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Resumen 

La presente investigación describe la diversidad y distribución espacio-temporal de la 

comunidad de anfípodos bentónicos de la plataforma continental de Yucatán, así como 

su relación biogeográfica con el Atlántico occidental tropical. Se revisó material biológico 

de cuatro campañas de muestreo (2009ï2012), obteniendo información sobre la riqueza, 

abundancia, y composición de especies; también se obtuvo información de literatura y 

bases de datos en línea. El análisis de datos de 2009, de un ecosistema de arrecife 

(Alacranes), demostró que la comunidad de anfípodos se estructura en tres ensamblajes 

de especies en función del tipo de fondo (blando, duro y artificial), con valores altos de 

riqueza y abundancia de especies en hábitats de fondo duro y artificiales, 

respectivamente. El análisis de datos de 2010ï2012, de hábitats de sustratos blandos en 

la plataforma continental, reveló tres ensamblajes de especies, Caribe Oeste, Yucatán 

Medio y Golfo Sureste, en dos escenarios hidrográficos (surgencia en 2010ï2011 y no 

surgencia en 2012), siendo la temperatura, textura del sedimento, productividad primaria, 

y materia orgánica las características que mayor explicaron la variabilidad espacio-

temporal en la estructura de la comunidad de anfípodos en la plataforma interior (<60 m). 

Finalmente, el análisis de la composición de especies del material revisado, literatura, y 

bases de datos permitió reconocer una elevada riqueza de anfípodos (201 spp.) respecto 

a otras regiones del Atlántico, y una distribución geográfica por provincia biogeográfica 

Caribeña y Caroliniana, confirmando que la diversidad de anfípodos de la plataforma de 

Yucatán está más relacionada con la Caribeña. La evidencia generada demostró que los 

hábitats bentónicos de la plataforma de Yucatán permiten al grupo de los anfípodos ser 

muy diversos, con especies recientemente descubiertas para la ciencia, como 

Gammaropsis elvirae (descrita en la tesis) y otras potencialmente nuevas (en proceso de 

descripción), así como una fauna con afinidad tropical hacia la provincia Caribeña. La 

distribución de la composición de especies reflejó la influencia de factores ambientales 

temporalmente dominantes en la plataforma de Yucatán interior asociados con procesos 

hidrográficos de la surgencia, y espacialmente a los tipos de fondo y a las características 

de los sedimentos carbonatados en el gradiente geográfico longitudinal. 

 

Palabras clave: crustáceos, distribución, macrofauna, biodiversidad, endemismo. 
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Introducción 

Los hábitats de sustratos blandos destacan en las plataformas continentales por su 

amplia extensión y por mantener un gran número de especies de invertebrados de la 

macrofauna (Ó0.5 mm) (Snelgrove 1999, Gray y Elliott 2009), siendo esta fracci·n de 

organismos la que exhibe la mayor biodiversidad y endemismo del bentos (Costello et al. 

2017). La macrofauna de plataformas continentales es de elevada importancia por formar 

parte de procesos biogeoquímicos (e.g. remineralización) y ecológicos (e.g. producción 

secundaria) claves en el lecho marino que contribuyen al vínculo agua-sedimento, 

equilibrio de los ecosistemas, y a la complejidad de la red trófica (Snelgrove et al. 1997, 

Woodin et al. 2016). 

Los hábitats en las plataformas continentales de ambientes carbonatados del Golfo 

de México están bien representados por sustratos blandos de origen biogénico que 

bordean las plataformas de Cuba, Florida, y Yucatán (Kumpf et al. 1999, Claro et al. 2002, 

Balsam y Beeson 2003). Estos sustratos muestran una alta complejidad espacial que 

proveen de una amplia variedad de hábitats y microhábitats a invertebrados bentónicos 

(McCarthy et al. 1998, Escobar-Briones y Jiménez-Guadarrama 2010, Levin, et al. 2015), 

siendo los poliquetos y crustáceos los taxa más frecuentes y abundantes (Hernández-

Arana et al. 2003, Brooks et al. 2006, Reuscher y Shirley 2014, Santibañez-

Aguascalientes et al. 2018). En el sur del Golfo de México, la plataforma continental 

presenta dos principales ambientes sedimentarios, el terrígeno y el carbonatado 

(Hernández-Arana et al. 2005), influenciados por la Corriente del Lazo procedente del 

Canal de Yucatán (Monreal-Gómez et al. 2004). 

Entre los crustáceos de sustratos carbonatados sobresalen los anfípodos por su 

gran radiación adaptativa en estilos de vida, alimentación, y forma (Bousfield 1973, 

Barnard y Karaman 1991, Lowry y Myers 2009). Estos organismos colonizan una amplia 

variedad de sustratos a través de todo el espectro del gradiente de profundidad, de la 

línea de costa hasta la zona hadal (>6000 m), y constituyen uno de los taxa con mayor 

diversidad de especies en el subfilo Crustacea a nivel mundial (~9900 spp.) (Arfianti et 

al. 2018). En el Golfo de México, los anfípodos se distinguen entre los invertebrados 

bentónicos por su elevada riqueza de especies y su relevancia ecológica queda 

demostrada en los estudios de revisión del grupo (Thomas 1993, Winfield y Ortiz 2003, 
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Winfield et al. 2007, LeCroy et al. 2009, Paz-Ríos et al. 2014). Sin embrago, el estudio de 

anfípodos en la plataforma continental de Yucatán es limitado, con algunos trabajos 

enfocados a listados faunísticos en hábitats puntuales. Esto ha dado como resultado que 

la riqueza de anfípodos reportada en la plataforma de Yucatán sea la más baja del Golfo 

de México (Escobar-Briones et al. 2002, Winfield y Ortiz 2011), persistiendo la necesidad 

de aumentar y profundizar el conocimiento sobre su diversidad, los factores y procesos 

que estructuran su distribución espacio-temporal, así como las relaciones que establecen 

con las características fisicoquímicas del ambiente de fondo, y afinidades biogeográficas. 

No obstante, resultados preliminares indican que los anfípodos son el segundo grupo 

mejor representado entre la macrofauna de la plataforma de Yucatán (Hernández-Ávila 

et al. en preparación). 

La presente investigación de tesis logra avances en el conocimiento sobre la 

diversidad, ecología, y biogeografía de anfípodos en la plataforma de Yucatán, un área 

tropical con un potencial alto para albergar una elevada biodiversidad marina. El objetivo 

general de la tesis es describir la diversidad de especies y la estructura de la comunidad 

de anfípodos en función del tipo y características del sedimento, factores ambientales, y 

variables hidrográficas del agua de fondo. El propósito es identificar y explicar posibles 

patrones de distribución a pequeña y mediana escala por medio del análisis de conjuntos 

de especies en la plataforma de Yucatán, y a gran escala por medio del análisis de 

componentes faunísticos de anfípodos en la plataforma continental del Atlántico 

occidental tropical. La tesis se compone de tres capítulos, abordando en cada uno de 

ellos diferentes aspectos sobre la estructura y dinámica de los anfípodos que contribuyen 

a comprender la variabilidad espacio-temporal del taxón en la plataforma de Yucatán. 

En el primer capítulo, se asume que la plataforma de Yucatán presenta una 

elevada complejidad estructural del fondo expresada como una amplia variedad de 

hábitats (Logan et al. 1969, Liddell y Tunnell 2011). Esta complejidad de fondo tiene el 

potencial de mantener una elevada riqueza de especies, ya que se supone que, al 

incrementar la disponibilidad de espacios favorables, la riqueza de especies incrementa 

(Kramer et al. 2017, Armenteros et al. 2018). Por esta razón, en este capítulo se exploró 

la pregunta ¿Cómo están distribuidos los atributos de la comunidad y la composición de 

especies de anfípodos en diferentes hábitats de la plataforma de Yucatán? Para 
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responder a esta pregunta, la investigación se dirigió sobre uno de los ecosistemas más 

representativo y de mayor complejidad estructural en la plataforma de Yucatán como un 

modelo de estudio, el Parque Nacional Arrecife Alacranes, con el objetivo de describir los 

atributos de la comunidad de anfípodos (riqueza de especies y abundancia) y la 

composición de especies en función de diferentes hábitats bentónicos. Los resultados de 

este capítulo contribuyen con la descripción de patrones de diversidad y distribución 

espacial en la composición y abundancia de la comunidad de anfípodos en función de la 

complejidad estructural del fondo (e.g sedimentos blandos, pastos marinos, parches de 

coral, pared arrecifal, y sustratos artificiales) del sistema arrecifal más grande del Golfo 

de México, además de contribuir con registros nuevos de especies, y con información 

sobre registros geográficos puntuales de anfípodos en el arrecife, disponible a través de 

dos repositorios de datos en internet, óGlobal Biodiversity Information Facility (GBIF)ô y 

óOcean Biogeographic Information System (OBIS)ô. 

En el segundo capítulo, se considera que la variabilidad ambiental de la plataforma 

de Yucatán, expresada a través de sus características geomorfológicas (e.g. plataforma 

somera extensa, sedimentos carbonatados de textura variable), hidrográficas (e.g. 

sistemas de surgencia estacional), e hidrodinámicas (e.g. circulación dominante al oeste) 

(Balsam y Beeson 2003, Salmerón-García et al. 2011, Miron et al. 2017), tiene el potencial 

de conducir las tendencias de distribución espacio-temporal de la comunidad de 

anfípodos de sustratos blandos, como se reporta en otras plataformas (Marques y Bellan-

Santin 1993, Valério-Berardo et al. 2000), de tal forma que podrían determinar su 

establecimiento y estructura. Por esta razón, en este capítulo se explora la pregunta ¿Es 

homogénea la distribución de los atributos de la comunidad y la composición de especies 

de anfípodos en hábitats de sedimentos carbonatados en la plataforma de Yucatán? Para 

responder a esta pregunta, la investigación se centró en la descripción de los atributos 

de la comunidad de anfípodos y la composición de especies en función de tres factores 

ambientales (año, profundidad, y longitud geográfica), y relacionar la composición de 

especies con las características del sedimento y variables hidrológicas del agua de fondo. 

Los resultados contribuyeron a comprender la influencia de los factores ambientales, 

relacionados con las principales características geomorfológicas e hidrológicas de la 

plataforma, sobre la composición y abundancia de especies, además de contribuir con 
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registros nuevos de especies y la descripción de una especie nueva (Senticaudata: 

Photidae: Gammaropsis elvirae). 

En el tercer y último capítulo, la ubicación geográfica del Golfo de México permitió 

investigar la relación biogeográfica de la comunidad de anfípodos de la plataforma de 

Yucatán con la fauna correspondiente de las provincias Caroliniana y Caribeña, en el 

supuesto de que los rasgos biológicos particulares del taxón (e.g. alta fecundidad, 

desarrollo directo, cuidado parental extendido, reclutamiento bentónico, locomoción 

limitada) tienen el potencial de influir en su distribución geográfica (Kelly et al. 2006, 

Myers y Lowry 2009, Richards et al. 2012). De esta manera, considerando que las 

plataformas carbonatadas de Florida y Cuba con afinidad Caribeña presentan factores 

ambientales similares y una historia geológica en común con la de Yucatán (Iturralde-

Vinent 2006, Cobiella-Reguera et al. 2015), se sugiere que la fauna de anfípodos de la 

plataforma de Yucatán presenta una elevada similitud con esas plataformas, y una 

afinidad biogeográfica mayor hacia la provincia Caribeña. Por esta razón, en este capítulo 

se exploró la pregunta ¿Presenta la comunidad de anfípodos de la plataforma de Yucatán 

mayor afinidad biogeográfica con la fauna de la provincia Caribeña? Para responder a 

esta pregunta, la investigación se dirigió sobre las ecorregiones marinas (sensu Spalding 

at al. 2007, Wilkinson et al. 2009) del Atlántico occidental tropical, con el objetivo de 

caracterizar los ensamblajes de anfípodos por ecorregión con base en su riqueza de 

especies, distinción taxonómica, y endemismo, así como examinar el recambio y similitud 

de especies entre ensamblajes de las ecorregiones. Los resultados del capítulo 

contribuyeron con la identificación de áreas recurrentes de endemismo de anfípodos 

integrados geográficamente en un componente faunístico (i.e. homologías biogeográficas 

primarias), reconociendo patrones de distribución acordes con las provincias Caroliniana 

y Caribeña, revelando que la comunidad de anfípodos de la plataforma de Yucatán 

presenta mayor afinidad con la provincia Caribeña. 
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Abstract  

The diversity and distribution of benthic amphipods has been explored in Alacranes Reef, which 

is the largest coral reef ecosystem in the Gulf of Mexico. New insights on species richness, spatial 

distribution and extension of geographical ranges are presented by using data from published 

records and field surveys. A total of 117 species was recorded, nine of which are potentially new 

to science, 39 of which have new geographical records, and seven non-indigenous previously 

reported in the literature as potentially invasive. Based on the use of a species richness indicator 

(Chao 2), the expected species number is 40% higher, up to 200 spp., when compared to the 

observed species richness. The spatial distribution of amphipods varied significantly as a function 

of habitat type, showing the highest richness values on coral patches and the major abundances on 

man-made structures, such as navigation buoys and fishing traps. Multivariate analyses suggested 

the distinction between three taxonomically diverse species assemblages that showed similar 
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ecological affinities, i.e. those on (i) soft-bottom environments, grouping bare substrata and 

seagrass beds habitats; (ii) hard-bottom environments, grouping coral patch and reef wall habitats; 

(iii) artificial substrata. The results highlight the importance of this reef ecosystem for a high 

amphipod diversity, but it is susceptible to future modifications under the presence of potentially 

invasive species on artificial substrata.  

 

Keywords 

Amphipoda, biodiversity, coral reefs, habitat heterogeneity, macroinfauna 

 

Introduction  

Benthic amphipods have been recognized as one of the most diverse and abundant groups of 

crustaceans, living in cryptic or poorly studied marine and brackish habitats such as anchialine 

pools (Jaume et al. 2013; Iannilli and Vonk 2013), beach sediments (Stock and Vonk 1992; Vonk 

and Gable 2014; Vonk and Jaume 2014), coral rubble (White and Reimer 2012c), and body cavities 

of sessile invertebrates (Thomas and Klebba 2006; White and Reimer 2012a, 2012b). In this way 

they play a key role in coral reefs and other marine tropical ecosystems (Thomas 1993; Plaisance 

et al. 2009; Lowry and Myers 2009; Myers and Lowry 2009; Fisher et al. 2015). Their presence in 

reef ecosystems contributes to the balance of nutrient recycling in the water-sediment interface and 

serves as a food resource for fish (Glynn and Enochs 2011). 

Benthic amphipods have a low potential of dispersion due to their infaunal lifestyle and 

recruitment habits, causing high levels of endemism (Myers 1997; Appeltans et al. 2012) and high 

rates of species diversity in small geographical areas. A recent study has estimated the existence of 

approximately 42,000 amphipod species associated with tropical coral reefs, most of them (~70%) 

undescribed until now (Fisher et al. 2015).  

For the Mexican coast of the Gulf of Mexico (GoM), recent studies with a focus on the 

marine biodiversity of coral reefs have revealed the presence of 65 species of benthic amphipods 

in the Tuxpan-Veracruz reef system (Winfield et al. 2011; Winfield and Ortiz 2012, 2013a) and 47 

species on the Yucatan continental shelf (Paz-Ríos et al. 2013a, 2013b, 2014; Winfield and Ortiz 

2013b; Ortiz and Winfield 2014). These last species were mainly registered on the Alacranes Reef 

ecosystem, which is known as one of the most important ecosystems in the southern GoM with a 

high diversity of benthic invertebrates (Tunnell et al. 2007). 



 

13 

The present study is a first attempt to describe the amphipod distribution and diversity 

patterns in the Alacranes Reef system, which is relatively well conserved and considered the largest 

coral reef system in the GoM (Liceaga-Correa and Hernández-Núñez 2000; Jordán-Dahlgren and 

Rodríguez-Martínez 2003; Tunnell et al. 2007). Since its declaration as a National Marine Park in 

1994 by the Mexican government, and as a Biosphere Reserve in 2006 by UNESCO, this reef 

system has been subject of various biodiversity surveys, mainly focused on decapod crustaceans 

(Duarte et al. 2014), mollusks (Ortigosa et al. 2015), sponges (Ugalde et al. 2015) and a brief 

exploration of amphipod richness from shallow habitats (Paz-Ríos et al. 2013a, 2013b). 

In the present study, we explore the diversity and spatial distribution patterns of benthic 

amphipods in Alacranes Reef by updating the species checklist using recently collected data, 

resulting in range extensions and descriptions of the species diversity and spatial distribution 

patterns in relation to different types of benthic habitats.  

 

Materials and methods 

Study area 

The Alacranes Reef is a marine National Park located in the southeastern region of the GoM 

approximately 130 km north (22Á28ôN, 89Á41ôW) of the Progreso harbor in the Yucatan Peninsula 

(Fig. 1). This ecosystem consists of a platform reef with a semi-elliptical shape, 26 km in length 

and 15 km in width (Liceaga-Correa and Hernández-Núñez 2000). The major geomorphological 

feature consists of a crest barrier on the eastern windward side, and an extensive area of flow and 

ebb on the western leeward side of the inner lagoon (CONANP 2006). The inner lagoon, with a 

maximum depth of 40 m, contains a complex system of benthic habitats, including bare substrata, 

seagrass beds, macroalgae mats, hard/soft coral patches (Acosta-González and Arias-González 

2010; Liddell and Tunnel 2011) and five sandy coral reef islands located on the windward side 

(Jordán-Dahlgren and Rodríguez-Martínez 2003).  

 

Sample collection and processing 

Data on species richness and abundance were obtained from two different sources: field sampling 

and published literature. Field sampling was carried out in August 2009 as part of a research project 

for the inventory of the marine biodiversity of Alacranes Reef. Twenty-nine sampling sites were 

randomly selected to cover most benthic habitats from the lagoon reef ecosystem (Fig. 1). Samples 
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were collected using diverse sampling techniques (i.e., core, hand, push-net, and suction sampler) 

to capture the maximum variation of species diversity. Collected organisms were anesthetized with 

magnesium chloride and then fixed with a 10% formalin solution buffered with seawater. In the 

laboratory, samples were washed with freshwater through a 500 ɛm size mesh and transferred to 

70% ethanol. Finally, species were identified to the lowest possible taxonomic category and these 

were deposited in the crustacean reference collection (YUC-CC-255-11) of the Unidad Academica 

Sisal, Universidad Nacional Autonoma de Mexico.  

A search of the literature on benthic amphipods in Alacranes Reef was done in bibliographic 

repositories (i.e., ISI Web of Science and Scopus) and online databases (i.e., OBIS and GBIF) from 

1990 to 2015 using key words (i.e., crustacea, crustaceans, amphipoda, amphipods, alacranes, 

alacran, reef, arrecife, Yucatan, and México). Three published papers were used as references of 

earlier studies on amphipods in the reef (Paz-Ríos et al. 2013a, 2013b; Paz-Ríos et al. 2014). 

New field data and literature records were arranged in a single species matrix of abundances 

per sampling site, pooling one 55-site dataset, which were located and reported as a function of 

substrate type from a thematic map defined in Bello-Pineda et al. (2005) as follows: bare substrata, 

seagrass beds, coral patches and coral walls. As a result of the recent survey man-made structures 

were added as substrate type (i.e., buoys, docks and fishing traps). 

The systematic classification follows Lowry and Myers (2017). The species inventory was 

carefully examined to check the geographical range of each listed species. Species with a new 

geographical range records were annotated, pointing out information on their distribution in the 

GoM, with habitat and species remarks (if necessary). 

 

Data analysis 

The Chao 2 index was used to estimate the amphipod species richness in Alacranes Reef. This 

index is a non-parametric estimator based on extrapolations from the species observed using 

sample-based incidence data (presence/absence) (Gotelli and Chao 2013). Here, a species matrix 

of the presence/absence per site was used to calculate the Chao 2 estimator using the software 

EstimateS 9 (Colwell 2013) with 95% confidence intervals. The Chao 2 estimator has been 

suggested as a good option to estimate species richness by providing a least biased estimate of 

species richness for small numbers of samples (Ellingsen 2001). This estimator relies on the total 

number of species observed in addition to the frequency of rare species in a sample (number of 
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species that occur only in one or two samples) to estimate the number of undetected species (Gotelli 

and Chao 2013). 

Then, to describe whether community attributes and species composition are spatially 

structured as a function of the benthic habitat types, a non-parametric multivariate analysis of 

variance (PERMANOVA) was used. This analysis has flexible assumptions about the data 

distribution, maintaining a statistical robustness for testing the simultaneous response of one or 

more variables to one or more factors on the basis of a resemblance matrix and computing 

permutations to obtain the significance of the test (Anderson et al. 2008). First, a univariate mode 

of the PERMANOVA was done to separately evaluate changes on community attributes using the 

species richness and total abundance per site; in this mode of analysis, a resemblance matrix for 

each community attribute was generated using the Euclidean distance. Second, the standard mode 

of PERMANOVA was done to evaluate simultaneous changes on the species composition and 

relative abundance by using the species matrix of abundances per site. Prior to this analysis, the 

data matrix was standardized by its total abundance (expressed as a percentage) and arcsine 

transformation; then, a resemblance matrix based on the Bray-Curtis coefficient with a zero-

adjusted (Clarke and Gorley 2006) was generated for the analysis. As part of the analytic process, 

in both modes of the PERMANOVA, a type III sum of squares was used with 999 random 

rearrangements on the basis of an unrestricted permutation of raw data. After the global tests, pair-

wise tests using a t-statistic were done to determine particular differences between habitat types. 

Additionally, a canonical analysis of principal coordinates (CAP), followed by an analysis 

of similarity percentage (SIMPER), was done to describe the spatial arrangement of amphipod 

assemblages on the reef. The CAP analysis was performed using the previous Bray-Curtis 

resemblance matrix to obtain the ordination of sampling sites in a multidimensional space as a 

function of the benthic habitat types. This type of ordination measures the change in the structure 

of response variables (amphipod assemblage) due to any predictor variable defined a priori habitat 

types in the present study, displaying a cloud of multivariate points that can reveal distribution 

patterns masked in other types of ordination (Anderson and Willis 2003). The SIMPER analysis 

was done using the species matrix of abundances per site to characterize amphipod assemblages 

identifying those species with elevated relative contributions, until representing 75% of the fauna. 

This analysis helps evaluate which species are most important for an observed difference between 

groups of samples (Clarke 1993). 
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Finally, to explore the diversity of taxonomic categories of the amphipod community, the 

taxonomic distinctness measure (TD) was used. Information on species, genus, family and suborder 

was employed to compute the TD and describe the taxonomic information contained in benthic 

habitats. The TD analysis involves the calculation of the average taxonomic distinctness (AvTD, 

ȹ+) and the variation in the average taxonomic distinctness (VarTD, ȿ+). Both measures are useful 

and unbiased when comparing database information gathered from diverse sampling techniques 

and different sample sizes (Clarke and Warwick 1998). The AvTD is the mean path length through 

the taxonomic tree connecting every pair of species in a given taxonomic list and the VarTD is the 

variance of these pair-wise path lengths and reflects the unevenness of the taxonomic tree (Clarke 

and Warwick 2001). 

The software PRIMER V7 & PERMANOVA add on was used to compute the 

PERMANOVA, CAP, SIMPER and TD (Clarke and Gorley 2006; Anderson et al. 2008). 

 

Results 

Species richness 

A total of 117 species has been recorded in Alacranes Reef (93 nominal and 24 generic), distributed 

in 71 genera, 33 families and three suborders (Online Resource 1). The recorded amphipod fauna 

is composed of 42 species known from the literature and 75 species obtained from field sampling. 

Fifty percent of the species belonged to a groups of seven families: Ampithoidae, Aoridae, 

Colomastigidae, Leucothoidae, Liljeborgiidae, Lysianassidae and Maeridae. 

Seven species have previously been mentioned in the literature as potentially invasive, 

while nine morphospecies from the present field sampling were considered as potential new species 

to science (which will be further examined elsewhere), and 39 species were detected as new 

geographical records (Online Resource 1). 

The estimated species richness by the Chao 2 index ranked between 133 and 200 species 

using 95% confidence intervals. The estimated richness was higher than the observed richness and 

the species curves did not reach an asymptote, suggesting the possibility of a higher number of 

species in Alacranes Reef (Fig. 2). 

 

Spatial distribution  
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A marked distribution of amphipod community attributes as a function of habitat types was 

observed in Alacranes Reef (Table 1). According to the univariate PERMANOVA, both the species 

richness and total abundance show significant changes as a function of habitat type (Fig. 3). Pair-

wise tests show that the species richness differed (t = 2.727, p = 0.006) between bare substrata (4.7 

spp.) and coral patches (12.5 spp.), while the total abundance differed (t = 2.645, p = 0.005) 

between bare substrata (55.7 ind.) and man-made structures (280 ind.). The result of the 

multivariate PERMANOVA also showed significant variation in the composition and relative 

abundance of species as a function of the benthic habitat types (Fig. 4). Most of the pair-wise tests 

showed significant differences among benthic habitat types, except bare substrata and seagrass 

beds, and between coral patches and reef walls (Online Resource 2), which formed two distinctive 

species assemblages. 

The CAP reinforced the results of previous tests, displaying a marked spatial arrangement 

of the composition and relative abundance of species per site in three groups as a function of the 

benthic habitat types (Fig. 4). Each group represents a particular species assemblage, which were 

identified through the SIMPER analysis (Online Resource 3) as follows: i) the first group includes 

sites from bare substrata and seagrass beds habitats characterized by Cymadusa filosa, Lysianopsis 

alba, Melita planaterga, Nototropis minikoi, and Tethorchestia antillensis; ii) the second group 

includes sites from coral patches and reef walls habitats dominated by Ampithoe ramondi, 

Colomastix irciniae, Elasmopus sp. B, Eudevenopus honduranus, Hartmanodes nyei, Leucothoe 

barana, L. ubouhu, Lysianopsis alba, Metharpinia floridana, Paramicrodeutopus myersi, 

Pariphinotus seclusus, Spathiopus looensis, and Pseudamphithoides incurvaria; and iii) the third 

group includes only sites from man-made structures characterized by Ampithoe marcuzzii, A. 

ramondi, Apolochus delacaya, Podocerus fissipes, Quadrimaera pacifica, Stenothoe gallensis, and 

S. valida. 

Results from the taxonomic distinctness analysis (with a probability of 95%) showed the 

highest value of the AvTD for seagrass beds and the lowest for man-made structures (Fig. 5a). The 

highest value of the VarTD was observed for seagrass beds and the lowest for bare substrata (Fig. 

5b). These results suggest that seagrass beds contain a wide array of distant taxonomical categories 

unequally distributed among sites, while bare substrata present the major evenness of taxonomical 

categories among sites and man-made structures have a minor diversity of taxonomic categories.  
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Discussion 

The present study provides the first insights on the benthic amphipod species richness and 

distribution on the Alacranes Reef. A detailed review of the species listed in the inventory was 

helpful to provide insights on nine species that are potentially new to science and to establish new 

geographical ranges for 39 species, as well as to provide new information on seven species 

previously reported as potentially invasive in different environments of the southern GoM. 

 

Amphipod richness 

The species richness of Alacranes Reef amphipods was enhanced by a high number of new records. 

The field sampling contributed 39 new species records, representing 33% of the known benthic 

amphipod fauna, which previously had been not observed in the reef or in other geographic areas 

in the region. For instance, six species showed a new extension of their known geographical ranges 

to the Yucatan continental shelf, 26 species to the Mexican coast of the GoM and seven species to 

the entire GoM. 

Previous species inventories in Mexico on benthic amphipods indicate that there are few 

recorded species associated with coral reef ecosystems, either in the Pacific coast with 38 

(Hendrickx et al. 2002; García-Madrigal 2007, 2010; Alarcón-Ortega et al. 2017) or in the Atlantic 

coast with 105 (Oliva-Rivera 2003; Winfield and Escobar-Briones 2007; Winfield et al. 2011; 

Winfield and Ortiz 2012, 2013a, 2013b; Ortiz and Winfield 2014). Therefore, the species richness 

recorded here (117 spp.) represents, until now, the highest species richness observed from any coral 

reef ecosystem in Mexico. 

At a global scale, the observed species richness in Alacranes Reef is higher in than those of 

comparable reef ecosystems in the Indo-Pacific (e.g., Fiji and Palau) and the western Atlantic (e.g., 

Bermuda and Lesser Antilles) but is also lower than other reef ecosystems (e.g., Florida Keys, New 

Caledonia, and Papua New Guinea) (Myers 1985, 2016; Thomas 1993; Jebb and Lowry 1995; 

Guerra-García 2003; Lowry 2006; Gable et al. 2010; Martín et al. 2013). Nevertheless, the present 

study was conducted using limited spatial sampling efforts and covering specific benthic habitats. 

Thus, habitats, such as intertidal rocky shores or mesophotic reefs were not included and therefore 

there was a higher possibility of finding more species. Based on the estimated richness by the Chao 

2 estimator, the amphipod richness in Alacranes Reef should be much higher than the observed 

richness. According to the Chao 2 estimator, the expected species number should be 40% higher 
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than reported here, which could have been reached by additional sampling. However, it could even 

be much higher considering that less than 1% of the reef was covered in the present study. In 

addition, no temporal sampling scale was considered here. Temporal turnover in species 

compositions could also increase the species richness, as has been already been shown for shallow 

tropical marine ecosystems (Pech et al. 2007; Rodríguez-Pliego et al. 2011). Therefore, we suggest 

that Alacranes Reef is a promissory reef ecosystem to represent an area of high diversity for tropical 

benthic amphipods. 

An unexpected result was the occurrence of non-indigenous and potentially invasive 

species. Seven species (Ampithoe ramondi, Colomastix irciniae, C. tridentate, Elasmopus rapax, 

Plesiolembos rectangulatus, Stenothoe gallensis and S. valida) observed in the present study have 

been previously reported as introduced, associated with submerged aquatic vegetation, soft 

sediments, and artificial substrata, such as ship hulls and navigation buoys, in the southern GoM 

(Paz-Ríos et al. 2013a; Winfield et al. 2011, 2015). However, the determination of an invasive 

status in Alacranes Reef need to be evaluated in basis of the ecological and biological traits of such 

species (e.g., life cycle, dispersal capability), such as suggested by various authors (e.g., Chapman 

and Carlton 1991; Winfield et al. 2011). 

According to the literature, the natural distribution area for non-indigenous species, except 

S. gallensis, is suggested to be shallow temperate and warm ecosystems from the North Atlantic-

Mediterranean region (Barnard 1970; Hughes and Lowry 2010; Winfield et al. 2011). Stenothoe 

gallensis has been tentatively reported as native in shallow marine ecosystems of the Indian Ocean, 

however S. gallensis also has been suggested as cosmopolitan due the existence of a species 

complex, so before to document their non-indigenous or invasive status from atypical records, it 

has to be defined first which species actually is (Krapp-Schickel 2015). Colomastix irciniae, C. 

tridentate and P. rectangulatus were observed with low frequency and abundance on natural 

habitats such as seagrass beds and coral patches, while A. ramondi, E. rapax, S. gallensis and S. 

valida were dominant (with high frequency and abundance) on the species assemblage of man-

made structures, mainly on navigation buoys. 

It is particularly important to note the potential risk of artificial substrata as an ñentrance 

doorò for non-indigenous or invasive species into natural habitats. It has been noted that the 

principal mode of dispersion for invasive amphipods toward the GoM consists of fouling 

assemblages on hulls of commercial vessels (Winfield et al. 2011, Winfield et al. 2015). The 
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geographical location of Alacranes Reef on the international navigation route of cargo ships 

crossing the Yucatan channel to the commercial Port of Progreso, Yucatan, and the increase and 

the continuous presence of fishing vessels around the reef could enhance the risk of introduction 

of non-indigenous or amphipod invasive species into coastal ecosystems. Navigation buoys and 

hulls of ships are mainly colonized by macroalgae, along with ascidians, hydroids, corals, sponges 

and bryozoans, so the previous scenario could open microhabitats that might facilitate the 

dispersion and development of non-indigenous or invasive species from artificial substrates into 

natural habitats, which might be further enhanced by an eventual phase shift to macroalgae 

dominance in the reef (Bruno et al. 2009; Ortegon-Aznar et al. 2012). 

 

Spatial distribution  

The spatial distribution of amphipods varied significantly as a function of habitat type, showing 

the highest richness values on coral patches. The coral patches from Alacranes Reef are 

characterized by reef-building corals associated with diverse assemblages of living (e.g., 

gorgonians, macroalgae, and sponges) and non-living components (e.g., empty conch, sedimentary 

rock, and dead coral) (CONANP 2006). This kind of assemblage shows a high structural 

complexity that provides a large number of microhabitats (Kramer et al. 2014; Cúrdia et al. 2015) 

supporting the higher reef species richness than other benthic habitats. 

The major abundances were observed on man-made structures, such as navigation buoys 

and fishing traps, with the higher abundance values provided by species previously identified as 

potentially invasive. Usually, man-made structures are inhabited by epifaunal opportunistic 

species, reaching massive aggregations that are narrowly distributed on discrete locations in areas 

exposed to water currents (Russ 1982; Railkin 2005). Feeding modes, fast growth, high fecundity, 

early reproductive maturity, a short generation time, and a wide tolerance to environmental changes 

are characteristics of opportunistic species (Rumbold et al. 2016), such as the non-indigenous 

species detected in this study; these biological and ecological traits would enhance the risk of an 

invasion of such species in the nearby reef. 

The lowest richness and abundance values were observed on bare substrata habitats. This 

could be partially explained by the nature of substrates (Anderson and Underwood 1994; Guerra-

Castro and Cruz-Motta 2014). Bare substrata are usually inhabited by infaunal, free-swimming 

and/or burrowing species with widely distributed patches of abundance and a dynamic regime of 
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succession, making the identification/collection of dense aggregations hard (Constable 1999; 

Underwood and Chapman 2005). Therefore, this distribution pattern might have been influenced 

by the chance of recording high abundances of this species assemblage in the reef. 

The multivariate analyses suggested the distinction of three different taxonomically diverse 

species assemblages, but with similar ecological affinities. The first one was observed on soft-

bottom environments grouping habitats of bare substrata and seagrass beds; the second one was 

observed on hard-bottom environments grouping habitats of coral patches and reef walls; and the 

third one was observed at artificial substrata (man-made structures). The species assemblages on 

soft-bottom environments were similar in terms of their abundance and taxonomical diversity with 

high values in the AvTD, but more evenly diverse in bare substrata with the lowest value in the 

VaTD. This suggests that, despite showing the lowest species richness, the species assemblages of 

bare substrata present the second highest diversity of taxonomic categories. Previous studies have 

observed a differential effect of the spatial heterogeneity on diversity measures, focusing on species 

richness and taxonomic distinctness, and noted that these measures may differ among habitats with 

contrasting heterogeneities (Ellingsen et al. 2005; Tolimieri and Anderson 2010). Such is the case 

here. In the present study, the soft bottom environments were composed of species that are 

taxonomically unrelated, inhabiting different substrata as habitats. This suggests that assemblages 

of species that are sufficiently divergent in their traits might be co-occurring due to resource 

partitioning (Best and Stachowicz 2013). Species that are taxonomically less related and occur on 

bare substrata include for example the following species: a beach hopper (e.g., Tethorchestia 

antillensis), epibenthic species inhabiting coarse shelly sands (e.g., Melita planaterga and 

Lysianopsis alba), and sand-dwelling species inhabiting fine and medium sands (e.g., Eudevenopus 

honduranus, Metharpinia floridana, and Psammogammarus sp.). 

The species assemblages on hard-bottom environments were similar in terms of their 

composition and taxonomical diversity, evenly diverse in coral patches as well in reef walls (with 

values around the mean in the AvTD and VaTD). However, despite showing the highest species 

richness, the assemblages on hard-bottom environments presented a lower diversity of taxonomic 

categories than the above assemblage. An intermediate to low taxonomical diversity has been 

explained by a higher relatedness among species in a set of samples (Tolimieri and Anderson 2010). 

Assemblages on hard-bottom environments were composed of species that were not directly 

taxonomically related, suggesting a dominance by species in a few families (e.g., Ampithoidae, 
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Aoridae, Leucothoidae, and Maerida), but that occurred on diverse substrata such as sponges, 

macroalgae or epilithic algal matrixes. 

A particular and significantly different assemblage was observed on the man-made artificial 

structures. This assemblage was dominated by species previously reported as potentially invasive, 

forming part of well-adapted fouling communities on hard substrates, such as pilings, docks, buoys 

or hulls (Carlton and Hodder 1995; LeCroy 2002, 2011; Ferreira et al. 2006; Winfield et al. 2007, 

2015). The species assemblages on man-made structures showed the poorest taxonomical diversity 

(with the lowest value in the AvTD) and were unevenly diverse among sites (with the second 

highest value in the VaTD). This means that the assemblage was composed of closely related 

species at family or genus category. 
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Figure captions 

 

Fig. 1 Thematic map by benthic habitat in the Alacranes Reef National Park. Map provided by the 

Comision Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO), modified from 

CONANP (2006). 

 

Fig. 2 Species accumulation curves (solid line) and their 95% confidence intervals (dashed line) 

for benthic amphipods in Alacranes Reef, displaying the observed and estimated species richness. 

 

Fig. 3 Boxplot of the species richness (a) and abundance (b) as descriptors of the community 

attributes of amphipods by benthic habitat in Alacranes Reef. Geometric shapes represent the mean, 

and distinct letters indicate significant differences at a critical value of Ŭ = 0.05. 

 

Fig. 4 Spatial representation of the canonical analysis of principal coordinates (CAP) of sampling 

sites based on the composition and relative abundance of species in Alacranes Reef by benthic 

habitat type. 

 

Fig. 5 Values of the average taxonomic distinctness index (a) and the variation in taxonomic 

distinctness index (b) of the species composition of amphipods versus the total species richness by 

benthic habitat in Alacranes Reef. Dotted lines show the mean, and continuous lines show the 

distribution probability at 95%. 
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Table 1 Species richness, abundance and taxonomic distinctness of the amphipod composition by 

benthic habitat in Alacranes Reef. (AvTD) Average taxonomic distinctness; and (VaTD) variance 

of taxonomic distinctness. 

 

Bare 

substrate 

(n= 15) 

Seagrass 

bed 

(n= 7) 

Coral 

patch 

(n= 16) 

Reef 

wall 

(n= 8) 

Man-made 

structure 

(n= 9) 

Species richness     

Median 3 5 9 7 11 

Mean 4.7 6.8 12.5 9.7 8.2 

Total 39 28 81 51 32 

Abundance     

Median 40 54 47 48.5 230 

Mean 55.7 89.3 119.7 74.5 280 

Total 836 625 1915 596 2520 

Taxonomic distinctness     

AvTD 87 88.1 86.7 86.2 85.7 

VaTD 245.3 318 297 303.7 309.2 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Supplementary Material 

 

Species richness and spatial distribution of benthic amphipods (Crustacea: Peracarida) in the Alacranes Reef National Park, 

Gulf of Mexico 

Marine Biodiversity 

Carlos E. Paz-Ríos1, Nuno Simões2, Daniel Pech*1 

1 Laboratorio de Biodiversidad Marina y Cambio Climatico, El Colegio de la Frontera Sur, Av. Rancho Polígono 2-A, Col. Ciudad 

Industrial, C.P. 24500, Lerma, Campeche, Mexico. 

2 Universidad Nacional Autonoma de Mexico, Facultad de Ciencias, Unidad Academica Sisal, Puerto de Abrigo, C.P. 97356, Sisal, 

Yucatan, Mexico. 
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Online Resource 1 Checklist of benthic amphipods recorded in Alacranes Reef. (*) Species added from the literature. Annotated species: 

(ƶ) Species with geographical range extension; (ƴ) species reported as non-indigenous; and (ǒ) species identified as possibly new. 

Habitat: (BS) Bare substrate; (GB) Seagrass bed; (CP) Coral patch; (RW) Reef wall; and (MM) Man-made structure. Remarks: The 

column includes information on geographical distribution, non-indigenous status and morphological variations. Geographical range: 

(YCS) Yucatan continental shelf; (MCG) Mexican coast of the Gulf; and (GoM) Gulf of Mexico. The systematic classification follows 

Lowry and Myers (2017). 

Taxa Habitat  Remarks 

Suborder Amphilochidea 

(13 Families, 28 Genera, 50 Species) 

  

Ampeliscidae   

*Ampelisca brevisimulata Barnard, 1954 CP, RW  

Ampelisca cristata Holmes, 1908 CP, RW  

Ampelisca schellenbergi Shoemaker, 1933 CP  

Ampelisca vadorum Mills, 1963 CP  

Amphilochidae   

*Apolochus delacaya (McKinney, 1978) BS, GB, CP, MM The material examined 

differs from the original 

description in having 
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spines on the medial 

margin of the peduncle of 

uropod 3. 

Bateidae   

ƶBatea carinata (Shoemaker, 1926) BS, CP, RW Previously recorded in the 

West Florida Shelf (Ortiz 

1991). New record for the 

MCG. 

*Batea cuspidata (Shoemaker, 1926) BS, GB, CP, RW, MM  

Cyproideidae   

ƶHoplopheonoides obesa Shoemaker, 1956 CP Previously recorded in the 

Dry Tortugas (Shoemaker 

1956); Florida Keys 

(Thomas 1993); Cape 

Sable (LeCroy 2004). 

New record for the MCG. 

Dexaminidae   

ƶDexaminella sp. A sensu LeCroy, 2004 CP Previously recorded in the 

Florida Keys (LeCroy 

2004). New record for the 

MCG. 

*Nototropis minikoi (Walker, 1905) BS, GB  

Leucothoidae   

*Anamixis cavatura Thomas, 1997 BS, GB, CP, RW, MM  

ƶAnamixis vanga Thomas, 1997 BS, CP Previously recorded in the 

Florida Keys (Thomas 

1997). New record for the 

MCG. 

Leucothoe ashleyae Thomas & Klebba, 2006 BS, GB, CP, RW  

Leucothoe barana Thomas & Klebba, 2007 BS, CP, RW  

ƶLeucothoe hendrickxi Winfield & Álvarez, 2009 CP The material examined 

differs from the original 

diagnosis by the distal 

margin of carpus with 

small processes and the 

dactylus of gnathopod 2 

reaching middle portion of 
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propodus. Previously 

recorded in the Veracruz 

Reef System (Winfield 

and Álvarez 2009). New 

record for the YCS. 

ƶLeucothoe kensleyi Thomas & Klebba, 2005 BS, CP, RW Previously recorded in the 

Florida Keys (Thomas and 

Klebba 2006). New record 

for the MCG. 

*Leucothoe laurensi Thomas & Ortiz, 1995 CP  

ƶLeucothoe saron Thomas & Klebba, 2007 MM The material examined 

differs from the original 

description in lacking tuft 

of ventral setae on 

epimeron 1. New record 

for the GoM. 

*Leucothoe ubouhu Thomas & Klebba, 2007 CP, RW  

*Leucothoe wuriti Thomas & Klebba, 2007 GB, CP, RW, MM  

ƶLeucothoe sp. B sensu LeCroy, 2011 CP, RW Previously recorded in the 

Seven and One-Half 

Fathom Bank; Mobile 

Bay; from Apalachee Bay 

to Florida Keys (LeCroy 

2011). New record for the 

MCG. 

ƶLeucothoe sp. D sensu LeCroy, 2011 BS, GB, RW Previously recorded in the 

Florida Keys (LeCroy 

2011). New record for the 

MCG. 

ǒLeucothoe sp. 1 MM This species is different by 

the anterodistal margin of 

basis with a projection 

bearing one robust setae in 

gnathopod 2. 

ǒLeucothoe sp. 2 MM This species is different by 

the number and form of 
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teeth on palm margin of 

gnathopod 2.  

ǒLeucothoe sp. 3 MM This species is different by 

the form of coxae and 

epimeron 3. 

Liljeborgiidae   

Liljeborgia bousfieldi McKinney, 1979 RW  

ƶLiljeborgia sp. A sensu LeCroy, 2011 RW New record for the GoM.  

Idunella barnardi (Wigley, 1966) CP  

ƶIdunella sp. B sensu (LeCroy, 2011) BS Previously recorded in the 

Florida Keys (LeCroy 

2011). New record for the 

MCG. 

ǒIdunella sp. BS, CP, RW This species is different by 

the length of propodus of 

pereopod 7 and serration 

on epimeron 3.  

Lysianassidae   

ƶAruga holmesi Barnard, 1955 CP Previously recorded from 

West Florida Shelf to 

Panama City (Lowry and 

Stoddart 1997); Perdido 

Key, Florida Keys 

(LeCroy 2007). New 

record for the MCG. 

ƶConcarnes concavus (Shoemaker, 1933) CP Previously recorded in 

Dry Tortugas (Shoemaker 

1933); Florida Keys 

(Thomas 1993); from 

West Florida Shelf to 

Panama City (Lowry and 

Stoddart 1997); Bay of 

Campeche (Winfield et al. 

2007). New record for the 

YCS. 

ƶEnsayara entrichoma Gable & Lazo-Wasem, 1990 CP Previously recorded in the 

West Florida Shelf (Lowry 
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and Stoddart 1997). New 

record for the MCG. 

Hippomedon sp. B sensu LeCroy, 2007 BS, RW  

Lepidepecreum magdalenensis (Shoemaker, 1942) BS  

*Lysianopsis alba (Holmes, 1905) BS, GB, CP, RW  

Orchomenella thomasi Lowry & Stoddart, 1997 CP  

Shoemakerella cubensis (Stebbing, 1897) CP, RW, MM  

Oedicerotidae   

*Americhelidium americanum (Bousfield, 1973) CP  

*Hartmanodes nyei (Shoemaker, 1933) BS, CP, RW  

ƶPerioculodes cerasinus Thomas & Barnard, 1985 CP, RW Previously recorded in the 

Florida Keys (Thomas and 

Barnard 1985a). New 

record for the MCG. 

Phoxocephalidae   

*Eobrolgus spinosus (Holmes, 1905) BS, GB, CP, RW  

ǒHarpinia sp. BS, CP, RW This species is different by 

an acute tooth on 

posteroventral margin of 

epimeron 3. 

*Metharpinia floridana (Shoemaker, 1933) BS, GB, CP, RW  

ƶRhepoxynius sp. A sensu LeCroy, 2011 CP Previously recorded from 

Cape Sable to Cape 

Romano; Charlotte 

Harbor; Sarasota Bay; 

Tampa Bay (LeCroy 

2011). New record for the 

MCG. 

Platyischnopidae   

*Eudevenopus honduranus Thomas & Barnard, 1983 BS, CP, RW  

Sebidae   

ƶSeba tropica McKinney, 1980 RW, MM Previously recorded in 

Port Isabel (McKinney 

1980); Florida Keys 

(Thomas 1993). New 

record for the MCG. 

Stenothoidae   
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*ƴStenothoe gallensis Walker, 1904 MM Well-developed 

populations on navigation 

buoys of Alacranes Reef 

(Paz-Ríos et al. 2013) and 

probably on early phase of 

colonization in port of 

Yucatan (Winfield et al. 

2015). 

*ƴStenothoe valida Dana, 1853 MM Well-developed 

populations on navigation 

buoys of Alacranes Reef 

(Paz-Ríos et al. 2013). 

Stenothoe sp. RW  

Suborder Colomastigidea 

(1 Family, 1 Genus, 6 Species) 

  

Colomastigidae   

ƶColomastix denticornis LeCroy, 1995 CP Previously recorded in the 

West Florida Shelf 

(LeCroy 1995). New 

record for the MCG. 

ƶColomastix falcirama LeCroy, 1995 GB, CP, RW Previously recorded in the 

West Florida Shelf; 

Florida Keys; Dry 

Tortugas (LeCroy 1995). 

New record for the MCG. 

ƶColomastix heardi LeCroy, 1995 GB, CP Previously recorded in the 

West Florida Shelf; 

Florida Keys (LeCroy 

1995); Bay of Campeche 

(Winfield et al. 2007). 

New record for the YCS. 

ƴColomastix irciniae LeCroy, 1995 BS, CP, RW Well-developed 

populations in port of 

Veracruz (Winfield et al. 

2011) and as a rare species 

in this study. Previously 

recorded in the West 
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Florida Shelf; Dry 

Tortugas (LeCroy 1995); 

Veracruz Reef System 

(Winfield and Ortiz 2010). 

New record for the YCS. 

ƴColomastix tridentata LeCroy, 1995 GB Well-developed 

populations in port of 

Veracruz (Winfield et al. 

2011) and as a rare species 

in this study. Previously 

recorded in the Seven and 

One-Half Fathom Bank; 

West Florida Shelf; 

Florida Keys; Dry 

Tortugas (LeCroy 1995); 

Bay of Campeche 

(Winfield et al. 2007); 

Veracruz Reef System 

(Winfield and Ortiz 2010). 

New record for the YCS. 

Colomastix sp. GB, CP, MM  

Suborder Senticaudata 

(19 Families, 42 Genera, 61 Species) 

  

Ampithoidae   

*Ampithoe marcuzzii Ruffo, 1954 RW, MM  

*ƴAmpithoe ramondi Audouin, 1826 GB, CP, RW, MM Well-developed 

populations on navigation 

buoys of Alacranes Reef 

(Paz-Ríos et al. 2013) and 

probably on early phase of 

colonization in port of 

Yucatan (Winfield et al. 

2015). 

Ampithoe valida Smith, 1873 RW  

*Cymadusa compta (Smith, 1873) MM  

*Cymadusa filosa Savigni, 1816 BS, GB, CP, RW  

*Pseudamphithoides incurvaria (Just, 1977) BS, CP, RW  
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Aoridae   

ƶBemlos dentischium (Myers, 1977) CP  Previously recorded in the 

Florida Keys (Myers 

1977a). New record for 

the MCG. 

ƶBemlos kunkelae (Myers, 1977) CP Previously recorded in the 

Florida Keys (Myers 

1977a). New record for 

the MCG. 

ƶBemlos longicornis (Myers, 1978) CP Previously recorded in the 

Florida Keys (Myers 

1977a, 1978). New record 

for the MCG. 

*Bemlos spinicarpus (Pearse, 1912) BS, GB, CP, RW  

*Bemlos unicornis (Bynum & Fox, 1977) CP, RW  

ǒBemlos sp. 1 CP This species is different by 

one strong sternal process 

on a pereon. 

Bemlos sp. CP  

ƶGlobosolembos smithi (Holmes, 1905) CP Previously recorded in the 

West Florida Shelf; 

Tampa Bay (Myers 1981); 

Florida Keys (Thomas 

1993); Bay of Campeche 

(Winfield et al. 2007). 

New record for the YCS. 

Grandidierella bonnieroides Stephensen, 1948 BS  

*Lembos unifasciatus reductus Myers, 1979 GB, CP,   

ƶLembos unifasciatus unifasciatus Myers, 1977 CP, RW Previously recorded in the 

Florida Keys (Myers 

1977b). New record for 

the MCG. 

ƶParamicrodeutopus myersi (Bynum & Fox, 1977) BS, CP, RW Previously recorded in the 

West Florida Shelf; 

Tampa Bay (Myers 1981); 

Florida Keys (Thomas 
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1993, LeCroy 2002). New 

record for the MCG. 

Plesiolembos ovalipes (Myers, 1979) MM  

ƴPlesiolembos rectangulatus (Myers, 1977) CP Probably on early phase of 

colonization in port of 

Yucatan (Winfield et al. 

2015) and as a rare species 

in this study. 

Caprellidae   

ƶDeutella caribensis Guerra-García, Krapp-Schickel & Müller, 

2006 

CP New record for the GoM. 

*Hemiaegina minuta Mayer, 1890 CP, MM  

Metaprotella hummelincki (McCain, 1968) BS, GB, CP  

Eriopisidae   

Netamelita tabaci Thomas & Barnard, 1991 BS, CP, RW  

ǒƶPsammogammarus sp. BS This species is different by 

male gnathopod 2 with 

excavated palm. New 

record of the genus for the 

GoM.  

Hadziidae   

ƶProtohadzia schoenerae (Fox, 1973) CP Previously recorded from 

Cape Romano to Dry 

Tortugas (Thomas 1993, 

LeCroy 2000); La Habana 

coast (Ortiz et al. 2001). 

New record for the MCG. 

Hornelliidae   

Hornellia tequestea Thomas & Barnard, 1986 CP  

Hyalidae   

*Parhyale hawaiensis (Dana, 1853) BS, GB, CP, MM  

*Protohyale macrodactyla (Stebbing, 1899) CP, MM  

Ischyroceridae   

ƶAmbicholestes crassicornis (Just, 1984) RW New record for the GoM.  

Ericthonius punctatus (Bate, 1857) RW  

Ericthonius sp. A sensu LeCroy, 2007 MM  

*Ericthonius sp. D sensu Paz-Ríos, Simões & Ardisson, 2013 MM  
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Maeridae   

*Anamaera hixoni Thomas & Barnard, 1985 BS, GB, CP, RW  

ƶCeradocus cf. rubromaculatus (Stimpson, 1856) BS, CP, RW New record for the GoM. 

Ceradocus sheardi Shoemaker, 1948 CP, RW, MM  

*Ceradocus shoemakeri Fox, 1973 GB, CP, RW, MM  

*ƴElasmopus rapax (Costa, 1853) GB, CP, RW, MM Well-developed 

populations on navigation 

buoys in Alacranes Reef 

(Paz-Ríos at al. 2013). 

*Elasmopus thomasi Ortiz & Lalana, 1994 CP  

*Elasmopus sp. B sensu LeCroy, 2000 BS, GB, CP, RW  

ǒElasmopus sp. MM This species is different by 

male gnathopod 2 with 

palm deeply excavated. 

ǒMaera sp. RW This species is different by 

the basis of gnathopod 1 

and anterior margin of 

dactylus on gnathopod 2 

setose. 

*Maeracoota galani Krapp-Schickel & Ruffo, 2001 CP  

ƶMeximaera diffidentia Barnard, 1969 CP, RW Previously recorded in the 

Florida Bay; Tampa Bay; 

Apalachee Bay (LeCroy 

2000); West Florida Shelf 

(Krapp-Schickel and 

Vader 2009). New record 

for the MCG. 

*Quadrimaera prope pacifica (Schellenberg, 1938) CP, MM  

ƶSpathiopus looensis Thomas & Barnard, 1985 BS, GB, CP, RW Previously recorded in the 

Florida Keys (Thomas and 

Barnard 1985b). New 

record for the MCG. 

Megaluropidae   

*Gibberosus myersi (McKinney, 1980) CP  

Melitidae   

Dulichiella lecroyae Lowry & Springthorpe, 2007 BS, CP, MM  

*Melita planaterga Kunkel, 1910 BS, GB, RW  
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Neomegamphopidae   

*Neomegamphopus hiatus Barnard & Thomas, 1987 RW, MM  

Nuuanuidae   

ƶNuuanu muelleri Ortiz, 1976 CP, RW Previously recorded in the 

Florida Keys (Thomas 

1993). New record for the 

MCG. 

Phliantidae   

*Pariphinotus seclusus (Shoemaker, 1933) BS, CP, RW  

Photidae   

*Audulla chelifera Chevreux, 1901 MM  

ƶGammaropsis sutherlandi Nelson, 1980 MM Previously recorded in 

Dry Tortugas (Nelson 

1980). New record for the 

MCG. 

ƶPhotis sp. F sensu LeCroy, 2000 CP New record for the GoM. 

ƶRocasphotis sp. E sensu (LeCroy, 2000) CP Previously recorded in the 

Florida Bay; Florida Keys 

(LeCroy 2000). New 

record for the MCG. 

Podoceridae   

*Podocerus fissipes Serejo, 1995 MM  

Podocerus kleidus Thomas & Barnard, 1992 CP  

Pontogeneiidae   

Nasageneia yucatanensis (McKinney, 1980) GB  

Talitridae   

*Tethorchestia antillensis Bousfield, 1984 BS  

Unciolidae   

Rudilemboides naglei Bousfield, 1973 BS  
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Online Resource 2 Results of pair-wise tests among benthic habitats from the multivariate 

PERMANOVA. 

Benthic habitat t p (permuted) 

Bare substrate, Seagrass bed 1.25 0.091 

Bare substrate, Coral patch 1.6246 0.001 

Bare substrate, Reef wall 1.4329 0.014 

Bare substrate, Man-made structure 1.8234 0.001 

Seagrass bed, Coral patch 1.3306 0.001 

Seagrass bed, Reef wall 1.2739 0.001 

Seagrass bed, Man-made structure 1.6203 0.002 

Coral patch, Reef wall 0.96416 0.616 

Coral patch, Man-made structure 1.6181 0.001 

Reef wall, Man-made structure 1.4324 0.005 
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Online Resource 3 Relative contribution of species per assemblage from benthic habitats 

obtained from the SIMPER analysis. Cut-off of 75%. 

Benthic habitat Abundance Contribution% Cummulated contribution% 

Bare substrate, Seagrass bed    

Average similarity: 9.46    

Tethorchestia antillensis 0.1 29.65 29.65 

Lysianopsis alba 0.09 15.59 45.25 

Notrotopis minikoi 0.1 11.91 57.15 

Cymadusa filosa 0.09 11.71 68.87 

Melita planaterga 0.1 8.47 77.34 

Coral patch, Reef wall    

Average similarity: 5.77    

Elasmopus sp. B 0.1 9.17 9.17 

Pariphinotus seclusus 0.11 9.11 18.28 

Pseudamphithoides incurvaria 0.12 8.55 26.82 

Leucothoe barana 0.1 4.57 31.4 

Leucothoe ubouhu 0.09 4.24 35.64 

Ampithoe ramondi 0.04 3.87 39.51 

Lysianopsis alba 0.07 3.51 43.03 

Spathiopus looensis 0.09 3.46 46.49 

Colomastix irciniae 0.09 3.41 49.9 

Hartmanodes nyei 0.09 3 52.9 

Eudevenopus honduranus 0.09 2.97 55.87 

Metharpinia floridana 0.09 2.85 58.72 

Batea cuspidata 0.08 2.74 61.47 

Bemlos spinicarpus 0.08 2.56 64.03 

Anamixis cavatura 0.09 2.51 66.54 

Elasmopus rapax 0.04 2.48 69.02 

Leucothoe sp. B 0.08 2.2 71.22 

Bemlos unicornis 0.07 1.84 73.06 

Shoemakerella cubensis 0.09 1.77 74.84 

Ceradocus sheardi 0.07 1.64 76.48 

Man-made structures     

Average similarity: 12.74    

Ampithoe ramondi 0.25 24.17 24.17 

Quadrimaera pacifica 0.24 10.96 35.13 

Podocerus fissipes 0.24 10.48 45.61 

Ampithoe marcuzzii 0.23 10.14 55.75 

Stenothoe gallensis 0.22 8.79 64.53 

Stenothoe valida 0.22 7.91 72.44 

Apolochus delacaya 0.22 7.29 79.73 
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Abstract 

Background 

Alacranes reef was declared as a National Marine Park in 1994. Since then, many efforts have been 

made to inventory its biodiversity. However, groups such as amphipods have been underestimated 

or not considered when benthic invertebrates are inventoried. Here we present a dataset that 

contributes to the knowledge of benthic amphipods (Crustacea, Peracarida) from the inner lagoon 

habitats from the National Marine Park Arrecife Alacranes, the largest coral reef ecosystem in the 

Gulf of Mexico. The dataset contains information on records collected from 2009 to 2011. Data 

are available through Global Biodiversity Information Facility (GBIF). 
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New information 

A total of 110 amphipod species distributed in 93 nominal species and 17 generic species, 

belonging to 71 genera, 33 families, and three suborders are presented here. This information 

represents the first online dataset of amphipods from the Alacranes reef National Marine Park. The 

biological material is currently deposited in the crustacean collection from the regional unit of the 

National Autonomous University of Mexico located at Sisal, Yucatan, Mexico (UAS-Sisal). The 

biological material includes 588 data records with an abundance of 6,551 organisms. The species 

inventory represents, until now, the richest fauna of benthic amphipods registered from any discrete 

coral reef ecosystem in Mexico. 

 

Keywords: Amphipoda, Macrofauna, Benthos, Species diversity, Coral Reef, Campeche Bank, 

Gulf of Mexico 

 

Introduction  

Alacranes Reef is a highly diverse protected coral reef ecosystem, located in the southern sector of 

the Gulf of México. It is considered as one of the largest coral reefs of the Gulf of Mexico (Liceaga-

Correa and Hernández-Núñez 2000, Tunnell et al. 2007a). It was declared as a National Park by 

the Mexican government in 1994 and as a Biosphere Reserve, by the UNESCO, in 2006. Since its 

declaration as a Marine Park, Alacranes Reef has been subject to different efforts to inventory its 

biodiversity, however, this task is not fulfilled until now. Recent studies on reef-associated benthic 

fauna include sea anemones (González-Muñoz et al. 2013), decapod crustaceans (Santana-Moreno 

et al. 2013), polychaetes (Ramírez-Hernández et al. 2015), sponges (Ugalde et al. 2015), and 

mollusks (Reyes-Gómez et al. 2017). The peracarid crustaceans, such as the amphipods, are one of 

the underestimated groups not considered in the main inventory lists reported for the reef 

(CONANP 2006, Tunnell et al. 2007b). The scarce evidence describing the richness of amphipods 

on the Alacranes reef (Paz-Ríos et al. 2013a, b, 2014) has pointed out the relevance of this group 

as one of the most diverse in the entire reef ecosystem. The present contribution intends to show 

the high species richness of benthic amphipods inhabiting the bottom habitats from the inner reef 

lagoon by providing a dataset with taxonomic checklist. This checklist constitutes the first formal 

effort to inventory the biodiversity of such group in the Alacranes reef ecosystem.  
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Project description 

Title: Alacranes Reef Biodiversity Expedition 

Personnel: Carlos Enrique Paz Ríos, Nuno Simões 

Study design: The dataset was composed using information from benthic macrofauna samples 

randomly collected on different benthic habitats and artificial substrates between 2009 and 2011 in 

the inner lagoon of Alacranes reef. 

Funding: Resource included funds from the National Autonomous University of Mexico (UNAM) 

for supporting academic research (PAPIME-PE207210), funds from the Mexican Government for 

scientific research (SEMARNAT-CONACyT108285) and an international cooperation for marine 

scientific research between Mexico and USA (HRI-CONABIO-NE018) through the project 

ñActualizaci·n del conocimiento de la diversidad de especies de invertebrados marinos bentónicos 

de aguas someras (<50m) del Sur del Golfo de M®xicoò. Funds to C. Paz was provided by 

CONACyT scholarship.  

 

Sampling methods 

Study extent: The dataset contains information on amphipods collected in three different 

expeditions: the first one in august 2009, the second one in April 2010 and the third one in October 

2011. In each expedition a relatively high diversity of habitats was explored in order to increase 

the chance to capture the species diversity. In 2010 and 2011 expedition special effort was made 

to collect information on navigation buoys and two wood docks nearby a sand island (isla Pérez). 

Sample collection: Amphipods were collected from 50 sampling sites: Forty-one randomly 

distributed on natural habitats from the inner lagoon, including different benthic habitats (i.e. bare 

substrate, seagrass bed, coral patch, reef wall), and nine collected on artificial substrates (i.e. buoy, 

wood dock, lobster tramp). Diverse sampling devices were employed: PVC core for sandy 

substrates, shovel for patches of intertidal sand, suction device sampler for coral rubble, sand, and 

shallow coral reef flats, and finally a Riley push-net and trawl for shallow seagrass beds of 

Thalassia testudinum (Banks ex König, 1805). 

Sample processing: Once collected, the amphipods were first anesthetized with magnesium 

chloride (4 %) for 15 to 20 min. and then fixed with formaldehyde solution (10 %) buffered with 

seawater before storage. In the laboratory, samples were washed through a 500 µm size mesh and 

preserved with 70% of ethanol solution. Finally, the organisms were stored in glass containers with 
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a catalogue number according to the regional collection óCrust§ceos de Yucat§nô (YUC-CC-255-

11), from the óUniversidad Nacional Aut·noma de M®xico, Unidad Sisalô Mexico. 

Quality control:  Amphipod species were sorted and identified to the lowest possible taxonomical 

category, using specialized literature such as keys for identification, e.g. Myers (1981), Lowry and 

Stoodart (1997), LeCroy (2000), and illustrated guides, e.g. Winfield et al. (2007), Ortiz et al. 

(2014). The taxonomical arrangement used herein follows Lowry and Myers (2017). Nine species 

were identified as possibly new species, and were represented at the genus category (i.e. Bemlos, 

Elasmopus, Idunella, Harpinia, Leucothoe, Maera, Psammogammarus). Further specialized 

taxonomical effort will be needed before assigning a name. Species names were matched using the 

Taxon Match tool in the World Register of Marine Species (WoRMS) in order to corroborate, 

standardize and update if necessary. Sampling points in the reef, available in the Data resources 

(see below), were georeferenced and displayed into different maps using different software (i.e. 

QGIS®, ArcView GIS®, and Google Maps®). 

 

Spatial coverage 

Description: The Alacranes Reef, Yucatan, Mexico (Figure 1), is located in the 

Campeche/Yucatanean Outer Neritic area (Wilkinson et al. 2009) forming part of the North 

America's marine ecoregion 14 (Southern Gulf of Mexico) and. It is a platform reef type with a 

semi-elliptic shape, covering an area larger than 650 km2 (Liceaga-Correa and Hernández-Núñez 

2000). 

 

Coordinates: The polygon covering the National Park is 22°0'0''N and 23°0'0''N Latitude; 

89°0'0''E and 88°0'0''E Longitude. 

 

Temporal coverage 

Data range: August 1, 2009 - October 17, 2011 

 

Taxonomic coverage 

Description: The dataset contains information on 110 species (93 nominal species and 17 generic 

species), belonging to 71 genera, 33 families, and three suborders. The suborder Amphilochidea 

was composed of 46 species, 28 genera and 13 families, the suborder Colomastigidea by 6 species, 
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1 genus and 1 family, and the suborder Senticaudata by 58 species, 42 genera and 19 families 

(Table 1). Regardless suborder, six families presented the highest numbers of species, accounting 

for the 50% of all the fauna in the reef: Ampithoidae (6 spp.), Colomastigidae (6 spp.), 

Lysianassidae (8 spp.), Leucothoidae (11 spp.), Maeridae (12 spp.), Aoridae (13 spp.). 

 

 

 

Figure 1. Location of sampling points in the Alacranes Reef National Park. The image from the 

NASA Earth Observatory, was acquired by Jesse Allen on November 5, 2014, by the Operation 

Land Imager on Landsat 8. 
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Table 1 

Checklist of benthic amphipod species in the Alacranes Reef, Yucatan. 

Suborden Family Species 

Amphilochidea Ampeliscidae Ampelisca brevisimulata Barnard, 1954 

Ampelisca cristata Holmes, 1908 

Ampelisca schellenbergi Shoemaker, 1933 

Ampelisca vadorum Mills, 1963 

Amphilochidae Apolochus delacaya (McKinney, 1978) 

Apolochus sp.  

Bateidae Batea carinata (Shoemaker, 1926) 

Batea cuspidata (Shoemaker, 1926) 

Cyproideidae Hoplopheonoides obesa Shoemaker, 1956  

Dexaminidae Dexaminella sp.   

Notrotopis minikoi (Walker, 1905) 

Leucothoidae Anamixis cavatura Thomas, 1997 

Anamixis vanga Thomas, 1997 

Leucothoe ashleyae Thomas & Klebba, 2006 

Leucothoe barana Thomas & Klebba, 2007 

Leucothoe hendrickxi Winfield & Álvarez, 2009 

Leucothoe kensleyi Thomas & Klebba, 2005 

Leucothoe laurensi Thomas & Ortiz, 1995 

Leucothoe saron Thomas & Klebba, 2007 

Leucothoe ubouhu Thomas & Klebba, 2007 

Leucothoe wuriti Thomas & Klebba, 2007 

Leucothoe sp. 

Liljeborgiidae Liljeborgia bousfieldi McKinney, 1979 

Liljeborgia sp.  

Idunella barnardi (Wigley, 1966) 

Idunella sp.  

Lysianassidae Aruga holmesi Barnard, 1955 

Concarnes concavus (Shoemaker, 1933) 

Ensayara entrichoma Gable & Lazo-Wasem, 1990 

Hippomedon sp. 
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Lepidepecreum madagascarensis (Ledoyer, 1986) 

Lysianopsis alba (Holmes, 1905) 

Orchomenella thomasi Lowry & Stoddart, 1997 

Shoemakerella cubensis (Stebbing, 1897) 

Oedicerotidae Americhelidium americanum (Bousfield, 1973) 

Hartmanodes nyei (Shoemaker, 1933) 

Perioculodes cerasinus Thomas & Barnard, 1985 

Phoxocephalidae Eobrolgus spinosus (Holmes, 1905) 

Harpinia sp. 

Metharpinia floridana (Shoemaker, 1933) 

Rhepoxynius sp. 

Platyischnopidae Eudevenopus honduranus Thomas & Barnard, 1983 

Sebidae Seba tropica McKinney, 1980 

Stenothoidae Stenothoe gallensis Walker, 1904 

Stenothoe valida Dana, 1853 

Stenothoe sp. 

Colomastigidae Colomastigidea Colomastix denticornis LeCroy, 1995 

Colomastix falcirama LeCroy, 1995 

Colomastix heardi LeCroy, 1995 

Colomastix irciniae LeCroy, 1995 

Colomastix tridentata LeCroy, 1995 

Colomastix sp. 

Senticaudata Ampithoidae Ampithoe marcuzzii Ruffo, 1954 

Ampithoe ramondi Audouin, 1826 

Ampithoe valida Smith, 1873 

Cymadusa compta (Smith, 1873) 

Cymadusa filosa Savigni, 1816 

Pseudamphithoides incurvaria (Just, 1977) 

Aoridae Bemlos dentischium (Myers, 1977) 

Bemlos kunkelae (Myers, 1977) 

Bemlos longicornis Myers, 1978 

Bemlos spinicarpus (Pearse, 1912) 

Bemlos unicornis (Bynum & Fox, 1977) 
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Bemlos sp. 

Globosolembos smithi (Holmes, 1905) 

Grandidierella bonnieroides Coutiere, 1904 

Lembos unifasciatus reductus Myers, 1979 

Lembos unifasciatus unifasciatus Myers, 1977 

Paramicrodeutopus myersi (Bynum & Fox, 1977) 

Plesiolembos ovalipes (Myers, 1979) 

Plesiolembos rectangulatus (Myers, 1977) 

Caprellidae Deutella caribensis Guerra-García, Krapp-Schickel & Müller, 

2006 

Hemiaegina minuta Mayer, 1890 

Metaprotella hummelincki (McCain, 1968) 

Eriopisidae Netamelita tabaci Thomas & Barnard, 1991 

Psammogammarus sp. 

Hadziidae Protohadzia schoenerae (Fox, 1973) 

Hornelliidae Hornellia (Metaceradocus) tequestae Thomas & Barnard, 1986 

Hyalidae Parhyale hawaiensis (Dana, 1853) 

Protohyale (Protohyale) macrodactyla (Stebbing, 1899) 

Ischyroceridae Ambicholestes (Ambicholestes) crassicornis (Just, 1984) 

Ericthonius punctatus (Bate, 1857) 

Ericthonius sp. 

Maeridae Anamaera hixoni Thomas & Barnard, 1985 

Ceradocus rubromaculatus (Stimpson, 1856) 

Ceradocus (Denticeradocus) sheardi Shoemaker, 1948 

Ceradocus shoemakeri Fox, 1973 

Elasmopus rapax (Costa, 1853) 

Elasmopus thomasi Ortiz & Lalana, 1994 

Elasmopus sp. 

Maera sp. 

Maeracoota galani Krapp-Schickel & Ruffo, 2001 

Meximaera diffidentia Barnard, 1969 

Quadrimaera pacifica (Schellenberg, 1938) 

Spathiopus looensis Thomas & Barnard, 1985 
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Megaluropidae Gibberosus myersi (McKinney, 1980) 

Melitidae Dulichiella lecroyae Lowry & Springthorpe, 2007 

Melita planaterga Kunkel, 1910 

Neomegamphopidae Neomegamphopus hiatus Barnard & Thomas, 1987 

Nuuanuidae Nuuanu muelleri Ortiz, 1976 

Phliantidae Pariphinotus seclusus (Shoemaker, 1933) 

Photidae Audulla chelifera Chevreux, 1901 

Gammaropsis sutherlandi Nelson, 1980 

Photis sp. 

Rocasphotis sp. 

Podoceridae Podocerus fissipes Serejo, 1995 

Podocerus kleidus Thomas & Barnard, 1992 

Pontogeneiidae Nasageneia  yucatanensis (McKinney, 1980) 

Talitridae Tethorchestia antillensis Bousfield, 1984 

Unciolidae Rudilemboides naglei Bousfield, 1973 

 

Usage rights 

Use license: Other 

IP rights notes: Creative Commons Attribution Non Commercial (CC-BY-NC) 4.0 License 

 

Data resources 

Data package title:  Benthic amphipods from Alacranes Reef, Campeche Bank, Mexico 

Resource link: 

http://ipt.iobis.org/caribbeanobis/resource?r=anfipodosbentonicos_bancodecampeche_mexico 

 

Alternative identifiers:  

http://ipt.iobis.org/caribbeanobis/archive.do?r=anfipodosbentonicos_bancodecampeche_mexico 

 

Number of data sets: 1 

Dataset name: Benthic amphipods from Alacranes Reef, Campeche Bank, Mexico 

Character encoding: UTF-8 

Data format: Darwin Core Archive (DwC-A) 
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Format version: 1.0 

Description: The dataset presents an occurrence data sheet with 15 columns including information 

for 588 records. 

 

Acknowledgements 

To Dr. Ana Carolina Peralta (Universidad Simon Bolivar, Venezuela) by her valuable guide for 

managing our data into GBIF and OBIS. We also thank to Dr. Robert Mesibov for valuable 

technical evaluation on the Data Quality Checklist draft and two reviewers (Dr. Kristine White and 

Dr. Yasen Mutafchiev) for useful suggestions. 

 

References 

CONANP. 2006. Programa de conservación y manejo. Parque Nacional Arrecife Alacranes. 

Mexico. Comision Nacional de Areas Naturales Protegidas (CONANP), México. 

LeCroy SE (2000) An Illustrated Identification Guide to the Nearshore Marine and Estuarine 

Gammaridean Amphipoda of Florida, Volume 1, Families Gammaridae, Hadziidae, 

Isaeidae, Melitidae and Oedicerotidae. Florida Department of Environmental Protection, 

Tallahassee. 

Liceaga-Correa MA, Hernández-Núñez H (2000) Localización y dimensiones del arrecife 

Alacranes. Jaina 11:8ï10. 

Lowry JK, Myers AA (2013) A phylogeny and classification of the Senticaudata subord. nov. 

(Crustacea: Amphipoda). Zootaxa 3610:1ï80. 

Lowry JK, Stoddart HE (1997) Amphipoda Crustacea IV, Families Aristiidae, Cyphocarididae, 

Endevouridae, Lysianassidae, Scopelocheiridae, Uristidae. Mem Hourglass Cruises 10:1ï

148. 

Martin JW, Davis GE (2001) An updated classification of the Recent Crustacea. Natural History 

Museum of Los Angeles Country Science Series 39, Los Angeles. 

Myers AA (1981) Amphipod Crustacea I, Family Aoridae. Mem Hourglass Cruises 5:1ï75. 

Ortiz MT, Winfield IA, Scheinvar GE, Cházaro OS (2014) Clave Ilustrada de anfípodos del Golfo 

de México y el Mar Caribe (Gammaridea y Caprellidea). Universidad Nacional Autónoma 

de México, Facultad de Estudios Superiores de Iztacala, México, 252 pp. 

Paz-Ríos CE, Simões N, Ardisson P-L (2013a) Records and observations of amphipods 



 

62 

(Amphipoda: Gammaridea and Corophiidea) from fouling assemblages in the Alacranes 

Reef, southern Gulf of Mexico. Mar Biodivers Rec 6:e90. 

Paz-Ríos CE, Simões N, Ardisson P-L (2013b) Intertidal and shallow water amphipods 

(Amphipoda: Gammaridea and Corophiidea) from Isla Pérez, Alacranes Reef, southern 

Gulf of Mexico. Nauplius 21:179ï194. 

Paz-Ríos CE, Guerra-García JM, Ardisson P-L (2014) Caprellids (Crustacea: Amphipoda) from 

the Gulf of Mexico, with observations on Deutella mayeri, redescription of Metaprotella 

hummelincki, a taxonomic key and zoogeographical comments. Journal of Natural History 

48:2517ï2578. 

Tunnell JWJr, Chavez EA, Withers K (2007a) Coral Reefs of the Southern Gulf of Mexico. Texas 

A&M University Press, Corpus Christi, 194 pp. 

Tunnell JWJr, Barrera N, Beaver CR, Davidson J, Gourley JE, Moretzsohn F, Nañez-James S, 

Pearce JJ, Vega ME (2007b) Checklist of the biota associated with Southern Gulf of Mexico 

coral reefs and coral reef islands. http://www.gulfbase.org/checklist/. Accessed 03 august 

2012 

Wilkinson T, Wiken E, Bezaury-Creel J, Hourigan T, Agardy T, Herrmann H, Janishevski L, 

Madden C, Morgan L, Padilla M (2009) Marine Ecoregions of North America. Montreal, 

Commission for Environmental Cooperation, 200p. 

Winfield, I., Escobar-Briones, E. & Álvarez, F. (2007) Clave para la identificación de los anfípodos 

bentónicos del Golfo de México y el sector norte del Mar Caribe. Universidad Nacional 

Autónoma de México, Comisión Nacional para el Conocimiento y Uso de la Biodiversidad, 

México, 197 pp. 

 

 

 

 

 

 

 

 

 



 

63 

Capítulo II: 2.1 

Manuscrito en preparación 
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ABSTRACT: The amphipod species collected on three oceanographic campaigns (2010ï2012) 

were analyzed in order to describe the community structure, spatiotemporal distribution trends, and 

their relationship with bottom water and sediment characteristics. Multivariate techniques for 

analysis of variance and constrained ordinations for distribution trends visualization were used to 

examine the spatiotemporal structure. The observed species richness (117 spp.) do not reach its 

maximum values according to the accumulation curve that calculated higher richness values (up to 

187 spp.). Three amphipod assemblages structured along geographic longitude (West Caribbean, 

Mid-Yucatan and SEGoM) and two temporal hydrographic scenarios (upwelling in 2010ï2011 and 

non-upwelling in 2012) were identified. In 2010ï2011, low values in species richness and 

abundance from the West Caribbean and eastern Mid-Yucatan assemblages, were associated with 

the relatively low bottom-water temperatures from the upwelling systems. In 2012, the absence of 

upwelling and contribution of a warm-core anticyclonic eddy seems to cause the increment of 

species richness and abundance in the three observed assemblages mainly due to the increment of 

bottom-water temperatures, but also by sediment characteristics such as high organic matter and 
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low clay content. The relatively low bottom-water temperatures and food supply from upwelling, 

and sediment characteristics are suggested to be the major environmental drivers of changes on the 

soft-sediment amphipod distribution from the Yucatan continental shelf. 

 

KEY WORDS: Soft sediments, community ecology, benthic macrofauna, Gulf of Mexico, 

upwelling, distribution patterns 

 

INTRODUCTION  

The description and comprehension of benthic macrofauna distribution (e.g. species composition, 

abundance) includes the understanding of the relative importance of different factors (e.g. sediment 

texture, food availability) and processes (e.g. recruitment, dispersal) that shape the spatial and 

temporal trends (Constable 1999, Kraufvelin et al. 2011). An approach to enhance our 

understanding on factors and procces governing distribution trends is to suppose that change on 

community characteristics is driven by the spatiotemporal variability of environmental factors 

(Dauvin et al. 2004, Hewitt et al. 2005, Pitcher et al. 2012). The potential of environmental factors 

relies on its pervasive control on large spatial extensions and the complete range of biological 

hierarchies in the benthic community structure (Zajac et al. 1998, Hernández-Arana et al. 2003, 

Pitcher et al. 2012). 

In this study, we analyze different environmental factors, such as depth, sediment 

characteristics, and bottom-water hydrography in order to describe the spatiotemporal variability 

of amphipod community attributes from the Yucatan continental shelf (YCS). Amphipods are 

benthic organisms greatly diverse morphologically and functionally on continental shelves (Brooks 

et al. 2006, Ellis et al. 2017), and in the YCS are the second dominant taxa in soft-sediment habitats 

(Hernández-Ávila et al. in prep). Diverse studies have shown that amphipods represent potential 

prey capable to control the development and distribution of higher trophic level organisms (e.g. 

invertebrates, fish, mammals) through its predation, transferring large bulks of matter and energy 

(Dauby et al. 2003, Demchenko et al. 2016). These organisms undergo its entire life-cycle in the 

sediment (e.g. direct development, local recruitment) and have a limited dispersion capability, so 

they are closely linked to changes on bottom environmental characteristics (Conlan 1994, Sainte-

Marie 1991, Johnson et al. 2001).  
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The carbonated geological origin and sediment composition in the YCS provides diverse 

benthic habitats, with a demonstrated large impact on distribution patterns of the southern Gulf of 

Mexico benthic macrofauna (Hernández-Arana et al. 2003, Domínguez-Castanedo et al. 2007, 

Santibañez-Aguascalientes et al. 2018). Some evidences on the influence of physical 

environmental characteristics (e.g. sediment texture) and hydrographic variability (e.g. 

temperature, salinity) on the benthic nearshore macrofauna of the YCS, highlight the importance 

of changes in community descriptors (e.g. abundance) and species composition as an adaptive 

response to environmental variability of each ecosystem, e.g. sandy beach, lagoon (Pech et al. 2007, 

Hernández-Guevara et al. 2008, Rodríguez-Pliego et al. 2011, Paz-Ríos & Ardisson 2018). Also, 

it has been suggested for shelf subtidal habitats a decreasing trend in species richness, abundance, 

and biomass when the depth increases (Escobar-Briones & Falcon 2005, Escobar-Briones & 

Jiménez-Guadarrama 2010, Wei et al. 2012), and an increasing trend in species richness and 

diversity on soft-sediment habitats near to reef systems (Escobar-Briones & Jiménez-Guadarrama 

2010). Recent studies on the amphipod community from reef systems (Paz-Ríos et al. 2018, 

Muciño-Reyes et al. in press) show that species distribution reflects the benthic habitats spatial 

complexity and its richness is possibly threatened by non-indigenous species invasion. 

The YCS presents geographic characteristics (e.g. smoothed broad platform, carbonated 

sediments of variable texture, complex seabed topography) (Logan et al. 1969, García 1980, 

Balsam & Beeson 2003) and an hydrographic variability (e.g. dominant westward circulation, 

different water masses, upwelling systems) (Enriquez et al. 2013, Ruiz-Castillo et al. 2016) that 

could shape a wide array of soft-sediment habitats and bottom environmental conditions, which in 

turn would shape the diversity and abundance of amphipods. Therefore, as a first approach to 

understanding the spatiotemporal variability of benthic amphipods in the YCS, the aim of the 

present study is to analyze the distribution of amphipod community attributes and species 

composition in function of physical environmental factors, and relate bottom water and sediment 

characteristics to species composition. 

 

MATERIALS AND METHODS  

Study area 

Amphipods were collected in the YCS, southeastern Gulf of Mexico, at an area comprised between 

-86.5° and -92.5Á W and 20.7Á and 24Á N (Fig. 1). The YCS is a northeastward extension ( 300 
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km) of the Yucatan Peninsula karst block of gentle slope ( 1 m depth for 1600 m long), formed by 

recent Holocene sediments on lithified limestone, with a high content of calcium carbonate (> 

75%), divided into two major submarine terraces: the inner (<60 m) and outer shelf (60ï210 m) 

(Williams 1963, Logan et al. 1969, Balsam & Beeson 2003). The deposition of coralline skeletons 

and other calcareous minerals on the continental shelf led the rise of carbonated platforms forming 

submerged cays and banks, islands, and emerged coral reefs (Tunnell et al. 2007).  

Three thermohaline groups comprise the water mass on the YCS: i) the Caribbean 

Subtropical Underwater, ii) the Gulf Common Water, and iii) the Yucatan Sea Water (Enriquez et 

al. 2013). The dominant circulation comes from the Yucatan Current from east to west, with 

average speeds of 0.2ï0.4 m sï1 (Enriquez et al. 2010, Ruiz-Castillo et al. 2016). As this current 

flows through the Yucatan Channel, it contributes to generate intense upwelling systems (May-

September) at the east shelf that modifies specific non-conservative properties of the seawater, as 

the oxygen and nutrients (Reyes-Mendoza et al. 2016). The environmental variability on the YCS 

includes a period of winter frontal storms, from October to February (Zavala-Hidalgo et al. 2002), 

characterized by a transit of intense winds from the north and/or northeast, with speeds of up to 15 

m sï1 (Enriquez et al. 2010). The wind force affects the physical characteristics of inner shelf water 

masses on a marked decrease in temperature, and the propagation of high wave energy, inducing 

disruptive events in the water column stratification and upwelling systems (Reyes-Mendoza et al. 

2016, Ruiz-Castillo et al. 2016). 

 

Sampling procedure 

Three oceanographic campaigns (GOMEX) were accomplished from 2010ï2012 onboard the R/V 

Justo Sierra. Eighty sites distributed in function of depth on 16 transects (five per transect) 

perpendicular to the coast (Fig. 1) were sampled during each campaign. The sediment sample on 

each site was collected using a Smith-McIntyre grab (0.1 mï2). Amphipods were obtained from 

three sediment subsamples using PVC cores of 5 cm diameter and 10 cm depth. On board, 

subsamples were anesthetized with magnesium chloride and seawater during 10 min, and then fixed 

with 10% formalin. In the laboratory, subsamples were washed with freshwater and sieved through 

a 500 ɛm screen. The retained amphipods were preserved in 70% ethanol. Then organisms were 

sorted, counted, and identified to the lowest taxonomic category. An additional sediment 

subsample was taken for sediment texture analysis following Bouyoucos (1962) method and 
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organic carbon analysis following Gaudette et al. (1974) method. The temperature (°C), salinity 

(psu), dissolved oxygen (ml lï1), and chlorophyll -a (mg mï3) of bottom water was recorded in situ 

using a CTD Seabird 9 plus®.  

 

Data analysis 

Sample-based species accumulation curves were calculated using information on the 

presence/absence data from the three years sampling periods. The species accumulation curves 

were calculated using the software EstimateS 9 (Colwell 2013) to obtain the Chao 2 index, 

comparing the estimated species richness in function of sampling year using a t-statistic. 

To test if community attributes (i.e. species richness, abundance) and species composition 

changed in function of year and/or geographical longitude, despite the influence of a depth gradient, 

a two-way factorial design was performed using the year and geographical longitude as fixed 

orthogonal factors, and the depth as a covariate. The year factor included three levels (i.e. 2010, 

2011, 2012) and the geographical longitude seven, represented by one degree of amplitude on the 

West longitude (i.e. -86, -87, -88, -89, -90, -91, -92). The depth as a covariate was represented by 

a bathymetric gradient from inshore to offshore, and using the depth at which samples were taken. 

This design was applied separately to analyze the community attributes using a permutational 

multivariate analysis of variance (PERMANOVA), at a univariate mode and to analyze the species 

composition by using the standard mode of PERMANOVA. The univariate mode was performed 

using a Euclidean distance matrix generated for both the species richness and total abundance per 

site. The standard mode was performed using a Bray-Curtis resemblance matrix with zero-adjusted 

(Clarke and Gorley 2006), generated from the species composition and relative abundance matrix, 

transformed into the fourth root. Both modes of analyses were computed with 9999 permutations 

of residuals under a reduced model. Pairwise tests using a t-statistic were used to identify specific 

differences between factor levels. The robustness of PERMANOVA enables to test the significance 

of depth, as well as for its interaction with main factors (Anderson et al. 2008).  

The spatiotemporal arrangement of species composition was explored using a canonical 

analysis of principal coordinates (CAP) on the Bray-Curtis resemblance matrix. The CAP is a 

constrained ordination analysis that takes into account the correlation structure among species 

(Anderson and Willis 2003), using the year and geographical longitude as predictor factors. An 

additional CAP was accomplished using environmental variables (bottom water and sediment 
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characteristics) to display the ordination of sampling sites in function of the environmental factors, 

by using normalized variables (previous transformation of sediment data into arcsine) and a 

resemblance matrix of Euclidean distance; variables showing autocorrelation were excluded. 

An analysis of similarity percentage (SIMPER) was carried out to determine the sets of 

species that characterize the different group of samples (i.e. years, geographic longitudes), using a 

cumulative contribution of 75% (Clarke 1993). The PERMANOVA, CAP, and SIMPER were 

performed on PRIMER V7 & PERMANOVA add on (Anderson et al. 2008, Clarke & Gorley 

2015). 

The potential relationship between the species matrix of abundances and environmental 

variables was explored using a canonical correspondence analysis (CCA), applying the forward 

selection and Monte Carlo method with 9999 permutations. The CCA was performed on Canoco 

V4.5 & CanoDraw V4 (ter Braak & Ġmilauer 2002). 

 

RESULTS 

Species diversity 

A total of 1,120 organisms belonging to 117 species were obtained from the three sampling years. 

The most frequent and abundant amphipods were Americhelidium americanum, Ampelisca 

agassizi, Ampelisca vadorum, Batea cuspidata, Erichtonius punctatus, Gibberosus myersi, Lembos 

unifasciatus, Gammaropsis sp., Meximaera diffidentia, and Rudilemboides naglei.  

The species accumulation curves, using the three years of information, shows an estimate 

in species richness between 146 and 187 spp. (Fig 2a). When considering each year separately, the 

species accumulation curves increased annually (p < 0.01, in all cases), showing the 2012 sampling 

period the highest estimated value, and the 2010 period the lowest one (Fig 2b). In no case, the 

curves reach the asymptote. 

 

Spatiotemporal variability of community characteristics 

According to the univariate mode of PERMANOVA, species richness and abundance changed in 

function of geographic longitude, and only the abundance in function of the year (Table 1). The 

analysis also showed an influence of depth on the distribution of species richness and abundance, 

with higher values on shallow sites of the inner shelf (Fig. 3). The pairwise tests between years 

showed changes in abundance, which increased markedly from 2010 (25 ± 8 ind. 0.1 mï2) to 2012 
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(86 ± 27 ind. 0.1 mï2) (Fig. 4a). The pairwise tests between geographic longitudes showed changes 

in species richness and abundance; highest values were maintained on central longitudes -90 (107 

± 41 ind. 0.1 mï2) (Fig. 4b) and -89 (28 ± 5 spp. 0.1 mï2) (Fig. 4c). 

According to the standard mode of PERMANOVA, the species composition changed in 

function of year and geographic longitude (Table 2). The analysis also shows an influence of the 

depth on community structure, interacting with the geographic longitude. The pairwise tests 

between years showed the species composition in 2012 differed from the ones observed in 2010 (p 

= 0.018) and 2011 (p = 0.032), whereas these last two years were similar. According to pairwise 

test (Table 3), no significant differences in species composition occurs between the -87 and -87 

longitudes, among the -88, -89, and -90 longitudes, and between the -91, and -92 longitudes, 

suggesting the existence of three different species assemblages. 

The CAP ordinations confirms, in spite of the temporal variability in the species 

composition (Fig. 5a), the formation of three groups in function of the geographic longitudes (Fig. 

5b) as suggested on the previous pairwise test: one grouping eastern sites (i.e. -87, -87), named 

West Caribbean; the second one grouping central sites (i.e. -88, -89, -90), named Mid-Yucatan; 

and the last one grouping western sites (i.e. -91, -92), named SEGoM. 

The SIMPER analysis shows the set of species that most contribute to differences observed 

in the spatiotemporal structure. In function of sampling year, the species composition that most 

contributed to the 2010ï2011 period was: Ampelisca agassizi, Ampelisca vadorum, Batea 

cuspidata, Bemlos sp., Erichtonius punctatus, Harpinia sp., Lysianopsis alba, Megamphopus sp., 

Meximaera diffidentia, Neomegamphopus kalanii, Phtisica marina, Rudilemboides naglei, and 

Unciola serrata. For 2012, the species composition was dominated by: Americhelidium 

americanum, Ampelisca agassizi, Ampelisca vadorum, Bemlos spinicarpus, Gibberosus myersi, 

Harpinia sp., Lembos unifasciatus, and Rudilemboides naglei. The average dissimilarity between 

all pairs of sites from 2010ï2011 to 2012 was 98%. In function of geographic longitude, the 

SIMPER analysis reveals that West Caribbean assemblage was characterized by Americhelidium 

americanum, Ampelisca agassizi, Ceradocus shoemakeri, Metharpinia floridana, Meximaera 

diffidentia, Pedicorophium laminosum, and Rudilemboides naglei; the Mid-Yucatan assemblage 

by Americhelidium americanum, Ampelisca vadorum, Batea cuspidate, Erichtonius punctatus, 

Gibberosus myersi, Harpinia sp., Lembos unifasciatus, Megamphopus sp., Metaprotella 

hummelincki, Phtisica marina, and Rudilemboides naglei; and the SEGoM assemblage by 



 

70 

Ampelisca agassizi, Harpinia sp., Lysianopsis alba, and Unciola serrata. The average dissimilarity 

between all pairs of sites was 98% between West Caribbean and Mid-Yucatan, and 99% between 

Mid-Yucatan and SEGoM. 

 

Bottom environmental setting 

The CAP ordination in function of sampling year (Fig. 6a) showed that the bottom water 

characteristics were similar in 2010 and 2011 (higher concentrations of chlorophyll-a and dissolved 

oxygen), but not in 2012. The ordination in function of geographic longitudes (Fig. 6b) showed 

that the bottom water characteristics (temperature and concentrations of chlorophyll-a) and 

sediment texture shows three groups, similar to the ones observed in the species assemblages. The 

sediment texture was the main factor contributing to the observed change along geographic 

longitude, showing a change in sediment composition, with large sand content to West Caribbean 

and with more clay content to SEGoM. The Mid-Yucatan was characterized by eastward higher 

values of temperature and chlorophyll-a. 

A close analysis of the bottom-water temperature showed a spatiotemporal variability 

associated to upwelling systems towards the east shelf in 2010 and 2011, while in 2012 no evidence 

of upwelling systems was observed. In the 2010ï2011 sampling years, the bottom-water 

temperature also varied in function of geographic longitude and depth, as different temperatures 

were observed on the inner/outer shelf in West Caribbean (21ï26/15ï22 °C), Mid-Yucatan (21ï

29/16ï25 °C), and SEGoM (24ï27/16ï26 °C) (Fig. 7a, b). A profile of the water column on the 

West Caribbean showed a stratification on the inner shelf, at < 60 m depth (Fig. 7d, e). In 2012, a 

low variability in the bottom-water temperature was observed and the water column showed a 

mixed pattern, only stratified on the outer shelf, at >100 m depth (Fig. 7c, f). In general, 

temperatures between 24ï26 °C were observed on the inner shelf and 14ï26 °C on the outer shelf; 

the rise of bottom-water temperatures (26 °C) in this year was associated to a warm-core 

anticyclonic eddy developed approximately in 23º N and -88º W (Fig. 7c). This eddy was persistent 

through the entire sampling campaign, and was traced by a warm water mass of low salinity (35.8 

psu) than the adjacent sea (36.5 psu) and an evident structure down to 100 m depth. 

 

Species assemblages and environmental characteristics 
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Due to similarity in the community structure in 2010 and 2011, a first CCA analysis was performed 

using this data. A second one was carried out using the 2012 data. Analyses were performed based 

on the three identified species assemblages in the CAP analysis (i.e. West Caribbean, Mid-Yucatan, 

SEGoM) and two bathymetric strata, inner (<60 m) and outer shelf (60ï210 m). In both cases, 

results showed that the species composition and abundance were markedly structured by 

bathymetric strata, with smaller variability in community structure on the outer shelf, tending to a 

homogenization of the species composition (Fig. 8). The selected environmental variables in 

explanatory models described 84% of variation in the 2010ï2011 data, and 73% in 2012.  

According to the CCA of the 2010ï2011 data (Fig. 8a), low abundances were related (p = 

0.0028) to high chlorophyll-a concentrations on the eastern inner shelf of the West Caribbean and 

Mid-Yucatan. The highest abundance in this scenario was observed on the Mid-Yucatan inner 

shelf, related (p = 0.0001) to relatively high bottom-water temperatures. Abundance at inner shelf 

of the SEGoM was also related to high bottom-water temperatures (p = 0.0001). For 2012 (Fig. 

8b), the abundance on the West Caribbean inner shelf presented high values related to higher values 

of bottom-water temperature (p = 0.0001) and low clay content in sediment (p = 0.0086). The 

highest abundance in this scenario was observed on the Mid-Yucatan inner shelf, related to higher 

values of organic matter content in sediment (p = 0.0001), higher concentrations of dissolved 

oxygen (p = 0.0026), and low clay content in sediment. Sites of the inner shelf in the SEGoM had 

high species abundances associated to low content of clay and organic matter in sediment. 

 

DISCUSSION 

Our results provide the first insights on the spatiotemporal variability of the benthic amphipod 

community in the YCS as a possible response to changes on bottom water and sediment 

characteristics. Two distribution patterns were observed: i) three geographic zones represented by 

different species assemblages (i.e. West Caribbean, Mid-Yucatan, SEGoM), ii) maintained at two 

time periods with different bottom-water hydrography (i.e. 2010ï2011, 2012). The species 

richness, abundance, and species composition on each zone were constrained by the effect of depth 

gradient, showing that community characteristics were differently distributed along geographic 

longitude, outlining transition areas towards the Caribbean Sea and the Gulf of Mexico. 

 

Amphipod species diversity 
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A rise on amphipod richness was observed from 2010 to 2012, but in spite of an unprecedented 

sampling effort on benthic amphipods in the YCS, the species accumulation curves still exhibited 

a high probability to obtain at least 37% more species if sampling effort is increased. The species 

richness also showed a spatiotemporal variability in function of depth and geographic longitude. 

These results suggest that the soft-sediment amphipod community is highly dynamic and 

heterogeneously distributed on the YCS. The spatial heterogeneity in the sediment texture 

composition of the YCS (García 1980, Balsam & Beeson 2003, Paz-Ríos et al. 2018), here 

observed on the inner shelf such as different contents of sand and clay in sediment from east to 

west, might represents diverse soft-sediments habitats that, similarly to other carbonated shelves 

(Poore et al. 2014, Ellis et al. 2017, Henkel & Politano 2017), could contributed to the spatial 

variability of the amphipod richness. 

The relatively high species richness of the YCS might be explained by its geographic 

location, between the east border of the Southern Gulf of Mexico ecoregion and the adjacent 

Western Caribbean ecoregion (Spalding et al. 2007). This characteristic would increase the 

amphipod species diversity due to the confluence of different biotic components from those two 

ecoregions, suggested in a former study (Paz-Ríos & Ardisson 2013) as a similarity in the species 

composition between the Yucatan shelf amphipods and Caribbean Sea. Our analyses showed a 

species turnover along geographic longitude, that suggests the presence of three species 

assemblages (i.e. West Caribbean, Mid-Yucatan, SEGoM), providing a new insight of the probable 

influence of those two ecoregions on the YCS. Moreover, the observed species richness (117 spp.) 

is so far the highest reported for benthic amphipods from any subtidal ecosystem in the continental 

shelf on either of the mentioned ecoregions (see Miloslavich et al. 2010, Martin et al. 2013, Paz-

Ríos & Ardisson 2013). 

 

Spatiotemporal variability of distribution patterns  

Spatial changes on species richness, abundance, and species composition on geographic longitudes 

were significantly influenced by the depth gradient, noticed on the interaction term on our analyses. 

The depth gradient played an important role on observed changes, with a significant influence on 

the amphipod community structure, as expected according to the distribution pattern for marine 

benthic communities on continental shelves (Ellingsen 2002, Jayaraj et al. 2008, Karenyi et al. 

2018). The species composition on the outer shelf (60ï210 m) showed the lowest values in the 
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species richness and abundance along the entire YCS, in spite of the occurrence of upwelling 

systems. In general, our study showed the species composition on the outer shelf was related to 

lower values of temperature and dissolved oxygen in bottom water, as well as sediment 

characteristics such as low organic matter content and high clay content. These relationships are 

consistent with other studies of macrofauna on Gulf of Mexico outer shelves (Escobar-Briones & 

Falcon 2005, Escobar-Briones et al. 2008, Wei et al. 2012), where broad changes on the species 

composition respect adjacent inner shelves has been described, such the decrease in species 

richness, abundance, and biomass attributed to a limited availability of food, high thermal 

sensitivity, uniformity toward fine sediment texture, and high sediment oxygen consumption. 

The higher values in species richness and abundance, on the other hand, were observed on 

shallow sites of the inner shelf (<60 m). A unimodal distribution trend on species richness and 

abundance was observed with higher values at the Mid-Yucatan assemblage, tending to diminish 

toward the SEGoM and West Caribbean assemblages. This type of distribution is generally 

attributed to the influence of an environmental gradient over the occurrence and abundance of 

species, suggesting the suitability of benthic habitats through it (Gray 2002, Anderson 2008, 

Allouche et al. 2012, Pitcher et al. 2012). Our analysis suggests the existence of an environmental 

gradient associated to the geographic longitude and acting over the species composition on the 

inner shelf, associated to the sediment texture, temperature and primary productivity. This 

environmental gradient is consistent with the documented influence of the dominant circulation in 

the YCS, which drives an important westward advective transport of material and nutrients 

(Appendini et al. 2012, Enriquez et al. 2010, Carrillo et al. 2017), suggested too by a change on the 

sedimentary environment along geographic longitudes (Balsam & Beeson 2003). The change on 

sediment characteristics, together with oceanographic traits related to the main hydrographic 

circulation pattern (e.g. upwelling, anticyclonic eddy) could cause the unimodal distribution trend, 

contributing to the formation of the three amphipod assemblages identified, West Caribbean, Mid-

Yucatan and SEGoM.  

Temporally, an intrannual variability in the bottom environmental characteristics could be 

playing an important role on the observed spatiotemporal amphipod distribution, such as the ones 

observed on continental shelves (Hernández-Arana et al. 2003, Jayaraj et al. 2008, Quintana et al. 

2015) and nearshore soft-sediment habitats (Rakocinski et al. 1998, Yu et al. 2002, Paz-Ríos & 

Ardisson 2018). In the present study, data collection in 2010 and 2011 took place on similar time 
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period (September), unlike in 2012 over a different one (November-December). Our results show 

relatively similar environmental conditions between 2010 and 2011, contrasting with the 

environment characteristics in 2012. This general environmental pattern was similar to the changes 

on the amphipod community structure. 

The difference in species richness and abundance from 2010ï2011 to 2012 could be 

explained then by an adaptive response of amphipods to environmental variability along annual 

cycles (Frid et al. 1996, Osman 2008). The appearance of higher number of least frequent and 

abundant species (i.e. rare) in 2012, suggests a successional dynamic on community distribution 

(Wilson 1994, Hewitt et al. 2016) due to changes in regional environmental changes. This major 

change suggests the temporal distribution trends in the amphipod community could be driven by 

environmental factors of the YCS, especially related to the two identified hydrographic scenarios, 

upwelling in 2010ï2011 and non-upwelling in 2012, such as temperature or food input. The 

variability of the bottom water and sediments characteristics in presence and absence of the 

upwelling systems was not spatially uniform over the shelf, so the species composition and 

abundance of the three identified species assemblages (West Caribbean, Mid-Yucatan and 

SEGoM) were differentially influenced for environmental factors. 

During the 2010ï2011 period, upwelling systems were detected to occur in the area where 

the West Carribean assemblage was observed. Previous studies (Merino 1997, Cárdenas-Palomo 

et al. 2015, Ruiz-Castillo et al. 2016) described the intrusion of deeper cool water on the eastern 

inner shelf edge led to a rise of primary productivity, as the phenomena observed in the present 

study. According to our results, the relatively low-waters temperature associated to the upwelling 

system could limit the establishment of high values in species richness and abundance of benthic 

amphipods, as has been already shown in other similar studies (Valério-Berardo et al. 2000, 

Quintana et al. 2015). The influence of upwelling systems on the amphipod distribution persisted 

on the inner shelf until it reached the eastern sector of the Mid-Yucatan assemblage; at the west 

sector of this same assemblage, higher richness and abundance were observed to be related to 

higher temperatures, far from the influence of upwelling systems. The SEGoM assemblage was 

not influenced by upwelling systems, instead, the inner shelf of this area was characterized by a 

mixed water column, with relatively higher bottom temperature, features that would favor the 

establishment of high values in amphipod community attributes, as has been previously reported 

for carbonate sediment habitats in this sector of shelf (Escobar-Briones y Jiménez-Guadarrama 
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2010). However, the observed decrease of richness and abundance for the SEGoM assemblage 

could be explained, by a particular geomorphologic trait of the peninsulas (Battisti 2014) 

suggesting an edge effect at the west side of the shelf, observed as a conservative number of sites 

on the inner shelf that led to account low records in community attributes. 

The absence of upwelling in the 2012, plus the presence of a warm-core anticyclonic eddy, 

and intense winds from winter frontal storms probably contributed to re-establishing of the thermal 

exchange between water layers on the entire shelf, as explained by disruptor mechanisms on the 

stratification (Reyes-Mendoza et al. 2016, Ruiz-Castillo et al. 2016), and observed on the present 

study as a mixed water column with relatively higher bottom temperature. This hydrographic 

scenario probably favored the rise of species richness and abundances, as life history traits in 

amphipods (e.g. high fecundity, direct development, parental care, local recruitment) enable them 

to maximize their permanence on soft-sediment benthic habitats (Conlan 1994, Norkko et al. 2006), 

increasing its recovery potential after the impact of water temperature drop (Highsmith & Coyle 

1991, Navarro-Barranco et al. 2017). In addition, the colonization and establishment of high values 

in amphipod community attributes depends as well on the adaptive response of species assemblages 

to sediment properties (Oakden et al. 1984, Marquez & Bellan-Santini 1993, Valerio-Verardo et 

al. 2000), as assemblages on low clay content sediments, such as the areas where the West 

Caribbean assemblage occurs, could re-establish the species richness and abundances more rapidly 

from impoverished or defaunated scenarios (Dernie et al. 2003). Such scenario could occur after 

upwelling pulses, as observed in the YCS or after the impact of winter frontal storms, as observed 

in the Campeche continental shelf (Hernández-Arana et al. 2003). 

The hydrographic scenario on areas where the Mid-Yucatan assemblage occurred was 

characterized by relatively high dissolved oxygen concentrations on bottom water and large organic 

matter content in sediment. These characteristics could favor, by the effects of hydrodynamics, the 

establishment of higher values in species richness and abundance than West Caribbean and SEGoM 

assemblages. Our results suggest a link between the pelagic primary production from upwelling 

systems and the development of the amphipod Mid-Yucatan assemblage, possibly mediated by the 

Yucatan Current and the warm-core anticyclonic eddy. The potential food input through the 

sedimentation of particulate organic matter (e.g. dead plankton, fecal pellets, organic detritus) 

could be caused by the synergy between the westward advective transport of the Yucatan Current 

(Enriquez et al. 2010, Domínguez-Castanedo et al. 2012) and a subsurface vertical advective 



 

76 

transport of the anticyclonic eddy vortices (Salas-de-León et al. 2004, Cruz-Gómez et al. 2008). 

These eddies are characterized by inducing a vertical flux (downwelling circulation) of nutrients 

and warm water (Mahadevan et al. 2008, Durán-Campos et al. 2017). 

The water column stability was an important factor in the absence of upwelling by 

promoting in a mixed water column, fluxes between benthic and pelagic components, generally 

prevented in a stratified water column, e.g. upwelling systems (Merino 1997, Nunnally et al. 2014). 

This finds support in the dynamics of diverse shelf ecosystems, where a homogeneous water 

column at time periods with more active airïsea exchanges, expressed in this scenario as intense 

wind pulses from winter frontal storms (Reyes-Mendoza et al. 2016), sets probably better optimal 

conditions to the benthic macrofauna development (Soto & Escobar-Briones 1995, Escobar-

Briones 2003, Quintana et al. 2015, Navarro-Barranco et al. 2017).  

 

CONCLUSION 

Non-asymptotic species accumulation curves were obtained as an evidence that the observed 

amphipods richness in the present study represent a fraction from a larger pool of species on the 

YCS. Analysis of spatiotemporal trends identified two distribution patterns on the amphipod 

community, driven by the depth gradient, clearly limited to inner shelf soft-sediment habitats. 

Distributional patterns were represented as three species assemblages spatially structured along 

geographic longitude (West Caribbean, Mid-Yucatan and SEGoM), and temporally as two 

hydrographic scenarios: upwelling (2010ï2011) and non-upwelling in 2012). In 2010ï2011, 

relatively low bottom-water temperatures from upwelling systems limited the establishment of high 

values in species richness and abundance on the West Caribbean and eastern Mid-Yucatan. In 2012, 

the absence of upwelling and presence of a warm-core anticyclonic eddy contributed to the re-

establishing of relatively high bottom-water temperatures on the entire shelf, which tended to favor 

the development of higher values in species richness and abundance on the three species 

assemblages, particularly enhanced in the West Caribbean and SEGoM by sandy sediment 

properties and in the Mid-Yucatan by higher organic matter content in sediment. Our results 

highlighted the importance of environmental factors and oceanographic traits related to the regional 

hydrography, such as upwelling systems and anticyclonic eddies, as major driver of changes in 

benthic macrofauna community of the YCS. 
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Figure captions 

 

Fig. 1. Location of the sampling sites in the Yucatan continental shelf, southern Gulf of Mexico. 

Isobaths represent the upper limit of depth strata defined in Logan et al. (1967) for the inner shelf 

(60 m) and outer shelf (210 m). Data source for coastline and bathymetry from NOAA 

(https://www.ngdc.noaa.gov/mgg/bathymetry/relief.html). 

 

Fig. 2. Sample-based species accumulation curves from the three years pooled together (a) and by 

year (b), based on the Chao 2 estimator. The solid line represents average values of the species 

richness and shades represent ± 1 SD based on 100 randomizations. 

 

Fig. 3. Ordination of the sampling sites along the depth gradient with fitted values of the species 

richness (a) and abundance (b) per site. The dashed line represents the upper limit for inner shelf. 

Spearman rank correlations (ɟ) represent partial correlations (depth fixed as covariate) between 

community attributes and the ordination axis 1 of the canonical analysis of principal coordinates 

(CAP). 

 

Fig. 4. Average value (± S.E.) of community attributes with observed significant changes per 

sampling year and geographic longitude. Distinct letters on levels of factor indicate significant 

differences at a critical value of Ŭ = 0.05. 

 

Fig. 5. Canonical analysis of principal coordinates (CAP) for the ordination of composition and 

relative abundance of amphipod community, as a function of the sampling year (a) and geographic 

longitude (b). 

 

Fig. 6. Canonical analysis of principal coordinates (CAP) for the ordination of records in 

environmental variables, as a function of the sampling year (a) and geographic longitude (b). The 

deployed variables account for a Pearson correlation of 0.5 in the ordination of sampling sites. 

Environmental variables: Chl a, chlorophyll-a; Oxy, dissolved oxygen; Tem, temperature. 
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Fig. 7. Contour maps of the bottom-water temperature (aïc) and vertical profiles of temperature on 

one cross-shelf transect (dïf) per sampling year. Maps and profiles were interpolated using the 

ordinary Kriging method. The continued line represents the isobath for the upper limit of the inner 

(60 m) and outer shelf (210 m). The dashed line represents the isotherm of 22.5 °C. 

 

Fig. 8. Biplot projection of the canonical correspondence analysis (CCA) by a) years 2010ï2011 

(significance of all canonical axes, F = 2.758, p = 0.0001) and b) year 2012 (significance of all 

canonical axes, F = 1.774, p = 0.0001). Bubbles corresponding to the total species abundance 

transformed into the fourth root. Environmental variables: Chl a, chlorophyll-a; OM, organic 

matter; Oxy, dissolved oxygen; Tem, temperature. 
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Fig. 2 
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Fig. 3 
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Fig. 4 

 

 

 

 

 

 

 

 

 

 


