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Abstract

A new species of the zoarcid genus Pyrolycus Machida & Hashimoto, 2002, Pyrolycus jaco sp. nov., is described from 
a hydrothermal seep environment named Jacó Scar in the eastern Pacific of Costa Rica. Four specimens were collected 
in 2018 between 1746–1795 m among tubeworm colonies around the seep. The new species is differentiated from its 
two western Pacific congeners by having a shorter head, snout, jaw, and pectoral fins. It is further diagnosed by having 
three postorbital pores and two occipital pores. Molecular sequences of the cytochrome c oxidase I gene are provided and 
are the first for the genus. The character states indicating miniaturization in this species are discussed. This is the first 
vertebrate species known from this composite reducing ecosystem and is the fourth hydrothermally-associated zoarcid 
from the eastern Pacific. 
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Introduction

Zoarcidae is one of seven fish families with members that have adapted to live in association with deep-sea reducing 
ecosystems around hydrothermal vents and methane seeps (Priede 2017). Three zoarcid genera, all in the subfamily 
Lycodinae Gill, 1861, are currently known to be endemic or near-endemic to vent and seep environments (Priede 
2017; Thiel et al. 2021): Pachycara Zugmeyer, 1911 (seven endemic species, one near-endemic, known from vents 
and seeps), Pyrolycus Machida & Hashimoto, 2002 (two species, known from vents), and Thermarces Rosenblatt & 
Cohen, 1986 (three species, known from vents).

During five submersible expeditions conducted between 2009–2019 to methane seeps on the Pacific margin of 
Costa Rica, an unknown zoarcid species was observed (Levin et al. 2012) and collected at a unique seep known as 
Jacó Scar. Geologically characterized as a seamount subduction scarp (Bohrmann et al. 2002) with high methane 
concentrations (Mau et al. 2012), the Jacó Scar seep is considered a composite reducing habitat in that it also 
exhibits vent-like characteristics, namely elevated temperatures up to 5.2 ºC (approximately 3 ºC above ambient) 
and the presence of vent-affiliated fauna (Levin et al. 2012). For example, the mussel Bathymodiolus thermophilus 
Kenk and Wilson, 1985, was previously known only from hydrothermal vents until new records were confirmed 
from the Jacó Scar “hydrothermal seep” (Levin et al. 2012; McCowin et al. 2020).

The Jacó Scar fish were observed at densities up to 28 ind. m–2 living among colonies of the tubeworms 
Lamellibrachia barhami Webb, 1969 and Escarpia spicata Jones, 1985 (Levin et al., 2012). The fish were not 
observed beyond the colonies around the seep or on nearby non-thermal seeps (G. Rouse, pers. comm.). Using a 
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sequence of the mitochondrial cytochrome c oxidase I gene (COI), Levin et al. (2012) tentatively assigned these 
fish to the genus Pachycara based on a BLAST match of 94% identity to P. thermophilum Geistdoerfer, 1994 but 
did not investigate the taxonomy of the species further. In 2018, additional specimens were collected by the HOV 
Alvin between 1746–1795 m. The specimens possess an L-shaped pattern of their suborbital bones and a weak oral 
valve and lack an interorbital pore placing them in Lycodinae, which represents the bulk of zoarcid diversity with 
33 genera and 245 species (Fricke et al. 2022). 

The Jacó Scar specimens lack scales and a lateral line as in Pyrolycus and Thermarces while these characters are 
present in most species of Pachycara (Anderson 1994; 2006). They possess gelatinous flesh and pelvic fins (lacking 
in Thermarces) and have a relatively long preanal length (vs. shorter in Pachycara) and a low vertebral count (~80 
vs. 92+ in Pachycara and Thermarces). These characters place them in the genus Pyrolycus, previously known from 
only two species from hydrothermal vents in the western Pacific, P. manusanus Machida & Hashimoto, 2002 from 
the Bismarck Sea and P. moelleri Anderson, 2006 from the Kermadec Ridge. The specimens do not correspond to 
either species and are herein described as new. They differ from both congeners by having a shorter head, snout, jaw, 
and pectoral fins. Additionally, the specimens have two occipital pores vs. one or absent in the other two species. 
Molecular sequences of COI are provided and are the first for the genus. The new species of Pyrolycus is the first 
vertebrate species known from this composite reducing ecosystem and is the fourth hydrothermally-associated 
zoarcid from the eastern Pacific, the others being Pachycara rimae Anderson, 1989, Thermarces andersoni 
Rosenblatt & Cohen, 1986, and T. cerberus Rosenblatt & Cohen, 1986.

Material and methods 

Specimens were observed during interdisciplinary research cruises to the Pacific margin of Costa Rica: R/V 
Atlantis with DSV Alvin AT15-44 (2009), AT37-13 (2017), AT42-03 (2018); R/V Falkor with ROV SuBastian 
FK190106 (2019). Specimen collection and field operations were performed under the following permits issued 
by CONAGEBIO (Comisión Nacional para la Gestión de la Biodiversidad), INCOPESCA (Instituto Costarricense 
de Pesca y Acuicultura), and SINAC (Sistema Nacional de Áreas de Conservación) under MINAE (Ministerio de 
Ambiente y Energía), Government of Costa Rica: INCOPESCA-CPI-003-12-2018, R-070-2018-OT-CONAGEBIO, 
SINAC-CUSBSE-PI-R-032-2018, SINAC-SE-CUS-PI-R-035-2017. DNA sequencing for this project was authorized 
by the Contract for the Grant of Prior Informed Consent between MINAE-SINAC-ACMC and Jorge Cortés Nuñez 
for the Basic Research Project: “FK190106—Cuantificación de los vínculos biológicos, químicos y físicos entre 
las comunidades quimiosintéticas con el mar profundo circundante.” The type specimens were collected during 
AT42-03 using a suction sampler or the Bushmaster Jr. device, a hydraulically operated net that envelops a cluster 
of vestimentiferan tubeworms to minimize the loss of associated fauna (Bergquist et al. 2002). Specimens were 
maintained in chilled seawater and photographed using a handheld camera (e.g. Nikon D70, Canon EOS M5). 
Tissue subsamples were preserved in 95% ethanol for genetic analysis. Specimens were fixed in 10% seawater 
formalin or 95% ethanol for at least 24 hours, rinsed with fresh water, and transferred to 50% ethanol for long-term 
archival. Some voucher specimens were frozen at -20 °C for several years prior to fluid preservation. Measurements 
were made with digital calipers to the nearest 0.1 mm. Methods and terminology follow Anderson (1994, 1995). 
Specimens were radiographed for meristics. 

Additionally, one specimen (SIO 20-41; Fig. 1–2) was micro-CT scanned at California State Polytechnic 
University, Humboldt using a Nikon XTH 225 scanner. A scan of the entire fish at 100 kV and 185 µA produced 
4,476 projections reconstructed into a stack of 2,495 images at a voxel size of 39.37 µm. The image stack and STL 
file of the skeleton rendering can be found on MorphoSource (morphosource.org) as Project Number 000435550. 
A more targeted, higher resolution scan of the head at 80 kV and 242 µA produced 3,384 projections at a voxel size 
of 12.28 µm.

Abbreviations in the text are: HL, head length; SL, standard length. Holotype and paratypes are deposited at the 
Scripps Institution of Oceanography Marine Vertebrate Collection, La Jolla, USA (SIO), the Museo de Zoología, 
Universidad de Costa Rica, San José, Costa Rica (MZUCR), and the Natural History Museum of Denmark, 
University of Copenhagen, Copenhagen, Denmark (ZMUC). 

DNA extraction and sequencing were performed by the laboratory of G. Rouse at SIO. Genomic DNA was 
extracted following the manufacturer’s protocol for commercial kits such as the DNeasy Tissue Kit (Qiagen) or the 
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Quick-DNA Miniprep, Microprep Plus, or 96 Plus Kit (Zymo Research, Irvine, CA and Tustin, CA). Polymerase 
chain reaction (PCR) amplification of mitochondrial cytochrome c oxidase subunit I (COI) was performed using 
the primer pair LCO1490/HCO2198 (Folmer et al. 1994). A typical PCR included 1 ul of each primer (10 uM), 2 
ul of genomic DNA, and the appropriate concentration of a commercially available reagents such as Apex 2.0x Taq 
Red DNA Polymerase Master Mix (Genesee Scientific) or Conquest PCR Master Mix (Lamda Biotech, St. Louis, 
MO). The reaction profile was 94 °C/180s—(94 °C/30s—47 °C/45s—72 °C/60s) * 5 cycles—(94 °C/30s—52 
°C/45s—72 °C/60s) * 30 cycles—72 °C/300s. PCR products were purified with ExoSAP-IT (USB Corporation, 
Cleveland, OH). Sanger sequencing was performed by Eurofins Genomics (Louisville, KY) or Retrogen, Inc. (San 
Diego, CA). Consensus sequences were assembled using Geneious (e.g. v.11.1.5). Sequences were deposited into 
GenBank (accession numbers: OP234394–OP234395).

Results

Pyrolycus jaco Frable, Seid, Bronson & Møller, sp. nov.
(Figures 1–4, Table 1)
LSIDurn:lsid:zoobank.org:act:1EF499D0-6042-41A5-8E85-0B35A087CBB2

Pachycara sp.—Levin et al., 2012: Fig. 2d.

Holotype: SIO 20-41 (ex SIO-BIC BI1339), 107+ mm SL, Costa Rica, Jacó Scar, 9°7.041′ N 84°50.375′ W, 1795 
m depth, 18 Oct 2018, HOV Alvin dive 4972, suction sampler, G. Rouse and A. Hiley. 

Paratypes: SIO 20-42 (ex SIO-BIC BI1661), 95+ mm SL (in two pieces), Costa Rica, Jacó Scar, 9°7.050′ N 
84°50.438′ W, 1768 m depth, 04 Nov 2018, HOV Alvin dive 4989, suction sampler, L. Levin and D. Casagrande; 
MZUCR 3319 (ex SIO 20-43; ex SIO-BIC BI1662), 90+ mm SL, Costa Rica, Jacó Scar, 9°7.071′ N 84°50.445′ W, 
1746 m depth, 17 Oct 2018, HOV Alvin dive 4971, “Bushmaster” device (in tubeworm mass), E. Cordes and R. 
Rutstein; ZMUC P2397865 (ex SIO 20-44; ex SIO-BIC BI1663), 72+ mm SL, Costa Rica, Jacó Scar, 9°7.067′ N 
84°50.367′ W, 1785 m depth, 04 Nov 2018, HOV Alvin dive 4989, suction sampler, L. Levin and D. Casagrande.

Diagnosis. A species of Pyrolycus differentiated from its congeners with the following combination of 
characters: five suborbital bones (vs. six) with 5 pores, occipital pores 2, postorbital pores 3, vertebrae 23 + ~57 = 
~80, vomerine and palatine teeth present, total gill rakers 2–3+13–15= 16–17, pectoral fin rays 14–15, upper jaw 
short 33.9–42.4% HL and snout short 21.3–24.3% HL. It is specifically separated from Pyrolycus moelleri in having 
fewer precaudal vertebrae and total vertebrae, palatine teeth present (vs. absent), three postorbital pores (vs. two) 
and 14–15 pectoral-fin rays (vs. 13–14). And from P. manusanus by having two occipital pores (1-0-1 vs. one, 0-1-
0), more gill rakers, fewer vomerine teeth, more palatine teeth, fewer pectoral-fin rays, a larger eye diameter, and a 
narrower gill slit.

Description. Counts and morphometrics are presented in Table 1. Body and head gelatinous; body elongate and 
compressed posteriorly. Scales and lateral line absent. Peritoneum dark. Head slightly compressed and ovoid; snout 
rounded and blunt, not extending beyond upper jaw. Eyes round to slightly ovoid and small, not in dorsal profile of 
head; interorbital space flat to slightly concave, half snout length; nostrils tubular, ca. 5.6 times in snout length. Gill 
slit long extending ventrally to or just above pectoral-fin base. 

Mouth terminal to slightly oblique, posterior edge of maxilla reaching mid-orbit; lips on upper and lower jaw 
moderately thick. Oral valve weak. Teeth simple and conical. Premaxilla teeth in 2 rows near symphysis becoming 
a single row posteriorly; 14 teeth in outer row with 5–6 in inner row; outer teeth longer with very slight recurve, 
those near symphysis longest and more fang-like. Dentary teeth in 2 rows near symphysis becoming single row 
posteriorly; 15 teeth in outer row with 5–6 in inner row; outer row teeth longer and slightly recurved. Vomerine teeth 
slightly recurved, in cluster with 7–8 teeth arranged in wedge; palatine teeth simple, 12–15 teeth in single row. Gill 
rakers short and triangular. Pseudobranch filaments 5. Pyloric caeca present as two nubs.

Cephalic lateralis pores large and round. Nasal pores 2, anteromedial and posteromedial to nostril tube. 
Suborbital pores 5, arranged in reversed L-shape. Postorbital pores 3 (1, 3 and 4). Preoperculomandibular pores 8, 
4 from dentary, 1 from anguloarticular and 3 from preopercle. Interorbital pore absent. Occipital pores 2 (1-0-1), on 
either side, smaller than other pores (Fig. 3).
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 Dorsal fin origin on a vertical just before middle of pectoral fin, associated with vertebra five, first two dorsal 
pterygiophores between vertebra four and five. Anal fin origin before midbody, below first caudal vertebra, first 
three pterygiophores inserted anterior to first caudal vertebra haemal spine. Pectoral fin origin near body midline; 
pectoral fins rounded, reaching vertical through 7th–8th dorsal-fin ray. Pelvic fin short and reduced, just anterior 
pectoral-fin base. Caudal fin destroyed in all specimens.

Neurocranium long. Parasphenoid wing low, at ventral margin of trigeminal foramen but with anteriodorsal 
projection to just below mid-level of foramen (Fig. 2A). Suborbital bones 5, thin and widely spaced, arranged in 
reversed L-shape (Fig. 2B). Palatopterygoid series weak, ectopterygoid and mesopterygoid overlapping less than 
half dorsal and anterior surfaces of quadrate. Metapterygoid reduced and weak.

Coloration in life (Fig. 1A, 4). Body light pink to pink lavender, semi-translucent; gut slightly darker than 
trunk. Top and sides of head somewhat translucent and dark violet, snout pink, anterior of snout and jaw reddish 
pink. Eyes dark blue-black. Fins light, pale lavender to pinkish, semi-translucent. Faint brownish mottling on body, 
head and pectoral fins.

Coloration in preservation (Fig. 1B). Holotype uniformly tan, body semi-translucent. Fins tan with slight 
mottling on pectoral fins. Paratypes in 95% ethanol, light tan with very faint mottling body, head and fins (especially 
SIO 20-42).

FIguRe 1. Holotype of Pyrolycus jaco sp. nov., SIO 20-41, 107+ mm SL, Jacó Scar, Costa Rica A) freshly collected; B) in 
preservation, note caudal region removed by collectors; C) superimposition of radiograph over fresh image to estimate vertebral 
count. Scale bar= 20 mm.

etymology. Named for the type locality and only known habitat, the Jacó Scar site on the Pacific Costa Rica 
margin, which itself is named in honor of the nearby coastal district of Jacó, Puntarenas, Costa Rica. Name treated 
as an appositional noun. 

Habitat and distribution. Specimens were collected or observed in association with colonies of the tubeworms 
Lamellibrachia barhami and Escarpia spicata at depths of 1604–1854 m exclusively at Jacó Scar.

Diet. The new species feeds, at least in part, on benthic sessile invertebrates associated with the hydrothermal 
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seep area. Dissection of SIO 20-42, radiographs and CT scans reveal shells of Lepetodrilus sp. McLean, 1988 and 
other limpets, as well as a snail in the gut of these specimens.

Comparisons. The new species is readily differentiated from congeners in having five suborbital bones 
(vs. six in the other two species), shorter snout (21.3–24.3 vs. 25.8–29.3% HL) and shorter upper jaw (33.9–
42.4 vs. 37.8–42.3% HL). It is further separated from Pyrolycus moelleri in having fewer precaudal vertebrae 
(22–23 vs. 28) and total vertebrae (~80 vs. 95–96), palatine teeth present (vs. absent; Fig. 2A), three postorbital 
pores (vs. two; Fig. 3) and 14–15 pectoral-fin rays (vs. 13–14). It is differentiated from P. manusanus by having 
two occipital pores (1-0-1 vs. one, 0-1-0; Fig. 3), more gill rakers (2–3+13–15= 16–17 vs. 1–2+12–14=13–15), 
fewer vomerine teeth (7–8 vs. 10–12), more palatine teeth (12–15 vs. 5–6), fewer pectoral-fin rays (14–15 vs. 
16–17), larger eye diameter (12.1–14.9 vs. 8.3% HL), and a narrower gill slit (26.9–34.7 vs. 41.7% HL). 

FIguRe 2. CT-image of the lateral left side of the head of SIO 20-41, holotype, Pyrolycus jaco sp. nov., 107+ mm SL, with A) 
parashpeonid and palatopterygoid series and B) orbital series highlighted. Scale bar = 5 mm. 

Parasphenoid
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The new species is readily separated from the other two thermophilic genera, Thermarces and Pachycara. It 
is differentiated from all three species of Thermarces by having a weakly-developed palatopterygoid series (vs.
well-developed; Fig. 2A), five suborbital bones and pores (vs. six; Fig. 2B), pelvic bones and fin-rays present (vs. 
absent), occipital pores present (vs. absent), and fewer precaudal and total vertebrae (22–23 vs. 29–32; ~80 vs. 
92–97, respectively).

Pyrolycus jaco sp. nov. is distinct from members of Pachycara by the absence of scales (except present in 
P. shcherbachevi Anderson, 1989 (Møller 2003) from the northern Indian Ocean and P. alepidotum Anderson & 
Mincarone, 2006 and P. matallanasi Corbella & Møller, 2014) and a lateral line and in having fewer total vertebrae 
(~80 vs. 92–125), 2 occipital pores (vs. 0–1), a low parasphenoid wing (vs. high; Fig. 2A), and a weak palatopterygoid 
series (vs. well-developed). 

FIguRe 3. Pore configuration on the dorsal surface of the head in Pyrolycus jaco sp. nov., holotype, SIO 20-41, 107+ mm SL. 
PO: postorbital pores; OCC: occipital pores. Scale bar = 2 mm.

Finally, Pyrolycus jaco sp. nov. can be compared to the genus Dieidolycus Anderson, 1988 in sharing characters 
such as five suborbital bones, three postorbital pores, and 22–23 precaudal vertebrae, but is readily differentiated by 
having a low parasphenoid wing (vs. high in Dieidolycus), 14–15 pectoral-fin rays (vs. 16–17), and two occipital 
pores (vs. 0).

The COI sequence for the holotype (609 bp; SIO 20-41; GenBank: OP234394) was 99.84% identical to that 
of the tissue sample reported in Levin et al. (2012; GenBank: OP234395; voucher not located; tissue catalogued as 
SIO 22-90 [ex SIO BIC BI1642]). BLAST results revealed that there are no other highly similar (>98%) sequences 
in GenBank, with the most similar being 95.4% for Lycenchelys tristichodon DeWitt & Hureau, 1980 (GenBank: 
HQ713043.1, HQ713045.1 and KX676058.1) and 95.2% for Pachycara angeloi Thiel, Knebelsberger, Kihara & 
Gerdes, 2021 (GenBank: MW888715.1). These results demonstrate that the new species is most closely related 
to other lycodine genera. However, there are not enough available sequences of lycodine species to evaluate the 
molecular phylogenetic relationships of this species and much of this group in general.
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Discussion

Pyrolycus jaco sp. nov. is the first vertebrate species to be described from the Jacó Scar hydrothermal seep site, 
in addition to 21 invertebrate species newly described from this site (Aguado & Rouse 2011; Borda et al. 2013; 
Hatch et al. 2020; Lindgren et al. 2019; Martin et al. 2018; McCowin et al. 2020; Pearson & Rouse 2022; Rouse & 
Kupriyanova 2021; Rouse et al. 2018; Salazar-Vallejo 2020; Summers et al. 2014; Watson et al. 2016), illustrating 
the extent of novel biodiversity at the Costa Rica methane seeps. It is also the first representative of Pyrolycus in 
the eastern Pacific Ocean. Based on the available material and review of dive footage and images (e.g., Fig. 4), this 
species is relatively diminutive with individuals estimated to generally be smaller than 150 mm TL. This species and 
genus as a whole may exhibit characteristics consistent with the process of miniaturization that causes size reduction 
along with paedomorphic traits such as a reduction of latero-sensory canals, fin rays and scales, and a reduction or 
simplification of the skeleton (Weitzman and Vari 1988; Britz et al. 2009; de Melo et al. 2022). Pyrolycus jaco sp. 
nov. has a reduced suborbital series relative to the other two species and all three species have generally reduced 
cranial bones and lack a lateral-line and scales, noted as being potentially paedomorphic states by Anderson (1994). 
However, these levels of reduction are not as extensive as in well-known taxa (Weitzman and Vari 1988; Britz et al. 
2009) and further research and additional samples are necessary to explore this. Some aspect of their unique habitats 
on hydrothermal seeps or vents may contribute to the evolution of these traits, such as reduced prey, complex 
structure or isolation in relatively small areas. The discovery of this species from a single unique site highlights the 
possibility of additional highly-adapted zoarcids living in uncharacterized or undiscovered areas of hydrothermal 
activity. The high degree of endemism for vent- and seep-associated zoarcids is likely a result of their reproductive 
biology, with few, large eggs and benthic larvae that do not disperse widely. 

FIguRe 4. Live images of Pyrolycus jaco sp. nov., not collected, living among Lamellibrachia barhami and Escarpia spicata 
colonies. Photo credit: ROV SuBastian/Schmidt Ocean Institute.
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