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Study analyzes cellular structures in the female gonads to
identify reproductive processes and evaluate the
effectiveness of current fishery management practices
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The present study was based on the analysis of cellular structures in
the female gonads to identify reproductive processes and evaluate the
effectiveness of current fishery management practices. Image of
southern red snapper (Lutjanus purpureus) from Shutterstock.

Since the 1960s, stocks of the southern red snapper (Lutjanus purpureus) have been exploited

intensively on Brazil's northern continental shelf. Around 75 percent of the catch is destined for export,

and because this species commands a high price as an export commodity, catches are often
underreported, and monitoring is unreliable. Despite this long history of exploitation, the social,
ecological, and economic aspects of this fishery are still poorly understood.

For exports, there is a preference for smaller, immature juveniles under 900 grams in weight.

This fondness for smaller individuals and their high prices drive interest in this fishery, and it has been
estimated that the number of clandestine vessels operating in the region is even larger than for the
licensed ones. This demand appears to be driving growth overfishing, which occurs when large
quantities of individuals smaller than the size of first sexual maturity are harvested, as shown by data
collected from the fishing ports at which the catches are landed.

The analysis of reproductive patterns can provide fundamental insights for the conservation and
management of fish stocks. One important stage of oocyte (immature egg cell) development is the
follicular body or postovulatory follicle (POF) of the follicular cells that arise from the empty follicles
following spawning. The identification of POFs is fundamental to confirm the effective periods of
spawning, which is essential for the effective management of commercial fisheries, especially in the
case of high-value species, such as L. purpureus.
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Given the lack of studies that have focused on the reproductive patterns of L. purpureus, and the urgent
need for effective management measures for the stocks of this species, especially considering the
commercial focus on the smaller individuals, the present study was conducted to provide new insights
into its reproductive parameters. Our study is based on recent biological data, which indicate certain
shifts in these characteristics, in comparison with previous studies.

This article — summarized from the original publication (https://doi.org/10.3390/fishes9040136),
(Pinheiro, L. da Costa et al. 2024. Recent Findings on Spawning Patterns and Recommendations for the
Fishery Management of the Southern Red Snapper- Lutjanus purpureus (Poey, 1866) — On the Amazon
Continental Shelf of Brazil. Fishes 2024, 9(4), 136) — presents the results of a study that identified the
reproductive period of L. purpureus based on the microscopic analysis of the principal cell structures
involved in the spawning process, which can be used to manage stocks of this species.

Study setup

The specimens analyzed here were collected by the commercial fishing fleet operating on the Amazon
continental shelf an area that stretches along the coast of northern Brazil, between Cabo Orange, in the
state of Amapda and Sdo Marcos Bay in the state of Maranhao (Fig. 1). The study was based on the
analysis of cellular structures in the female gonads (formation of oocytes and other reproductive
tissues) to identify reproductive processes and evaluate the effectiveness of current fishery
management practices.

Gonad samples were collected, processed and examined macroscopically to determine their maturation
stage, based on the scale proposed by other authors. Each specimen was thus assigned to one of three
(in the males) or four (females) classes as follows: IMM (immature), DEV (developing, not applied to
the males), SPW (spawning capable), or REG (regressing or regenerating).

For detailed information on sample collection, processing and analyses; and data and statistical
analyses, refer to the original publication.
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Fig. 1: Fishing grounds of the southern red snapper (L. purpureus) on
the Amazon continental shelf. The area is distributed off the coasts of
the Brazilian states of Amapa (AP), Para (PA), and Maranhédo (MA).
Adapted from https://doi.org/10.1126/sciadv.1501252.

Results and discussion

The current scenario of the L. purpureus stocks on the Amazon continental shelf reflects ineffective
attempts at management derived from the unique characteristics of the region, the reduced potential
for law enforcement, and the frequent opportunities for corrupt actions in the commercial exploitation
of snapper stocks. This is not only a threat to the sustainability of these stocks, but also a potential
generator of poverty in the region. The migration of the snapper fishing fleet from northeastern Brazil
to the Amazon continental shelf has resulted in a major increase in the pressure on the L. purpureus
stocks in this region.

The confirmation of the occurrence of reproductive processes in L. purpureus during months outside
the closed season is of critical importance for the understanding of the life history of the species and

its potential adaptability to changes in environmental conditions. Despite the limitations of the present
study, which was restricted to the official fishing season, the identification of the reproductive continuity

of L. purpureus was extremely important because we determined it extends beyond the legally
sanctioned closed season (December through April).
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Fig. 2: Monthly variation in the relative frequency of the different types
of cells indicative of spawning activity in the L. purpureus specimens
obtained from the Amazon continental shelf. HO = hydrated oocyte
(pink); POF = postovulatory follicle (blue); ATP = atretic oocyte (black),
and ATY = tissue in atresia (yellow), a condition in which an orifice or
passage in the body is closed. Adapted from the original.

This emphasizes the need for the integration of alternative approaches for the more reliable
assessment of the reproductive dynamics of snappers, given the imminent risk of the collapse of
fisheries through the accumulation of both historic and more recent overfishing events in traditional
fishing countries, such as China and Indonesia. Better controls of the fleets, in particular clandestine
operations, would be one potentially effective option, given the irresponsible behavior of these actors,
despite legal restrictions, such as the tracking of boats larger than 15 m and annual licensing.
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Energetic adjustments that optimize reproductive processes to ensure the continuity of a population
appear to be relatively common biological phenomenon in species faced with intense pressure from
fisheries. Recently, an applicable mathematical model
(https://doi.org/10.1016/j.ecolmodel.2017.06.009). of productivity “enhancement” has been proposed,
based on the predator (fishery)—prey relationship. And an additional factor is climate change, especially
relevant in the case of L. purpureus, which is associated with coral reefs, habitats known to be
impacted profoundly by increasing temperatures (https://doi.org/10.1111/f0g.12662).

The highest percentage of hydrated oocytes (HOs), which indicate imminent spawning, was recorded in
July in specimens in the 42 cm total length class, even though HOs are found in fish as small as 38 cm.
In the present study, the POFs also decreased in size with increasing fish body length, which may reflect
a reduction in the reproductive capacity of older individuals, as observed in other bony fish.

In addition to the difficulties of detecting cellular ultrastructures in tropical environments due to rapid
changes in the high temperatures, multiple spawning patterns (common in L. purpureus and several
other snapper species) and asynchronous (not all occurring at the same time) oocyte development in
the mature females indicate the production of multiple batches of eggs during the spawning period.
Snappers typically spawn in reproductive aggregations, which can be monitored and mapped by divers
or underwater camera systems, or through the analysis of the variation in catches.

Extensive breeding periods are common in many tropical fish species, and the recognition of the
spawning period as a critical moment in the life cycle of these species should be a fundamental
consideration in the development of public fishery policies. In the present study, the identification of the
POFs and HOs indicates the need for a reappraisal of current regulations, given that a reproductive
peak was found in the month of July, in the middle of the official fishing season, threatening stock
recruitment. The more effective monitoring and control of illegal fishing should also be a priority, given
that losses may be far greater than those estimated in the most recent estimates.

Because the present study recorded individuals that were able to reproduce below the threshold
established for the species, and during the official fishing season, it would be relevant to consider the
implementation of new regulations to protect the breeding stock, such as the use of more selective fish
traps. The availability of updated data on reproductive rates is a major contribution to the control of
impacts on fishery stocks.

Current fishing practices are having damaging effects on the L. purpureus stocks of the Amazon
continental shelf, reducing their potential for recruitment and their long-term survival. Because the
snapper fishery is very socially significant in the region, the vulnerability of this activity to illegal and
unsustainable practices must also be carefully considered. Further research, with more extensive
sampling that also covers the closed season, will be needed to provide realistic estimates of current
stocks.
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Sustainability status of data-limited
fisheries: Global challenges for shapper
and grouper

Developing alternative sources of information could help determine the
status of snapper and grouper fisheries, as well as other data-limited
fisheries.

@ Global Seafood Alliance

Perspectives

In this study, spawning structures (POFs) were found in L. purpureus specimens in months outside the
closed season, indicating that the species may be reproducing during the fishing season, when there
are no controls on catches.

Better controls of the flow of raw materials in the fishing industry, associated with the more systematic
use of already required logbooks may also limit the potential for unrealistic production records. This
approach would be complemented by more detailed records of the size distribution of the catches
landed at Amazonian ports. As well as identifying spawning grounds and controlling fishing activities,
this approach would also help to reduce the damage caused to the stocks of this valuable snapper
species.

Further research, with more extensive sampling that also covers the closed season, will be needed to
provide realistic estimates of current stocks. A more accurate definition of the spawning period will
require the collection of samples throughout the year, including the closed season, in order to define the
life cycle of the species more reliably. In the meantime, more effective controls and monitoring of the
industry, including fishing licenses and the establishment of quotas according to the capacity of each
vessel, would contribute to the regulation of catches.
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