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A B S T R A C T   

Many Caribbean nations lack information on the ecology and biology of marine species, which are essential for 
food security and livelihoods in the region. This study aimed to advance the knowledge of two commercially 
important fish species, lane snapper (Lutjanus synagris) and white grunt (Haemulon plumierii), using cost-efficient 
techniques. Specifically, geometric morphometrics was used to assess the presence of ecomorphological groups 
(characterized by body shape variation associated with local environmental variables) in the Honduran Carib-
bean continental platform. Photographs of 104 lane snapper and 99 white grunt adult individuals were taken and 
digitalized with 12 landmarks. Subsequently body shape patterns were related to environmental variables using 
Distance-based linear models and Partial Least Squares. Results enabled the identification of ecomorphological 
groups or fish stocks in the study region associated with the environmental conditions of each site. Distance to 
river mouth and Chlorophyll a, both indicators of land-based stressors, appeared as the primary driving force of 
body shape differentiation in the species. These results are key for the development of informed reef fisheries 
management policies in the Caribbean region.   

1. Introduction 

The Caribbean is characterized by its high biodiversity and richness 
of marine resources (Burke and Maidens, 2004; Olson and Dinerstein, 
2014). Particularly, Caribbean artisanal fisheries are a main source of 
income and food security for millions of people (De Oliveira et al., 
2019). However, these fisheries often lack economic empowerment 
(Chuenpagdee et al., 2011), which generates significant knowledge gaps 
and lack of political support (FAO, 2006). Furthermore, insufficient 
information on the ecology and biology of many commercially impor-
tant marine species in the area hinder management and conservation 
initiatives (Green et al., 2017). This is particularly pronounced in the 
Mesoamerican Reef (MAR) region where artisanal fisheries are among 
the most important economic activities for many coastal communities 

(Box, 2012; Canty et al., 2019; Rivera and San Martín, 2019). 
Artisanal reef fisheries in the MAR, and the wider Caribbean, often 

target a wide array of species, with diverse life history traits (De Oliveira 
et al., 2019; Macchi et al., 2014). The lane snapper (Lutjanus synagris) 
and white grunt (Haemulon plumierii) are among the most harvested 
species in the region (Heyman and Granados-Dieseldorff, 2012). Both 
inhabit coastal demersal zones such as mangroves, coral reefs and rocky 
bottoms (Bonilla, 2014; Carbajal Marquez et al., 2017; Carpenter, 2002). 
The home range of the lane snapper varies between 0.1 and 2 km2 

(Green et al., 2015). The lane snapper is characterized by high dispersal 
potential, as its larvae spend up to 30 days in the water column before 
settling into the juvenile habitat (Allen, 1986; Karlsson et al., 2009; 
Luckhurst et al., 2000). In contrast, white grunt is characterized by low 
dispersal potential as it has low adult mobility and its larvae spend only 
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approximately 14 days in the water column before settling into the ju-
venile habitat and tend to remain in the parental reef (Green et al., 2015; 
Ogden and Ehrlich, 1977). The economic importance, shared habitats 
and contrasting dispersal potentials of lane snapper and white grunt 
make them ideal model species to assess environmental drivers of stock 
diferentiation in the area through alternative, cost-effective methods. 

Geometric morphometrics is a powerful, cost-efficient study field to 
quantify differences in organismsʾ body shape at different spatial scales 
(Adams and Otárola-Castillo, 2013; Benítez et al., 2014; Klingenberg 
et al., 2002; Lemic et al., 2014). Thus, geometric morphometrics enables 
the study of a speciesʾ ecological and evolutionary aspects. For example, 
it was used to identify the genus, species and local populations of the 
Mugilidae family (Ibañez et al., 2007). Furthermore, geometric mor-
phometrics may help to delimit geographic populations and fish stocks 
of marine species based on body shape variation (phenotypic stocks; 
Cadrin, 2000; Sequeira et al., 2011; Valentin et al., 2008). Morphometric 
studies can be complemented with environmental and ecological data 
into what is known as ecomorphology. This discipline analyses the effect 
of environmental conditions on the shape of organisms (Aguilar-Me-
drano and Vega-Cendejas, 2019; Bower and Piller, 2015; Norton et al., 
1995). As such, ecomorphology has been applied in Lake Tana, Ethiopia 
to understand the fish body shape variation in response to environ-
mental conditions and to identify distinct fish stocks (Sibbing et al., 
1994). Likewise, in the Parana River, Brazil, an ecomorphological study 
in six species of fish determined that body shape is associated with the 
type of food available (Prado et al., 2016). 

Considering the urgent need to increase knowledge on the ecology 
and biology of commercially important species in the Caribbean, the 
objective of this study was to assess the population structure of two 
commercially important species (lane snapper and white grunt) through 

an ecomorphological approach using the Honduran Caribbean as a 
learning platform. Recently, an increase in lane snapper and white grunt 
captures has been observed in Honduran coastal waters, likely due to the 
systematic depletion of other reef fish species in the area (personal 
communication with fisher Carlos Martinez from Cuero y Salado). This 
study contributes to the identification of potential fish stocks for these 
two species and disentangles the environmental variables that drive the 
differentiation among stocks. Our results will enable the establishment 
of science-based management policies tailored to local needs. 

2. Material and methods 

2.1. Fish sampling and environmental data collection 

Sampling was carried out between February and March 2019 (dry 
season in the MAR region) in four fishing grounds along the Caribbean 
coast of Honduras (Fig. 1). A total of 104 adult individuals of lane 
snapper (>15 cm of fork length) and 99 adult individuals of white grunt 
(>11 cm of fork length) were collected. Both species were collected 
using hook and line, the traditional gear in the area. Sites were selected 
based on their proximity to mangrove forests, river mouths and fishing 
communities. Environmental data were obtained from Moderate Reso-
lution Imaging Spectroradiometer (MODIS) and the Bio-ORACLE data-
base (Ocean Raster for Analysis of climate and Environment) for a 10- 
year period from 2007 to 2017 (NASA, 2014; Tyberghein et al., 2012). 
Additionally, the depth of each site was measured with sonar, and the 
linear distance from the study sites to the river mouth and the nearest 
mangroves forest was estimated using Geographical Information Sys-
tems (GIS) (Table 1). 

Fig. 1. Location of lane snapper and white grunt collection sites in the North Coast of the Honduran Caribbean. Sites were selected based on their proximity to river 
mouths, fishing communities and mangrove forests. 
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