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Oceanic islands are known by their unique evolutionary histories and high endemicity caused by isolation. This is the first survey on the biodiversity of Peracarida from Trindade Island, a volcanic island located about 1,160 km off the Brazilian coast, with the first reports of Tanaidacea from the island and the description of Synapseudes isis sp. nov. and three new species of Amphipoda (Ampithoe thaix sp. nov., Elasmopus gabrieli sp. nov., and Eusiroides lucai sp. nov.). The results of the phylogenetic analysis of Synapseudes based on morphological characters and its biogeography through the Bayesian Binary MCMC analysis (BBM) suggested an Indo-Pacific origin for the genus. Finally, the biodiversity of Trindade Island is compared to that of the Abrolhos Archipelago, the closest islands from the coast on the continental shelf, suggesting a high endemicity of Peracarida, corresponding to 44% of Amphipoda and 50% of Tanaidacea species in the island of Trindade.
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INTRODUCTION

Oceanic islands are of great interest because of their isolation, high endemicity, and evolutionary history (Pinheiro et al., 2017). The Trindade and Martin Vaz Archipelago, located southeastern off Brazil, is a unique place with high endemism rate compared to other Atlantic Ocean localities and the seamounts that connect Trindade and Martin Vaz to the South American continent, known as Vitória-Trindade Seamount Chain (VTC). These areas are considered a biodiversity hotspot for fishes and invertebrates (Pinheiro et al., 2015), with the number of new species described for VTC, and especially to the Trindade Island (TR), still rapidly increasing (Lima et al., 2019; Cunha et al., 2020; Pachelle and Tavares, 2020; Simone and Cavallari, 2020).

Among the environments found in TR, the rocky shores comprise a large amount of the coastal area, with tidepools being found all over the island (Macieira et al., 2015), providing a stressful and changing habitat based on tide dynamics coupled with environmental characteristics and ecological processes that drive the community (Gibson, 1986). Such intertidal environment can harbor macrophytal beds that allow the increase of biodiversity by providing substrata to epiphytic algae and bryozoans and food resources and shelter to several vertebrates and invertebrates (Duffy and Hay, 1991; Christie et al., 2009). In the island of Trindade, 36 species of macroalgae were previously reported, including nine species of brown algae (Pereira-Filho et al., 2011).

These marine macrophytes form habitat patches to the epifaunal assemblages dominated by crustaceans of the order Peracarida (Tanaka and Leite, 2003), such as amphipods, isopods, and tanaidaceans, that have direct development and consequently low dispersion, favoring the establishment of endemic species (Hurtado et al., 2016; Pinheiro et al., 2017). However, data on Peracarida biodiversity from TR remain scarce, with only two amphipod species reported from the archipelago so far and one endemic to TR (Oliveira, 1951; Barnard, 1965; Andrade and Senna, 2017). Records of isopods from TR are still restricted to terrestrial fauna and ectoparasites (Barth, 1958; Moreira, 1977; Souza et al., 2013), while tanaidaceans are unknown.

Although benthic Peracarida members are considered to present high levels of endemicity, they show good ability to disperse long distances, especially on macroalgae, which provide both high food value and floating potential, once organisms with direct development may reproduce and their offspring recruit within the parental raft (Thiel, 2003). Therefore, according to Błażewicz-Paszkowycz et al. (2012), transport in floating algae (rafting) and vicariance are likely to create new habitats and to provide dispersion as well as to isolate populations, allowing them to diversify and speciate. However, the lack of studies on the events that have driven the current distribution of Peracarida associated with macroalgae hinders a better understanding of the evolutionary biogeographic processes involved.

Therefore, we aim to report on the Peracarida fauna associated with the brown algae of the genus Dictyota sp. from TR, with the first report of tanaidaceans and the description of one new species of Synapseudes (Tanaidacea: Apseudomorpha) and three new species of Amphipoda. We also comment on the phylogenetic position of the new species Synapseudes isis sp. nov. based on morphological characters and perform an event-based biogeographic analysis of the genus to further understand the processes underlying the faunal diversity associated with macroalgae worldwide. Finally, we provide a discussion on the biogeographical patterns inferred for Peracarida comparing the taxa from TR with those from the Abrolhos Archipelago, the closest islands from the coast on the continental shelf.



MATERIALS AND METHODS


Study Area

Specimens were collected from the brown algae of the genus Dictyota sp. under permission SISBIO 60924-3. Sampling was carried out on Trindade Island in September 2018 and April 2019 at Piscinas do Parcel (20°31′10.812″S, 20°31′10.812″W), Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), and Piscina da Praia do Lixo (20°31′27.624″S, 29°19′22.188″W) (Figure 1).
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FIGURE 1. Location of Trindade Island and Abrolhos Archipelago and sampling localities of Dictyota sp. at Trindade Island. (A) Ilha do Sul. (B) Piscina da Praia do Lixo. (C,D) Piscina do Parcel.


The island of Trindade is located at the eastern limit of the VTC (20°30′S, 29°20′W) together with Martin Vaz, in southeastern Brazil, the easternmost group of islands off Brazil, about 1,160 km from the coast (Figure 1). Trindade and Martin Vaz hold the most isolated intertidal habitats within the Brazilian Province and are surrounded by calcareous algal reefs throughout the littoral zone (Gasparini and Floeter, 2001).



Sampling Method

Algal fronds were collected underwater by free diving, from 1 to 10 m, stored in fabric bags (0.2 mm mesh size) within seawater and washed off for fauna separation. The associated fauna was fixed and preserved in ethanol 90% for later identification. Appendages and mouthparts of dissected specimens were mounted on glass slides and sealed with glycerol. Drawings were made with a camera lucida at a Zeiss Axioscope stereomicroscope and digitally drawn with Inkscape. Types are deposited at the Museu de Zoologia da Universidade Estadual de Campinas (ZUEC).



Phylogenetic Analysis

We inferred the phylogenetic position of Synapseudes isis sp. nov. by analyzing published characters from the revision of Synapseudinae Guţu (1972). A character matrix was developed with 26 terminal taxa and 22 morphological characters, including 13 characters from the cephalothorax (including antennae, mouthparts, and cheliped), three from the pereon (including pereopods and gills), and six from the pleon (Supplementary Materials 1, 2). Characters were combined into multistate groupings to avoid overly dependent characters, resulting in nine binary characters, 11 multistate characters, and two continuous characters. Polarization of the characters was conducted through outgroup comparison. Metapseudes wilsoni Błażewicz-Paszkowycz and Bamber, 2007, and Ronabus idios (Gardiner, 1973) were chosen as out-groups based on Heard et al. (2018).

Data matrix of discrete characters was constructed using MorphoBank 3.0 (O’Leary and Kaufman, 2012), and continuous characters were subsequently added at the data file. We adopted the parsimony criterion and performed phylogenetic reconstructions in TNT version 1.1 (Goloboff et al., 2008). A heuristic analysis was conducted using the traditional search algorithm, with 8,000 replications and 500 trees held per replicate. Polymorphic characters were considered unordered. The branch-swapping algorithm used was “tree bisection and reconnection” (TBR). Branch support was calculated using the relative Bremer support (subtrees up to 10 extra steps; relative fit difference of 0.9; Bremer, 1994) implemented in TNT. Character polarization was conducted a posteriori according to Nixon and Carpenter (1993), and character optimization was made with Winclada (Nixon, 2002). For character discussion, the abbreviation used [SX(Y)] means the “state Y of character X” (Iwasa-Arai and Serejo, 2018; Iwasa-Arai et al., 2019). Synapomorphic characters whose secondary homology (sensu De Pinna, 1991) was rejected are herein referred to as “homoplastic synapomorphy” synapomorphies (e.g., Wheeler et al., 1993; Gomes-da-Silva and Souza-Chies, 2017; Iwasa-Arai and Serejo, 2018).

The abbreviations used are as follows: A, antenna; Che, cheliped; CI, consistency index; Ep, pleonal epimera; f, female; Gn, gnathopod; Hd, head; l, left; L, length; LL, lower lip; m, male; Md, mandible; Mx, maxilla; Mxp, Maxilliped; P, pereopod; Per, pereonite; Pl, pleon; r, right; RI, retention index; S, state; T, telson; and U, uropod; UL, upper lip.



Biogeographical Analysis

The distribution range of Synapseudes was divided into 12 areas based on the presence of one or more endemic species according to the marine realms proposed by Costello et al. (2017). These areas are Mediterranean (A), North Pacific (B), Mid-Tropical North Pacific (C), Caribbean and Gulf of Mexico (D), Gulf of California (E), Indo-Pacific and Indian Ocean (F), Coral Sea (G), Offshore Western Pacific (H), Offshore South Atlantic (I), and Rio de la Plata (J).

To examine the possible ancestral ranges of Synapseudes, we used the Bayesian Binary MCMC analysis (BBM) implemented in the program Reconstruct Ancestral State in Phylogenies (RASP; Yu et al., 2015) by using the morphological phylogeny described above (see section “Materials and Methods, Phylogenetic Analysis”) as input topology. BBM was primarily designed for reconstructing the ancestral state of given nodes by calculating the probabilities of ancestral ranges using the probabilities of each area unit generated by MrBayes (Ronquist and Huelsenbeck, 2003), and it was chosen because of the ability to deal with phylogenetic uncertainty. The MCMC chains of BBM analysis were run simultaneously for two million generations, with a sampling frequency of every 100 generations and a 10% burn-in. The maximum number of areas for this analysis was kept at four.



RESULTS

Eleven species of Peracarida are reported herein associated with Dictyota sp. from TR. Since records of peracarid crustaceans for this location are scarce, all observations but one are new records for the island. Of the two amphipod species previously reported, Elasmopus besnardi Oliveira, 1951, is currently considered a synonym of Elasmopus brasiliensis (Dana, 1853; Horton et al., 2020), and Cymadusa trindadensis Andrade and Senna, 2017, endemic to TR, was the only previously reported species (Figure 2). Herein, we give the first records of Tanaidacea for TR, comprising two species, one new species of Apseudomorpha and one new record of Tanaidomorpha.
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FIGURE 2. Amphipoda from Trindade Island. (A) Ampithoe marcuzzii male (ZUEC-CRU-4354). (B) Ampithoe marcuzzii female (ZUEC-CRU-4355). (C) Cymadusa trindadensis (ZUEC-CRU-4359). (D) Hyale niger (ZUEC-CRU-4360). (E) Protohyale macrodactyla (ZUEC-CRU-4362). (F) Elasmopus gabrieli sp. nov. (ZUEC-CRU-5364) (G) Elasmopus viracochai (ZUEC-CRU-4367). (H) Eusiroides lucai sp. nov. (ZUEC-CRU-4368). Scale bar: 1 mm.



Taxonomy

Order Amphipoda Latreille, 1816

Suborder Senticaudata Lowry and Myers, 2013

Family Ampithoidae Boeck, 1871

Genus Ampithoe Leach, 1814

Ampithoe marcuzzii Ruffo, 1954

(Figures 2A,B)

Ampithoe marcuzzii Ruffo, 1954: 120, figs I–II.—Barnard, 1958: 25.—Ortíz et al., 2007: 484.—Siqueira, 2012: 28, Anexo 1B.—Martín et al., 2013: 1705.—Paz-Ríos et al., 2013b: 9, fig. 9.—Campos et al., 2020: 2, figs. 1–3.

Ampithoe cf. marcuzzii—LeCroy, 2002: 245, fig. 262.

Material examined: Three individuals (not sexed), Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4354); three individuals (not sexed), Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), from Dictyota sp., April 2019, I. Batistela col. (ZUEC-CRU-4354).

Remarks: Ampithoe marcuzzii was described from Los Roques, Venezuela, and its current distribution ranges the western Atlantic Ocean, from Florida to state of São Paulo (SP), southeastern Brazil (Serejo and Siqueira, 2018; Campos et al., 2020). Specimens from TR are larger (up to 14 mm) than in the original description by Ruffo (1954), as observed by Siqueira (2012) in SP.

Ampithoe suapensis Correia et al., 2016

Ampithoe suapensis Correia et al., 2016: 196, figs 1–4.

Material examined: Five individuals (not sexed), Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4356).

Remarks: Ampithoe suapensis was previously known only from its type locality in Suape Beach, state of Pernambuco, Brazil. The TR specimens agree well with the original description of A. suapensis.

Ampithoe thaix Siqueira and Iwasa-Arai sp. nov.

http://zoobank.org/F4432581-ECA0-49EE-90C0-3DE39566F7E1

(Figures 3–5)
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FIGURE 3. Ampithoe thaix Siqueira and Iwasa-Arai sp. nov. Male (ZUEC-CRU- 4357). Scale bar: 1 mm. Gnathopods, pereopods, uropods, and telson. Scale bar: 100 μm.
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FIGURE 4. Ampithoe thaix Siqueira and Iwasa-Arai sp. nov. Antennae and mouth parts. Scale bar: 100 μm.
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FIGURE 5. Ampithoe thaix Siqueira and Iwasa-Arai sp. nov. Female (ZUEC-CRU-4358). Scale bar: 1 mm. Gnathopods and pereopods. Scale bar: 100 μm.


Material examined: Holotype: male, Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4357).

Paratype: one female, same as holotype. (ZUEC-CRU-4358).

Diagnosis: A2 heavily setose. Md palp article 2 2 × longer than article 3, with one or two setae on the margin. Mx1, inner plate with one seta. Gn1 slightly shorter than Gn2, Gn1 coxa produced anteriorly; propodus subrectangular and setose, palm transverse. Gn2, coxa oval; carpus with long setae on the anterior margin, propodus subrectangular, palm transverse with one robust seta. P5–7 propodus with 3–5 robust setae posteriorly. U1 with round spur apical margin of the peduncle, inner and outer rami lacking anterior robust setae. T subtriangular.

Etymology: This species is named after the marine biologist Thais Peixoto Macedo.

Description: Male (ZUEC-CRU-4357). Body (Figure 3). Length 4.7 mm.

Eyes rounded and well developed. A1 moderately setose; flagellum 13-articulate. A2 heavily setose; flagellum 8-articulate. UL rounded. LL notched, inner and outer lobes setose apically. rMd, incisor and lacinia mobilis seven- and four-toothed, respectively, accessory setal row with three serrated setae; palp 3-articulate, article 1 3.2 × shorter than article 2; article 2 2 × longer than article 3; article 3 1.5 × longer than article 1; article 3 with four long plumose setae apically. lMd, molar with one long plumose seta and one short seta; incisor and lacinia mobilis four- and five-toothed, respectively, accessory setal row with four serrated setae; palp 3-articulate, article 3 with four long plumose setae apically, similar to right palp. Mx1, inner plate small and rounded, inner margin with one single short seta; outer plate with seven stout serrated setae apically; palp 2-articulate with three stout setae and one long seta. Mx2, inner plate as long as outer plate, with marginal row of short setae, seven long plumose setae on the inner margin and six long plumose apical setae; outer plate, row of short setae on the inner and outer margins, long plumose setae on the apical and inner margin. Mxp, inner plate about 3 × longer than wide, inner margin and apex with long setae and plumose long setae, apical margin with two robust setae; outer plate, 1.8 × longer than wide, inner margin with three long plumose setae and five serrate robust setae, outer and apical margins with row of long plumose setae; palp 4-articulate, article 1, subtriangular, outer margin with one long setae, article 2 subrectangular, inner margin with row of long plumose setae, article 3 subrectangular inner margin with six long setae, outer margin with five long setae, article 4 with two long setae and one plumose seta (Figure 4).

Gn1, slightly smaller than Gn2; coxa subtriangular, enlarged anteriorly, ventral margin bearing row of short setae; basis 2.3 × longer than wide, anterodistal margin with one short seta, posterior margin with two setae; ischium subrectangular, 1.1 × longer than wide, posterior margin with one long seta; merus 1.5 × longer than wide, posterior margin with five long setae; carpus 1.1 × longer than wide, anterodistal margin with two setae, posterior margin setose; propodus subrectangular, 1.8 × longer than wide, anterior margin with two setae, anterodistal angle with four setae, posterior margin setose, posterodistal margin with one robust seta, palm transverse; dactylus 1.5 × longer than palm, serrated, with two setae. Gn2, coxa oval, ventral margin bearing row of short setae; basis 1.8 × longer than wide, anterior margin with three setae, posterior margin with three setae, inner face with two long setae; ischium small and subquadrate, as long as wide, posterior margin with one short seta; merus, 1.8 × longer than wide, posterior margin setose; carpus, 1.3 × longer than wide, anterior margin with one short and four long setae, posterior margin setose; propodus subrectangular, 1.8 × longer than wide, anterior and posterior margins setose; palm transverse, with one robust seta delimiting palm; dactylus 1.5 × longer than palm, with two setae (Figure 3).

P3 not recovered (described from female). P4, coxa not recovered, basis subrectangular, 1.8 × longer than wide, anterior margin with two setae, posterior margin with two setae; ischium small and subrectangular, 1.2 × longer than wide, posterior margin with two long setae; merus subrectangular, 1.4 × longer than wide, anterior margin with two setae, posterior margin with two setae; carpus subrectangular, 1.5 × longer than wide, posterior margin with three setae; propodus subrectangular, 2.5 × longer than wide, anterior margin with five setae, posterior margin with five setae; dactylus slightly curved, with one short seta. P5 not recovered (described from female). P6 not recovered (described from female). P7, coxa not recovered, basis 1.5 × longer than wide, anterior margin with three setae, posterior margin with two setae; ischium small and subrectangular, 1.2 × longer than wide, posterior margin with one seta; merus subrectangular, 2.2 × longer than wide, anterior and posterior margins with setae; carpus subrectangular, 2.1 × longer than wide, anterior margin with two setae, posterior margin with six setae; propodus elongate, 3.8 × longer than wide, anterior margin with eight long setae, posterior margin with three robust setae and six setae; dactylus slightly curved, with two short setae (Figure 3).

U1, peduncle 3.5 × longer than wide, with distoventral rounded spur, inner margin with three robust setae, outer margin with two robust setae and a row of long setae; inner ramus 1.2 × longer than outer ramus, apical margin with four robust setae; outer ramus, apical margin with four robust setae. U2, peduncle 2.1 × longer than wide, inner and outer margins with one robust setae each; inner ramus 1.2 × longer than outer ramus, inner margin with one robust seta, apical margin with five robust setae; outer ramus, outer margin with one robust seta, apical margin with four robust setae. U3, peduncle slightly elongate, about 1.6 × longer than wide, with three long setae and four robust setae; inner ramus slightly longer than outer ramus, apical margin with two long setae and three robust setae; outer ramus, apical margin with two curved robust setae. T subtriangular, lateral margins with one long plumose and two short setae, distolateral angles with one cusp and one short seta each (Figure 4).

Female (ZUEC-CRU-4758). Body (Figure 5). Length 4.8 mm.

Gn1, slightly smaller than Gn2; coxa subtriangular, enlarged anteriorly; basis 2.6 × longer than wide, anterior and posterior margins with one long and one short setae each; ischium small and subrectangular, 1.3 × longer than wide, posterodistal margin with two setae; merus 1.8 × longer than wide, posterior margin setose; carpus 1.8 × longer than wide, anterior margin with three setae, posterior margin setose; propodus subrectangular, 1.6 × longer than wide, anterodistal and posterior margin setose, palm slightly convex, lacking robust seta; dactylus 3 × longer than palm, serrated, with one plumose seta. Gn2, coxa oval, ventral margin with row of short setae; basis 2.4 × longer than wide, anterior margin with two short setae, posterior margin with one short seta; ischium small and subrectangular, 1.4 × longer than wide; merus 1.7 × longer than wide, posterodistal margin setose; carpus triangular, 1.3 × wider than long, anterior margin with few setae, posterior margin setose; propodus 1.7 × longer than wide, anterior and posterior margins setose; palm slightly convex, with one robust seta delimiting palm; dactylus 2.2 × longer than palm, with one plumose seta (Figure 5).

P3, coxa oval, with one short seta; basis 2.2 × longer than wide, anterior margin with two setae, posterior margin with one long and three short setae; ischium subrectangular, 1.2 × longer than wide, posterior margin with two setae; merus subrectangular, 1.3 × longer than wide, anterior margin with two setae, posterior margin with three setae; carpus subrectangular, 1.8 × longer than wide, posterior margin with five setae; propodus subrectangular, 1.5 × longer than wide, anterior margin with six setae, posterior margin with five setae; dactylus slightly curved, with one short seta. P5, coxa, ventral margin rounded with three short setae, lobe with two short setae; basis 1.2 × longer than wide, anterior margin with seven setae, posterior margin with three short setae; ischium subrectangular, 1.3 × wider than long, anterior margin with two short setae; merus subrectangular, 1.7 × longer than wide, anterior and posterior margins with two setae each; carpus subrectangular, 1.6 × longer than wide, anterior margin with a tuft of apical setae, posterior margin with four setae; propodus elongate, 3 × longer than wide, anterior margin with three setae and a tuft of apical setae, posterior margin with five robust and five simple setae; dactylus slightly curved, with two short setae. P6, coxa, ventral margin rounded and naked, lobe with one short setae; basis 1.5 × longer than wide, anterior margin with four short setae, posterior margin with two short setae; ischium subrectangular, as wide as long, anterior margin with one short seta; merus subrectangular, 2 × longer than wide, anterior and posterior margins with three setae each; carpus subrectangular, 1.8 × longer than wide, anterior margin with a tuft of apical setae, posterior margin with four setae; propodus elongate, 3.4 × longer than wide, anterior margin with two long setae and a tuft of apical setae, posterior margin with four robust and seven setae; dactylus slightly curved, with two short setae (Figure 5).

Type locality: Trindade Island, Espírito Santo state, Brazil.

Distribution: Currently known only from the type locality.

Remarks: The genus Ampithoe is the most speciose among Ampithoidae (Sotka et al., 2017), with 78 species described worldwide (Horton et al., 2020). Six species of Ampithoe were previously reported from the Brazilian coast: Ampithoe divisura Shoemaker, 1938, Ampithoe marcuzzii Ruffo, 1954, Ampithoe ramondi Audouin, 1826, Ampithoe robustimana Andrade and Senna, 2017, Ampithoe seticoxae Serejo and Licínio, 2002, and Ampithoe suapensis Correia et al., 2016 (Serejo and Siqueira, 2018). Among these species, Ampithoe thaix sp. nov. is morphologically closer to A. divisura and A. suapensis by presenting a round projection on the distal margin of the uropod 1 peduncle. Although the validity of A. divisura was previously questioned (LeCroy et al., 2009), Ampithoe thaix sp. nov. can be easily differentiated from the A. divisura specimens from the Brazilian coast identified by Serejo and Licínio (2002) by lacking a digitiform process on gnathopod 2 palm and an anterodistal propodus projection, as well as by presenting robust setae on propodus of pereopods 5–7 (vs. striated in A. divisura). Ampithoe thaix sp. nov. can also be differentiated from A. suapensis based on characters from mandible, gnathopods, uropods, and telson. The mandible palp of Ampithoe thaix sp. nov. is large and robust, with four plumose setae on article 3, while A. suapensis presents a short and slender mandible palp with three setae on the apex. The propodus of gnathopod in A. thaix sp. nov. is subrectangular and setose on both dorsal and ventral margins, and the palm is defined by a robust seta, while the propodus of gnathopod 1 is oval and setose only on the palmar margin, which is not defined by a robust seta. The uropods of A. thaix sp. nov. have asymmetric rami without setae on the inner margins, different from A. suapensis, where asymmetry is only observed on uropod 2, and both uropods 1 and 2 of A. suapensis have setae on the inner margins of the rami. Finally, A. thaix sp. nov. and A. suapensis can be distinguished by the telson shape, which is subtriangular in A. thaix sp. nov. and trapezoidal in A. suapensis. Ampithoe thaix sp. nov. is the third Ampithoe species reported from Brazilian oceanic islands.

Genus Cymadusa Savigny, 1816

Cymadusa trindadensis Andrade and Senna, 2017

(Figure 2C)

Cymadusa trindadensis Andrade and Senna, 2017: 378, figs 12–15.

Material examined: Four females, Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4359).

Remarks: Cymadusa trindadensis is so far endemic to TR. Type specimens were collected over 40 years ago and lacked complete antenna. Specimens found herein differ from the original description in the number of articles in the antenna 1 flagellum, which is bi-articulate in C. trindadensis types and uni-articulate in the examined specimens. The number of robust and short setae on uropods 1 and 3 also varies, with the present specimens presenting uropod 1 with marginal robust setae on both rami, while in types, it is present only on the inner margin of the outer ramus, and uropod 3 bearing four robust setae and nine long setae on the apical margin of the inner ramus, whereas types have only four setae, as well as one short robust seta on the distolateral margin, which is not present in the original description. The outer margin has four marginal setae instead of one, as described by Andrade and Senna (2017).

Family Hyalidae BulyĊeva, 1957

Genus Hyale Rathke, 1836

Hyale niger (Haswell, 1879)

(Figure 2D)

Allorchestes niger Haswell, 1879: 319.—1885: 95, pl. 11 figs 1–3.

Hyale nigra.—Stebbing, 1906: 571.—Schellenberg, 1928: 659, fig. 204.—Ledoyer, 1972: 273.—1979: 137, fig. 89.—1986: 1002, fig. 397.—J. L. Barnard, 1974: 66.—Serejo, 1999: 600, figs 5–7.—Leite, 2011: 176, fig. 3.14B.—Leite et al., 2011: 328.

Hyale niger.—Lowry and Stoddart, 2003: 129.

Material examined: Sixteen individuals (not sexed), Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4360). One individual (not sexed), Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), from Dictyota sp., April 2019, I. Batistela col. (ZUEC-CRU-4361).

Remarks: Hyale niger is a species with disjunct distribution, described for southeastern Australia and later found in Brazil and Madagascar (Serejo, 1999). Future work encompassing its broad distribution, detailed morphology, and molecular data may elucidate the species status. The specimens from TR agree well with the specimens found in the southeastern Brazilian continental coast, where the species is usually observed especially in Sargassum spp. from São Paulo state (Leite, 2011; Leite et al., 2011).

Protohyale Bousfield and Hendrycks, 2002

Protohyale macrodactyla Stebbing, 1899

(Figure 2E)

Hyale macrodactylus Stebbing, 1899: 404, pl. 31d.

Hyale macrodactyla.—Stebbing, 1906: 565, fig. 96.—Oliveira, 1953: 339. Ledoyer, 1972: 273, pl. 77A.—1986: 1001, fig. 396.—Serejo, 1999: 592, figs 1, 2.—Leite, 2011.—Leite et al., 2011.

Protohyale (Protohyale) macrodactyla.—Bousfield and Hendrycks, 2002: 79.

Protohyale macrodactyla.—LeCroy et al., 2009: 959.—Paz-Ríos et al., 2013a: 4, fig. 3.

Material examined: Seven individuals (not sexed), Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4362); 18 individuals (not sexed), Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), from Dictyota sp., April 2019, I. Batistela col. (ZUEC-CRU-4363).

Remarks: Protohyale macrodactyla is a common species found in the Atlantic Ocean. The species was originally described from the Caribbean and later found along the Brazilian coast (Stebbing, 1899; Serejo, 1999; Leite, 2011; Leite et al., 2011). The TR material agrees well with the specimens found on the Brazilian continental coast.

Family Maeridae Krapp-Schickel, 2008

Genus Elasmopus Costa, 1853

Elasmopus gabrieli Siqueira and Iwasa-Arai sp. nov.

http://zoobank.org/9AA8C7EB-56BD-4071-82E3-49045225BF82

(Figures 2F, 6–8)
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FIGURE 6. Elasmopus gabrieli Siqueira and Iwasa-Arai sp. nov. Male (ZUEC-CRU-5364). Head and gnathopods. Scale bar: 0.5 mm. Antennae and epimeral plates. Scale bar: 100 μm.
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FIGURE 7. Elasmopus gabrieli Siqueira and Iwasa-Arai sp. nov. Mouth parts. Scale bar: 100 μm.
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FIGURE 8. Elasmopus gabrieli Siqueira and Iwasa-Arai sp. nov. Pereopods, uropods, and telson. Scale bar: 100 μm.


Material examined: Holotype: male, Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-5364).

Paratypes: one male, two females, two juveniles, same as holotype (ZUEC-CRU-5365). Two females, one juvenile, same as holotype (ZUEC-CRU-5366).

Diagnosis: A1 1/2 of body length, with accessory flagellum 3-articulate. A2 short, 1/3 the length of A1. Md palp article 3 falcate, with plumose setae along the margin, margin concave with three long setae on the apex. Mxp palp with 4-articulate with terminal unguis. Gn1 propodus palm serrated. Gn2 propodus oval, with triangular process delimiting palm, with one subquadrate and one subrectangular processes close to the dactylus articulation. Pereopods 3–7 propodus with row of robust setae on the posterior margin and one locking seta distally. Pereopods 5–7 basis slightly serrated and convex. Epimeral plate 3 with the posterior margin slightly serrated with four notches. U3 with several long plumose robust setae. T cleft (approximately 1/2 on its length), lobes apex slightly concave with one long robust plumose seta and one short robust seta.

Etymology: This species is named after the son of SGLS, Gabriel Siqueira.

Description: Male (ZUEC-CRU-5364). Body (Figure 6). Length 8.5 mm.

Head with eyes rounded and well developed (Figure 6), lateral cephalic lobes rounded, with anteroventral notch. A1 longer than A2, about 0.5 × body length, peduncular article 1 with one robust seta and three setae on the distolateral margin and row of short setae laterally; peduncular articles 2 and 3 with tufts of setae on the lateral and distal margins; accessory flagellum 3-articulate, shorter than the first proximal article of the flagellum, with three long setae on the apex; flagellum 23-articulate and 1.1 × longer than peduncular articles 1–3 combined, with aesthetascs present from articles 3–19. A2 stout, 3 × shorter than A1; peduncular articles setose; flagellum 8-articulate, 2.3 × shorter than peduncular articles 3–5 combined, proximal article longest, setae present in all articles. UL rounded, setose apically. LL notched, inner and outer lobes setose apically, outer lobe with one small projection on the inner margin. rMd, molar with one long plumose seta; incisor with three teeth and medial part of the plate without evident teeth, lacinia mobilis seven-toothed; accessory setal row with three serrated setae. lMd, molar with one long plumose seta; incisor and lacinia mobilis two- and five-toothed, respectively; accessory setal row with four serrated setae; palp 3-articulate, article 1 short, 1.5 × longer than wide, article 2 elongate, 2 × longer than wide, article 3 falcate, similar in size to article 2, with three long setae apically and a row of plumose setae on the inner margin, with 21 setae in total, 18 of them plumose and three simple setae. Mx1, inner plate small and subtriangular, inner margin with row of thin setae, apex with two long plumose setae; outer plate with seven stout serrated setae apically; palp 2-articulate, article 2 with long setae apically and on the inner margin. Mx2, inner plate as long as the outer plate, with marginal row of short setae on the inner margin, three long plumose setae on the inner margin and several long apical setae; outer plate, row of long setae apically, with two long plumose setae on the inner margin. Mxp, inner plate about 2.4 × longer than wide, inner margin and apex with plumose long setae; outer plate, 1.8 × longer than wide, inner margin with four long plumose setae and seven serrated robust setae; palp 4-articulate, article 1, subtriangular, naked, article 2 subrectangular, inner margin with row of long setae, article 3 subrectangular inner margin with long setae, outer margin with five long setae, thin setae apically, article 4 with three setae, unguis with one short seta, falcate (Figure 7).

Gn1 subchelate, smaller than Gn2; coxa subtriangular, enlarged anteriorly, ventral margin bearing row of short and long setae; basis 2.5 × longer than wide, anterior margin with two short setae, posterior margin with two long setae, posterodistal margin with one seta; ischium subtriangular, as long as wide, posterior margin with a tuft of setae; merus subrectangular, about 1.5 × longer than wide, distal margin setose; carpus 1.6 × longer than wide, anterodistal margin with two setae, posterior margin heavily setose; propodus subrectangular, 1.8 × longer than wide, anterior margin with three pairs of short setae and one long seta each, anterodistal angle with a tuft of setae, posterior margin setose with a row of setae, palm transverse, serrated, with long and short setae along its margin and delimited by a robust seta; dactylus falcate, with two short setae. Gn2 subchelate, coxa oval, ventral margin bearing row of short setae and three long setae; basis 2.1 × longer than wide, anterior margin with row of setae, posterior margin with three long and two short setae; ischium small and subquadrate, 1.2 × longer than wide, posterodistal margin with one seta; merus subrectangular, 1.6 × longer than wide, posterodistal margin setose; carpus subtriangular, 1.3 × wider than long, anterodistal margin with one robust and five long setae, posterior margin setose with a row of plumose setae and one long seta distally; propodus elongate, 2.1 × longer than wide, anterior margin with row of short setae, anterodistal angle with a tuft of setae, posterior margin setose, with one triangular process delimiting palm and one distal subquadrate and one proximal subrectangular processes with four robust setae distally, palm slightly concave; dactylus falcate, fitting palm, posterior margin with tiny setae, with one single short seta on the anterior margin, and apically blunt (Figure 6).

P3, coxa oval, 1.8 × longer than wide, anterior margin two long setae; basis subrectangular, 3.5 × longer than wide, anterodistal margin with two short setae, posterior margin with three short setae; ischium small and subrectangular, as long as wide, posterior margin with one short seta; merus subrectangular, 2.6 × longer than wide, anterior margin with three setae, posterior margin with five setae; carpus subrectangular, 2.1 × longer than wide, anterior margin with two setae, posterior margin with five setae; propodus subrectangular, 3.4 × longer than wide, anterior margin with one seta, posterior margin with five and one posterodistal locking setae; dactylus stout, with one distal short seta. P4, coxa oval, ventrally produced, 1.3 × longer than wide, anterior margin with row of short setae and one long seta, ventral margin with long seta; basis subrectangular, 3.5 × longer than wide, anterior margin with sparse short setae, anterodistal margin with two short setae, posterior margin with four setae; ischium small and subrectangular, 1.1 × longer than wide, with one short setae posteriorly; merus subrectangular, 2.4 × longer than wide, anterior margin with five setae, posterior margin with three setae; carpus subrectangular, 2.5 × longer than wide, anterior margin with three setae, posterior margin with six setae; propodus subrectangular, 3.7 × longer than wide, anterior margin with two setae, posterior margin with five and one robust setae, and one posterodistal locking seta; dactylus stout, with two short setae. P5, coxa bilobed, posterior lobe narrower, with three short robust setae; basis oval, 1.3 × longer than wide, anterior margin with a row of short setae, posterior margin convex and slightly serrated; ischium subquadrate, as wide as long, posterodistal margin with tuft of setae; merus subrectangular, 1.3 × longer than wide, anterior margin with five setae and one short robust seta, posterior margin with two tufts of setae, posterodistal margin produced with three setae; carpus subrectangular, 1.5 × longer than wide, anterior margin with long setae, anterodistal margin with one short robust seta, posterior margin with seven setae; propodus subrectangular, 3.5 × longer than wide, anterior margin with two setae, anterodistal margin with three setae and one short robust seta, posterior margin with two single and three paired setae; dactylus stout, with one short seta. P6, coxa bilobed, posterior lobe narrower, with three short robust setae and two short setae; basis oval, 1.3 × longer than wide, anterior and posterior margins with a row of short setae, posterior margin convex and casteloserrated; ischium small and subquadrate, 1.1 × wider than long, anterodistal margin with two setae; merus subtriangular, 1.6 × longer than wide, anterior margin with tufts of setae, anterodistal margin produced, with two setae, posterior margin with two long and two short setae, posterodistal margin with four short setae; carpus subtriangular, 1.9 × longer than wide, anterior and posterior margins with tufts of setae; propodus subrectangular, 4.2 × longer than wide, anterior margin with four setae, posterior margin with four paired robust setae, and one posterodistal locking seta; dactylus stout, with one short seta. P7, coxa naked; basis oval, 1.1 × longer than wide, anterior and posterior margins with a row of short setae, posterior margin convex and slightly casteloserrated; ischium small and subrectangular, 1.1 × longer than wide, posterodistal margin with three long setae; merus subrectangular, 1.7 × longer than wide, anterior margin with pairs of setae, anterodistal margin with tuft of setae, posterior margin with three pairs of setae, posterodistal margin produced; carpus subrectangular, 1.8 × longer than wide, anterior margin with three tufts of three setae each, anterodistal margin with four setae, posterior margin with 10 setae; propodus subrectangular, 3.5 × longer than wide, anterior margin with tufts of long setae, posterior margin with seven setae and one locking setae distally; dactylus stout, with one seta (Figure 8).

Ep, epimeron 1 with one oblique ledge on surface, with two setae on the ventral margin, with one small posterior projection; epimeron 2 flattened ventrally, with three pairs of setae on the ventral margin, posterior margin with two small projections; epimeron 3 largest, slightly serrated, flattened ventrally, with five pairs of setae on the ventral margin, posterior margin with four projections, three of them with one seta (Figure 6).

U1, peduncle 2.7 × longer than wide, inner margin with four short pinnate robust setae and one long robust seta apically, outer margin with four robust setae and three long setae, one robust seta posteriorly; inner ramus 1.4 × longer than outer ramus, inner margin with two robust setae, outer margin with three robust setae, apical margin with five robust setae; outer ramus, inner margin with three robust seta, outer margin with two robust setae, apical margin with four robust setae. U2, peduncle 2 × longer than wide, inner margin with two robust setae, outer margin with one robust seta; inner ramus 1.3 × longer than outer ramus, inner margin with three robust setae, outer margin with two robust setae, apical margin with five robust setae; outer ramus, inner margin with two robust setae, outer margin with three robust setae, apical margin with four robust setae, one of them pinnate. U3, peduncle subrectangular, about 1.5 × longer than wide, inner margin with one robust seta, outer margin with two setae, distal margin with seven robust setae; outer ramus longer than inner ramus, outer margin with nine robust setae, four of them pinnated, inner margin with two robust setae, apical margin with two setae and eight robust setae, three of them pinnated; inner ramus, outer margin with one robust seta, apical margin with five robust setae, two of them pinnated. T cleft (about 1/2 length), lateral margins with one pappose seta, posterolateral margins with two robust setae (one long and plumose, one short) and one pappose seta (Figure 8).

Female (ZUEC-CRU-4365). Length 7.9 mm.

Gn1 similar to male, subchelate, smaller than Gn2. Gn2 subchelate, coxa oval, ventral margin bearing row of short setae and two long setae; basis 3.1 × longer than wide, anterior margin with row of setae, posterior margin with two medium and two short setae; ischium small and subquadrate, 1.4 × longer than wide, posterodistal margin with one long and two short setae; merus subrectangular, 1.4 × longer than wide, posterodistal margin setose; carpus subtriangular, 1.3 × wider than long, anterodistal margin with two setae, posterior margin heavily setose, with a row of plumose and a row of simple long setae; propodus elongate, 2.2 × longer than wide, anterior margin with row of short seta, anterodistal angle with a tuft of setae, posterior margin setose, lacking processes, palm slightly concave, delimited by two robust setae; dactylus falcate, length similar to palm, with four short setae and apically blunt (Figure 6).

U3, peduncle subrectangular, about 1.5 × longer than wide, inner margin with one robust seta, outer margin with three setae, distal margin with six robust setae; outer ramus longer than inner ramus, inner margin with eight robust setae, three of them pinnated, outer margin with one robust seta, apical margin with six robust setae, one of them pinnated; inner ramus, margins smooth, apical margin with three robust setae. T cleft (about ½ length), lateral margins with two pappose setae, posterolateral margins with two robust setae (Figure 8).

Type locality: Trindade Island, Espírito Santo, Brazil.

Distribution: Currently known only from the type locality.

Remarks: Elasmopus besnardi was firstly described from TR based on a female specimen, and it was reported as nomen dubium by Ruffo (1959). It is currently considered a synonym of E. brasiliensis (Dana, 1853; Horton et al., 2020), with types of the E. besnardi being lost (Souza-Filho and Serejo, 2012) and the species never reported after its description. Elasmopus gabrieli sp. nov. female differs from the former E. besnardi in several characters, including accessory flagellum 3-articulate, shorter than first proximal article of flagellum (vs. accessory flagellum 2-articulate, larger than first proximal article of flagellum), articles 2 and 3 of mandibular palp similar in length (vs. article 3 larger than 2), palm of gnathopods delimited by robust setae and length dactylus similar to palm (vs. not delimited palm and length dactylus shorter to palm); inner ramus of uropod 3 without robust setae on the inner margins (vs. inner margins with robust setae) and telson cleft about ½ length (vs. telson totally cleft). Alves et al. (2016) observed that the species of Elasmopus have some morphological patterns and therefore suggested the species separation into four groups, in which E. gabrieli sp. nov. can be placed in group 3, together with E. longipropodus Senna and Souza-Filho, 2011, E. rapax Costa, 1853, E. thalyae Gouillieux and Sorbe, 2015, E. thomasi Ortiz and Lalana, 1994, and E. yupanquii Alves et al., 2016, by having three palmar processes on gnathopod 1 of the male. Within the group, E. gabrieli sp. nov. is more related to E. longipropodus from Brazil and E. thalyae from France by sharing the following characters: antenna 1 accessory flagellum with three articles, pereopod 5 basis with convex posterior margin, epimeral plate 3 serrated, and uropod 3 inner ramus slightly shorter than the outer ramus. Elasmopus gabrieli sp. nov. differs from E. thalyae by having gnathopod 1 palm serrated (vs. smooth), three processes on gnathopod 2 palm, one proximal triangular, and one subquadrate and one subrectangular processes distally (vs. triangular, triangular and subquadrate, respectively), epimeron 1–3 with short setae on the ventral margin (vs. long and short setae), telson cleft 0.5 × length (vs. 0.84 × length), lobes apical margin slightly concave with undeveloped cusps (vs. lobes apical margins concave with well-developed cusps). Elasmopus gabrieli sp. nov. also differs from E. longipropodus by having an accessory flagellum shorter than the first proximal article of the flagellum of antenna 1 (vs. larger than the first proximal article of the flagellum), mandible palp articles 2 and 3 with the same length (vs. article 2 shorter than article 3), article 3 falcate with plumose setae along its concave margin and with three long setae on the apex (vs. four apical setae), gnathopod 2 propodus 2 × longer than wide (vs. 2.5 × longer than wide), palm defined by a triangular process, palm margin with a subquadrate and a subrectangular process distally (vs. a subacute process and a palmar corner defined by a strong acute triagular process), length dactylus similar to palm (vs. length dactylus shorter to palm), pereopods 3–7 propodus with one locking seta distally (without locking seta), uropod 3 with two setae on the inner margin of the outer ramus (vs. one seta), and telson with undeveloped cusps, with two robust seta, one long and plumose, and one short in each lobe (vs. with apicolateral cusps well developed, with three robust setae).

Krapp-Schikel and Ruffo (1990) grouped the species Elasmopus canarius Krapp-Schikel and Ruffo, 1990, E. pectenicrus (Bate, 1862), E. serricatus J. L. Barnard, 1969, E. spinibasus Sivaprakasam, 1970, E. crenulatus Berents, 1983, E. laufolii Myers, 1986, based on the presence of a very dense fringe of long setae on the posterior margin of gnathopod 2 of the male and by a casteloserrate posterior margin of the basis of pereopods 6 and 7. The herein described species, E. gabrieli sp. nov., shares the casteloserrate pattern on the basis of pereopods 6 and 7; however, it lacks a very dense fringe of long setae on gnathopod 2 of the male. Most of these species have an intertropical distribution in the Indo-Pacific region, and future cladistic biogeographic analysis may elucidate the evolution of these characters across the ocean basins.

Elasmopus viracochai Alves et al., 2016

(Figure 2G)

Elasmopus viracochai Alves et al., 2016: 21, figs 17–22.

Material examined: One male, Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), from Dictyota sp., April 2019, I. Batistela col. (ZUEC-CRU-4367).

Remarks: Elasmopus viracochai was so far known only from its type locality, in Ceará state, northeastern Brazil. Only one male specimen was found in TR samples, and it agrees well with the original description.

Family Pontogeneiidae Stebbing, 1906

Genus Eusiroides Stebbing, 1888

Eusiroides lucai Siqueira and Iwasa-Arai sp. nov.

http://zoobank.org/B1EE8F0A-A0DB-43DB-846B-66122E836110

(Figures 2H, 9, 10)
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FIGURE 9. Eusiroides lucai Siqueira and Iwasa-Arai sp. nov. Female (ZUEC-CRU-4368). Scale bar: 1 mm. Antennae, gnathopods, and epimeral plates. Scale bar: 100 μm.
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FIGURE 10. Eusiroides lucai Siqueira and Iwasa-Arai sp. nov. Mouthparts. Scale bar: 100 μm.


Material examined: Holotype: female, Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4368).

Diagnosis: Antennae with stout peduncular articles, with calceoli on flagellum; accessory flagellum of A1 uni-articulate, shorter than first proximal article of flagellum. rMd molar without seta, incisor with two teeth, one wide and the other weakly developed, lacinia mobilis serrated. lMd incisor with three teeth, lacinia mobilis six-toothed; palp article 3 with three long plumose setae apically. Mx1 outer plate with 10 stout serrated setae apically, palp 2-articulate. Mx2, inner plate longer than outer plate. Mxp palp with five articles, article 5 falcate. Gnathopods similar to each other, dactylus falcate, with proximal plumose seta. P3–7 propodus with row of robust setae on the posterior margin and one locking seta distally. Pleonal epimera each with two marginal setae ventrally; epimera 2 and 3 with oblique edge on surface; epimeron 3 with one process posteriorly. U1 peduncle with row of robust setae. U2 shorter than U1, inner ramus 2 × shorter than the outer ramus. U3 inner ramus with a row of plumose setae. T deeply cleft (approximately 1/2 on its length).

Etymology: This species is named after the son of SGLS, Luca Siqueira.

Description: Female (ZUEC-CRU-4368). Body (Figure 9). Length 8.3 mm.

Head with eyes reniform and well developed. A1 2.1 × shorter than body length; peduncular article 1 with two plumose setae distolateral margin and one plumose seta laterally, with a few setae on the lateral and distal margins; peduncular articles 2 and 3 with setae on the lateral and distal margins; accessory flagellum uni-articulate, shorter than the first proximal article of the flagellum, with four setae on the apex; flagellum 26-articulate and 2.1 × longer than peduncular articles 1–3 combined, with calceoli present from articles 2 to 10, and aesthetascs present from articles 2 to 25 discontinuously. A2 stout, 1.7 × shorter than A1; peduncular articles setose; flagellum 23-articulate, slightly longer than peduncular articles 3–5 combined, proximal article longest, with calceoli present from articles 1 to 20. UL rounded, setose in medial region. LL notched, inner lobe setose on the outer margin; outer lobes setose apically and on the inner margin. rMd, molar without setae; incisor with two teeth, one wide and the other weakly developed, lacinia mobilis serrated; accessory setal row with three serrated setae; palp 3-articulate, article 3 with three long plumose setae apically. lMd, molar with two short setae; incisor and lacinia mobilis three- and six-toothed, respectively, accessory setal row with three serrated setae and one seta; palp 3-articulate, article 3 with three long plumose setae apically. Mx1, inner plate small and rounded, inner margin with two short setae; outer plate with 10 stout serrated setae apically; palp 2-articulate with seven long setae. Mx2, inner plate longer than outer plate; inner plate, marginal row of short setae, robust setae on the inner margin and short setae apically; outer plate, long plumose setae on the apical and inner margin. Mxp, inner plate small, 1.3 × shorter than the outer plate, inner plate, inner margin and apex with four plumose long setae, apical margin with five robust setae; outer plate, 3.2 × longer than wide, inner margin and apex with row of long plumose setae; palp 5-articulate, article 1, subtriangular, apex with two long setae, article 2 subrectangular, inner margin with row of long setae, article 3 subrectangular inner margin with long setae, outer margin with six serrated long setae, three long plumose setae and short seta, article 4 with three short setae; article 5 naked, falcate (Figure 10).

Gn1, as long as Gn2; coxa subtriangular, enlarged anteriorly, ventral margin bearing row of short setae; basis 3 × longer than wide, anterior margin with three setae, posterior margin with one long and one short setae, anterodistal margin with a tuft of setae and two robust setae, posterodistal margin with one seta; ischium subquadrate, as long as wide, posterior margin with a tuft of setae; merus subrectangular, about 1.2 × longer than wide, posterior margin heavily setose; carpus 1.1 × wider than long, anterodistal margin with one long seta, posterior margin heavily setose; propodus oval, 1.4 × longer than wide, anterior margin with one short seta, anterodistal angle with a tuft of setae, posterior margin setose with a row of robust setae, palm slightly convex, serrated; dactylus falcate, with a proximal plumose setae and a row of short setae. Gn2, coxa subrectangular, ventral margin bearing row of short setae; basis 3 × longer than wide, anterodistal margin with three setae, posterior margin with one seta; ischium small and subquadrate, as long as wide, posterodistal margin with one long seta; merus, 1.4 × longer than wide, with a setose posterodistal projection, distal margin with a row of setae; carpus, 1.2 × wider than long, anterodistal margin with one short seta, posterior margin setose; propodus oval, 1.6 × longer than wide, anterior margin with one short seta, anterodistal angle with a tuft of setae, posterior margin setose with a row of robust setae, palm slightly convex, serrated; dactylus falcate, with a proximal plumose setae and a row of short setae (Figure 9).

P3, coxa subrectangular, 1.7 × longer than wide, anterior margin with a row of short setae; basis subrectangular, 3.6 × longer than wide, with proximal long seta and anterodistal margin with three setae; ischium small and subrectangular, 1.5 × longer than wide, posterior margin with one short seta; merus subrectangular, 2.5 × longer than wide, anterior margin with three setae, posterior margin with three setae; carpus subrectangular, 2.2 × longer than wide, anterior margin with two setae, posterior margin with five setae; propodus subrectangular, 3.8 × longer than wide, anterior margin with four setae, posterior margin with four simple and four robust setae, and one posterodistal locking seta; dactylus falcate, bi-articulated, with one plumose seta and two short setae. P4, coxa acutely produced backward posteriorly, 1.1 × longer than wide, anterior margin with two short setae; basis subrectangular, 3.6 × longer than wide, anterodistal margin with three setae and posterodistal margin with two setae; ischium small and subrectangular, 1.1 × longer than wide, naked; merus subrectangular, 2.3 × longer than wide, anterior margin with four setae, posterior margin with four setae; carpus subrectangular, 2.1 × longer than wide, anterior margin with three setae, posterior margin with four setae; propodus subrectangular, 3.7 × longer than wide, anterior margin with four setae, posterior margin with four slender and four robust setae, and one posterodistal locking seta; dactylus falcate, bi-articulated, with one plumose seta and one short setae. P5, coxa bilobed, posterior lobe narrower and more ventrally produced than the anterior lobe, naked; basis oval, 1.3 × longer than wide, anterior and posterior margins with a row of short setae; ischium small and subrectangular, 1.3 × wider than long, posterodistal margin with two setae; merus subrectangular, 1.5 × longer than wide, anterior margin with four setae, posterior margin with two robust setae and posterodistal margin with two setae; carpus subrectangular, 1.6 × longer than wide, anterior margin with three setae, posterior margin with five setae; propodus subrectangular, 4 × longer than wide, anterior margin with tufts of setae, posterior margin with three paired setae, and one posterodistal locking seta; dactylus falcate, bi-articulate, with two short setae (Figure 9). P6, coxa bilobed, posterior lobe narrower and more ventrally produced than the anterior lobe, naked; basis oval, 1.2 × longer than wide, anterior and posterior margins with a row of short setae; ischium small and subrectangular, 1.1 × wider than long, posterodistal margin with two setae; merus subrectangular, 2.4 × longer than wide, anterior margin with three setae, anterodistal margin with two robust setae, posterior margin with two setae and posterodistal margin with two robust setae; carpus subrectangular, 2.5 × longer than wide, anterior margin with two setae and three robust setae, posterior margin with seven setae; propodus subrectangular, 4.7 × longer than wide, anterior margin with tufts of setae, posterior margin with three paired robust setae, and one posterodistal locking seta; dactylus falcate, bi-articulate, with one short seta and one plumose seta. P7, coxa oval, naked; basis oval, 1.3 × longer than wide, anterior and posterior margins with a row of short setae; ischium small and subrectangular, 1.1 × wider than long, posterodistal margin with two setae; merus subrectangular, 2.3 × longer than wide, anterior margin with three setae, anterodistal margin with two robust setae, posterior margin with three pairs of setae; carpus subrectangular, 2.5 × longer than wide, anterior margin with three setae and three robust setae, posterior margin with six slender setae and one robust seta; propodus subrectangular, 4.7 × longer than wide, anterior margin with tufts of setae, posterior margin with paired robust setae; dactylus falcate (Figure 9).

Ep, epimeron 1 with one oblique ledge on the surface, with two setae on the ventral margin anteriorly; epimeron 2 with two setae on the ventral margin anteriorly; epimeron 3 largest, flattened ventrally, with two setae on the anterior half of the ventral margin, posterior margin with one tooth (Figure 9).

U1, margins with tiny setae, peduncle 4.7 × longer than wide, inner margin with six robust setae, outer margin with four robust setae, margins with tiny setae; inner ramus 1.2 × longer than the outer ramus, inner margin with two robust setae, apical margin with three robust setae; outer ramus, inner margin with one robust seta, outer margin with two robust setae, apical margin with six robust setae. U2, peduncle 2.3 × longer than wide, inner margin with two robust setae, outer margin with one robust seta; inner ramus 2 × shorter than the outer ramus, inner and outer margins with three robust setae each, apical margin with four robust setae; outer ramus, apical margin with three robust setae, margins with tiny setae. U3, lanceolate and foliaceous, peduncle subrectangular, about 1.7 × longer than wide, inner margin with two robust setae, outer margin with one robust seta; inner ramus as long as outer ramus, inner margin with five robust setae and four long plumose setae, outer margin with two robust setae, apex with one seta; outer ramus, inner margin with three robust setae and one plumose seta, outer margin with three robust setae, apex with one seta, margins with tiny setae. T cleft (about 1/2 length), lateral margins with row of setae, margins with tiny setae, lobes with round apex (Figure 9).

Type locality: Trindade Island, Espírito Santo state, Brazil.

Distribution: Currently known only from the type locality.

Remarks: The genus Eusiroides currently has 16 described species (Horton et al., 2020), which are very similar according to the morphology of antennae, eyes, gnathopods, and uropod 3 (Barnard and Karaman, 1991). Species of Eusiroides can be distinguished from each other by the presence or absence of teeth and serrated posterior margin of epimeron 3 and by telson shape (cleft, moderate or deeply cleft) (Barnard, 1932; Ledoyer, 1982; Thomas, 1993). Based on these characters, Eusiroides lucai sp. nov. is more similar to E. georgiana K. H. Barnard, 1932, by having a tooth on the posterior margin of epimeron 3; however, E. lucai sp. nov. can be distinguished from its congeneric by presenting gnathopods 1 and 2 palm serrated, pereopods 3–4 with one distal locking seta on propodus, uropods 1–3 with tiny setae on the margins, inner ramus of uropod 2 2 × shorter than the outer ramus (vs. 1.5), telson ½ cleft (vs. 2/3), lateral margin of lobes with row of setae and apex round with one seta (vs. one seta on the lateral margins and acute apex). Although the species was described based on a single specimen, its isolated geographical distribution and its conspicuous morphological characters suggest E. lucai sp. nov. to be a new species, and further samplings on TR are likely to report more individuals. This is the third record of Pontogeniidae for Brazil, where Eusiroides sp. was reported from Pernambuco state (Santos and Soares, 1999), and Tethygeneia longleyi (Shoemaker, 1933) was previously reported from São Paulo and Paraná states (southeastern Brazil).

Order Tanaidacea Dana, 1849

Suborder Apseudomorpha Sieg, 1980

Superfamily Apseudoidea Leach, 1814

Family Metapseudidae Lang, 1970

Subfamily Synapseudinae Guţu, 1972

Genus Synapseudes Miller, 1940

Synapseudes isis Segadilha, Siqueira and Iwasa-Arai sp. nov.

http://zoobank.org/733CEA04-27C6-42D5-AE0F-3D048DF66F6E

(Figures 11, 12)
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FIGURE 11. Synapseudes isis Segadilha, Siqueira, and Iwasa-Arai sp. nov. Female (ZUEC-CRU-4369). (A) Ventral view. (B) Lateral view. (C) Male (ZUEC-CRU-4370) lateral view. Scale bar: 0.5 mm.
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FIGURE 12. Synapseudes isis Segadilha, Siqueira, and Iwasa-Arai sp. nov. Mouthparts, pereopods, and uropod. Scale bar: 100 μm.


Material examined: Holotype: female, Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), from Dictyota sp., April 2019, I. Batistela col. (ZUEC-CRU-4369).

Paratypes: one male, same as holotype (ZUEC-CRU-4370).

Diagnosis: Female. Body 4 × longer than wide. Cephalothorax shorter than Per 1–3 lengths combined. Rostrum appearing undifferentiated, truncated. Pleon with three segments appearing functionally fused; but with two pleonite remnants delineated by sutures, at least dorsally. Antennule article 2 without tubercles or spiniform apophysis. Antenna article 1 with inner margin strongly serrated; flagellum bi-articulate terminating in one long and one short setae. Mxp palp article 1 with distolateral seta strongly developed; palp article 2 distolateral stout seta 1.5 × longer than that on palp article 1. Cheliped merus, carpus, and propodus with plumose setae ventrally; fixed finger with row of 10 setae on the incisive margin. Pereopod 1 propodus with four stout spiniform setae on the ventral margin. P1–3 basis with three, two, and one spiniform apophyses on the ventral margin, respectively. Uropod endopod composed of three articles and exopod of two articles.

Male. Cheliped basis dorsal margin with strong crenulation; merus ventral margin with medial seta and large pointed apophyses distally; carpus more trapezoidal shaped than in female, ventral margin with two setae and small acute subdistal apophyses; propodus with two setae near articulation of dactylus; fixed finger with one rounded tubercle, three submarginal and 3 min marginal setae on the outer incisive margin. Dactylus with two rounded tubercles and six setae on the ventral margin.

Etymology: The specific epithet is a noun in apposition after the oceanographer Isis Batistela.

Description: Female (ZUEC-CRU-4369). Body (Figure 11). Length 1.1 mm, almost 4 × longer than wide.

Cephalothorax 27% of TBL, shorter than Per 1–3 lengths combined, longer than wide; rostrum truncated with broad base, smooth; eyelobes well defined, pigment and ommatidia present. Carapace with finely plumose setae on the lateral margin and near each ocular lobe (Figure 11).

A1 shorter than cephalothorax. Peduncle with four articles. Article 1 robust, 2.2 × longer than wide; inner margin with row of seven irregularly shaped blunt teeth or tubercles and two setae distally; outer margin with two medial penicillate and one and three subdistal setae. Article 2 as long as wide; with six setae distally. Article 3 slightly longer than wide; with distal seta. Article 4 0.7 × longer than wide; with distal seta. Outer flagellum with three articles. Article 1 wider than long, with distal aesthetasc. Article 2 0.8 × longer than wide; with aesthetasc and seta distally. Article 3 short, with three terminal setae. Inner flagellum with two articles. Article 1 twice longer than wide, naked. Article 2 minute, distally with six setae. A2 peduncle with four articles: Article 1 robust with bulge, with serrated inner margin. Article 2 inner margin with seta; squama absent. Article 3 about as long as article 2; outer margin with seta. Article 4 1.8 × longer than wide, inner margin with two medial and one distal setae; with seven setae along the outer margin. Flagellum with two articles. Article 1 with very long seta and article 2 with two terminal setae of different widths. rMd incisor smooth; setiferous lobe with reduced bifurcate lacinia mobilis and three serrated setae, pars molaris with one acute and two blunt lobes and plumose seta distally. Palp with three articles; article 1 longest, 1.3 × longer than article 2, naked; article 2 1.5 × longer than wide, naked; article 3 with three serrated setae. lMd serrate pars incisiva, lacinia mobilis smooth; setiferous lobe with three serrated setae, pars molaris robust, blunt, with plumose seta distally; mandibular palp broken during dissection. Mx1 outer endite with apparently six terminal strong serrated spines; inner endite bearing six finely plumose setae. Palp bi-articulate with two long subdistal setae. Mx2 with long seta on the outer margin. Movable endite outer lobe with distal margin bearing four long setae; inner lobe of movable endite with four setae. Fixed endite outer lobe with six setae; inner fixed endite with seven setae. Mxp basis naked, narrow. Palp article 1 trapezoidal, with long seta (reaching article 3) on the inner distal margin and robust spine on the outer distal margin; article 2 longest, inner margin finely serrated proximally, with 10 setae, outer margin with two small apophyses and distal long seta; article 3 with six setae along inner margin and one plumose seta distally; article 4 with six plumose inner setae and three subdistal setae. Endite inner margin with three subcylindrical tubercles proximally and five subdistal setae; five setae apically; outer margin with five thin setae (Figure 12).

Che basis, 1.2 × longer than wide; ventral margin with medial and distal setae; dorsal margin with strong crenulation. Merus triangular; ventral margin with plumose seta subdistally. Carpus 2.7 × longer than wide, longer than basis, widest distally; ventral margin with medial plumose and distal setae; dorsal margin with minute distodorsal seta. Propodus 1.4 × longer than wide; with two setae near the articulation of the dactylus; fixed finger with three ventral plumose setae, with five submarginal and three marginal setae on the outer incisive margin. Dactylus and unguis slightly longer than fixed finger; with four setae on the ventral margin (Figure 11).

Pereon about 60% of TBL, all pereonites wider than long, all with two finely plumose setae on the subdistal dorsal margin and one seta on each anterolateral margin; Per 1–3 wider than others; Per 2–3 longer than Per 1; Per 6 shortest. P1 coxa lacking apophysis, with seta. Basis 2.9 × longer than wide; ventral margin with subproximal and distal setae; three setae and two smaller and one larger triangular apophyses along the dorsal margin. Ischium wider than long, with ventral seta. Merus 1.9 × longer than wide, widest distally; ventral margin with small medial spine and subdistal long plumose seta and spine; dorsal margin with proximal seta and distal seta and large spine. Carpus about as long as wide, widest distally, ventral margin with two subdistal spines; distodorsal margin with two plumose setae (one longer than the other) and one spine. Propodus twice longer than wide, with four spines along the ventral margin; dorsal margin with subdistal long plumose seta and spine. Dactylus together with unguis shorter than the propodus, dactylus longer than the unguis; dactylus with 2 minute ventral setae and small subdistal denticle. Unguis curved. P2 coxa lacking apophysis, naked. Basis 3.1 × longer than wide; ventral margin with minute medial seta; three setae and one rounded and two triangular apophyses along the dorsal margin. Ischium wider than long, with three ventral setae. Merus 1.9 × longer than wide, widest distally; ventral margin with minute medial seta; distodorsal margin with large spine. Carpus 0.8 × longer than wide; ventral margin with subdistal spines and two distal apophyses; distodorsal margin with plumose seta and small spine. Propodus 1.8 × longer than wide; with four spines along the ventral margin; dorsal margin with medial seta, distal long plumose seta, spine, and triangular apophyses. Dactylus together with unguis shorter than the propodus, dactylus longer than the unguis; dactylus with 2 minute ventral setae and small subdistal denticle. Unguis curved. P3 basis 2.7 × longer than wide; ventral margin with two medial and one distal setae; dorsal margin with two penicillate setae and rounded apophysis. Ischium with ventral seta. Merus 1.9 × longer than wide, widest distally; ventral margin subdistal seta; distodorsal margin with seta and spine. Carpus 0.8 × longer than wide; ventral margin with two subdistal spines; distodorsal margin with one plumose seta and two spines. Propodus twice longer than wide; with three spines along the ventral margin; dorsal margin with medial seta, distal long plumose seta and spine. Dactylus together with unguis shorter than the propodus, dactylus longer than the unguis; dactylus with 2 minute ventral setae and small subdistal denticle. Unguis curved. P4 basis 3.4 × longer than wide; ventral margin with proximal and distal setae; dorsal margin with two setae. Ischium wider than long, with ventral plumose seta. Merus 1.5 × longer than wide; widest distally; distoventral margin with two setae and two spines. Carpus 1.4 × longer than wide; ventral margin with spine; distodorsal margin with two setae (one longer than other) and one spine. Propodus 2.7 × longer than wide; ventral margin with three spines; distodorsal margin with two plumose and one simple setae. Dactylus curved, together with unguis shorter than the propodus, dactylus longer than the unguis, with two (one medial and one subdistal) ventral setae and small subdistal denticle. Unguis curved. P5 basis 3 × longer than wide; with six setae along the ventral margin; dorsal margin subproximal seta. Ischium with two ventral setae. Merus about as long as wide; distoventral margin with seta; distodorsal margin with four setae. Carpus 0.8 × longer than wide; ventral margin with seta; distodorsal margin with seta. Propodus 3.7 × longer than wide; ventral margin with medial seta and subdistal spine; dorsal margin with subdistal and distal setae. Dactylus together with unguis shorter than the propodus, dactylus longer than the unguis, with one middorsal and two subdistal ventral setae and small subdistal denticle ventrally. Unguis curved. P6 basis 3.3 × longer than wide; with three setae along the dorsal margin. Ischium with ventral setae. Merus 1.5 × longer than wide; ventral margin with subdistal seta; distodorsal margin with spine. Carpus 1.2 × longer than wide; ventral margin with subdistal seta; distodorsal margin with seta and spine. Propodus 3.7 × longer than wide; ventral margin with subproximal seta and subdistal spine; dorsal margin with subdistal seta. Dactylus together with unguis shorter than the propodus, dactylus longer than the unguis; dactylus with one subdistal ventral seta. Unguis curved (Figure 12).

Pleon about 13% of TBL, shorter than Per 1–2 lengths combined, slightly longer than wide; last three pleonites fused to pleotelson, all indications of pleonites similar in length, without pleopods; pleonite 1 with three pairs of finely plumose dorsal setae and one seta on each lateral margin; pleonite 3 with two finely plumose setae dorsally. Pleotelson length 0.2 × that of all pleonites combined, apex large and rounded tip. Pleopods absent.

U biramous. Basal article longer than wide; inner margin with distal seta. Exopod with two articles, shorter than endopod articles 1–2 combined; article 1 with penicillate seta; article 2 with two distal setae. Endopod with three articles; article 1 with distal seta; article 2 longest, with distal seta; article 3 with two long and two short terminal setae (Figure 12).

Male (ZUEC-CRU-4370). Body (Figure 11). Length 1.1 mm.

Che, chela symmetrical. Similar but more robust and distinctly larger than those of the female. Basis ventral margin with medial and distal setae; dorsal margin with strong crenulation. Merus triangular, ventral margin with medial seta and large pointed apophyses distally. Carpus broad and short, more trapezoidal shaped than in female, ventral margin with two setae and small acute subdistal apophyses. Propodus with two setae near articulation of dactylus; fixed finger with one medial and three subdistal plumose setae on the ventral margin; with one rounded tubercle, three submarginal and 3 minute marginal setae on the outer incisive margin. Dactylus and unguis slightly longer than the fixed finger; with two rounded tubercles and six setae on the ventral margin.

Type locality: Trindade Island, Espírito Santo state, Brazil.

Distribution: Currently known only from the type locality.

Remarks: Synapseudes isis sp. nov., Synapseudes menziesi Bǎcescu, 1976, S. pinosensis (Guţu and Ortiz, 2009) and S. rectifrons Guţu, 1996, are distinguished from the other 23 members of the genus as follows: bi-articulate antennal flagellum terminating in a long seta, remnants of two pleonites present, and uropod endopod composed of three articles. The new species from Brazil can be separated from S. pinosensis by having the ventral margin of pereopod 1 propodus with four stout spiniform setae (three spiniform setae in S. pinosensis) and antennule article 2 without distal spiniform apophysis (peduncular article 2 inner distally with a dentiform expansion in S. pinosensis). Synapseudes isis sp. nov. is different from S. menziesi by rostrum appearing undifferentiated, truncated (rostrum with irregularly bilobed anterior margin in S. menziesi) and Maxilliped palp article 2 distolateral stout seta 1.5 × longer than that on palp article 1 (as long as in S. menziesi).

Synapseudes isis sp. nov. closely resembles the other Brazilian species S. rectifrons but can be distinguished from it by antennule article 2 without tubercles or spines (with a spine on the inner margin and a small tubercle on the outer margin in S. rectifrons), antenna article 1 with inner margin strongly serrated (smooth in S. rectifrons) and maxilliped palp article 1 with distolateral seta strongly developed (thin and weakly developed in S. rectifrons). Also, S. isis sp. nov. appears unique by having cheliped merus, carpus, and propodus with plumose setae ventrally, cheliped fixed finger with row of 10 setae on the incisive margin, and pereopod 1–3 with three, two, and one spiniform apophyses on the ventral margin of the basis, respectively.

Suborder Tanaidomorpha Sieg, 1980

Family Leptocheliidae Lang, 1973

Genus Chondrochelia Guţu, 2016

Chondrochelia dubia (Krøyer, 1842)

Material examined: Nine females, Piscinas do Parcel (20°31′10.812″S, 29°19′25.8″W), from Dictyota sp., September 2018, T. P. Macedo col. (ZUEC-CRU-4371); three females, Ilha do Sul (20°31′27.5″S, 29°19′25.2″W), from Dictyota sp., April 2019, I. Batistela col. (ZUEC-CRU-4372).

Remarks: Chondrochelia is a shallow water genus with dimorphic males and females, and C. dubia was firstly described as Tanais dubius from Brazil, and currently shows a worldwide distribution. Differences in morphological characters among Chondrochelia species are subtle, and further molecular studies may elucidate species delimitation within the genus. The new record agrees with the overall diagnosis of C. dubia and extends its distribution to the island of Trindade.



Phylogenetic Analysis

Heuristic searches resulted in four most parsimonious trees (L = 65 steps; CI = 50 and RI = 61), which were combined into a strict consensus tree, and this topology was used for the following data interpretation (Figure 13). Clade letters are represented below branches for the clades discussed ahead.
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FIGURE 13. Details of the Synapseudes Miller, 1940 consensus cladogram. Letters below branches represent clades mentioned in the discussion, numbers in parenthesis correspond to Bremmer relative support. Black circles represent non-homoplastic synapomorphies; white circles represent homoplastic synapomorphies. Numbers above branches represent the characters, and states are represented below. Map shows the current distribution of Synapseudes.


Clade A encompasses the genus Synapseudes, supported by four synapomorphies, including three non-homoplastic synapomorphies: presence of three terminal setae on mandibular palp [S6(0)], presence of setae on palp article 2 of Md [S7(1)], and two coupling hooks (retinacula) on endite of Mxp [S19(0)]; and one homoplastic synapomorphy: four articles on the uropodal endopod [S16(1)].

Clade B includes two clades of Synapseudes (clades C and D), and it is supported by two pleonites [S17(0)]. Clade C is composed of S. heterocheles (Vanhöffen, 1914), S. setoensis Shiino, 1951, S. dispina Menzies, 1953, S. minutus Miller, 1940, S. isis sp. nov., S. mediterraneus Bǎcescu, 1977, S. aflagellatus Sieg, 1986, and S. shiinoi Riggio, 1973, grouped by one non-homoplastic synapomorphy, the presence of three spiniform setae on the ventral margin of the propodus of pereopod 2 [S10(0)], and one homoplastic synapomorphy, one article on antennal flagellum [S12(0)]. Clade D comprises S. rectifrons, S. rudis Menzies, 1953, S. australianus Bǎcescu, 1981, S. caleyi Heard et al., 2018, S. hansmuelleri Guţu, 2006, S. minimus Guţu, 2006, S. tomescui Guţu, 2006, S. violaceus Bǎcescu, 1976, S. pinosensis, S. cystoseirae Amar and Cazaubon, 1978, and S. erici Błażewicz-Paszkowycz et al., 2011. This clade is clustered by the absence of distal spiniform apophyses on antennular peduncle article 2 [S13(0)].

Finally, clade E comprises S. isis sp. nov. as the sister clade of S. mediterraneus, S. aflagellatus, and S. shiinoi, supported by the homoplastic synapomorphy of three pleonites [S17(1)] and symmetrical chelipeds in male [S18(2)].



Biogeographical Analysis

The results of the BBM analysis indicated that dispersal played a key role in shaping the current distribution patterns of Synapseudes (Figure 14), totaling 15 dispersals between areas within the genus. According to the analysis, the neighbor realms (G) Coral Sea and (F) Indo-Pacific and Indian Ocean are the two most likely ancestral areas of Synapseudes (node 46), with 50.50 and 22.48% marginal probability, respectively. The analysis suggests an early dispersal to the North Pacific (B) and the Caribbean and Gulf of Mexico (D), followed by sympatric speciation events along the Indo-Pacific and Indian Oceans.
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FIGURE 14. Bayesian Binary MCMC (BBM) analysis of Synapseudes Miller, 1940. Map shows realms proposed by Costello et al. (2017), and letters in map correspond to realms with Synapseudes Miller, 1940 distribution records. Numbers in legend correspond to realms numbers by Costello et al. (2017). Colors on terminals correspond to current distribution and colors on nodes represent potential distribution of ancestors.


A transoceanic dispersion is proposed for ancestors on node 42, with a single dispersion from the Pacific to the Atlantic Ocean before the separation into two main Synapseudes clades. The first main clade (clade C; Figure 13) shares a strict evolutionary relationship with the Atlantic followed by a late dispersal to the Mediterranean (A). On the other hand, the second main clade (clade D; Figure 13) mostly remains in the Indo-Pacific and Coral Sea realms, with a second dispersal to the Caribbean and Gulf of Mexico.

Concerning the new species from TR, Synapseudes isis sp. nov., its ancestor’s area of distribution (node 31) suggests the last Atlantic speciation before the dispersal to the Mediterranean, with 73.26 and 15.25% marginal probabilities, respectively.



DISCUSSION

According to the classical Theory of Island Biogeography (IBT) proposed by MacArthur and Wilson (1967), species richness is positively correlated with island area and negatively correlated with isolation. Additionally, Rosenzweig (1995) also commented on the importance of island age for predicting species richness. The General Dynamic Theory of Oceanic Island Biogeography (GDM; Whittaker et al., 2008) also takes into account island age as an important factor for predicting island species richness on islands, together with island area and isolation, but relies on not only the island birth but also the death processes that lead to erosion and consequent habitat loss (Hachich et al., 2019). Although these factors are known to influence species richness, species richness is highly determined by the taxon studied, as observed for reef fishes, seaweed, and marine gastropods in shallow waters (Hachich et al., 2015). Therefore, the results presented herein aim to contribute to the knowledge of Peracarida biogeography in shallow water habitats from oceanic islands.

The fauna of Peracarida from TR indeed agrees with the isolation of the island, in which only 11 species were sampled associated with Dictyota sp., whereas 30 species were found in the same algae at the Abrolhos Bank (Cunha et al., 2013), a 46,000 km2 projection of the Brazilian continental shelf (Dutra et al., 2005), including two orders (Cumacea and Isopoda) not observed in TR (Figures 1, 15). The Abrolhos Bank harbors the largest and most diverse reef complex of the South Atlantic (Leão, 1982; Dutra et al., 2005) presenting high levels of coral endemism (Leão and Dominguez, 2000); however, benthic invertebrates such as crustaceans and polychaetes showed low levels of endemicity for the area (Paiva, 2005; Young and Serejo, 2005; Cunha et al., 2013).
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FIGURE 15. Crustacea species richness reported from Abrolhos Archipelago (left) and Trindade Island (right). Gray bars correspond to species not shared by both islands, yellow bars correspond to shared species, and seafoam green bars correspond to endemic species. References: Amphipoda: Cunha et al. (2013), Andrade and Senna (2017), Serejo and Siqueira (2018); Tanaidacea: Brum (1973); Guţu (1996), Cunha et al. (2013); Isopoda: Barth (1958), Moreira (1977), Cunha et al. (2013), Souza et al. (2013), Campos-Filho et al. (2018); Axiidea: Pachelle and Tavares (2020); Stenopodidea: Soledade et al. (2015), Tavares et al. (2017); Achelata: Faria-Júnior et al. (2014), Tavares et al. (2017); Brachyura: Almeida and Coelho (2008), Tavares et al. (2017); Caridea: Soledade et al. (2017), Tavares et al. (2017), Lima et al. (2019).


Regarding its endemicity, Peracarida is one of the most endemic taxa among the marine invertebrate fauna (Costello et al., 2017; Arfianti and Costello, 2020), and TR shows a high endemicity rate of 45%, higher than that observed for other Crustacea taxa previously reported for the island, such as Anomura, Axiidea, and Caridea, with 28, 25, and 4%, respectively (Anker et al., 2016; Tavares et al., 2017; Lima et al., 2019; Pachelle and Tavares, 2020). Other Decapoda taxa such as Achelata, Brachyura, and Stenopodidea lacked any species endemic to TR (Tavares et al., 2017). Nonetheless, we believe that the actual number of Peracarida species from TR is still underestimated, once only Peracarida members associated with Dictyota up to 10 m deep were sampled herein. Therefore, considering the broad range of Peracarida lifestyles, from planktonic to benthic and parasitic, further samplings are recommended to better assess TR biodiversity.

The cladistic analysis of Synapseudes supported the monophyly of the genus and agreed with the erection of the genus Ronabus by Heard et al. (2018). Ronabus is separated from Synapseudes based on the number of antennal flagella [S2(2)], the number of antennal terminal setae [S4(3)], the number of articles in the inner and outer antennular flagellum [S5(0) and S6(1)], the number of terminal setae on the mandibular palp [S7(3)], number of articles on the uropodal exopod [S15(2)], and telson with bulgae [S20(1)]. The analysis also showed two main clades within Synapseudes (clades C and D), which are discussed according to its distribution (Figure 13).

The BBM analysis of the genus Synapseudes is the first event-based biogeographic attempt to understand the dynamics of fauna associated with macroalgae over long periods of time. Even though it is well known that macroalgae are the best drifter substrata particularly for Peracarida because of lack of larval phase (Thiel, 2003), providing shelter and nutrition even in harsh environments, knowledge on the evolutionary processes that have driven the current distribution is scarce.

We recovered the Indo-Pacific + Coral Sea realms as the ancestral distribution area of Synapseudes (Figure 14), supporting the proposal of an Indo-Pacific “center of origin,” where species originated in the biodiversity center colonize marginal areas and speciate (Bowen et al., 2013). Six species presented the current distribution within the realm of Indo-Pacific and Indian Ocean (realm F), followed by three species distributed in the Mediterranean (realm A), the Caribbean and Gulf of Mexico (realm D), and Offshore South Atlantic (realm I). Therefore, the BBM analysis suggests an Indo-Pacific + Coral Sea origin followed by multiple dispersals to other ocean realms. From the Indo-Pacific + Coral Sea origin, the first dispersal of Synapseudes ancestors was to the North Pacific (realm B) and to the Caribbean and Gulf of Mexico (realm D), while consecutive sympatric speciations continued to raise species number in the Indo-Pacific (Figure 14).

The separation of Synapseudes into two main clades corresponds to the first dispersal to the Offshore South Atlantic (realm I), where most of the ancestors speciated, suggesting a niche suitability for the genus. A possible return to the Pacific Ocean is suggested on node 33, where three dispersals to new realms within the Pacific are observed (nodes 28, 32, and 33), while the ancestors that remained in the Atlantic later dispersed to the neighboring realms of the Mediterranean (realm A) and Rio de La Plata (realm J). The second main clade remained in the Indo-Pacific region, with a second dispersal to the Atlantic, whereas successive sympatric speciations in the Indo-Pacific and Coral Sea continued to happen. Lastly, another dispersal to the Caribbean and Gulf of Mexico (realm D) followed by sympatric speciation were observed for Synapseudes (Figure 14).

This first attempt to understand the evolution of Peracarida associated with macroalgae suggests multiple dispersions from an Indo-Pacific center of origin, and better understanding of the paleocurrent dynamics, other Peracarida taxa phylogenetics, and molecular data will certainly help unpuzzling the historical biogeography of fauna–macroalgae association.
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