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a b s t r a c t

The Tarpon (Megalops atlanticus) is a species with economic importance as a food fish and a source
of income for artisanal fishers. Research regarding the reproductive biology of this species is scarce
or incomplete, especially for this species in northeastern Brazil. Tarpon were caught each month near
the Bitupitá district using longline fishing and arrowhead fixed traps, from October 2017 to September
2018. The Tarpon specimens were weighed, measured, and the type of fishing equipment used for the
capture was noted. Gonads were obtained and evaluated macroscopically, and fixed and preserved
for future microscopic analyses. The present study observed 150 females and 102 males for a total
of 252 individuals. The sex ratio was 1:1.5 (M:F) and females showed a dominance in the longer
length classes. Both sexes presented negative allometry (b < 3). The gonadosomatic index (GSI), Fulton’s
condition (K) values and sexual maturity indicate that the reproductive period occurs between August
and November, which is during the dry season. The length at first maturity (L50) presented values of
101.7 cm total length (TL) for females, 99.4 cm TL for males and 101 cm TL for both sexes grouped
together. The mean fecundity was 7.5 million oocytes and the species present asynchronous oocyte
development, multiple spawning periods, and continuous recruitment of oocytes from the reserve stock
indicating indeterminate fecundity.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

The Tarpon is a migratory species distributed in the Western
tlantic Ocean from Canada to Southern Brazil and from Mauri-
ania to Angola, and records show its occurrence in the Eastern
tlantic Ocean near Portugal, the Azores and southern France
Hureau, 1984; Saldanha and Whitehead, 1990). This species has
long life of up to 55 years (Crabtree et al., 1995) and shows

low growth, late sexual maturity, indirect larval development
leptocephalus larvae). The Tarpon is considered as an important
cological indicator for being at the top of the aquatic food chain.
ncreased fishing pressure and reduced habitats have depleted
atural stocks and population abundance of the Tarpon (Dailey
t al., 2008).
Tarpon migrate between inshore (wetlands), coastal (estuar-

es) and offshore marine ecosystems (Griffin et al., 2018). This
ish migrates for reproduction, which occurs in areas far from the
oast in clean and transparent waters with high salinity and a
ow presence of predators of the larvae. During the reproductive
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period, Tarpon form large shoals in coastal waters before migrat-
ing to offshore regions for spawning (Crabtree et al., 1992, 1997).
According to Crabtree et al. (1997) and Stein III et al. (2012),
Tarpon have multiple spawning periods and asynchronous oocyte
development because females have ovaries with post-ovulatory
follicles and oocytes at advanced vitellogenesis.

Research of this species in Brazil is scarce and has only ad-
dresses the age at first maturity and the reproductive period
(Menezes and Paiva, 1966) and length–weight relationship
(Menezes, 1967). Aspects of Tarpon reproductive biology such as
spawning sites, age at first sexual maturity, type of oocyte devel-
opment and fecundity, and sex ratio are unknown. In addition,
much of the existing knowledge is based on literature from the
60’s (Menezes and Paiva, 1966; Menezes, 1967).

Tarpon is an important fishing resource in northeastern Brazil
as a food fish and as a source of income for artisanal fishing fam-
ilies. Knowledge about its reproductive biology will facilitate the
implementation of a management and recovery plan of natural
stocks. Therefore, the present study aimed to describe spatial and
seasonal patterns of reproductive biology of the tarpon, including
the description of the stages of sexual maturity, gonadosomatic

https://doi.org/10.1016/j.rsma.2021.101727
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index, length at first maturity, fecundity and frequency of oocyte
diameter.

2. Material and methods

2.1. Characterization of the study area

The present study was carried out in the Bitupitá district of
he municipality of Barroquinha, Ceará state, Brazil. This region is
ocated at the western extremity of coastal Ceará near the mouths
f the Timonha and Ubatuba rivers (Araujo and Rodrigues, 2015).
stuaries of the Timonha and Ubatuba rivers and the Parnaíba
iver and its tributaries comprise the main water bodies of the
arnaíba Delta Marine Protected Area (MPA), as they give rise to
ne of the most ecologically rich estuaries in the country (Pereira
nd da Rocha, 2015) (see Fig. 1).
The region shows a rainy season from January to May with

n average rainfall of 850 mm, and a dry season from June to
ecember with an average rainfall of below 200 mm (Funceme,
009). The sea water shows a temperature range of 27 to 28.5 ◦C

and an average salinity of 43 in the dry season and 37 in the rainy
season (Barletta et al., 2017; Silva et al., 2015).

2.2. Fishing gear

Fishing of the Tarpon in Bitupitá is carried out using longlines
and arrowhead fixed trap. Longline fishing is performed with ap-
proximately 30 canoes. Most fishing occurs between September
and November, but longline fishing of the tarpon may begin in
June depending on the profitability of the catch.

The main line in longline fishing is made with a 6 mm braided
multi-strand rope, of which one extremity of the line is attached
to the anchor of the canoe and the other extremity is attached to
another anchor. The main line can have up to 80 secondary lines
of approximately 11 meters in length and made of 2.5 mm nylon
with a # 17/0 circular hook attached to the end. The distance
between each secondary line is approximately 17 m.

The largehead hairtail (Trichiurus lepturus) was the main bait
for fishing Tarpon due to its shiny silver body. Longline fishing
in Bitupitá occurs between Camocim, Ceará state and Caju Island,
Maranhão state (Fig. 2A), with over 1000 fishing points between
these two locations, referred by the fishers as holes.

There are currently 33 arrowhead fixed traps in the region
of the present study (Fig. 2C). The traps vary between 400 to
700 meters in length and 6 to 12 meters in height, and each
trap is managed by one fisher with a canoe. The fishers harvest
the fish every day. There were 27 traps located near the beach
(approximately 1 km), arranged in 4 rows perpendicular to the
coastline (Fig. 2B). These traps capture few Tarpons, almost all
of which are young and locally known as ‘‘pema’’. There were
six traps located approximately 14 km from the coast and they
capture Tarpons of all sizes.

2.3. Sample collection and laboratory processing

Tarpon specimens were obtained each month from October
2017 to September 2018 with the assistance of local fishers. As
soon as the boats anchored on the beach, the specimens caught
in the two fisheries (arrowhead fixed trap and longline) were
sampled. The following information was also collected: fishing
gear used for capture, sex, fork length with the aid of a measuring
tape (nearest 0.01 m) and the total and gutted weights using a
mechanical scale (0.1 kg). Then, the weight of the gonads (kg)
was measured with a digital scale (0.01 kg).

Sex and gonadal development were evaluated by observing
the gonads macroscopically. Gonadal development was classified
2

according to Brown-Peterson et al. (2011): immature, developing,
spawning capable, actively spawning, regressing and regenerat-
ing. The gonads were fixed in 10% formaldehyde and preserved
in 70% alcohol.

Histological slides of the gonads were prepared at the Fisheries
Bioecology Laboratory (Biopesca) of the Federal University of
Piauí (UFPI) for the macroscopic evaluation according to methods
described in Vazzoler (1996). A section of the gonad was dehy-
drated with a series of alcohol solutions (80%, 95% and 100%),
diaphanized in a series of xylol solutions (alcohol + xylol in equal
parts, and Xylol), and then immerse in paraffin. The paraffin
blocks were sectioned to a thickness of 5 µm and the sections
were stained with hematoxylin and eosin.

The slides containing a section of the gonad were examined
under a trinocular microscope (Model Primo Star, Carl Zeiss, Ger-
many) at 40, 100 and 400x magnification. The microscopic termi-
nologies of male and female gonads proposed by Brown-Peterson
et al. (2011) were used as follows:

Females: Immature: Presence of ovogonia and oocytes in pri-
mary growth (PG); In development: oocytes in PG, cortical alveoli
(CA), Vtg1 and Vtg2 and possibly some atresia; Able to spawn:
oocytes in Vtg3 and may show post-ovulatory follicles (POFs) in
individuals with multiple spawning, atresia and hydrated oocytes
(H); Actively spawning: oocytes with late germinal vesicle mi-
gration (GVM), breakdown of the germinal vesicle (BGV) and a
large quantity of hydrated oocytes (H) and the presence of POFs;
Regression: flaccid ovaries with vascularization and the presence
of atresia, POFs and may exhibit oocytes in CA, Vtg1 and Vtg2;
Regeneration: presence of ovogonia and oocytes in PG, thicker
ovarian wall, atresia and POFs in resorption.

Males: Immature: presence of only primary spermatogonia
(Sg1); In development: spermatocytes (St) in the lobe, Sg1 and
secondary growth (Sg2), spermatocytes (Sc) in primary (Sc1) and
secondary growth (Sc2); Able to sperm: spermatozoids (Sz) in the
lumen of the lobes or in the sperm ducts. All stages of spermato-
genesis (Sg2, Sc, St and Sz) are observed; Actively sperm: can
show all stages of spermatogenesis (Sg2, Sc, St and Sz); Regres-
sion: sperm residues in the lumen of the lobes and little or no ac-
tive spermatogenesis; Regeneration: presence of spermatogonia
and may present a small amount of residual sperm.

2.4. Data analysis

The length classes for males and females were calculated
according to Sturges (1926): K = 1 + 3.3 * log n, where K =
number of classes, n = sample size and range of classes (H) =
TR/K, where TR = Total Range (maximum value–minimum value).
Sex ratios were estimated for each month and each length class,
which were compared using the Chi-square test (X2). The length–
weight ratio was estimated for both sexes and then for each sex
using the equation proposed by Le Cren (1951): Wt = a Lbt , where
Wt = total weight (Kg), FL = Fork length (cm), a = curve intercept
and b = allometry coefficient. The curve was fitted by the least
squares method and the confidence intervals of the parameters
were estimated. The value of b was tested by the t-test to see if
b = 3 (Santos, 1978). The significance level was α = 0.05.

The gonadosomatic index (GSI) was calculated using the equa-
tion described in Flores et al. (2014): GSI = G/W*100, where
G = gonad weight (g) and W = gutted fish weight (g). Fulton’s
condition (K) was calculated using the equation described in
Froese (2006): 100*Wt/FL3, where Wt = total fish weight (g) and
FL = fork length (cm).

Length at first maturity (L50) was estimated from a logistic
curve based on the relative frequency of adults in each length
class (SL) according to the formula: MF = exp (a+(b)* Lt)/
(1+exp(a+(b)* L )), where MF = fraction of adult specimens and
t
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Fig. 1. Map of the State of Ceará and the study site near the district of Bitupitá.
Fig. 2. (A) Map of the district of Bitupitá in the state of Ceará, northeastern Brazil; (B) Lines of traps distributed in a perpendicular manner throughout the coastal
one. Source: Google Earth. (C) Image of an arrowhead fixed trap.
Source: Google Earth.
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FL = fork length (cm). All individuals with no vitellogenesis were
considered adults. The data points were adjusted and the L50
value was estimated by maximum likelihood based on the data
set (fork length and sexual maturity).

Fecundity was obtained by the gravimetric method proposed
by Hunter and Macewicz (1985) and Murua and Saborido-Rey
(2003), in which a small portion of the gonad previously identi-
fied as actively spawning was weighed on an analytical balance.
Then the oocytes were counted with the aid of a Nova ZTX-
E binocular stereoscope. Fecundity (F) was calculated by the
equation: F=N/PP*G, where N = number of oocytes counted, PP
 m

3

= weight of the weighed portion (g) and G = gonad weight (g).
Statistical analyses were performed using Excel R⃝ software.

To obtain the oocyte diameter, the slides containing the ovar-
an sections of the females identified as actively spawning were
nalyzed and photographed on a Primo Star trinocular micro-
cope coupled to a 5MP Axiocam 105 camera. The diameter of
00 oocytes from each stage of development was measured using
he ZEN 2 Core imaging software.

Average monthly rainfall was obtained from the Funceme
ebsite (Funceme, 2018) and the rainy and dry seasons were
efined according to Funceme (2009). Data were tested for nor-
ality (Shapiro–Wilk test) and homoscedasticity (Levene’s test).
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Table 1
Sex ratio and number of Tarpon (Megalops atlanticus) sampled per month and fishing gear used in northeastern Brazil from October
2017 to September 2018.
Months Number Total X2 Sex ratio Number

Females Males (M: F) Fixed trap Longline

oct/17 22 13 35 6.6* 1:1.7 19 16
nov/17 31 12 43 19.5* 1:2.6 7 41
dec/17 4 5 9 1.2 1:0.8 9 0
jan/18 4 4 8 0 1:1 8 0
feb/18 6 2 8 25.0* 1:3 8 0
mar/18 5 3 8 6.25* 1:1.7 8 0
apr/18 6 4 10 4.0* 1:1.5 10 0
may/18 14 17 31 0.9 1:0.8 31 0
jun/18 5 6 11 0.8 1:0.8 11 0
jul/18 9 6 15 4.0* 1:1.5 10 0
aug/18 18 16 34 0.35 1:1.1 20 14
sep/18 26 14 40 9.0* 1:1.9 16 24∑

150 102 252 3.63 1:1.5 157 95

*Significance level α < 0.05.
(

t
p

Table 2
The length–weight ratio for females, males and for both sexes grouped to-
gether. Values of p, ‘‘a’’, ‘‘b’’, confidence intervals and allometric coefficient of
Tarpon (Megalops atlanticus) caught from October 2017 to September 2018 in
northeastern Brazil.

Grouped Sexes Males Females

p-value 2.16E−148 5.98E−111 2.82E−118
a-value 7E−05 7.92E−05 7.97E−05
b-value 2.57 2.52 2.54
Limit superior of ‘‘a’’ 2.15 0.98 1.98
Limit inferior of ‘‘a’’ −2.15 −0.98 −1.98
Limit superior of ‘‘b’’ 2.58 2.53 2.56
Limit inferior of ‘‘b’’ 2.55 2.51 2.53
Allometric coefficient Negative Negative Negative

The Nonparametric Mann–Whitney test was applied to evaluate
possible differences of the (1) sex ratio and (2) the GSI and fork
length between dry and rainy seasons and fishing gears. The
Nonparametric Kruskal–Wallis was used to test for differences (1)
between oocyte diameters and (2) monthly variations in GSI by
sex. Then, the post-hoc Mann–Whitney test was applied. These
analyses were performed using PAST software (Hammer et al.,
2001) and the significance level was set at α = 0.05.

3. Results

Of the 252 Tarpons examined, 150 were females (59.5%) and
102 males (40.5%). The average sex ratio during the study period
was 1.0 males: 1.5 females. More females were observed than
males in eight of the twelve months, of which seven months
showed significant difference (Table 1). Tarpons were caught
using only arrowhead fixed traps between December and July
because no longline fishing was carried out during this period.
Longline fishing occurred from August to November, which in
September (X2 = 21.3) and November (X2 = 59.5) showed a
higher catch of females when compared with the arrowhead fixed
traps. Males were collected more with the longline than with the
arrowhead fixed traps for only November (X2 = 29). Length classes
of less than 102.9 cm were captured only with the arrowhead
fixed traps.

The length–weight ratio for females, males and for both sexes
grouped together showed negative allometry (b <3), being 2.57
for the grouped sexes, 2.54 for females and 2.52 for males
(Table 2). This indicates that there is a greater increase in length
than in weight for this species (Table 2).

The furcal length of the Tarpon varied from 54 to 210 cm
(mean 125.2 ± 43.5 SD) and was distributed between eight length

classes with a range of 19.5 cm each (Fig. 3). Females presented

4

Fig. 3. Percentage of the total number of specimens per furcal length class of
Tarpon (Megalops atlanticus) captured in Northeastern Brazil, from October 2017
to September 2018.

lengths of 54 to 210 cm (137 ± 46.1) and males of 60 to 184 cm
107.9 ± 32.7). Weights ranged from 1.6 to 95 kg (27.1 ± 23) for
both sexes, with females ranging from 1.6 to 95 kg (34.4 ± 25.3)
and males ranging from 1.9 to 56 kg (16.5 ± 13.2).

Significant differences were shown for weight and length be-
ween the sexes, of which the females grow more (U=4642.5;
=1.191E-07) and are heavier than males (U=4748; p=3.2389E-

07) (Fig. 4A). Larger individuals were also observed in the dry sea-
son (U=2893; p=3.1708 E-10). Regarding fishing gears, larger fe-
males (U=788.5; p=3.9309E-14) and males (U=239.5; p=9.2067E-
09) were observed in longline fishing when compared to using
the traps (Fig. 4B).

The average monthly gonadosomatic indices (GSI) for both
sexes were higher from August to November (dry season), rep-
resenting the spawning season for this species. Rainfall increases
in January, which is when the rainy season begins in the region.
GSI values decreased for both sexes in January, indicating the end
of the reproductive period (Fig. 5). GSI values were higher for
longline fishing (U=2283.5; p=2.8114E−20).

The Fulton’s condition (K) for females peaked in January, when
rainfall increased and resulted in a greater availability of food
for the Tarpon. Males showed the highest peaks in December
and February, when the reproductive period ends and the rainy
season begins. After peak rainfall in February, K values were low-
est in November, indicating the end of the reproductive period
(Fig. 6).

Regarding sexual maturity, spawning capable (Fig. 7A) and
actively spawning females (Fig. 7B) were observed from August
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Fig. 4. Variation in fork length of Tarpon (Megalops atlanticus) between seasons (A) and fishing gears (B).

Fig. 5. Gonadosomatic index (GSI) observed each month for males and females of Megalops atlanticus.

Fig. 6. Fulton’s condition (K) observed each month for males and females of Megalops atlanticus.
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Fig. 7. Histological section of a female gonad of Megalops atlanticus showing (A) Ovary from a spawning capable female with: primary growth (PG), cortical alveoli
CA), primary vitellogenic (Vtg1) and tertiary vitellogenic (Vtg3) oocytes; (B) Ovary from an actively spawning female with: primary growth (PG), cortical alveoli
CA), primary vitellogenic (Vtg1), secondary vitellogenic (Vtg2), tertiary vitellogenic (Vtg3) oocytes and post-ovulatory follicles (POF) (Scale bar = 200 µm).
g
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o November (dry season). In the rainy season, only immature or
eveloping females were observed (Fig. 8). The actively spermi-
ting males appeared from August to November, which coincides
ith the reproductive period of females.
The average length of first maturity (L50FL) of Tarpon was

8.7 cm for females, 85.4 cm for males, and 87.1 cm for grouped
exes. The length of maturity (L100FL) was 110 cm for females,
08 cm for males and 107 cm for both sexes grouped together
Fig. 9).

The fecundity of the Tarpon ranged between 5 and 11 million
ocytes and the mean value was 7.5 million oocytes. Tarpon
ocytes had a diameter ranging from 22 to 947.7 µm. Primary
 w

6

rowth is characterized by the presence of oogonia and oocytes
t primary growth (PG) (69.5 ±22.6 µm).
Secondary growth can be divided into the substages of: corti-

al alveolar (CA) (159.6 ±21.4 µm), which is characterized by the
resence of oil vesicles in the oocyte; and vitellogenesis, which
s divided into primary vitellogenesis (Vtg1) (257.9 ± 38 µm),
econdary vitellogenesis (Vtg2) (382.9 ±48.3 µm) and tertiary
itellogenesis (Vtg3) (601.3 ±58.6 µm).
Oocyte maturation (OM) can be divided into three nuclear

vents: germinal vesicle migration (GVM), germinal vesicle break-
own (GVBD) and hydration (H) (747.3 ±55.1 µm). Ovulation is
haracterized by the appearance of post-ovulatory follicles (POFs),
hich will later be reabsorbed by the organism (Fig. 10).
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Fig. 8. Life stages (Immature, Developing, Spawning Capable, Actively Spawning, Regressing and Regenerating) observed each month for males and females of Megalops
tlanticus.
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Significant difference was shown between the oocyte devel-
pment stages (H=578.7; p=8.018E-123). The Tarpon has asyn-
hronous oocyte development and split (multiple) spawning due
o the absence of gaps between stages, indicating continuous
ecruitment of oocytes (Fig. 11).

. Discussion

Tarpon (M. atlanticus) females were larger than males, indi-
ating sexual dimorphism. Chaverri (1993), Crabtree et al. (1997),
yr (1991), Menezes (1967), and Menezes and Paiva (1966) also
bserved sexual dimorphism for Tarpons. Females are perhaps
arger to produce and release as many oocytes as possible and
end to live longer than males (Cyr, 1991; Menezes and Paiva,
966).
Female Tarpons were more frequently observed than males.

rabtree et al. (1997) found similar results when analyzing spec-
mens caught in recreational fishing with a hook and line in South
lorida, of which females were observed twice as much as males.
owever, Menezes and Paiva (1966) observed an alternating oc-
urrence of the two sexes between months when fishing with
rrowhead fixed traps near the Almofada beach of the State of
eará.
 d

7

The alternating of sex ratios of the Tarpon is perhaps influ-
nced by the fishing gear. More specifically, fishing corrals are
ixed traps that capture individuals of all sizes and sexes near
he coast while the longline is more selective, capturing larger
arpons on the high seas near the breeding grounds. Therefore,
he selectivity of the fishing gears illustrates the ontogeny and
abitat shifts of this migratory species. Ault et al. (2008) describe
wo types of emigrations of the Tarpon, of which on is during the
lanktonic larval phase and the other is during the adult phase
f the fish. Tarpon larvae are transported passively by ocean
urrents while adults migrate actively for feeding or breeding
urposes.
In the present study, Tarpon individuals collected in the long-

ine gear showed higher GSI scores. This is probably because the
onglines are set near supposed spawning areas of the Tarpon in
he region. Spawning sites of the Tarpon are unknown, but it is
uggested to occur in deep water after shoals migrate from shal-
ow areas Baldwin and Snodgrass (2008). Crabtree et al. (1992)
escribed that mature Tarpons in the Gulf of Mexico enter coastal
aters to feed and form large pre-breeding aggregations. They
ggregate about 2 to 5 km from the coast before moving to more

istant sites to spawn. Luo et al. (2020) reported that spawning
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Fig. 9. Length at first maturity (L50) and length at maturity (L100) for both sexes grouped together (dotted line), females (full line) and males (dashed line) of Megalops
atlanticus.
Fig. 10. Progression of oocyte development of females of Megalops atlanticus.
Fig. 11. Frequency of oocyte diameters of actively spawning females of Megalops atlanticus.
an occur in areas of continental slopes with depths varying from
00 to 200 m, temperatures around 26 ± 2 ◦C and a salinity of
6. Findings of the previous research corroborate observations
n the present study when considering that the Tarpon captured
n the arrowhead fixed traps have smaller GSI and are probably
8

feeding and forming reproductive aggregations while the Tarpons
captured by longline in the ‘‘holes’’ are reproducing.

The stages of sexual maturity and the GSI suggest that the
spawning season of Tarpon in Northeastern Brazil occurs be-
tween August and November, coinciding with the dry season
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of the region. Menezes and Paiva (1966) showed similar find-
ings for Tarpon in this region. However, Chaverri (1993) and
Crabtree et al. (1997) describe that spawning occurs throughout
the year near Costa Rica. Studies conducted in Florida and the
Gulf of Mexico (Crabtree et al., 1992, 1995, 1997; Cyr, 1991;
Smith, 1980), North Carolina (Tucker and Hodson, 1976) and Cuba
(Breder Jr, 1944) showed that spawning occurs between April and
August, which corresponds to spring and summer in the northern
hemisphere.

Another factor that corroborates that the Northeast region of
razil is a spawning area for the Tarpon is the presence of young
ndividuals in rivers and coastal lagoons (Araujo Santos, 2016;
ernandes et al., 2017). Furthermore, environmental conditions
re favorable for the development of Tarpon. The ocean water
hows little variation in temperature (27–28.5◦ C) and the salinity
s higher in the dry period (43) and lower during the rainy period
37) (Barletta et al., 2017; Silva et al., 2015).

The end of the Tarpon reproductive period coincides with the
eginning of the rainy season in the region. The Tarpons then
igrate toward more transparent waters and with higher tem-
eratures. Menezes and Paiva (1966) and Menezes (1967) suggest
hat shoals of Tarpons arrive in coastal waters of the state of Ceará
uring the period of low rainfall (Dry Season) for reproduction.
fter the reproductive period and at the beginning of the rainy
eason, adults migrate to more distant areas of the coast while
ounger individuals remain. Luo et al. (2020) suggested that some
exually mature Tarpons perform long seasonal migrations over
housands of kilometers while others have short local migrations.
arpon in the southeastern United States also exhibit permanence
nd a diversity of migratory movements in coastal waters of the
egion (Griffin et al., 2018).

Tarpon of the present study showed high fecundity, which
as also reported in previous studies (Beebe and Tee-Van, 1928;
ichols, 1929; Babcock, 1951; Cyr, 1991; Crabtree et al., 1997).
ccording to Cyr (1991), the specific fecundity for the calculated
eight is 204,019 (± 82,729) oocytes per kg of adult body weight.
ence, the Tarpon is considered as highly fertile and that larger
nd heavier specimens proportionally produce more oocytes.
mall diameter of oocytes, the presence of all stages of oocyte
evelopment during the reproductive period, and the absence of a
ap between the different oocyte stages were also observed in the
resent study. These characteristics indicate continuous recruit-
ent of oocytes from the reserve stock (Hunter and Macewicz,
985). Nichols (1929) described the Tarpon oocytes as excessively
mall (between 600 and 750 µm in diameter) and extremely
umerous; Spotte (2016) observed oocytes of two size ranges,
f 300-500 µm and 600-900 µm; and Crabtree et al. (1997)
bserved previtellogenic (20-200 µm) and vitellogenic oocytes
500 to 900 µm), oocytes with migratory nuclei (∼900 µm) and
ome hydrated oocytes (∼1000 µm).
The Tarpon has multiple spawning periods during the dry

onths when considering the simultaneous presence of post-
vulatory follicles, oocytes at vitellogenesis and hydrated oocytes
n mature breeding females. Crabtree et al. (1997) recorded sim-
lar findings in Florida and Costa Rica waters, of which the pres-
nce of females with ovaries containing post-ovulatory follicles
POF) and oocytes at advanced vitellogenesis suggest multiple
pawning periods. According to Wallace and Selman (1981) and
unter et al. (1985), oocyte maturation and vitellogenesis are
ontinuous during the reproductive period of species that have
ultiple spawning, in which one spawning batch is produced
hile another batch is developing for the next spawning. Never-
heless, multiple spawning periods may enable a greater survival
f the species by increasing the number of oocytes to be released
nto the environment during the spawning season, thus avoiding

ompetition among younger individuals.

9

The present study provides new data regarding the reproduc-
ive biology of Megalops atlanticus in northeastern Brazil. This
pecies shows sexual dimorphism and a higher frequency of
emales. The reproductive period of the Tarpon in this region oc-
urs between the months of August and November (dry season),
ith the species showing asynchronous oocyte development and
ultiple spawning periods. Specimens obtained from fishing with

he arrowhead fixed traps were below the L50, whereas those
ollected from longline fishing were considered as adults. Hence,
ishing with the longline method occurs near the spawning sites.
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