
reproductive stage. Histology, on the other hand, is
more accurate and advanced and enables the detection
of alterations at cellular and tissue levels. It should
be emphasized that this study classified FL into two
categories: (1) FL of the fish sample based on the stage
the gonad morphology was in, and (2) FL of the fish
sample based on the histological descriptions existing
within its gonad at a cellular and tissue levels.

The FL during which the particular gonad
maturity occurred and the FL of a specific maturity
stage, as identified through histoarchitecture, were
both considered in determining at which size class
sexual maturity occurred. The approach was as
follows: gonad samples for a specific maturity stage
underwent gross (macro) morphological analysis;
afterward, random samples from the same gonad
stock of each stage were then selected for histological
(micro) evaluation—it can be seen that the FL range
for micro still falls within the FL range of macro. This
study used the investigations of A. rochei by Bahou et
al. in 2016 and 2017 as the basis for characterizing,
comparing, and identifying current findings.

2.5 Histology

Cross-sections of gonads, ~1.0cm in
thickness, were preserved in a 10% buffered
formaldehyde solution. Cuts were washed in xylene,
dehydrated in increasing amounts of ethanol, and
finally embedded in paraffin wax. Histological sections

of gonads was measured using a vernier
caliper (0.0l mm accuracy). Standard
length (SL), FL, total length (TL), body
girth (BG), and gonad length were also
measured using a ruler with a precision
of 0.1mm (Akter et al. 2019).

2.4 Sexual maturity

The fish samples’ FL was
measured before exposing the gonads for
visual assessment. The gonads were then
divided into groups (maturity stages)
based on their gross morphology, which
was determined by the progression of
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Figure 2. Internal anatomy of A. rochei showing no externally visible genital features
(without sex dimorphism) that can distinguish males from females. Anatomy

represented by male. Photo by Entia JCD and Nabre NMB.
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of 5-10 um in thickness were created with the use of
an automated microtome. Hematoxylin and eosin
were used for differential staining. For histological
analysis, we have selected three or more samples
for each stage of gross gonadal development and
integrated serial sectioning. Descriptions by Bahou et
al. 2016 and Bahou et al. 2017 were used as the basis
for determining histological variations.

3. RESULTS
3.1 Biological characteristics of Auxis rochei

Auxis rochei was differentiated through its
broad pattern of 15 or more spots and a black-lined
operculum. Dorsally, the A. rochei presented diagonal,
nearly vertical dark bars, with a well-developed
corselet on its rear side visible (more than six scales
wide under the second dorsal-fin origin). We report
four class sizes of A. rochei: Size 1: < 15 cm; Size 2:
15.1-25 cm, Size 3: 25.1 - 35 cm; and Size 4: > 40 cm
(Fig. 3).

3.2 Gonad morphology and histological
characteristics

Testes and ovaries were bi-lobed structures,
with the paired lobes more or less symmetrical,
extended, and connected at the posterior to create a
channel (duct) that led to the urogenital pore, which
is the channel from which gametes are secreted in the
event of breeding. Gonads were situated at the dorsal-
posterior region of the coelomic cavity next to the
kidneys and swim bladder (Figure 4).

A. rochei has six stages of reproductive
maturity: Stage 1, Immature; Stage 2, Onset
Maturation; Stage 3, Developing/Maturing; Stage 4,
Spawning; Stage 5, Spent; Stage 6, Recovering/Resting.
Stage 0, called Undetermined, was also considered. At
this stage, the gonad was undifferentiated, <10.0 cm in
size and translucent in appearance.

3.2.1 Female

Stage 1 (Immature) of A. rochei ovary was
distinguished mainly through its color: pinkish,
almost dark red at the anterior part; translucent, with
no granules (eggs) visible to the naked eye. The ovary
at this stage occupied less than one-third of the body
cavity, measuring 1.85-10.30 cm. The corresponding
FL of fish with this size of the ovary was measured
at 19.0-26.50 cm. Subsequently, the characterization
of histoarchitecture revealed that the intercellular

space was mostly occupied by interstitial connective
tissue (ICT). With regards to oogenesis, the Immature
stage was rich with pre-vitellogenic oocytes, with the

Bullet Tuna (Auxis rochei)
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Fork Length: >35.0 cm
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Fork Length: 25.10-35.00 cm
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Fork Length: 15.10-25.00 cm

SIZE 1
Fork Length: £15.0 cm

Figure 3. Determined fish size classes of A. rochei: Size 1 (< 15.0
cm), Size 2 (15.10-25.00 cm), Size 3 (25.10-35.00 cm), Size 4 (>50.0
cm). Bar = 2.0 cm. Photo by Entia JCD and Nabre NMB.

Bullet Tuna (Auxis rochei)
Gonadal Maturity Stages

Figure 4. Ovarian (left) and Testicular (right) development of Bullet
Tuna (A. rochei). (a) Stage 1 (Immature) ovary; (b) Stage 2 (Onset
Maturation) ovary; ( ¢ ) Stage 3 (Developing/Maturing) ovary; (d)
Stage 4 (Spawning) ovary; (e) Stage 5 (Spent) ovary; (f) Stage 6
(Recovering/Resting) ovary; (g) Stage 1 (Immature) testis; (h) Stage
2 (Onset Maturation) testis; (i) Stage 3 (Developing/Maturing)
testis; (j) Stage 4 (Spawning) testis; (k) Stage 5 (Spent) testis; (1) Stage
6 (Spent) testis. Bar = 1.0 cm. Photo by Entia JCD and Nabre NMB.
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cytoplasm (Cyt) apparent and the oocyte membrane
(OM). Female A. rochei samples possessing these
histological states ranged from 19.00-26.50 cm FL.

Stage 2 (Onset Maturation) was characterized
by the preliminary enlargement of the lobes. The color
of the gonads at this stage was red to light pink, with
the length of the gonads ranging from 3.10-10.90 cm.
Female A. rochei with this ovary length belonged to
samples 21.70-30.10 cm in FL. Histology sections
showed that previtellogenic oocytes (pr) were still
prominent in this stage, although the landmark feature
for this stage was the primary vitellogenic oocytes
(Ost-I), which dominated most of the space, signaling
the next maturation stage of pr. It must be noted that
pr was distinguishable from Ost-I, as Ost-I possessed
a prominent, large nucleus (N). Stage 2 fish samples
with these histological characteristics were measured
at 21.70-27.40 cm (FL).

Oocytes (in the appearance of granules)
began to be visible through the ovarial tunica at Stage
3 (Maturing/Developing). The length of the ovary had
also increased at this point, occupying two-thirds of
the body cavity, precisely at 3.50-10.80 cm, belonging
to fish samples 23.30-27.70 cm (FL). Contents were
not expelled under light pressure. Furthermore, Stage
3 tissues of the ovary show the secondary vitellogenic
oocyte (Ost-II), with the supporting structures zona
radiata (ZR), its apparent boundary, the theca (TQ),
alveoli, and yolk granules (YG), the last one of which
is integral for the nutrition of the future embryo. The
FL of A. rochei samples with this histoarchitecture was
21.90-29.20 cm.

At Stage 4 (Spawning), with the A. rochei
actively breeding at this point, the contents of the
ovary freely escaped, even under light pressure. The
color of the gonad at this point was a bright pink,
with the venation apparent with the length of 4.20-
12.60 cm. Fish samples with this length of ovary were
measured to be at 24.0-33.80 cm (FL). Tissue-wise, a
landmark attribute of this stage is the mature follicle
(FO), sharing the space with the Ost-II. Yolk granules
(YG) are scattered across the cytoplasm (Cyt). The
follicular epithelium (FE) was also visible at this stage.
Female Stage 4 A. rochei were measured to be between
24.0-29.10 cm.

Stage 5 (Spent) was marked by a dramatic
decrease in the mass of the gonad. Although
diminished, however, what distinguished Stage 5 from
earlier stages were the flaccid ovarial walls, with the
color of the lobes reverting to a dark red. Discharge of
residual contents, specifically disintegrating opaque/
translucent eggs, occurred during the evaluation of
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gonads. The ovary length of this stage was 6.50-9.45
cm, belonging to samples 23.50-26.70 cm in FL.
Tissue-wise, vestiges of the reproductive contents
exiting were more apparent, with the empty follicles
(EF) the major indicator, along with post-ovulatory
follicles (POF), nuclei (N) atretic follicles (AF), and the
invagination of numerous follicular epithelia (invaFE).
Interestingly, though, as the stages are simultaneous
with one another, a few pre-vitellogenic oocytes (pr)
were also observed at this stage. Samples with these
histological characteristics were 25.50-30.20 cm (FL).

By Stage 6 (Recovering/Resting), the fish
returns to the schooling population to feed and
prepare for the next breeding cycle. The ovarian lobes
were pinkish and translucent at this stage, the whole
gonad occupying only one-third (6.15-8.60 cm) of
the fish's body cavity. Much like Stage 1, eggs were not
visible to the naked eye. A. rochei samples with this
range of ovary length were measured at 24.80-26.50
cm (FL). Histoarchitecture of this stage revealed the
repopulation of pre-vitellogenic oocytes (pr), but
more importantly, follicles in resorption state (FR),
and the reconstitution of the interstitial connective
tissue (recICT). The fish size of A. rochei falling under
Stage 6 (tissue-wise) was determined at 24.80-33.80
cm (Fig. 5).

3.2.2 Male

Stage 1 (Immature) testes occupied one-third
of the fish cavity, with the lobes thin, string-like, and
dark in color at the anterior area. Stage 1 A. rochei
testes were identified to be at a minimum of 3.0 cm
and a maximum of 17.85 cm in length, while fish sizes
with these testes lengths were at 19.0-26.50 cm. For
its histological architecture, the male A. rochei gonad
was easily differentiated from the female in which the
gametes themselves were not distinguishable yet, only
the regions where they were forming. The medulla
(Med) and cortex (Cx), with clumps of cells, either
the tubules (Tb) or lobules (Lb). Most of the cells at
this point are eosinophilic, as shown by the mostly
magenta slides. Male A. rochei samples in Stage 1 of
reproductive maturity (tissue-wise) were recorded to
be at 18.16-22.30 cm (FL).

The lobes of the testes gradually gained
mass at Stage 2 (Onset Maturation). At this stage,
the color was transitioning progressively to red.
The length of the gonad at this stage was 3.05-14.30
cm, with corresponding FLs of 21.70-30.10 cm.
Histoarchitecture in this stage was largely similar to
the first stage, only with the higher frequency of lobules
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rochei). (A) Stage 1 (Immature): pr = previtellogenic oocytes,
ICT = interstitial connective tissue, OM = oocyte membrane; (B)
Stage 2 (Onset Maturation) Ost-I = primary vitellogenic oocyte,
N = nucleus; ( C ) Stage 3 (Developing/Maturing): Ost-II =
secondary vitellogenic oocyte, ZR = zona radiata, alv = alveoli, cyt
= cytoplasm, TQ = theca, (D) Stage 4 (Spawning): FE = follicular
epithelium, YG = yolk granules, FO = mature follicle; (E) Stage 5
(Spent): invaFE = invagination of the follicular epithelium; POF =
post-ovulatory follicle, EF = empty follicle, AF = atretic follicle; (F)
Stage 6 (Recovering/Resting): recICT = reconstituting interstitial
connective tissue; FR = follicle in resorption state. (M x 400).
(H&E). Bar = 300pum. Photo by Entia JCD and Nabre NMB.

(Lb) and tubules (Tb), two structures that interact
closely with one another throughout spermatogenesis.
Male A. rochei samples possessing these histological
characteristics were determined to be at 20.90-24.80
cm (FL).

By Stage 3 (Developing/Maturing), the color
of the lobes was fully opaque, ranging from pink to
red. The testes occupied about two-thirds of the body
cavity as the lobes gained more mass, thickness, and
length. However, unlike in the succeeding stage,
contents did not freely escape the lobes. The length
of the testes at this stage was between 6.10-14.40 cm,
representing fish sizes 23.30-27.70 cm (FL). Upon
photomicrography, the testicular gonads showed in
detail the lobular and testicular arrangements, and the
population of intercellular elements was observed to
be more diverse in Stage 3 (Developing/Maturing), as
the tissues presented primary spermatocytes (Sp-I),
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secondary spermatocytes (Sp-II), spermatids (Sptd),
and the sperm duct (SPD). Collected samples of
male A. rochei falling under Stage 3 of reproductive
development (for its histology) were at 16.70-29.40
cm (FL).

Similar to the female samples, the contents of
the gonad in male A. rochei at Stage 4 (Spawning) were
easily ejected under light pressure. Observed with the
fullness in size, the color of the gonad at this stage was
fully white with slight yellowish pigmentation at the
edges of the lobes. The length of Stage 4 A. rochei male
gonads was 8.40-13.55 cm, belonging to fish samples
24.10-30.90 cm (FL). Histological examinations
showed that Sp-1, Sp-1I, and Sptd were still present at
this stage, now accompanied by spermatozoa (Spz),
lobular lamina (LL), and the main sperm duct (SPD).
The apparentness of the main sperm duct (MSD) in
Stage 4 indicated that the conduit from the testis to
the urogenital orifice actively played a part in the
reproductive process. The fish length of male A.
rochei at this stage (based on its histoarchitecture) was
identified at 32.60-41.20 cm (FL).

In Stage 5 (Spent), the atrophy of the testis
was evident, with the lobes significantly diminutive
and flaccid when handled. Redness of the lobes was
observable at this stage as well. The length of the testes
at this stage was 5.10-13.65 cm, excised from fish
samples measuring 24.0-27.80 cm (FL). Histological
attributes of this stage indicate the presence of
spermatozoa (Spz), although in lower occurrence,
along with the SPD, Sp-I, and Sp-II. Samples with
these histological characteristics were at 30.70-39.0
cm (FL).

Lastly, regeneration of the sperm was observed
to reoccur in Stage 6 (Recovering/Resting). The testis
was also observed to be primarily red. Similar to Stage
3, the lobes in this stage were observed to increase in
size. The gonad length of Stage 6 was identified at 4.85-
11.70 cm. However, unlike Stage 3, the texture of the
lobes was flaccid and visibly shrunken in appearance,
with the length occupying only one-third of the body
cavity. The most significant histological feature of this
stage was the residual spermatozoa (RSpz). The sperm
duct (SPD) was also prominent. Fish samples of these
histological characteristics were at 36.50-42.70 cm
(FL) (Fig. 6).

A summary of the reproductive stages,
premier characteristic(s) of each stage, testis length,
and corresponding FLs are shown in Figure 7 and
Tables 1 and 2.
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Fig. 6. Histoarchitectural structure of testis of male Bullet Tuna (A.
rochei). (A) Stage 1 (Immature): Med = medulla, Cx = cortex; (B)
Stage 2 (Developing/Maturing): Tb = tubules; ( C ) Stage 3 (Onset
Maturation): SPD = sperm duct, Sp-I = primary spermatocyte, Sp-II
= secondary spermatocyte, Lb = lobule; (D) Stage 4 (Spawning): LL
= lobular lamina, MSD = main sperm duct, Spz = spermatozoa, Mt
= milt; (E) Stage 5 (Spent): Sptd = spermatid, Spz = spermatozoa;
(F) Stage 6 (Recovering/Resting): RSpz = residual spermatozoa. (M
x 400). (Hematoxylin and Eosin). Bar=300pum. Photo by Entia JCD
and Nabre NMB.
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Fig. 7. Direct relationship between fish sizes to macrostructure and
histoanatomy of male and female gonads. (A) Fish sizes: Size 1 (<
15.0 cm), Size 2 (15.10-25.00 cm), Size 3 (25.10-35.00 cm), Size 4
(>50.0 cm), (B) Fish Internal anatomy, (C) Ovarian development
through gonad macrostructure and its histoanatomy: 1 (Immature),
2 (Onset Maturation), 3 (Developing/Maturing), 4 (Spawning), 5
(Spent), 6 (Recovering/Resting) and (D) Testicular development
gonad macrostructure and its histoanatomy: 1 (Immature), 2
(Onset Maturation), 3 (Developing/Maturing), 4 (Spawning), 5
(Spent), 6 (Recovering/Resting). Bar= 2cm (fish); lcm (gonad);
10pum (histomicrographs). Photo by Entia JCD, Nabre NMB, and
Dela Cruz NA.

Table 1. Female reproductive maturity stages based on macro (gonad appearance) and micro (histological characteristics) in relation to
fork length (FL) of A. rochei. Size classes based on FL were as follows: Size 1 (< 15.0 cm), Size 2 (15.10-25.00 cm), Size 3 (25.10-35.00 cm),
Size 4 (> 50.0 cm). Nomenclature for both macro and micro aspects are the same: Stage 1 (Immature), Stage 2 (Onset Maturation), Stage
3 (Developing/Maturing), Stage 4 (Spawning), Stage 5 (Spent), Stage 6 (Recovering/Resting). Highlighted row shows that at Size 3 (25.10-
35.00 cm), female A. rochei is spawning/participating in reproduction, characterized by 25.10 - 35.00 cm in FL based on (a) microstructures:
follicular epithelium (FE), mature follicle (FO), yolk granules (YG)); of its macrostructure, ovary length is between 4.20-12.60 cm, the
contents of the ovary freely escaped, even under light pressure, color of the gonad at this point was a bright pink, with the apparent venation.
FL based on (b) microstructure is 24.0-29.10 cm, while FL based on macrostructure is 24.0-33.80 cm. Size classes in relation to FL overlap

due to the asynchronous reproductive strategy of tuna species.

FISH STAGE PHASE GROSS MORPHOLOGY FLOFFISH | HISTOLOGY | FL OF FISH SIZE
BODY LANDMARK (MACRO) BASED ON | LANDMARK | BASED ON | CLASS
SIZE MACRO (MICRO) MICRO
(cm) (cm)
Sizel< 1 Immature pinkish, almost dark red at the 18.5-27.0 | previtellogenic | 19.0-26.50 | Sizes2,3
15.0 cm anterior part, translucent, with oocytes (pr)
no granules (eggs) visible to the
naked eye, the ovary at this stage
occupied less than one-third of
the body cavity at 1.85 - 10.30 cm
(min - max)
Size 2 2 Onset characterized by the preliminary | 21.70 - 30.10 | primary 21.70 - 27.40 | Sizes 2,3
15.10 - Maturation | enlargement of the lobes, the vitellogenic
25.00 cm color of the gonads at this stage oocyte (Ost - I)
are red to light pink 3.10 - 10.90
cm
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Continuation of Table 1.

Female reproductive maturity stages based on macro (gonad appearance) and micro

FISH STAGE PHASE GROSS MORPHOLOGY FL OF FISH | HISTOLOGY | FL OF FISH SIZE
BODY LANDMARK (MACRO) BASED ON | LANDMARK | BASED ON | CLASS
SIZE MACRO (MICRO) MICRO
(cm) (cm)
3 Developing/ | oocytes (in the appearance of 23.30 - 27.70 | secondary 21.90 - 29.20 | Sizes 2,3
Maturing granules) began to be visible vitellogenic
through the ovaric tunica oocyte (Ost-II)
increased at this point, occupying
two-thirds of the body cavity 3.50
Size 3 -10.80 cm
25.10 -
35.00 cm 4 Spawning the contents of the ovary freely 24.0 - 33.80 | follicular 24.0-29.10 | Sizes2,3
escaped, even under light epithelium
pressure, color of the gonad at (FE), mature
this point is a bright pink, with follicle (FO),
the apparent venation, length at yolk granules
4.20 - 12.60 cm (YG)
5 Spent marked by a dramatic decrease 23.50 - 26.70 | vacuoles 25.50 -30.20 | Sizes 2,3
in the mass of the gonad, flaccid (vac), empty
ovaric walls, with the color of follicle (EF),
the lobes reverting to a dark red, post ovulatory
discharged of residual contents, follicles (POF)
specifically disintegrating
Size 4 opaque/translucent eggs,
>50.0 cm occurred during the evaluation of
gonads, length at 6.50 - 9.45 cm
6 Recovering/ | ovarian lobes are pinkish and 24.80 - 26.50 | follicle in 24.80 - 33.80 | Sizes 2,3
Resting translucent at this stage, the resorption state

whole gonad occupying only one-
third eggs are not visible to the

naked eye, length at 6.15 - 8.60

(FR)

Table 2. Male reproductive maturity stages based on macro (gonad appearance) and micro (histological characteristics) in relation to fork
length (FL) of A. rochei. Size classes based on FL were as follows: Size 1 (< 15.0 cm), Size 2 (15.10-25.00 cm), Size 3 (25.10-35.00 cm),
Size 4 (> 50.0 cm). Nomenclature for both macro and micro aspects are the same: Stage 1 (Immature), Stage 2 (Onset Maturation), Stage
3 (Developing/Maturing), Stage 4 (Spawning), Stage 5 (Spent), Stage 6 (Recovering/Resting). Highlighted row shows that at Size 3 (25.10-
35.00 cm), male A. rochei is spawning/participating in reproduction, characterized by 25.10-35.00 cm in FL based on (a) microstructures:
spermatid (Sptd), spermatozoa (Spz); of its macrostructure, testis length is between 8.40-13.55 cm, the atrophy of the testis was its prominent
characteristic, with the lobes significantly shrunk and flaccid when handled, redness of the lobes was observable at this stage. FL based on
microstructure is 32.60-41.20 cm, while FL based on (b) macrostructure is 24.10-30.90 cm. Size classes in relation to FL overlap due to the
asynchronous reproductive strategy of tuna species.

FISH STAGE PHASE GROSS MORPHOLOGY FL OF FISH HISTOLOGY FL OF FISH SIZE
BODY LANDMARK (MACRO) BASED ON LANDMARK BASED ON | CLASS
SIZE MACRO (MICRO) MICRO
(cm) (cm)
Size 1 1 Immature testes occupied one-third of the 18.50 - 27.00 | medulla (Med), 18.16 - 22.30 | Sizes 2,
<15.0cm fish cavity, lobes thin and string- cortex (Cx) 3,4
like, dark in color at the anterior
area, length at 3.00 - 17.85 cm
(min - max)
Size 2 2 Onset lobes of the testis gradually 20.90 - 27.10 | tubules (Tb), 20.90 - 24.80 | Sizes 2,
15.10 - Maturation | gained mass, color transitioning lobule (Lb) 3,4
25.00 cm progressively to red, length at
3.05-14.30 cm
Size 3 3 Developing/ | the color of the lobes is fully 21.90 - 29.20 | primary 16.70 - 29.40 | Sizes 2, 3
25.10 - Maturing opaque, ranging from pink to red, spermatocyte
35.00 cm testis occupied about two-thirds (Sp-I), secondary
of the body cavity as the lobes spermatocyte
gained more mass, thickness, and (Sp-1D),
length at 6.10 - 14.40 cm spermatid (Sptd)
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FISH STAGE PHASE GROSS MORPHOLOGY FLOFFISH | HISTOLOGY | FL OF FISH SIZE
BODY LANDMARK (MACRO) BASED ON LANDMARK BASED ON | CLASS
SIZE MACRO (MICRO) MICRO
(cm) (cm)

Size 3 4 Spawning the contents of are quickly ejected | 24.10 - 30.90 | spermatid 32.60 - 41.20 | Sizes 2,3
25.10 - under light pressure, observed (Sptd),
35.00 cm with the fullness in size, the spermatozoa

color of the gonad at this stage is (Spz)

fully white with slight yellowish

pigmentation at the edges of the

lobes, length at 8.40 - 13.55 cm
Size 4 5 Spent the atrophy of the testis is its 24.0 - 27.80 | less spermatozoa | 30.70 - 39.0 | Sizes 2,3
>50.0 cm prominent characteristic, with (Spz)

the lobes significantly shrunk and

flaccid when handled, redness

of the lobes is observable at this

stage as well with length at 5.10

-13.65cm

4. DISCUSSION

This study examined the reproductive
characteristics of A. rochei off the waters of the
Southern Philippines, both at the gonadal and tissue
levels. This study reports that the developmental traits
of A. rochei are of the asynchronous development
strategy: all ovaries throughout the year contain
oogonia and perinuclear oocytes, which are regarded
as the ovary's overall stock (Macias et al. 2005;
Megalofonou et al. 2000; Niiya 2001). Additionally,
the continuous production of gametes over time and
the overlapping characteristics between reproductive
stages indicate that A. rochei is a batch spawner. There
was a notable progression of oogonial development
among the female—from the pre-vitellogenic oocytes
becoming fully mature follicles to being vacuole-
populated follicles. In contrast, the structures within
the testicular matrix became more defined for the
males until spermatozoa were differentiated, and
eventually, the residual spermatozoa remained. The
development, apparent destruction, and regeneration
of supporting structures were also observable: at the
first few stages of oogenesis, the ovarian space was
rich in interstitial connective tissue. This tissue was
eventually depreciated during spawning but later
reconstituted to serve its purpose to the next batch
of oocytes. As for males, at post-spawning (Stage 5),
the testicular matrix was comparatively diminished
in mass, especially at the medullary region; at the
event of reproductive resting, however, primitive
spermatogonial structures from the cortex migrated
towards the center over the course of their maturity.
This study showed that female A. rochei around
Southern Mindanao is larger than its males: the

earliest largest recorded size of the females is at 42.70
cm, while for the males is at 33.80 cm.

Additionally, our findings are consonant with
those of Bahou et al. (2016) in their study of the frigate
tuna (Auxis thazard) off the coast of Cote d'Ivoire in
West African waters. In this study, they documented
six stages of gonadal development of A. thazard: Stage
I (Immature), Stage II (Onset Maturation), Stage III
(Maturation), Stage IV (Ripening), Stage V (Spent),
and Stage VI (Resting).

The bullet tuna's oocyte maturation
developmental traits are comparable to those of other
species with an asynchronous development strategy.
All ovaries throughout the year contain the ovary's
overall stock, and weight gain in females reflects the
reproductive cycle, as the ovaries' maturation adds to
the fish's overall weight (Rodriguez-Roda 1983).

Females' different growth patterns can
be a helpful method for responding adaptively
phenotypically to changes in tropical coastal habitats.
Numerous ecological differences stimulated by the
onset of rain manipulate reproductive processes, such
as gonad growth and development in tropical fish
species (Chellappa et al. 2010).

In the present study, features similar to the
description in a study by Timohina and Romanov
(1996) were found. The most prominent of these are
at Stage 3 of development, during which the ovaries
consume a considerable portion of the abdominal
cavity: at this point, the eggs lose their transparency,
changing from a clear yellow to orange color, and are
visible to the naked eye. In addition, ovaries also turn
from being colorless to yellow.

Among the numerous reproduction methods
in fish teleosts, gonochorism is the most common,
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where the sexes are distinct (Hoar 1969). Organic
and synthetic steroid hormones induce gonadal sex
variation and sex ratios in teleost fish (Segner et al.
2013; Denslow and Septlveda 2007 Leet et al. 2011;
Borg 1994; and Guiguen et al. 2010). Androgens
control testicular growth and development in
spermatogenesis, govern the development of male
secondary sex attributes, regulate sexual performance,
and contribute to the preservation of the male sexual
phenotype in teleosts (Borg 1994; Melo et al. 2015;
Rajakumar et al. 2015; Amer et al. 2001; and Shi et
al. 2017). The sperm of fish is distinct from that of
mammals. They are immobile until water is added to
the milt during ejaculation, at which point they briefly
become motile. They do not penetrate the oocyte wall,
instead they enter through a micropyle passage. The
male must create viable, motile sperm that can find
the eggs and then the micropyle to enter the oocyte
for adequate fertilization (Marchand et al. 2008).
Ecological conditions, through spawning, trigger
the sperm, but not all considerations implicated are
well identified. Efforts to modify the environmental
conditions, involving water conditions through
adding contaminants, may lead to a more robust
interpretation of these components (Linhart et al.
1999).

The morphology of testes and ovaries being
bilobed longitudinal structures is common among
gonochoristic species. For instance, in studies carried
out by Gimeno et al. in 1998 C. carpio’s gonads, also
a gonochoristic species, were bilateral, longitudinal
structures with multiple seminiferous tubules
connected to the dorsal abdominal wall by connective
tissues. Gimeno et al. (1998) reported that its lobules
were packed with spermatogenic cysts, with the
luninae loaded with spermatozoa, while vacuoles
and fibrous eosinophilic tissues were detected around
or within the seminiferous tubules. In the induced
oogenesis, oogonial development was similar, with the
previtellogenic oocytes being the first marker of the
cycle.

4.1 Shared fish sizes between reproductive stages

The overlap of histological features between
stages, specifically among the stages after the fish have
spawned (Stages 5 and 6), indicates that the process
of developmental maturation for the next round of
spawning is immediate and simultaneous, as exhibited
by the presence of pre-vitellogenic oocytes (pr) and
the reconstitution of the interstitial connective tissue

(recICT) (for the females) and primary and secondary
spermatocytes (Sp-I and Sp-II) in males in Stage 5
(Post-Spawning).

Interestingly, the increments in which the
sizes increase among stages are inconsistent. Class
sizes between reproductive stages are shared. In
females, Stages 2 and 3 share Size 2 class size, as some
fish samples at Stage 3 of development measured as
small as 16.70 cm—even smaller than the smallest
recorded size for the A. rochei in Stage 1. An overlap is
observed between Stages 4 and 5 as well: notably, the
range of fish length in Stage 5 is smaller than in Stage
4 (Table 1). Also, there is no recorded occurrence of
Stage 4 in males; most male A. rochei caught were
between Size 2 and Size 3, shared amongst Stages 2,
3, and 4 of reproductive development. Stages 2 and 3
overlap the most in FL range, with Stage 2 at 21.70-
27.40 cm, and Stage 3 at 21.90-29.20 cm. The smallest
recorded specimen for male A. rochei at Stage 4 is at
24.0 cm, and the largest is at 29.10 cm. Stages 5 and 6
for males occur at Size Class 3. This frequent overlap
may be attributed to the simultaneous occurrence of
each stage.

4.2 Gonadal maturity and corresponding size

For the findings of this study, gonadal
maturity in A. rochei occurs or has already occurred
mostly at Size 3 (25.10-35.00 cm) for both males and
females. A. rochei of Size 3 class have already spawned
and thus have contributed to the population. Gonadal
maturity at this stage shows that the contents of the
gonads are diminished-prominent vacuoles and
destructed interstitial connective tissue for the females
and residual spermatozoa for the males. Results of this
study suggest that the male and female A. rochei are
sexually mature and have spawned by Size 3 (25.10-
25.00 cm). For males, the minimum post-spawning
size is 25.50 cm and 30.70 cm for females.

Knowledge of any fish species’ reproductive
attributes and potential is essential for fisheries
resource assessment and management (Zhu et al.
2010). The reproductive system's ultimate goal is the
production of sufficient numbers of viable gametes,
making gamete quantity and quality the sole factors
that matter. Gamete viability testing can, therefore, be
used to evaluate reproductive failure and demonstrate
effects at doses lower than those that entirely prevent
the formation of gametes (Kime 1995; Kime and Nash
1999).
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5. CONCLUSION
AND RECOMMENDATION

This study is the first to provide primary
data that describes gonadal growth pertaining to
fish length for A. rochei found in the waters of the
Southern Philippines. The histological profile of the
reproductive system's maturity and ocular tests for
gonadal development were the foundation for these
inferences. The data show that A. rochei gonad strategy
is asynchronous with overlapping size ranges and
spawns at 25.10-35.0 cm (Size 3). However, the analysis
only considers the months of collection, the high
percentage of immature individuals, opportunistic
sampling, and the local fish species' natural mortality.

It must be noted that this study includes
only A. rochei off the waters of Sarangani Bay, Moro
Gulf, Davao Gulf, and Sulawesi Sea in the Southern
Philippines. Further studies must be carried out in
other parts of the archipelago's waters in order to either
support the A. rochei data herein or present variations
in its reproductive traits; after all, geographical
and climate differences, various epigenetic factors,
and even as specific as fishing practices around the
municipalities may contribute to similarities or
differences in reproductive attributes, whether in their
histoarchitecture or FL at sexual maturity. To enhance
comprehensiveness, we recommend incorporating
complementary techniques such as scanning electron
microscopy (SEM) and molecular biological assays.
Consequently, we advocate for further investigations
on policy provisions while emphasizing sustainable
fishing practices for Auxis rochei, prioritizing the
protection of individuals measuring 35.0 cm and
below.

ACKNOWLEDGMENT

We genuinely thank the Philippine Council
for Agriculture, Aquatic, and Natural Resources
Research and Development (PCAARRD) of the
Department of Science and Technology (DOST) for
funding this research. We also express our gratitude
in the collaboration with the SOCSKSARGEN
Federation of Fishing & Allied Industries, Inc, the
National Stock Assessment Program of the Bureau of
Fisheries and Aquatic Resources, and the expertise of
Dr. Fernand E. Fagutao and Dr. Mudjekeewis Santos.

AUTHOR CONTRIBUTIONS

Entia JCD:
Methodology, Data

Writing -
curation,

Original Draft,
Formal analysis,

Maturation of Bullet Tuna (Auxis rochei) in Southern Philippines

Investigation and Visualization. Nabre NMB:
Data curation, Formal Analysis, Investigation,
Visualization, and Project Administration. Castrence
GA: Supervision. Arellano BJG: Writing - Review
& Editing. Amoncio RADA: Data Curation. Wetzel
JT: Supervision. Guevarra EP: Conceptualization,
Supervision).

CONFLICTS OF INTEREST
We affirm no conflict of interest.
ETHICS STATEMENT

Authorization and clearance to proceed
were granted by the Department of Environment
and Natural Resources - Protected Area Management
(DENR-PAMB) Board Region XII, Bureau of Fisheries
and Aquatic Resources- National Stock Assessment
Program (BFAR-NSAP) Region XI and XII, Philippine
National Police Maritime Group (PNP-MG) Regional
XTI, Philippine Coast Guard (PCG) Region XII, Local
Government Units (LGUs)of General Santos City
and, 6 Municipalities of Sarangani Province (Alabel,
Malapatan, Glan, Maasim, Kiamba, and Maitum). Our
research followed significant institutional and national
guidelines and used independent and dependent
sampling techniques.

REFERENCES

Akter Y, Hosen MHA, Idris MM, Ahmed ZF, Chhanda
MS, Shahriar SIM. 2019. Impact of gonad
weight on the length-weight relationships of
river catfish (Clupisoma garua) in Bangladesh.
The Egyptian Journal of Aquatic Research.
45(4):375-379. https://doi.org/10.1016/j.
€jar.2019.10.003

Amer MA, Miura T, Miura C, Yamauchi K. 2001.
Involvement of sex steroid hormones in the
early stages of spermatogenesis in Japanese
Huchen (Hucho Perryi). Biol Reprod.
65(4):1057-1066. https://doi.org/10.1095/
biolreprod65.4.1057.

Bahou L, dAlmeida MA, Koné T, Atsé-Boua C. 2017.
Spermatogenesis in little tunny Euthynnus
alletteratus (Rafinesque, 1810) fished on
continental shelf of Cote d’Ivoire. Scientific
Journal of Biological Sciences. 6(3):206-213.
https://doi.org/10.14196/sjbs.v6i3.2429


https://doi.org/10.1016/j.ejar.2019.10.003
https://doi.org/10.1016/j.ejar.2019.10.003
https://doi.org/10.1095/biolreprod65.4.1057
https://doi.org/10.1095/biolreprod65.4.1057
https://doi.org/10.14196/sjbs.v6i3.2429

Entia et al. / The Philippine Journal of Fisheries 2024 Special Issue: in press

Bahou L, Almeida MA, Kone T, Tidiani B, Célestin
S, Guillaume B . 2016. Reproductive biology
and histological characteristics of female little
tunny Euthynnus alletteratus (Rafinesque,
1810) caught on continental shelf of Cote
d'Tvoire ARTILEINFO. Scientific Journal of
Biological Sciences. 5:88-102. https://doi.
org/10.14196/sjbs.v5i1.2084

Borg B. 1994. Androgens in teleost fishes. Comp
Biochem Physiol C: Pharmacol Toxicol
Endocrinol. 109(3):219-45. https://doi.
0rg/10.1016/0742-8413(94)00063-G

Chellappa S, Lima JTAX, Aratjo A, Chellappa NT.
2010. Ovarian development and spawning
of Serra Spanish mackerel in coastal waters
of Northeastern Brazil. Brazilian Journal of
Biology. 70:451-456. https://doi.org/10.1590/
S1519-69842010005000012

Chini V, Cattaneo AG, Rossi F, Bernardini G, Terova
G, Saroglia M, Gornati R. 2008. Genes
expressed in Blue Fin Tuna (Thunnus thynnus)
liver and gonads. Gene. 410:207-213. https://
doi.org/10.1016/j.gene.2007.12.012

Collette BB, Nauen CE. 1983. FAO Species Catalogue.
Vol. 2. Scombrids of the world. An annotated
and illustrated catalogue of tunas, mackerels,
bonitos and related species known to date.
Rome: FAO. FAO Fish. Synop. 125(2):137
p. (Ref. 168) https://www.fao.org/4/ac478e/
ac478e00.htm

De Metrio G, Bridges CR, Mylonas CC, Caggiano M,
Deflorio M, Santamaria N, Zupa R, Pousis C,
Vassallo-Agius R, Gordin H, Corriero A. 2010.
Spawning induction and large-scale collection
of fertilized eggs in captive Atlantic bluefin tuna
(Thunnus thynnus L.) and the firstlarval rearing
efforts. ] Appl Ichthyol. 26:596-10. https://doi.
org/10.1111/j.1439-0426.2010.01475.x.

Denslow N, Sepulveda M. 2007. Ecotoxicological
effects of endocrine disrupting compounds
on fish reproduction. In: Babin PJ, Cerda
J, Lubzens E, editors. The Fish Oocyte.
Dordrecht: Springer. p. 255-322. https://doi.
org/10.1007/978-1-4020-6235-3_10

Gardner LD, Jayasundara N, Castilho PC, Block B.

2012. Microarray gene expression profiles
from mature gonad tissues of Atlantic
bluefin tuna, Thunnus thynnus in the Gulf of
Mexico. BMC Genomics. 13:530. https://doi.
org/10.1186/1471-2164-13-530

Gimeno S, Komen H, Jobling S, Sumpter ], Bowmer
T. 1998. Demasculinisation of sexually mature
male common carp, Cyprinus carpio, exposed
to4-tert-pentylphenol during spermatogenesis.
Aquatic Toxicology. 43(2-3):93-109. https://
doi.org/10.1016/50166-445x(98)00060-5

Guiguen Y, Fostier A, Piferrer F, Chang CF. 2010.
Ovarian aromatase and estrogens are pivotal
for gonadal sex differentiation and sex change
in fish. Gen Comp Endocrinol. 165(3):352-66.
https://doi.org/10.1016/j.ygcen.2009.03.002

Hoar WS, 1969. Reproduction. In: Hoar WS, Randall
DJ, Donaldson EM, editors. Fish Physiology.
New York: Academic Press. pp. 1-72.

ICES. 2018. Report of the Workshop for Advancing
Sexual Maturity Staging in Fish (WKASMSE),
30 April - 4 May 2018, ICES Headquarters,
Copenhagen, Denmark. ICES CM/EOSG:
38. 75 pp. https://doi.org/10.17895/ices.
pub.19212915

Jahan DA, Rashid J, Khan MM, Mahmud Y. 2014.
Reproductive biology and gonad histology
of mud eel, Monopterus cuchia (Hamilton,
1822). International Journal of Life Sciences
Biotechnology and Pharma Research. 3(1):231
Academic Press. pp. 239.

Kime DE, 1995: The effects of pollution on

reproduction in fish. Rev. Fish Biol. Fish. 5:52-

95. https://doi.org/10.1007/BF01103366

Kime DE, Nash, JP, 1999. Gamete viability as an
indicator of reproductive endocrine disruption
in fish. Sci. Total Environ. 233:123-129. https://
doi.org/10.1016/S0048-9697(99)00219-3

Leet JK, Gall HE, Sepulveda MS. 2011. A review of
studies on androgen and estrogen exposure
in fish early life stages: effects on gene and
hormonal control of sexual differentiation.
] Appl Toxicol. 31(5):379-98. https://doi.
org/10.1002/jat.1682


https://doi.org/10.14196/sjbs.v5i1.2084
https://doi.org/10.14196/sjbs.v5i1.2084
https://doi.org/10.1016/0742-8413(94)00063-G
https://doi.org/10.1016/0742-8413(94)00063-G
https://doi.org/10.1590/S1519-69842010005000012
https://doi.org/10.1590/S1519-69842010005000012
https://doi.org/10.1016/j.gene.2007.12.012
https://doi.org/10.1016/j.gene.2007.12.012
https://www.fao.org/4/ac478e/ac478e00.htm
https://www.fao.org/4/ac478e/ac478e00.htm
https://doi.org/10.1111/j.1439-0426.2010.01475.x
https://doi.org/10.1111/j.1439-0426.2010.01475.x
https://doi.org/10.1007/978-1-4020-6235-3_10
https://doi.org/10.1007/978-1-4020-6235-3_10
https://doi.org/10.1186/1471-2164-13-530
https://doi.org/10.1186/1471-2164-13-530
https://doi.org/10.1016/s0166-445x(98)00060-5
https://doi.org/10.1016/s0166-445x(98)00060-5
https://doi.org/10.1016/j.ygcen.2009.03.002
https://doi.org/10.17895/ices.pub.19212915
https://doi.org/10.17895/ices.pub.19212915
https://doi.org/10.1016/S0048-9697(99)00219-3
https://doi.org/10.1016/S0048-9697(99)00219-3
https://doi.org/10.1002/jat.1682
https://doi.org/10.1002/jat.1682

At the Onset of Gonadogenesis: A First Description of Ovarian and Testicular Macro and Microanatomical

Linhart O, Walford J, Sivaloganathan B, Lam, TJ. 1999.
Effects of osmolality and ions on the motility
of stripped and testicular sperm of freshwater-
and seawater-acclimated tilapia, Oreochromis

mossambicus. J. Fish Biol. 55:1344-1358.
https://doi.org/10.1111/§.1095-8649.1999.
tb02080.x

Macias D, Gomez-Vives MJ, De la Serna JM. 2005.
Some reproductive aspects of bullet tuna
(Auxis rochei) from the south western Spanish
Mediterranean. Col. Vol. Sci. Pap. ICCAT,
58(2):484-495. https://doi.org/10.5897/
AJB10.709

Marchand M]J, Pieterse GM, Barnhoorn IE]. 2008.
Preliminary results on sperm motility and
testicular histology of two feral fish species,
Oreochromis ~ mossambicus and  Clarias
gariepinus, from a currently DDT-sprayed area,
South Africa. Journal of Applied Ichthyology.
24(4):423-429. https://doi.org/10.1111/j.1439-
0426.2008.01141.x

McBride, RS, Wuenschel, M]J, Nitschke P, Thornton
G, King JR. 2013. Latitudinal and stock-
specific variation in size- and age-at-maturity
of female winter flounder, Pseudopleuronectes
americanus, as determined with gonad
histology. Journal of Sea Research. 75:41-51.
https://doi.org/10.1016/j.seares.2012.04.005

Megalofonou P, Damalas D, Yannopoulus C, De Metrio
G, Deflorio M, Santamaria N, De la Serna
JM, Ortiz De Urbina JM. 2000. Final Report
of the Project 96/093 DG XIV/C1: Incidence
of the Cupleoid Purse Seines on Small Tunas
and Tunas. By-Catch Quantification in the
Mediterrannean, Biology and Dynamics of
their Early Life

Melo MC, van Dijk P, Andersson E, Nilsen TO, Fjelldal
PG, Male R, Nijenhuis W, Bogerd J, de Franga
LR, Taranger GL, etal. 2015. Androgens directly
stimulate spermatogonial differentiation in
juvenile Atlantic salmon (Salmo salar). Gen
Comp Endocrinol. 211:52-61. https://doi.
org/10.1016/j.ygcen.2014.11.015

Morgan J. 2008. Integrating Reproductive Biology into
Scientific Advice for Fisheries Management. J.
Northw. Atl. Fish. Sci. 41:37-51. https://doi.
org/10.2960/].v41.m615

Maturation of Bullet Tuna (Auxis rochei) in Southern Philippines

Murua H, Saborido-Rey F .2003. Female Reproductive
Strategies of Marine Fish Species of the North
Atlantic. J. Northw. Atl. Fish. Sci. 33:23-31.
https://doi.org/10.2960/].v33.a2

Nash RDM, Pilling GM, Kell LT, Schon PJ, Kjesbu
OS. 2010. Investment in maturity-at-age
and -length in northeast Atlantic cod stocks.
Fisheries Research. 104:89-99. https://doi.
0rg/10.1016/j.fishres.2010.03.001

Niiya Y. 2001. Maturation cycle and batch fecundity of
the bullet tuna, Auxis rochei, oft Cape Ashizuri,
southwestern Japan. Nippon Suisan Gakkaishi.
67(1):10-16. https://doi.org/10.2331/
suisan.67.10

Rajakumar A, Senthilkumaran B. 2015. Dynamic
expression of 11B-hydroxylase during testicular
development, recrudescence and after hCG
induction, in vivo and in vitro in catfish, Clarias
batrachus. Gen Comp Endocrinol. 211:69-80.
https://doi.org/10.1016/j.ygcen.2014.11.010

Rasmussen TH, Jespersen A, Korsgaard B. 2006.
Gonadal morphogenesis and sex differentiation
in intraovarian embryos of the viviparous fish
Zoarces viviparus (Teleostei, Perciformes,
Zoarcidae): A histological and ultrastructural
study. Journal of Morphology. 267(9):1032-
1047. https://doi.org/10.1002/jmor.10453

Rey]JC,Cort]JL.1981. Contribution ala connaissance de
la migration des Escombridae en Méditerranée
Occidentale. Rapp. P-V, Commn. Int. Explor.
Scient. Mer Méditerr. 27:97-98.

Rodriguez-Roda J. 1983. Edad y crecimiento de la
melva, Auxis rochei (Risso), del Sur de Espaiia.
Invest. Pesq. (Barc.). 47(3):397-402.

Sabatés A, Recasens L. 2000. Seasonal distribution and
spawning of small tunas, Auxis rochei (Risso)
and Sarda sarda (Bloch) in the northwestern
Mediterranean. SCI. Mar. 65(2):95-100.
https://doi.org/10.3989/scimar.2001.65n295

Segner H, Casanova-Nakayama A, Kase R, Tyler CR.
2013. Impact of environmental estrogens on
Yfish considering the diversity of estrogen
signaling. Gen Comp Endocrinol. 191:190-201.
https://doi.org/10.1016/j.ygcen.2013.05.015


https://doi.org/10.1111/j.1095-8649.1999.tb02080.x
https://doi.org/10.1111/j.1095-8649.1999.tb02080.x
https://doi.org/10.5897/AJB10.709
https://doi.org/10.5897/AJB10.709
https://doi.org/10.1016/j.seares.2012.04.005
https://doi.org/10.1016/j.ygcen.2014.11.015
https://doi.org/10.1016/j.ygcen.2014.11.015
https://doi.org/10.2960/J.v41.m615
https://doi.org/10.2960/J.v41.m615
https://doi.org/10.2960/J.v33.a2
https://doi.org/10.1016/j.fishres.2010.03.001
https://doi.org/10.1016/j.fishres.2010.03.001
https://doi.org/10.2331/suisan.67.10
https://doi.org/10.2331/suisan.67.10
https://doi.org/10.1016/j.ygcen.2014.11.010
https://doi.org/10.1002/jmor.10453
https://doi.org/10.3989/scimar.2001.65n295
https://doi.org/10.1016/j.ygcen.2013.05.015

Entia et al. / The Philippine Journal of Fisheries 2024 Special Issue: in press

Shi H, Gao T, Liu Z, Sun L, Jiang X, Chen L, Wang D.
2017. Blockage of androgen and administration
of estrogen induce transdifferentiation of testis
into ovary. ] Endocrinol. 233(1):65-80. https://
doi.org/10.1530/JOE-16-0551.

Susca V, Corriero A, Deflorio M, Bridges CR, De
Metrio G.2001. New results on the reproductive
biology of the bluefin tuna (Thunnus thynnus)
in the Mediterranean. ICCAT. 52:745-751.

Timohina OI, Romanov EV. 1996. Characteristics of
ovogenesis and some data on maturation and
spawning of skipjack tuna, Katsuwonus pelamis
(Linnaeus, 1758), from the western part of the
Equatorial Zone of the Indian Ocean. IOTC
Proceedings, 6th Expert Consultation on
Indian Ocean Tunas, Vol. 9 http://hdl.handle.
net/1834/19

Unver S, Saraydin SU. 2012. Macroscopical and
Histological Analysis of Gonadal Development
of Squalius cephalus (L., 1758) in Todiirge

N0

West

Lake, Turkey. Pakistan Veterinary Journal.
32(1):55-59.  https://www.researchgate.net/
publication/233932662_Macroscopical_
and_Histological _Analysis_of_Gonadal_
Development_of_Squalius_cephalus_L_1758_
in_Todurge_Lake

G. 1990. Methods of Assessing Ovarian
development in Fishes: a Review. Marine and
Freshwater Research. 41(2):199. https://doi.
org/10.1071/mf9900199

Winemiller K, Rose K.1992. Patterns of life-history

Diversification in North American fishes:
implications for population regulation. Can. J.
Fish Aquat. Sci. 49(10):2196-2218. https://doi.
org/10.1139/192-242

ZhuG,DaiX, XuL, ZhouY.2010. Reproductive biology

of Bigeye Tuna, Thunnus obesus, (Scombridae)
in the eastern and central tropical Pacific
Ocean. Environ Biol Fish. 88:253-260 (2010).
https://doi.org/10.1007/s10641-010-9636-7

© 2024 The authors. Published by the National
Fisheries Research and Development Institute.
This is an open access article distributed under
the CC BY-NC 4.0 license.


https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/JOE-16-0551
https://doi.org/10.1530/JOE-16-0551
http://hdl.handle.net/1834/19
http://hdl.handle.net/1834/19
https://doi.org/10.1071/mf9900199
https://doi.org/10.1071/mf9900199
https://doi.org/10.1139/f92-242
https://doi.org/10.1139/f92-242
https://doi.org/10.1007/s10641-010-9636-7

