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With increasing catch volumes, study results suggest that a
management plan that considers the species population
structure is urgent
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The yellowtail snapper (https://www.fao.org/4/ac481e/ac481e00.htm) (Ocyurus chrysurus) is a
demersal species found in western Atlantic Ocean from Massachusetts to southern Brazil, including the
Bahamas, southern Florida, Caribbean Sea and Gulf of México. In the southern Gulf of México (GoM), it
has a long reproductive season with a spawning peak from March to June. Females reach sexual
maturity at 21.3 cm fork length (FL) and males at 19.4 cm (FL).

Together with the lane snapper and the northern red snapper they comprise the main targets in the
snapper �shery of the southern GoM, contributing 85 percent of the annual landings volume and are
the main export species to US markets. Before 2018, the O. chrysurus �shery was classi�ed as healthy,
but now the southern GoM stock is considered as experiencing over�shing
(https://doi.org/10.24275/nbvk4674) and with increasing exploitation pressure.

Information on stock complexity is essential for understanding stock dynamics and the differential
response of a population or subpopulation to anthropogenic and environmental pressures. Analysis of
individual growth and otoliths (hard, calcium carbonate structures located directly behind the brain of
bony �shes) morphometry are used to describe population structure
(https://doi.org/10.3354/meps08651) linked to exogenous and endogenous variables.

Fish growth rates exhibit wide intraspeci�c ranges under different environmental factors such as
salinity, water temperature or depth, and feeding conditions, due to the energy and nutrient supply
available to the individual. On the other hand, individuals inhabiting different habitats have unique,
spatially identi�able otolithic (https://doi.org/10.1111/faf.12297) chemical and shape signatures
re�ecting the characteristics of the environment and the time the �sh occupied a certain area, which
can be used to distinguish different stocks.

Study on the structure and dynamics of yellowtail snapper stocks in

the southern Gulf of Mexico show that differences in growth rates,

lifespan, mortality and otolith shape indicate that O. chrysurus in the

study area have impacts from �shing activities. Photo by Jstuby

(CC0, via Wikimedia Commons).
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(https://cvent.me/m23mdm)

The description of population structure based on age and growth for yellowtail snappers is imperative
for the quanti�cation of the population’s productivity. Determining the population structure of O.
chrysurus  in the southern GoM – using age-based life history (age, growth rate, lifespan, natural
mortality and age at maturity) and otolith morphometry – will help to better understand the species
responses to potential negative repercussions caused by �shing, such as a progressively younger
reproductive population and decreased productivity, and support stock assessments and management
of these snappers.

This article – summarized (https://doi.org/10.1371/journal.pone.0320012) from the original
publication (https://creativecommons.org/licenses/by/4.0/) (Renán, X. et al. 2025. Population structure
of yellowtail snapper using age-based life history and otolith shape in southern Gulf of México. PLoS
ONE 20(4): e0320012) – presents the results of a study on the structure and dynamics of stocks of
yellowtail snappers (Ocyurus chrysurus) in the Gulf of Mexico.

https://cvent.me/m23mdm
https://doi.org/10.1371/journal.pone.0320012
https://creativecommons.org/licenses/by/4.0/
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Study setup
Fish samplings were conducted at three �shing sites with the highest landings volumes in the Yucatán
Peninsula: Celestún, Dzilam de Bravo, and Río Lagartos. A total of 1,449 O. chrysurus individuals were
collected. In the laboratory, length and weight data were collected for each individual. Each pair of
sagittal otoliths was extracted and processed. Age of maturity was calculated using individual sex and
maturity condition data from previous gonad histological analysis results for the same individuals. Age
and growth parameters were generated with the von Bertalanffy growth model via annuli counts in
otolith thin sections from 1,124 selected individuals.

For detailed information on the experimental design, sample and data collection, and analyses, refer to
the original publication.

Results and discussion
Size and weight of O. chrysurus (n = 1,499) from the southern GoM ranged from 16.3 to 41.8 cm (FL)
and from 72.0 to 1,135.0 grams, respectively. Age and growth were estimated using 1,124 otoliths, of
which 560 were from females (17.4–38.6 cm FL) and 564 from males (16.3–39.0 cm FL). The largest
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female and male were 38.6 and 39.0 cm FL, respectively, and the smallest female and male were 17.4
and 16.3 cm FL, respectively.

O. chrysurus captured in the southern GoM ranged in size from 16.3 to 41.8 cm FL (mean ± SD = 25.1 ± 
3.9 cm); this size range is indicative of the selectivity of the main �shing gears used for this resource.
The smallest individuals were captured in the western part of the Yucatán Peninsula, towards Celestún,
whereas the largest were captured towards the East, in the area of Río Lagartos. Individuals exceeding
46 cm (FL) are seldom encountered in Yucatán, yet individuals up to 60 cm TL have been documented
in the central GoM in the state of Veracruz. Consequently, variations in size can be attributed to the
selectivity of the �shing gear employed in speci�c GoM �shing areas. To date, the largest size recorded
for O. chrysurus was 75 cm TL in the Bahamas and 86.3 cm TL in Venezuela.

Fig. 1: Marginal increment analysis of O. chrysurus in southern Gulf of

México. A) By age: 3 years old (purple), 4 years old (green), 5 years old

(red) and 6 years old (blue). B) By �shing site: Celestún (red), Dzilam

de Bravo (green) and Río Lagartos (blue). Adapted from the original.
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Ages determined ranged from 0+ to 12 years, the highest recorded age for this species in the southern
GoM, with no differences between sexes. The number of 10- to 12-year-old �sh in the present study is
higher (n = 49; FL = 31.2 – 40.0 cm) than reported in other studies of the species. The oldest reported
age for O. chrysurus is 23 years in Florida and the GoM, and 19 years in Brazil. In contrast, individuals
aged 2 to 4 years are the most abundant in age and growth studies of this species. In the present study,
these age groups represented 65 percent of the samples, and in other populations close to 70 to 88
percent are reported in these age groups. These values are consistent even in samples collected in
�shery-independent contexts. Size-at-age in O. chrysurus varies widely in this and other studies,
regardless of sex. Clearly, length is not an accurate predictor of age in this snapper species, and
therefore estimating age via length frequencies is not recommended.

A common issue in �sheries is the paucity of age-length data from young or old �sh. In the absence of
data form young individuals, the representation of the youngest animals in the “early” part of the von
Bertalanffy growth model (VBGM; a type of growth curve for a time series) curve will be compromised.
Similarly, without older �sh it may be di�cult to characterize the asymptote of the VBGM curve. Growth
estimation is of particular importance for population dynamics and �shery management, since species
with faster growth rates tend to support higher exploitation rates (https://doi.org/10.1007/s11160-017-
9474-1), than slow-growth species. Growth misspeci�cation can affect the age structure
(https://doi.org/10.1016/j.�shres.2016.01.006) of the population and thus can bias natural and �shing
mortality, biomass estimates and the associated reference points and stock status.

Growth estimates for O. chrysurus were statistically signi�cant. The growth parameters and curves for
females and males were very similar (Fig 2A). According to the growth estimates for both sexes, 95
percent of the maximum length is reached around 15 years of age. The growth parameters estimated
for Celestún presented a wide statistical variability. Speci�cally, the estimated value of maximum
length (41.59 cm FL) and its upper con�dence interval (59.72 cm FL) were 22 and 75 percent higher
than the maximum size observed for the species at this site (34 cm FL; Fig 2B).

https://doi.org/10.1007/s11160-017-9474-1
https://doi.org/10.1016/j.fishres.2016.01.006
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Our growth estimates may be biased based on the underrepresentation of younger individuals (<2
years), as evidenced by the data evaluated. When size-at-age data is analyzed, it is important to
consider the nature of the sample and in particular, how it may have been affected by gear selectivity
(based on size or age. Therefore, since �shing gear has an important effect on size-based selectivity for
O. chrysurus, a �shery-independent sampling is necessary in future research.

Age at maturity was 1.3 years for females and <1 year for males (Fig. 3). The youngest mature female
was one year old (19.9 cm FL), and the youngest mature male was <1 year (0+, 18.5 cm FL). All females
were mature at 2 to 3 years, and males at 2 years. Due to the early sexual maturation of the species,
there were not enough immature individuals to meaningfully analyze possible differences in age at
maturity by �shing site.

Age at maturity has not been reported extensively for O. chrysurus. The rapid changes in size-at-age
may re�ect the inability of an over�shed or depressed population to absorb or respond to further
decreases in population size. Data on overall natural mortality in O. chrysurus are limited. Reported
values range from 0.19–0.40 per year, with the lowest value (0.19 per year) reported in Florida, and the
highest in Cuba and the southeast US (0.40 per year) and the southern GoM (0.37 per year in this
study). Natural mortality at age gradually decreases from the youngest (0+ to 3 years) to 10+ years,
when mortality remains near 0.1 per year. This is characteristic of tropical �shes in which predation of
juveniles is the main factor modeling mortality (https://doi.org/10.1111/j.1467-2979.2009.00350.x).

Otolith shape (https://doi.org/10.1139/f03-151) responds to genetic, biological and ecological factors.
In snapper species, this parameter exhibits high intra- and interspecies variability derived mainly from
the in�uences of sex, age, environmental and genetic characteristics. Environmental factors such as
salinity, water temperature and depth are responsible for morphological differences
(https://doi.org/10.1007/BF00010955) such as area and otolith size.

In O. chrysurus, otolith shape differs between �shing sites, possibly due to environmental variations. In
this study, the shape indices that distinguished between groups by site were fractal dimension index,
roundness and ellipse, suggesting that some of the observed differences respond to speci�c
environmental factors found at each site. Water temperature is also known to affect �sh growth and
therefore otolith shape.

Environmental conditions in�uence growth rate, thereby affecting otolith morphology. And otolith shape
is directly linked to �sh diet, in that different prey categories produce broad and �ne variations in the
contour, with the relative diet composition contributing more to this variability than the quantity of prey
ingested. Otolith shape may also change in response to ontogenetic migrations from settlement areas
to juvenile breeding areas and then to adult areas for reproductive aggregations. However, we think that

Fig. 2: von Bertalanffy growth curves for O. chrysurus calculated form biological age in years and fork

length in cm. A) Growth curves for sex: both sexes (green), females (red), males (blue). Upper horizontal

line corresponds to maximum mean length, whereas dotted lines correspond to 95 percent con�dence

intervals. B) Growth curves by �shing site: Celestún (red), Dzilam de Bravo (green) and Río Lagartos

(blue). Upper horizontal lines correspond to maximum mean length per site. Adapted from the original.

https://doi.org/10.1111/j.1467-2979.2009.00350.x
https://doi.org/10.1139/f03-151
https://doi.org/10.1007/BF00010955
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these movements probably occur in different zones but within the same �shing site.

Perspectives
Growth characteristics are an integral component of �sh stock assessments. By relating size to age,
growth modeling can be useful to estimate life history parameters such as growth rate, maximum
mean length, longevity, and natural mortality. Based on our study results, O. chrysurus is characterized
by medium size, moderate-growth, early age-at-maturity and medium lifespan.

The observed inter-site differences in otolith shape suggest that the southern GoM O. chrysurus
population has structural complexities not previously established for this species in this region. The
incorporation of demographic data into harvest strategies can facilitate sustainable �shery
management. Developing a management plan for the species in the southern GoM that considers its
population structure is urgent due to constantly increasing catch volumes and the demographic
changes in process at the studied �shing sites.

Fig. 3: O. chrysurus maturity ogive by age in southern Gulf of México. Females (red) and males (blue)

distributions in 0 correspond to immature individuals, whereas distributions in 1 correspond to mature

individuals (n = 1,124). Solid lines represent logistic general lineal function and grey shading their

standard error. Dotted lines show age at maturity in years per sex. Horizontal error bars indicate

con�dence intervals. Adapted from the original.
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Overall, observed differences in growth rate, lifespan, natural mortality and otolith shape indicate that
O. chrysurus in the southern GoM exhibits structural characteristics that suggest in�uences from
�shing-induced demographic changes.
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