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Abstract

:

To date, Trapezia spp. crabs have been considered obligate symbionts of pocilloporid corals. They protect their coral hosts from predators and are essential for the health of certain coral species. However, the basic details of this group of crustaceans are lacking, and there is a need for species-level molecular markers. The Tropical Eastern Pacific (TEP) region harbors important coral communities mainly built by corals of the genus Pocillopora, with three known Trapezia species known to associate with them: Trapezia bidentata, T. formosa and T. corallina. Both taxonomic and molecular analyses were carried out with samples of all three crab species collected from Pocillopora spp. in the Central Mexican Pacific. Analysis of both a mitochondrial and a nuclear gene revealed only two species, T. corallina and T. bidentata. T. formosa however appears to be a morphotype of T. bidentata. The use of integrative taxonomy for this group has increased the knowledge of the biodiversity not only of the study area, but of the whole TEP and will enhance the future study of the Trapezia–Pocillopora symbiosis.
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1. Introduction


Coral communities are highly productive ecosystems that harbor a high biodiversity and biomass of small crustaceans [1], among which decapods constitute nearly one-third of the total species [2]. Their relevance is associated not only with the high biomass they represent for the ecosystem, since Crustaceans can affect and/or modify their communities through herbivory, predation, consumption of detritus and nonorganic components and oxygenation of the sediment through burrow construction [3]. Furthermore, crustaceans form numerous, complex trophic relationships that are prone to change in response to both natural and anthropogenic stressors that can threaten the integrity of the coral reef ecosystem, including of crustacean assemblages [4].



Members of the genus Trapezia (Decapoda, Brachyura, Trapeziidae) are ecologically important crustaceans that form obligate symbioses with hermatypic corals of the most widely distributed and abundant genus of the Tropical Eastern Pacific (TEP): Pocillopora [5]. Trapezia crabs live their entire lives, sheltered among the coral branches, providing to the whole colony a defense system against conspecifics and against predators that threaten the coral, such as the corallivorous crown-of-thorns sea star (Acanthaster sp.) [6]. The crabs not only defend the coral, but they remove detritus and promote branch elongation [7]. In exchange, the crabs benefit from the coral-provided shelter, as well as nourishment in the form of the detritus that accumulates in the coral branch mucus [8]. In terms of within-colony Trapezia distribution, there are typically size-based hierarchies in which mature couples dominate and are located among the central branches. Smaller-sized individuals (new recruits, juveniles and even adults) mainly live at the base of the coral colony [8], promoting a hierarchy in the use of resources according to the size of the organisms. Due the complex ecological role of the carbs, the Trapezia–Pocillopora relationship is now considered as mutualism rather than an obligate commensalism [9,10].



The distribution of Trapezia predominantly mirrors that of their coral hosts [11]. Despite the TEP region having been historically characterized as a region with suboptimal conditions for coral growth/development, there are important coral communities present. However, they do face seasonal upwelling, internal waves, high turbidity, eutrophic conditions, high interannual variation in seawater quality and frequent and intense ENSO events [12,13], all of which can negatively affect corals, decreasing their cover and therefore the available habitat and food supply for the crabs. Nevertheless, the TEP harbors well-developed, shallow coral communities, and the northern TEP is considered especially biodiverse [14,15].



To date four Trapezia species have been recorded in the TEP: Trapezia digitalis and Trapezia ferruginea, which are widely distributed across the Indian and Pacific oceans and the endemic T. corallina and T. formosa [16]. Nevertheless, due to the almost imperceptible morphologic differences among species, some taxonomists have considered there to be only two [16]: T. corallina (synonymized with T. digitalis) and T. formosa (synonymized with both T. bidentata and T. ferruginea). Therefore, despite the existence of historical records of Trapezia within pocilloporid corals, their taxonomic classification remains unclear. Given (1) their importance to coral and coral reef health, (2) the inability to distinguish between putatively different species and (3) the need to understand whether certain crab species demonstrate specificity to (or a preference for) certain coral species, we sought to use morphometric and molecular taxonomic tools to better understand the ecology of the crab–coral symbiosis in the TEP.




2. Materials and Methods


2.1. Study Site


Trapezia spp. crabs were sampled from Pocillopora spp. colonies located in the Islas Marietas National Park (IMNP); a coral community located in the Central Mexican Pacific (CMP) region (Figure 1). This Natural Protected Area (NPA) harbors one of the most important coral communities of the Northeastern Tropical Pacific, one composed mainly of branching corals of the genus Pocillopora and massive and submassive corals of the genera Porites and Pavona. These three genera constitute most the hard coral cover [17] from 0 m to 20 m, as is typical elsewhere in the TEP [18]. The NPA is an oceanographic transition area where three oceanic currents converge: the Costa Rican Coastal Current, the California Current and the water mass of the Gulf of California [19]. The surface ocean temperature ranges from 23 to 30 °C during the year, with minimum and maximum values in March and September, respectively. Local conditions, such as upwelling and internal waves, cause the appearance of both daily fluctuations of up to 5 °C [20] and of a thermocline at depths of up to 20 m, resulting in highly variable conditions of sea temperature and dissolved oxygen [19,21,22]. This region is influenced by seasonal hurricanes, storms and natural stressors, and also by ENSO events that are associated with abnormal increases (El Niño) or decreases (La Niña) in surface temperature for several weeks or even months. Such temperature anomalies can affect the corals detrimentally, as can other environmental factors, such as altered pH and nutrient levels [23].




2.2. Sampling and Taxonomic Identification


Trapezia crabs were collected at three sites within IMNP (Figure 1). Each crab was obtained from a different Pocillopora colony at a depth of 5–7 m. Crabs were collected carefully (using metallic tweezers to extract them from the live coral colony) and immediately placed individually in 50-mL plastic tubes filled with seawater. Following collection, the crabs were preserved in 96% ethanol and transported to the laboratory. Crabs were then observed using a stereoscope (Stemi 508-Zeiss®, Oberkochen, Germany) and classified to species level following the taxonomic criteria described by Castro [16,24]; carapace shape and size, color, cheliped size and propodus color were all considered. All crabs were photo-documented using a Canon Elph PowerShot 180 camera (Canon Inc., Tokyo, Japan), and, prior to long-term storage, a sample of muscle tissue was dissected from the cephalothorax and preserved in 96% ethanol for DNA extraction. Carapace and cheliped width and length were measured individually using Image J software (Open Source, Developed at the National Institutes of Health and the Laboratory for Optical and Computational Instrumentation, University of Wisconsin, Madison, WI, USA); values are expressed per species and sex as mean mm ± standard deviation.




2.3. DNA Extraction, Amplification and Sequencing


Genomic DNA from the muscle tissue was extracted using the Wizard® Genomic DNA Purification kit (Promega, Madison, WI, USA) according to the manufacturer’s protocol. Partial sequences of the nuclear gene histone H3 (H3) and the mitochondrial gene cytochrome c oxidase subunit 1 (cox1) were PCR amplified as follows: H3 gene fragments (347 bp) were amplified using the primers H3af 5′-ATGGCTCGTACCAAGCAGACVGC-3′ and H3ar 5′-ATATCCTTRGGCATRATRGTG AC-3′ of Lai et al. [25]. Cox1 gene fragments (600 bp) were amplified using the primers LCOI490 (5′-GGTCAACAAATCATAAAGAYATYGG-3′) and HCOI21908 (5′-TAAACTTCAGGGTGACCAAARAAYCA-3′) from Folmer et al. [26]. PCR mix comprised 7.23 μL nuclease-free of H2O, 0.75 μL of MgCl2, 0.66 μL of dNTPs, 2.5 μL of 10× buffer, 0.13 μL of each primer, 0.10 μL of Taq polymerase (Promega) and 1.2 μL of DNA0. After an initial denaturation step at 94 °C for 5 min, 40 cycles, comprising 94 °C for 1 min, 62 °C for 1 min (H3) or 48.4 °C for 1 min (cox1) and 72 °C for 1 min, were carried out, with a final extension step of 5 min at 72 °C.



PCR products were visualized on 2%-TAE (Tris-acetate–EDTA) agarose gels. The final products were purified with the Wizard SV gel and PCR clean-up system (both from Promega) and sent to Macrogen, Inc. (Seoul, Korea). The forward and reverse sequences obtained were manually edited using Geneious Prime 2019.2.3 software in order to obtain a consensus sequence for each gene. To confirm the species identity, the consensus sequences were queried against the National Center for Biotechnology Information database (i.e., GenBank) via BLAST. Each gene sequence was submitted to NCBI with the following accession numbers: (H3) MT720697, MT720698, MT720699, MT720700, MT720701, MT720702, MT720703; (cox1) MN852247, MN852248, MN852249, MN852250, MN852251, MN852252, MN852253, MN852254.



Some additional sequences from members of the family Trapeziidae were obtained from GenBank and aligned with the sequences generated herein using Clustal W within Mega-X [27]. It is important to emphasize that, to date, there are no T. corallina and T. formosa H3 and cox1 sequences available and that for T. bidentata no published H3 sequences exist. Molecular data sets (H3 and cox1) were analyzed with maximum likelihood (ML) and Bayesian information (BI) methods.-ML analyses were performed using Mega-X software with 1000 bootstraps. TN93+G+I (Tamura–Nei model+gamma distributed rate of substitution+estimated proportion of invariant sites) was the best-fitting nucleotide substitution model for cox1, with T92+G (Tamura 3-parameter+gamma distributed rate of substitution) the ML best-fit for H3. Bayesian analyses were conducted with MrBayes v.3.1.2 [28] and appropriate DNA substitution models were determined separately for the H3 and cox1 datasets. The Bayesian analysis was conducted by computing 10,000 Markov chain Monte Carlo generations with 7 H3 and 8 cox1 sequences. Using Mega-X software and cox1 marker, pairwise genetic distances were calculated among the T. bidentata and T. formosa sequences from the present work, as well as T. bidentata sequences from GenBank. Finally, the species Kempina mikado (Crustacea: Stomatopoda) was used as the outgroup.





3. Results


3.1. Morphologic Identification


A total of 26 crabs were sexed and identified taxonomically based on coloration patterns, the shape of the cephalothorax and the size and shape of the chelipeds. Taxonomic characteristics based on Castro [16,24] determined that the crabs belonged to three Trapezia species, and a mix of males, females and juveniles were obtained and described as follows (Figure 2): The crabs identified as T. formosa (3 females, 4 males) were all characterized as small adults, with cephalothoracic widths ranging from 4 to 7 mm (Table 1). They usually presented a reddish-orange color, with the lower margin of the propodus (chelipeds) yellowish and with chelipeds lengths 3-fold greater than widths (Table 1). Their carapaces were globose, with the anterolateral sides strongly curved (up to 45°; Figure 2A). The crabs identified as T. bidentata (7 females, 5 males and 1 juvenile) showed most of the morphologic characteristics of T. formosa with the key difference being that the specimens identified as T. bidentata showed a darker red coloration and presented less curved anterolateral sides of the carapace (Figure 2B); for this species the specimens examined presented higher carapace and cheliped sizes than T. formosa (Table 1). Finally, the crabs identified as T. corallina (5 males and 1 juvenile) presented a dark orange-brown color, brown reticulations on the propodus, and, in general, thick and bulky chelipeds; they were also characterized by a complete suture between the (i) second and third thoracic sternites and (ii) the ischium of the endognath of the third pair of maxillipeds; also, this species showed a rough appearance in the middle portion of the inner margin (Figure 2C). Finally, T. corallina presented both the largest cheliped and largest carapace of the species collected (Table 1).




3.2. Molecular Identification


BLAST results revealed that all sequences analyzed (n = 15) were 99–100% similar to those of published sequences from the Trapezia genus on GenBank. Phylogenetic trees were built for each gene from the sequences obtained (Figure 3 and Figure 4) within the Trapeziidae family: seven TEP H3 sequences (264 bp) and eight TEP cox1 sequences (582 bp). Both ML and BI methods revealed that both molecular markers clustered the species T. bidentata and T. formosa into the same group; this result was also supported by high posterior probabilities and bootstrapping (Figure 3 and Figure 4). T. corallina clustered with T. tigrina in a different, sister group. Pairwise genetic distances were zero between T. bidentata and T. formosa. When comparing cox1 sequences from T. bidentata and T. formosa from the present work with those from T. bidentata obtained from GenBank, pairwise genetic distances were 0.001.





4. Discussion


The use of genetic tools for investigating crustacean phylogenetics is widespread and both cox1 and H3 have proven suitable for resolving crab identities to species level [25,29,30]. By comparing cox1 sequences of specimens with published available data for related taxa, we identified two clades: T. corallina and T. bidentata. The cox1 mitochondrial gene, while overall highly conserved [31], contains a hyper-variable region that is useful for taxonomy. By performing the same procedure with the H3 gene, the same two clades were resolved: T. corallina and T. bidentata. The H3 nuclear gene evolves more slowly than mitochondrial genes [32], but nevertheless corroborated the cox1 findings.



The delimitation of species is problematic for recently diverged lineages that are not yet morphologic distinct. Furthermore, phenotypic convergence can also lead to low morphologic divergence [33]. The integrative use of morphologic (traditional taxonomy) and genetic identification approaches employed herein could be extended to include behavioral and ecological characteristic [34,35] so as to serve as an even more holistic identification method. Using traditional taxonomic characterizations alone, T. corallina, T. formosa and T. bidentata were considered three different species. This conclusion was based on taxonomical parameters that were generally considered valid for discrimination between decapod species: the shape of the carapace, chelipeds and external coloration [24,25,36,37,38,39]. However, the molecular data support the conclusion that T. formosa is a morphotype of the species T. bidentata and thus should not be considered as a separate species.



Accurate identification of members of the Trapezia genus is of value not only for the future study of decapods, but also for study of their coral hosts. Pocillopora is considered the main reef-builder of the TEP region [40,41,42] and, unlike dominant corals in other parts of the Indo-Pacific, are markedly resilient to environmental change [43,44]. Given that adult healthy colonies seem always to be associated with at least one Trapezia sp. crab, it is possible that this high acclimatization capacity is linked to crab presence [40,45]. It is nevertheless unclear what implications future climate change-driven impacts will have on this mutualistic symbiosis and a more rigorous assessment of ecological implications of crab–coral mutualism in the TEP would be of value. In this case additional molecular markers and other traits (e.g., behavior or physiology of the crabs) could be incorporated into an investigation in order to gain new insights, including into the role of commensals in promoting resilience of the TEP’s coral communities.
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Figure 1. Study area in the Islas Marietas National Park (IMNP), Nayarit, Mexico, showing the location of sampling sites. All sampling sites have a high cover of Pocillopora sp. (15–33%). (A) Zona de Restauración (20.698860° N, 105.580997° W); (B) Cueva del Muerto (20.697389° N, 105.582806° W) at Isla Larga; (C) Plataforma Pavonas (20.700908° N, 105.565304° W) at Isla Redonda. 
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Figure 2. Trapezia crabs of the Tropical Eastern Pacific. (A) Trapezia formosa; (B) T. bidentata; (C) T. corallina. CW—carapace width; CL—carapace length; RC—right cheliped. 
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Figure 3. Consensus tree of the Trapeziidae family obtained using maximum likelihood and Bayesian information (BI) methods based on the H3 nDNA gene. Bootstrap values/posterior probabilities (ML/BI) are indicated under the principal node. Clade A: Quadrelliinae; B: Calocarciniinae; and C: Trapeziinae. Kempina mikado (Crustacea: Stomatopoda) was used as the outgroup. * = Denotes sequences of crabs taxonomically identified as T. formosa. 
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Figure 4. Consensus tree of the Trapeziidae family obtained using maximum likelihood and Bayesian information (BI) analyses based on the cox1 mtDNA gene. Bootstrap values/posterior probabilities (ML/BI) are indicated under the principal node. Clades A: Trapeziinae; B: Calocarciniinae; and C: Quadrelliinae. Kempina mikado (Crustacea: Stomatopoda) was used as the outgroup. * = Denotes sequences of crabs taxonomically identified as T. formosa. 
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Table 1. Trapezia carapace and cheliped measurements per species and sex. Values reported as means ± SD. N/A corresponds to no available data.
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Species

	
Carapace Width

	
Carapace Length

	
Cheliped Width

	
Cheliped Length




	
Males

	
Females

	
Males

	
Females

	
Males

	
Females

	
Males

	
Females






	
Trapezia formosa

	
6.10 ± 0.99

	
5.90 ± 1.31

	
5.06 ± 0.64

	
5.19 ± 0.78

	
2.54 ± 0.50

	
2.85 ± 0.87

	
6.41 ± 1.27

	
6.09 ± 0.52




	
Trapezia bidentata

	
6.95 ± 0.78

	
8.93 ± 2.43

	
5.86 ± 1.76

	
6.32 ± 1.91

	
3.26 ± 0.19

	
3.15 ± 1.52

	
7.69 ± 1.83

	
6.156 ± 0.921




	
Trapezia corallina

	
9.03 ± 1.56

	
N/A

	
8.17 ± 3.01

	
N/A

	
4.19 ± 0.52

	
N/A

	
9.78 ± 2.33

	
N/A












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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