
P
le

as
e 

no
te

 th
at

 th
is

 is
 a

n 
au

th
or

-p
ro

du
ce

d 
P

D
F 

of
 a

n 
ar

tic
le

 a
cc

ep
te

d 
fo

r p
ub

lic
at

io
n 

fo
llo

w
in

g 
pe

er
 re

vi
ew

. T
he

 d
ef

in
iti

ve
 p

ub
lis

he
r-

au
th

en
tic

at
ed

 v
er

si
on

 is
 a

va
ila

bl
e 

on
 th

e 
pu

bl
is

he
r W

eb
 s

ite
 

 1 

  

Proceedings of the Royal society of London (B) 
(Biological sciences) 
November 2013, Volume 280 (1770), Pages 2013.1876 
http://dx.doi.org/10.1098/rspb.2013.1876 
© 2013 The Author(s) Published by the Royal Society. All 
rights reserved 
 

Archimer 
http://archimer.ifremer.fr 

 
 

 

 

Cryptic species of Archinome (Annelida: Amphinomida) from vents and 
seeps  

 
Elizabeth Borda1,9, *, Jerry D. Kudenov2, Pierre Chevaldonné3, James A. Blake4, Daniel Desbruyères6, 

Marie-Claire Fabri6, Stéphane Hourdez7, Fredrik Pleijel8, Timothy M. Shank5, Nerida G. Wilson1,  
Anja Schulze9 and Greg W. Rouse1, * 

 
 
1 Scripps Institution of Oceanography, UC San Diego, La Jolla, CA 93093, USA 
2 Department of Biological Sciences, University of Alaska Anchorage, Anchorage, AK 99508, USA 
3 CNRS, UMR 7263 IMBE, Institut Méditerranéen de la Biodiversité et d'Ecologie Marine et Continentale, Aix-
Marseille Université, Station Marine d'Endoume, Rue de la Batterie des Lions, 13007 Marseille, France 
4 AECOM Marine and Coastal Center, Woods Hole, MA 02543, USA 
5 Woods Hole Oceanographic Institution, Woods Hole, MA 02543, USA 
6 Département Etude des Ecosystèmes Profonds, Centre de Brest de l'IFREMER, 29280 Plouzané Cedex, 
France 
7 CNRS, UPMC UMR 7127, Station Biologique de Roscoff, 29682 Roscoff, France 
8 Department of Marine Ecology, University of Gothenburg, Tjärnö, Strömstad, Sweden 
9 Marine Biology Department, Texas A&M University at Galveston, Galveston, TX 77553, USA 
 
*: Corresponding authors : Elisabeth Borda, email address : lizborda@gmail.com ;  
Greg W. Rouse, email address : grouse@ucsd.edu  
 

 
Abstract:  

 
Since its description from the Galapagos Rift in the mid-1980s, Archinome rosacea has been recorded at 
hydrothermal vents in the Pacific, Atlantic and Indian Oceans. Only recently was a second species described from 
the Pacific Antarctic Ridge. We inferred the identities and evolutionary relationships of Archinome representatives 
sampled from across the hydrothermal vent range of the genus, which is now extended to cold methane seeps. 
Species delimitation using mitochondrial cytochrome c oxidase subunit I (COI) recovered up to six lineages, 
whereas concatenated datasets (COI, 16S, 28S and ITS1) supported only four or five of these as clades. 
Morphological approaches alone were inconclusive to verify the identities of species owing to the lack of discrete 
diagnostic characters. We recognize five Archinome species, with three that are new to science. The new 
species, designated based on molecular evidence alone, include: Archinome levinae n. sp., which occurs at both 
vents and seeps in the east Pacific, Archinome tethyana n. sp., which inhabits Atlantic vents and Archinome 
jasoni n. sp., also present in the Atlantic, and whose distribution extends to the Indian and southwest Pacific 
Oceans. Biogeographic connections between vents and seeps are highlighted, as are potential evolutionary links 
among populations from vent fields located in the east Pacific and Atlantic Oceans, and Atlantic and Indian 
Oceans; the latter presented for the first time. 
 
Keywords: deep sea ; hydrothermal vents ; cold methane seeps ; cryptic species ; polychaete 
 
Introduction 

 
It has been more than three decades since the discovery of deep ocean chemosynthetic communities. Over 600 
animal species have been described from these habitats, mainly from hydrothermal vents near active tectonic 
plate boundaries, as well as from hydrocarbon seeps along continental margins [1–3]. Biodiversity patterns 
among deep-sea chemosynthetic fauna have been discussed at length in the context of taxonomic and 
environmental affinities leading to the designation of various biogeographic ‘provinces’ [1,3–6]. The few rigorous 
studies that have inferred these patterns in a phylogenetic context and on a broad scale [7–11] have focused on 
Pacific Ocean taxa [8,12–15]. Deep ocean currents, plate tectonics, seafloor spreading rates, oxygen levels, 
bathymetry, larval dispersal capabilities and sulfide or methane-rich communities, such as sunken wood and 
whale falls, as potential evolutionary ‘stepping stones’, are just some of the extrinsic factors that have been 
posited to drive species distributions in deep ocean chemosynthetic habitats [1,15–17]. 
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Significant effort has been put forth in characterizing

the faunal communities of these dynamic ecosystems. Tra-

ditional taxonomy, which emphasizes the characterization

of morphological diversity, cannot always account for other

biological attributes, such as developmental [18] and ecologi-

cal adaptations [7,19,20], leading to over or underestimates of

diversity [17,21]. Molecular systematics has been a useful tool

to provide a testable framework to infer evolutionary

relationships of genetic lineages, independent of phenotypic,

ontogenetic and ecological variation. The integration of mol-

ecular data has greatly improved our knowledge of species

delimitations and distributions, however with the caveat

that taxonomic, genetic and geographical diversity estimates

are all sensitive to sampling [22].

Annelids account for approximately 20% (approx. 111

species) of the named hydrothermal vent animal species [2].

The East Pacific Rise (EPR) has among the best-studied vent

annelids [23–30] and the incorporation of molecular data has

shed light on cryptic diversity found along this system

[12,14,21,31,32]. The giant vestimentiferan tubeworm, Riftia
pachyptila, is a dominant feature of hydrothermal vent sites

along the EPR and was shown to be genetically homogeneous

across a broad range (278N–328 S), with a genetic break

identified at the Easter microplate (approx. 268 S) [14]. The

thermally tolerant Alvinella pompejana is known only from the

EPR and although morphologically similar across a distance

of approximately 5000 km (218N–328 S), mitochondrial (mt)

data revealed a north/south genetic break [14,33]. Species of

Alvinella and Riftia are restricted to the east Pacific, whereas

Paralvinella is amphi-Pacific, though so far not recorded outside

of this ocean [2,34]. Major annelid clades are represented on a

broad geographical scale throughout diverse chemosynthetic

environments (e.g. Siboglinidae and Polynoidae), but among

vent animals, only two ‘species’ have been recorded on a

global scale: the ampharetid Amphisamytha galapagensis [8,35]
and the amphinomid Archinome rosacea [36,37]; the latter

being the focus of this study, while the former is now known

to be a species complex [8].

Amphinomids are best represented by the stinging fire-

worms (e.g. Eurythoe and Hermodice), which are common

inhabitants of tropical reef environments [38,39]. Archinome
rosacea was the first amphinomid described from chemosyn-

thetic habitats from the original 1979 collections from Rose
Garden, located at the Galapagos Rift (GAR; 08N; 2400 m) in

the eastern Pacific [36]. Since its description in 1985, Archinome
has been recorded across major spreading centres in the Paci-

fic, Atlantic and Indian Oceans (figure 1) [2,40]. Archinome
specimens (figure 2 and electronic supplementary material,

figure S1) are easily recognizable amongvent fauna,with promi-

nent calcareous, bifurcate (forked) chaetae, an elongate trilobed

caruncle (figure 2b,c), a fusiform (spindle-like) body shape, pro-

minentmid-ventralmuscular scutes (figure 2g) and can range in

size from just a few millimetres to several centimetres. In 2006,

the distribution of A. rosaceawas restricted to the GAR and the

northeast Pacific Rise (NEPR) [2], in contrast to earlier accounts,

which proposed a more widespread range including the

Guaymas Basin (GB) sedimented vents, Mid-Atlantic Ridge

(MAR) and Central Indian Ridge (CIR) vent systems [41,42].

Referencing unpublished data Q2, Desbruyères et al. [2] suggested
the presence of at least three additional species, yet until recently

A. rosacea remained the only named species. In 2009, Archinome
storchi [40] was described from the Pacific Antarctic Ridge

(PAR, 378 S). Also until recently, Archinome had only been

recorded from hydrothermal vents. In 2009 and 2010, specimens

were collected fromcoldmethane seeps located at theCosta Rica

margin (CRM) [43]. Archinome has been collected from a broad

range of vent localities (figure 1) and depths (1000–3500 m)

[40], however it is now known to occur at depths greater than

4000 m, including Ashadze-1 (A1; 128N, MAR; 4080 m) [44].

Given Archinome’s broad distribution and uncertainty as to

the number of species within the genus, we used an integrative

systematic approach to: (i) infer the identities of Archinome speci-
mens from across the ‘cosmopolitan’ range among vent systems;

(ii) infer the evolutionary relationships among vent and seep

Archinomeand (iii) andexplore thebiogeographic linksanddiver-
sification patterns across the Atlantic, Indian and Pacific Oceans.
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Figure 1. Distribution map of Archinome species. Symbols indicate all known records, with sites sampled for this study denoted by triangles (A. levinae n. sp.), stars
(A. rosacea), inverted triangles (A. storchi), circles (A. tethyana n. sp.), diamonds (A. jasoni n. sp.) and open circles (unsampled records). A1, Ashadze-1; BS, Broken
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2. Material and methods
(a) Sample collection
Archinome samples were collected using remotely operated

vehicles including Woods Hole Oceanographic Institution’s

(WHOI) Jason I (R/V Knorr) and Jason II (R/VMelville), Monterey

Bay Aquarium Research Institute’s Tiburon (R/V Western Flyer)
and Institut Français de Recherche pour l’Exploitation de la

Mer’s (IFREMER) Victor 6000 (R/V Pourquoi Pas?), and human

occupied vehicles Alvin (WHOI) and Nautile (IFREMER) during

deep-sea expeditions between 1990 through 2010. Figure 1

shows known records and sampling localities from vent and

seep communities included in this study. Specimens were

sampled from among larger vent fauna such as Vestimentifera

and mytilid bivalves, as well as from upper sediment layer

samples obtained from suction samplers and mesh scoops. Speci-

mens were sorted aboard research vessels and when possible

relaxed in a 50 : 50 (7% MgCl2: seawater) MgCl2 solution,

followed by preservation in 10% formalin, then transferred to

70% ethanol for morphological evaluation and 80–95% Ethanol

or stored at 2808C for molecular work. Molecular samples

were kept cold at 48C or frozen at 2808C or 2208C. Collection
and voucher information and details regarding evaluation of

morphology can be found in the electronic supplementary

material, text and tables S1, S4 and S5).

(b) Gene data collection, phylogenetic methods and
genetic structure

Protocols for whole genomic DNA extraction, amplification and

sequencing procedures are as reported by Borda et al. [45], unless
stated otherwise. Electronic supplementary material, table S2

lists primers and annealing temperature profiles used for amplifi-

cation of mt cytochrome c oxidase subunit I (COI), and mt 16S

rDNA (16S). Amplification protocols for the nuclear internal tran-

scribed spacer 1 (ITS1) and 28S rDNA (28S) followed Nygren &
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Figure 2. Archinome species. (a) (Live) whole body, dorsal view of A. levinae n. sp. ( purple morph; SIO-BIC AXXXX Q6); (b) (Live) Dorsal view of anterior body segments
of A. levinae n. sp. (SIO-BIC A1398; CRM, 98 N); (c) (Live) Dorsal view of anterior body segments of A. levinae n. sp. ( purple morph; SIO-BIC AXXXX); (d ) (Preserved)
Frontal view of A. jasoni n. sp. (SIO-BIC A2313; CIR); (e) (Preserved) Dorsal view of anterior body segments of A. jasoni n. sp. (SIO-BIC A2313); ( f ) (Preserved) Whole
body, dorso-lateral view of A. jasoni n. sp. (SIO-BIC A2313); (g) (Live) Whole body, ventral view of A. jasoni n. sp. (KML); (h) (Live) Whole body, dorsal view of
A. jasoni n. sp. (KML); (i) (Live) Dorsal view of A. storchi (PAR). Note within species variation in caruncle length and size for A. levinae n. sp. and A. jasoni n. sp.
Scale bars, 1 mm. a, anus; an, antennae; ac, accessory dorsal cirrus; br, branchia; c, caruncle; ch, chaetae; dc, dorsal cirrus; ma, median antenna; mvs, mid-ventral
scutes; vc, ventral cirrus; numbers denote segments Q7. (Online version in colour.)
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Pleijel [46] and Borda et al. [45], respectively. All data were ana-

lysed using maximum-likelihood (ML) and Bayesian inference

(BI) procedures following methods described in [45], as was

the choice of outgroup to root the analyses (i.e. Chloeia viridis).
Notopygos ornata was included as an additional outgroup taxon

based on hypothesized affinities based on body shape and

branchial morphology [37,45]. Phylogenetic trees (figure 3) are

based on the BI topology, unless stated otherwise (see electronic

supplementary material, figures S3 and S4), with support values

(i.e. ML bootstrap (boot); posterior probabilities (pp)) indicated

at nodes. Haplotype networks were generated for combined

COI þ 16S using TCS v. 1.21 [47], based on maximum parsimony
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Figure 3. Phylogeny (BI topology shown) and genetic diversity of Archinome species. (a) COIno3rd þ 16S þ 28S þ ITS1; (b) COIALL þ 16S þ 28S þ ITS1. Roman
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rspb.royalsocietypublishing.org
Proc

R
Soc

B
20131876

4190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

ARTICLE IN PRESS

rspb20131876—26/8/13—21:09–Copy Edited by: Vinoth G



andwith a 95%probability (14-step connection limit) and fixed step

connection limits ranging 10–50); gaps were treated as missing

data. GenBank (16S, COI: JX027992–JX028115; 28S: JX028121–

JX028141; ITS: KF288935–KF288959) and voucher accession num-

bers are provided in the electronic supplementary material, table

S1. See also the electronic supplementarymaterial, text for extended

phylogenetic methods and sequence evaluation criteria.

3. Results
We inferred the phylogenetic relationships of Archinome
specimens from COI (59 sequences; approx. 654 bp), 16S (65

sequences; approx. 472 bp), 28S (21 sequences; approx.

966 bp) and ITS1 (25 sequences; 572 bp). Table 1 provides

mean intraclade and interclade TrN corrected and uncor-

rected pairwise distances for complete COI (dCOI) and ITS1

(dITS). COI exhibited the highest genetic divergences among

clade terminals with the majority of synonymous changes

occurring in third codon positions. COI saturation plots

(see electronic supplementary material, figure S2) indicated

that third position transitions reached saturation after

approximately 13% sequence divergence. First and second

codon position transitions and first through third codon pos-

ition transversions were not saturated (results not shown).

Interclade relationships and species identification were evalu-

ated with the inclusion (COIALL) and exclusion (COIno3rd) of

COI third codon positions in combined analyses with 16S,

28S and ITS1 (figure 3). Results from individual and mt gene

analyses can be found in the electronic supplementary material,

figures S3 and S4. Mean COI interclade-corrected genetic dis-

tances were 12.5%, ranging 2.7–18.3%, and mean intraclade-

corrected genetic distances was 0.5%, ranging 0–1.1%. ITS1

exhibited low divergences in comparison to COI. The highest

corrected genetic pairwise distance was 3.6%. Mean ITS1

interclade-corrected genetic distance was 1.8%, ranging

1.0–3.6%, and mean intraclade-corrected genetic distance was

0.1%, ranging 0–1.0% (see table 1 amd electronic supplemen-

tary material, table S3). Refer to the electronic supplementary

material, text for results regarding morphological evaluation.

The phylogenetic relationships among Archinome species

accepted here are based on COIno3rd þ 16S þ 28S þ ITS

(figure 3a). The data supported four Archinome clades, I–IV,

of which three are regarded as new species and described in

the electronic supplementary material, text. Numerical clades

1–6 above nodes correspond to those recovered in the analyses

of concatenated COIALL þ 16S þ 28Sþ ITS1 (figure 3b; see also
the electronic supplementary material, figure S3A). Clade I

(boot/pp ¼ 82/0.94; dCOI ¼ 1.7%), hereafter Archinome jasoni
n. sp., included the southwest (SW) Pacific vent specimens

(clade 3; boot/pp ¼ 94/1.0; dCOI ¼ 0.5%) from North Fiji

(NF; 168 S; 1985 m), Kilo Moana Lau (KML; 208 S; 2650 m)

and Tui Malila Lau (TML; 218 S; 1900 m) and clade 2 (boot/

pp ¼ 87/1.0; dCOI ¼ 0.3%), which included specimens from

Logatchev (148N, MAR, 3038 m) and Kairei field (258 S, CIR,
2432 m). Archinome jasoni n. sp. was supported as sister to

the remaining Archinome species (boot/pp ¼ 100/0.98). The

highest A. jasoni n. sp. dCOI was 3.6% between specimens

from NF/KML and LOG. The lowest interclade dCOI was

10.4% (CIR, clade 2) with clade II (boot/pp ¼ 100/1.0); here-

after, Archinome tethyana n. sp. The A. tethyana n. sp.

clade included the northern MAR specimens (clade 4; boot/

pp ¼ 99/1.0). Sequence data for all four genes were available

for A1 (MAR) specimens; only three representative 16S

sequences (see electronic supplementary material, figure S3B)

were available from Broken Spur (298N; 3056 m), TAG (268
N; 3655 m) and Snake Pit (238N; 3660 m). Clade III (clade 1;

boot/pp ¼ 98/1.0; mean dCOI ¼ 0.4%), hereafter, Archinome
levinae n. sp., included specimens from GB vents (278N;

approx. 2400 m) and CRM seeps (8–98N; 1000–1800 m). The

highestA. levinae n. sp. dCOI was 0.9% and the lowest interclade

dCOI was 13.2% (with clade IV). Archinome levinae n. sp. was

sister to Clade IV (boot/pp ¼ 98/1.0; dCOI ¼ 2.7%), represent-

ing A. rosacea and A. storchi (Clade V) from the GAR, EPR

and PAR (clades 5 and 6; figure 3b). Clade 5 (dCOI ¼ 0.6%)

included A. rosacea from GAR, as well as specimens from

EPR 98N (2500 m) and 78 S (2700 m). Clade 6 (dCOI ¼ 0.3%;

boot/pp ¼ 83/1.0) was comprised PAR specimens and those

sampled northward along the southeast Pacific Rise (SEPR)

from 318 S to 178 S (2200–2500 m). Clade 6 was a subclade

nested among unresolved A. rosacea representatives (see also

the electronic supplementary material, figures S3B and S4A).

The highest dCOI was 5.7%, between representatives from the

Table 1. Archinome pairwise distances. Mean Timura Nei (TrN; below diagonal) and uncorrected (above diagonal) interclade and intraclade (TrN; italics along
diagonal) pairwise distances for COI and ITS1 (bold).

I II III IV V

I. Archinome jasoni n. sp. 0.017

0.001

0.106

0.013

0.133

0.020

0.144

0.013

0.139

0.013

II. Archinome tethyana n. sp. 0.118

0.014
0.009

0.000

0.130

0.032

0.112

0.025

0.112

0.025

III. Archinome levinae n. sp. 0.150

0.020

0.145

0.033
0.004

0.000

0.125

0.031

0.130

0.032

IV. Archinome rosacea 0.168

0.013

0.124

0.025

0.140

0.032
0.006

0.004

0.047

0.004

V. A. storchi 0.161

0.014

0.125

0.026

0.147

0.033

0.049

0.004
0.003

0.000
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GAR (A. rosacea) and 178 S (A. storchi). The lowest interclade

dCOI was 11.9%, between A. tethyana n. sp. andA. rosacea (98N,

78 S). The positions of A. tethyana n. sp. and A. levinae n. sp.
received low (boot/pp ¼ 52/0.78) to moderate support

(boot/pp ¼ 74/1.0), respectively.

Evaluation of concatenated COIALL þ 16S þ 28S þ ITS1

(figure 3b) supported that Archinome was comprised five

clades showing minimal geographical overlap. The resulting

topology was similar to that of COIALL (see electronic sup-

plementary material, figures S3A and S2B), with the

exception that A. jasoni n. sp. clade 3 was nested within

clade 2, instead of showing reciprocal monophyly (figure 3a).
The topology deviated from that observed in figure 3a, in

that vent/seep A. levinae n. sp. was the sister group to

the remaining Archinome species and reciprocally monophyle-

tic (boot/pp ¼ 95/1.0) A. rosacea (boot/pp ¼ 77/0.66) and

A. storchi (boot/pp ¼ 75/1.0) clades were recovered; each

clade with low support, however. Combined COIALL þ 16S

data (n ¼ 35) supported distinct networks (even with a fixed

50 step connection limit) for A. rosacea (n ¼ 16) and A. storchi
(n ¼ 19), each containing 15 haplotypes. A single haplotype

was shared between two A. rosacea individuals (GAR), while

one haplotype was shared among five A. storchi individuals
from the SEPR (figure 3c). No haplotypes were shared among

A. rosacea (78 S) andA. storchi (178 S) individuals found approxi-

mately 1200 kmapart. A single network (figure 3c; fixed 21-step

limit connection), covering approximately 25 000 km distance,

was recovered for A. jasoni (n ¼ 13), with 12 haplotypes, of

which one was shared between two individuals from SW

Pacific basin (168 S, 208 S).

4. Discussion
(a) Delineation of cryptic species in the deep sea
Accounts of cryptic species in the marine realm are no longer

new phenomena. Molecular phylogenies often deviate from

those relying on traditional taxonomic tools and continue to

reveal cryptic diversity [7,21,38,48]. In the deep sea, morpho-

logical stasis may not coincide with speciation events owing

to stabilizing selection driven by extreme abiotic factors

(e.g. low dissolved oxygen, low temperatures and darkness),

in turn, introducing challenges in biodiversity estimates

[21,49]. In recent years, mtDNA has been a primary tool

for the detection of cryptic species [7,50], although the

approach remains controversial [51–54], and can be sensitive

to sampling [55]. As such, integrative taxonomic approaches

(e.g. multi-locus datasets) are recommended [21,56,57]. Mor-

phological taxonomic approaches (e.g. light microscopy,

SEM) alone did not allow conclusive identification of new

species, as sampling was comprised individuals varying in

size and exhibiting variable and/or overlapping mor-

phologies, within and among clades (figure 2 and electronic

supplementary material, table S5). Future work based on

larger sample sizes and consideration of size-related variation,

may reveal species-specific characters. Based on the currently

available material, we designate new Archinome species on

the basis of molecular evidence alone (see also [58]).

Our approach for estimating Archinome species diversity

was to include broad geographical sampling and to use a

multi-locus framework (figure 3). We recognize that our

sampling exhibits large geographical gaps (figure 1) leaving

an incomplete picture of species distributions.Ourphylogenetic

hypothesis for Archinome as a whole (figure 3a) required

the exclusion of COI third codon position (owing to satura-

tion), resulting in a conflicting topology when the third

position was considered (figure 3b). The designation of

A. levinae n. sp. and A. tethyana n. sp. was unambiguous,

however, this was less so for the remaining species. In parti-

cular, A. rosacea appeared to be paraphyletic with respect to

A. storchi (figure 3a). However, COI was not saturated at more

restricted levels, and when the third codon position was

included, it became clear that both species were reciprocally

monophyletic (figure 3b). Furthermore, these two clades were

disparate enough not to form a single haplotype network

(figure 3c) and showed a nearly 5% COI divergence. Although

we did not find clear morphological differences between

A. rosacea and A. storchi in terms of the argued diagnostic

features [40] (figure 2i; for further discussion, see the electro-

nic supplementary material, table S5), we accept both as

distinct species. On the same criteria, A. jasoni n. sp. was best

left as a broadly distributed species (figure 3a–c), despite vast
distances separatingLOG,CIRandSWPacific vent populations.

COI sequence divergences were less than 4%, with no shared

haplotypes. Given this low genetic divergence, the absence of

clear morphological distinction and variable age classes

among A. jasoni n. sp. populations (figure 2d– f), we do not

have sufficient evidence to designate them as separate species

at this time. We recognize the presence of two, possibly three

lineages, as A. jasoni n. sp., which only further sampling will

be able to resolve.

(b) Distribution and diversification of Archinome across
chemosynthetic systems

The diversification of Archinome appears to align (in part)

with Moalic et al.’s [5] hypothesis, which proposed west

Pacific vent fauna as ‘ancestral’ and ‘central’ to those found

elsewhere. Our phylogenetic hypothesis deviated with

respect to identifying potential links between the Atlantic

and eastern Pacific seep/vent communities. However, the

biogeographic roles of cold seeps and the Mid-Cayman

Spreading Center (MCSC) [59], for example, were not con-

sidered in their study. Archinome jasoni n. sp. was the sister

taxon to the remaining species and included one clade that

was exclusive to the SW Pacific basins. Although taxonomic

affinities between the CIR and west Pacific have previously

been reported [6,42], only a handful of phylogenetic studies

have included CIR fauna, and none have evaluated annelids

prior to this study. Archinome jasoni n. sp. also included a

CIR–LOG clade. Van Dover et al. [42] proposed CIR as a

mid-point for faunal exchange between the Atlantic and

west Pacific along the southwest and southeast Indian

Ridges, respectively. This scenario appears to be consistent

with the presence of A. jasoni n. sp. in both regions.

High rates of gene flowand lowgenetic variation have been

reported for Rimicaris vent shrimp from 368N to 48 S [60–64].

Zelnio &Hourdez [64] foundwest Pacific Chorocaris vandoverae
as sister to Rimicaris exoculata þ Chorocaris chacei (MAR); how-

ever, the phylogenetic placement of CIR Rimicaris kairei has not
yet been inferred. The gastropod, Alviniconcha hessleri, report-
edly occurs in the west Pacific and Indian Oceans [42],

however A. aff. hessleri (CIR) was genetically distinct from its

west Pacific counterpart, yet clustered among west Pacific

Alviniconcha sp. Type 2 [65,66]. A CIR þ SW Pacific clade has

also been reported for Bathymodiolus mussels, showing little
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sequence divergences among them [10,11]. Low genetic diver-

gences were also observed among CIR and SW PacificA. jasoni
n. sp., and the inclusion ofMAR samples now corroborates pre-

viously reported affinities among Atlantic, Indian and western

Pacific Ocean fauna [5,42]. Unlike widespread R. exoculata, we

recovered two species in the MAR. However, our limited

sampling could have missed the co-occurrence of A. jasoni
n. sp. and A. tethyana n. sp. Alternatively, their colonizing

routes leading to A1 and LOG might be significantly separate,

and they may never be found in sympatry. Only more

extensive sampling will be able to clarify this.

Biogeographic links between the Atlantic and east Pacific

were proposed by Van Dover et al. [3] and were also observed

here in the sister group relationship between the Atlantic

A. tethyana n. sp. and the eastern Pacific species. Atlantic/

east Pacific affinities have been shown for several annelid

taxa [1,8,67] pointing towards a former connection between

both oceans via a deep ocean passage [68] prior to the closure

of the Isthmus of Panama. Recent discoveries of MCSC vent

fauna suggest affinities with MAR fauna [59,69], including

a new Rimicaris species [69] and Archinome spp. (A. Glover,

personal communicationQ3 ). Although A. tethyana n. sp. was

sister to the east Pacific clades, its position was not highly

supported. This could be attributed to missing data for

northern MAR specimens and/or unsampled representatives

from intermediate geographical regions (e.g. MCSC; to be

evaluated elsewhere).

The diversification of A. rosacea, A. storchi and A. levinae
n. sp. is likely attributed to vicariant events involving a for-

merly widespread ancestor that became isolated from the

Atlantic; the latter possibly coincident with the rise of the

Central American (CA) Isthmus (approx. 15 Ma; [68]) and

subsequent tectonic shifts and subduction events of the

Pacific, Cocos and Nazca Plates. The continental margin dis-

tribution of A. levinae n. sp. may be associated with vicariance

coincident with the rise of the CA Isthmus and the formation

of the Gulf of California in the Late Miocene (less than 8 Ma;

[70,71]).Q4 Although records are few, shared GB/CRM species

have previously been reported [7,8], and now includes

A. levinae n. sp. Archinome samples from cold seeps at the

GB (278340 N, 1118270 W) were not available for this study,

though we suspect A. levinae n. sp. may be found there

given comparable depths (approx. 1700 m) and being located

a mere 50 km north from the GB vent communities [72].

Hydrothermal vents at GB are particular with seeping

fluids that circulate through thick sediment layers [73]. The

presence of A. levinae n. sp. nearly 4000 km south at methane

seeps of the CRM suggests either long distance dispersal

capacity of larvae or perhaps the presence of overlooked che-

mosynthetic environments along the CA margin. Genetic

isolation between A. levinae n. sp. and A. rosacea/A. storchi

may have been caused by the formation of the deep Middle

American Trench [70] having served as a dispersal barrier

to vent populations at GAR (approx. 1000 km south) and

the EPR. The genetic break between 78 S and 178 S (SEPR),

as seen between A. rosacea and A. storchi, may be owing to

the sampling gap [22] or the result of vicariance associated

with the formation and rotation of the Bauer microplate

(between 108 and 158 S) in the Miocene [74]. This event has

been proposed to have disrupted vent communities and

flow of ocean currents along the SEPR, potentially restricting

gene flow from more northerly populations (e.g. 78 S; [15]).
Compared to other EPR taxa, Bathymodiolus, Lepetodrilus and
Alvinella, appear to conform to this trend, whereas species dis-

tributions ofAmphisamytha, Branchipolynoe,Hesiolyra,Riftia and
Tevnia appear to be less constrained across this presumed

dispersal barrier [8,14,15].

5. Conclusion
We evaluated the phylogenyofArchinome from chemosynthetic

environments on a global scale to redefine the geographical dis-

tribution of A. rosacea and A. storchi, the former of which had

been unclear, and revealed the presence of three previously

undescribed cryptic species. Among these, A. levinae n. sp.,

inhabiting both vent and methane seep sites found 4000 km

apart and A. jasoni n. sp., which for the first time potentially

supports biogeographic links among Atlantic, Indian and

Pacific Ocean vent systems. With the inclusion of representa-

tives from poorly sampled chemosynthetic sites, in particular

CIR and cold seep communities, we hope this study will

provide a framework for continued elucidation of the diversifi-

cation and evolution among deep-sea invertebrate species from

chemosynthetic environments.

Acknowledgements. We thank the captains and crews of the R/VAtlantis,
R/V Western Flyer, R/V Knorr, R/V Melville, R/V L’Atalante, R/V
Pourquoi-Pas? and the pilots of ROVs Tiburon, ROVs Jason I and
Jason II, and Victor 6000 and the pilots and crews of HOVs Alvin
and Nautile for their technical support. Special thanks to Bob
Vrijenhoek, chief scientist of the cruises to the SEPR (2005) and
SWP (2005), for inviting G.W.R., F.P. and N.G.W. aboard. We are
grateful to Didier Jollivet, chief scientist of the BioSpeedo 2004 cruise
(R/V L’Atalante, HOV Nautile), Yves Fouquet, chief scientist of the
Serpentine 2007 cruise (R/V Pourquoi Pas? ROV Victor 6000) and to
Lisa Levin, chief scientist of the CRROCKS cruises (2009; 2010).
Thanks also to Bob Vrijenhoek, Rich Lutz, Didier Jollivet and
Cindy Van Dover for providing specimens from GB, MAR
and CIR. We also thank Dieter Fiege and Gordon Bock for initial dis-
cussions on the morphology of Archinome. Harim Cha kindly
accessioned the material into the SIO-BIC.

Funding statement. Financial support for this study was provided by
NSF DBI-0706856, Census of Marine Life TAWNI, SSB Mini-PEET
and EOL Rubenstein Fellowship (E.B.), with additional support
from DBI-1036186 (A.S.) and OCE-1029160 (G.W.R.).

References

1. Tunnicliffe V, McArthur AG, McHugh D. 1998 A
biogeographical perspective of the deep-sea
hydrothermal vent fauna. Adv. Mar. Biol. 34,
353–442. (doi:10.1016/S0065-2881(08)60213-8)

2. Desbruyères D, Segonzac M, Bright M. 2006
Handbook of deep-sea hydrothermal vent fauna.
Linz, Austria: Denisia 18.

3. Van Dover CL, German CR, Speer KG, Parson LM,
Vrijenhoek RC. 2002 Evolution and biogeography of
deep-sea vent and seep invertebrates. Science 295,
1253–1257. (doi:10.1126/science.1067361)

4. Rogers AD et al. 2012 The discovery of new
deep-sea hydrothermal vent communities in the
southern ocean and implications for biogeography.

PLoS Biol. 10, e1001234. (doi:10.1371/journal.
pbio.1001234)

5. Moalic Y, Desbruyères D, Duarte CM, Rozenfeld AF,
Bachraty C, Arnaud-Haond S. 2011 Biogeography
revisited with network theory: retracing the history
of hydrothermal vent communities. Syst. Biol. 61,
127–137. (doi:10.1093/sysbio/syr088)

rspb.royalsocietypublishing.org
Proc

R
Soc

B
20131876

7379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

ARTICLE IN PRESS

rspb20131876—26/8/13—21:10–Copy Edited by: Vinoth G



6. Bachraty C, Legendre P, Desbruyères D. 2008
Biogeographic relationships among deep-sea
hydrothermal vent faunas at global scale. Deep-Sea
Res. 56, 1371–1378. (doi:10.1016/j.dsr.2009.
01.009)

7. Johnson SB, Waren A, Vrijenhoek RC. 2008 DNA
barcoding of Lepetodrilus limpets reveals cryptic
species. J. Shellfish Res. 27, 43–51. (doi:10.2983/
0730-8000)

8. Stiller J, Rousset V, Pleijel F, Chevaldonné P,
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MATERIALS AND METHODS 

Additional gene data collection and phylogenetic methods 

Use of COI Folmer primers [1] occasionally resulted in the co-amplification of non-

symbiotic, γ-proteobacteria [2, 3], therefore, alternative degenerate primers [4] and/or Archinome 

specific primers were used (Table S2). Sequences were analyzed using an ABI PRISM® 3730 

(Applied Biosystems, Inc.) at the University of Hawaii at Manoa Advanced Studies in Genomics, 

Proteomics and Bioinformatics and an ABI PRISM® 3130 at the Texas A&M University at 

Galveston Marine Genomics Lab. All gene fragments were aligned using MUSCLE [5, 6] and 

visualized and trimmed using MESQUITE 2.71 [7]; COI was also visualized and aligned according 

to amino acid translation. jModelTest [8] was used to infer appropriate evolutionary models for 

each gene [88 models: COI: TrN+I; 16S: GTR+I+G; 28S: TIM1+G; ITS1: TIM2+I; 24 models: 

COI/16S: GTR+I+G; 28S: GTR+G; ITS1: HKY+I] as selected by the Akaike information 

criterion. DAMBE [9] was used to estimate COI saturation via saturation plots of 

transitions/transversions against TrN corrected genetic distances. MEGA 5 [10] was used to 

calculate TrN corrected and uncorrected pairwise distances.  

 

Morphological Evaluation 

Specimens evaluated for morphology ranged between 0.2 mm–38 mm in length, with a 

minimum of 5 and maximum of 36 chaetigers; truly large individuals (>20 mm) were 

exceedingly rare by comparison to the vast preponderance that were <10 mm in length. The 

greatest morphological variation was present in the position of the anus on terminal chaetigers. 

All Archinome specimens are consistent with the re-description proposed by Kudenov [11], 

however certain taxonomic terminology needs clarification. The usage of “dorsal” cirri sensu 
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Kudenov [11] and “lateral” cirri sensu Kudenov [11] and Fiege and Bock [12], describing the 

dorsal most cirri in Archinome (and other amphinomids) has led to confusion in assessing 

homology with respect to other annelid groups, which typically only have dorsal and ventral cirri 

[13]. The ciliated “dorsal” cirri of Archinome lack a blood vessel and are always associated with 

dorsal branchiae. Thus, the “dorsal” cirrus [11; 12], should be referenced as the “accessory 

dorsal” cirri sensu Yáñez-Rivera and Carrera-Parra [14], while vascularized “lateral” cirri [11, 

12] are homologous to the “true” dorsal cirri of other annelids [13]. Images of live and preserved 

specimens were taken with a Nikon E4300, Canon PowerShot G9 or Canon EOS REBEL T1i 

cameras on Leica MZ8 or MZ9.5 stereomicroscopes. Images were edited and figures were made 

using Adobe® Illustrator® CS3 and Adobe® Photoshop® CS3 (Adobe® Systems, Inc). 

Specimens evaluated for morphology are deposited in the US National Museum of Natural 

History (USNM), Senckenberg Museum Frankfurt (SMF) and Scripps Institution of 

Oceanography Benthic Invertebrate Collection (SIO-BIC). 

 

RESULTS 

Morphological Results 

Archinome specimens studied were consistent with the general diagnoses of A. rosacea (and 

A. storchi; Fig. S1). We compared key diagnostic features [11, 12], which were expanded to 

include other traits (Table S4-S5) among Archinome specimens from different geographic 

regions and clades. While anatomical differences exist, based on the material presently available 

we found little consistent evidence to delineate species on the basis of morphology alone. 

Despite large geographic and/or ecological distances separating the Archinome specimens 

sampled, morphological variation appeared to be inconsistent and generally associated with 
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segmental stage and size. Of the 54 morphological traits included here (Table S5), 28 were 

common to all specimens examined. The remaining 26 traits exhibited variation of which 8 

branchial and chaetal features (Table S4: 36-37, 40-42, 46-48) tend to be less subject to 

preservation artifacts, a selection of which are addressed below. Thus, the normally reliable 

morphological characters used in the systematics of Amphinomida [15, 16] largely overlap and 

provide little consistent support in the delineation of Archinome species (Table S5). 

Median antenna 

 The form and length of the median antenna have been emphasized as key diagnostic 

characters to distinguish A. storchi and A. rosacea. It was found to be cirriform in A. rosacea 

(GAR1, USNM 81788), A. storchi (SEPR, SIO-BIC A3543; PAR, SMF 17876) and A. levinae n. 

sp. (CRM, SIO-BIC A1316), but conical in small A. rosacea (GAR2, USNM 1221442). 

However, the median antenna is similarly short in both A. rosacea and A. levinae n. sp., and long 

in A. storchi. Likewise, the median antenna of A. jasoni n. sp. (CIR, SIO-BIC A3544; SWP, SIO-

BIC A3546-47) was cirriform (sometimes claviform), but papilliform in large specimens of A. 

jasoni n. sp. (MAR, SIO-BIC A3548); all are generally short to minute. These data led us to 

surmise that median antenna form and length likely have limited value as a systematic feature in 

this genus. 

Dorsal anus 

The position of the dorsal anus, which was described as the main diagnostic feature 

separating A. rosacea from A. storchi (originally noted as chaetiger 17 vs. 19, respectively), was 

not consistent within and among clades relative to the results recovered by molecular data. The 

dorsal position of the anus appeared to be size/segmental stage dependent and unreliable for clear 

species diagnoses. In the case of A. storchi, which was originally described from a 23-chaetiger 
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specimen, the dorsal anus position was not consistent among our sampling of SEPR 

representatives, where the majority were <23 chaetigers specimens and with an anus position 

location similar to A. rosacea (e.g., Fig. 3I). However, the dorsal anus of A. rosacea specimens 

with up to 23 chaetigers (including “reduced” posterior segments) from North East Pacific Rise 

was positioned on chaetiger 18 and extended through 2 to 3 chaetigers, clearly overlapping that 

of A. storchi (Table S5). Examining this character across specimens of other Archinome species 

also was found to be variable in larger specimens (>23 chaetigers). For instance, the dorsal anus 

of A. jasoni n. sp. commenced on chaetiger 21 or 22, and continued through 3 or 4 chaetigers in 

MAR (14oN) and CIR specimens, respectively (Table S5). In MAR (23oN) specimens of A. 

tethyana n. sp. (SIO-BIC A3548), the dorsal anus, first situated on chaetiger 25, coursed through 

3 chaetigers, whereas that of A. levinae n. sp. overlapped the placement of those in both A. 

rosacea and A. storchi (Table S5).  

Branchia 

The number of branchial filaments present on the first gill was used to distinguish A. rosacea 

and A. storchi [12]. However, this character appeared to be dependent on size/segmental stage, 

and likely not highly informative. For example, filaments numbered 1 or 3 per first gill in small 

(GAR1, 2; SEPR) and large specimens (NEPR; PAR) of A. rosacea and A. storchi, respectively; 

they also numbered 3 in large A. levinae n. sp. (CRM). By comparison, the branchial filaments of 

A. jasoni n. sp. (CIR; SWP; MAR) totaled 2-5 compared to 4 in A. tethyana n. sp. (MAR). Thus, 

the separation of A. storchi and A. rosacea was not supported based on the number of filaments 

in the first branchia. Moreover, the broad overlap between the various specimens examined 

strongly suggested that this trait is likely size/segmental stage dependent.    
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Maximal numbers of branchial filaments in mid-body segments were also used to distinguish 

A. storchi from A. rosacea [12]. However, this trait also appeared to partly be size- and perhaps 

habitat-dependent [see also 17]. While a maximum of 8 and 7 filaments per branchia were 

detected in comparably sized specimens of A. rosacea and A. storchi, respectively, more than 15 

filaments per gill were present in A. levinae n. sp. Those of A. jasoni n. sp. (CIR) also numbered 

15-16 filaments per gill, in direct contrast to 4-5 in MAR and SWP specimens of A. jasoni n. sp.; 

7-9 filaments were maximally present per mid-body chaetiger of A. tethyana n. sp. 

Midventral scutes 

Anterior midventral scutes exhibited varying degrees of fusion such that annular rings 

between them were either partially or completely absent. Scutes of chaetigers 2-3 were typically 

distinct and separate in small specimens of all examined Archinome specimens generally, and 

typified by both A. rosacea (GAR) and A. storchi (SEPR). Those of chaetigers 2-3 are generally 

fused in larger specimens of A. rosacea, A. storchi and A. levinae n. sp., although chaetiger 4 was 

also partly fused in A. rosacea (SIO-BIC A3543). Similarly, scutes of chaetigers 2-4 were fused 

in specimens of A. jasoni n. sp. (CIR, SWP) from the Indo-Pacific, compared to chaetigers 2-5 in 

Atlantic specimens of A. jasoni n. sp. (MAR) and A. tethyana n. sp. In our opinion, fusion of 

contiguous anterior scutes appeared to be an size/segmental stage dependent character in the 

delineation of Archinome species. 

Caruncle 

Caruncle form and placement are central to the systematics of Amphinomida [15, 16], but 

seemed to be of limited usefulness in differentiating Archinome species. In the former case, all 

were elongate and trilobed (Fig. S1). In the latter instance, caruncles in large specimens extended 

to chaetiger 3 in A. levinae n. sp. in contrast to chaetigers 4-5 in A. rosacea and A. storchi. 
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Caruncle placement in large A. levinae n. sp. is similar to that in small specimens of both A. 

rosacea (GAR) and A. storchi. Comparably, caruncles generally reached chaetiger 3 (or to 5) in 

A. jasoni n. sp. (CIR, MAR, SWP) or chaetigers 3-4 in A. tethyana n. sp. (MAR).  

Chaetae 

Measurements of long and short “prongs” of bifurcate chaetae [18] have proved useful in the 

systematics of Amphinomida [19]. However, measurements of prong ratios were generally 

similar among specimens of comparable size, variable among size classes, and appeared to be of 

limited applicability as morphological species characters. 

Prong angles have only recently been used in amphinomid systematics [19] and newly 

applied here with mixed results (Table S5). Measurements of notochaetal angles were 23o in A. 

rosacea, A. storchi and A. levinae n. sp., while neurochaetal angles were 22o in the former two 

taxa, and unavailable in the latter; values do not support morphological differences between 

these taxa. However, juvenile A. rosacea (GAR) consistently displayed highly divergent prong 

angles. Similarly, noto- and neurochaetal prong angles were 31o and 24o, respectively, in A. 

jasoni n. sp. (CIR, SWP, MAR), although neurochaetae of SWP specimens had larger angles. 

This character may provide useful information in future, but not in the present context. 

Calculations of triangular areas formed by prongs of bifurcate chaetae (chaetal areas) were 

developed as new meristic characters to differentiate Archinome species (Table S4). That is, 

notochaetal areas estimated for large A. rosacea, A. levinae n. sp., and A. storchi were 8, 7.1, and 

1.8 x103 μm2, respectively. Neurochaetal values of A. rosacea and A. storchi ranged up to 5.2 

and 1.6 x103 μm2; data for A. levinae n. sp. were unavailable. These area estimates produced 

results suggesting that A. rosacea is similar to A. levinae n. sp., both of which differed from A. 

storchi. However, chaetal areas in small specimens of A. rosacea and A. storchi differed 
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consistently. By comparison, estimates of notochaetal areas for A. jasoni n. sp. (CIR, SWP) were 

generally lower, notwithstanding high values in SWP specimens; whereas those for A. jasoni n. 

sp. (MAR) were notably smaller. Neurochaetal areas of A. jasoni n. sp. ranged from 3-5.4 x103 

μm2 (CIR, SWP) and 3.5 x103 μm2 (MAR). Noto- and neurochaetal area estimates of A. tethyana 

n. sp. (MAR) were 2.6 and 2.4 x103 μm2. These characters generally did not provide consistently 

meaningful insights leading to a resolution of Archinome species, and reinforced our surmise that 

morphological variability in this feature is largely associated with size/segmental stage. 

Pygidial “eyespots” 

The presence of pygidial pigmentation, also referred to as “eyespots” [11] was one of the 

more reliable morphological traits that may vary geographically. However, pigmentation patterns 

appeared to fade over time in alcohol-stored specimens. The “eyespots” in A. rosacea, A. storchi 

and A. levinae n. sp. were present as a single lateral stripe of pigment [11] that did not continue 

around the tip of the pygidial cirrus; pigmented areas were not detectable in preserved juvenile A. 

rosacea and A. storchi. This morphological character did not differentiate between the three taxa, 

in contrast to that provided by the molecular data. Pygidial “eyespots” in A. jasoni n. sp. (CIR, 

MAR) were present as a terminal distal patch of pigment restricted to the distal tip of the cirrus; 

pigment patterns appeared larger and more diffuse in MAR specimens, and were not detectable 

in SWP specimens. The “pygidial eyespots” of A. tethyana n. sp. were present as a dorsal patch 

of pigment extending from base to distal tip of the cirrus. The latter two species seemed to lack 

the highly defined pigmentation patterns present in A. rosacea, A. storchi and A. levinae n. sp.; it 

is surmised that alcohol leaches pygidial pigments. 

 

Systematics 



 10 

Genus Archinome Kudenov, 1991 

Type species: Euphrosine rosacea Blake 1985 

Species included: Archinome rosacea (Blake, 1985), Archinome storchi Fiege and Bock, 

2009, Archinome jasoni n. sp., Archinome tethyana n. sp. and Archinome levinae n. sp. 

Diagnosis: Body short, fusiform, with mid-ventral scutes, up to 38 segments; iridescent 

purple or pink (live; Fig 2). Prostomium, bearing five appendages including median antenna 

arising from anterior part of caruncle, antennae and palps. Dark, deeply embedded pigmentation 

“eyespots,” numbering two pairs. Caruncle, narrow, elongate and trilobed, fused to body at 

chaetiger 2 (chaetal segments), unattached thereafter. Segmental lobes large and laterally 

bursiform. Parapodia biramous, notopodia and neuropodia well separated. Notochaetal fascicles 

arrayed in radial whorls. Dorsal, accessory dorsal and ventral cirri present on all segments, 

except terminal chaetigers. Ramified branchiae, digitiform tuft, first appearance on chaetiger 3 

(Fig. 2B, C, E, I). Chaetae bifurcate. Anus position dorsal on posterior chaetigers. Pygidium with 

unpaired median cirrus. 

Distribution: Pacific, Atlantic and Indian Oceans. Recorded from the East Pacific Rise 

(including Pacific Antarctic Ridge), Guaymas Basin, Galapagos Rift, Mid Atlantic Ridge, Mid 

Cayman Spreading Center, Central Indian Ridge, southwest Pacific basins and the Costa Rica 

Margin. 

Habitat: Hydrothermal vents and cold methane seeps. 

Biology: Inhabits the crevices and surfaces of deep-sea mussel beds, tubeworm and/or near 

shrimp aggregations. Active predator and carnivore of mollusks, crustaceans and other 

polychaetes [20]. The eversible ventral proboscis, armed with transverse ridges, is used to 

capture prey. When disturbed, will assume a defensive posture by curling its body dorsoventrally 



 11 

displaying expansive chaetae, looking like a hedgehog or porcupine. 

Remarks: The generic diagnosis of Archinome is emended here to correct an error in the 

original description [11], where branchiae in A. rosacea begin from chaetiger 3, and not from 

chaetiger 2 as originally stated and tend to lack them on the last 1-2 segments.  

 

Archinome rosacea (Blake, 1985) 

Euphrosine rosacea Blake, 1985 

Archinome rosacea Kudenov, 1991 

Type Locality: Rose Garden, Galapagos Rift 

Material examined: USNM 81788 (HOLOTYPE); USNM 81789 (PARATYPES; n=150); USNM 

81790-92; USNM 1221442.  

Molecular vouchers: WHOI 4115-3-[1-6], Rose Bud, Galapagos Rift, 00°46’16”N, 

86°13’36”W, 2451 m, low temperature vents, Alvin Dive 4115 (AT-11), COLL: Tim Shank; SIO-

BIC A2875-A2877, North East Pacific Rise, 09°46’25”N, 104°16’40”W, 2505 m; high 

temperature vents; Alvin Dive 3763, COLL: Tim Shank; SIO-BIC A2881-A2882, North East 

Pacific Rise, Nautile Dive 1738, COLL: Stéphane Hourdez; SIO-BIC A2883, North East Pacific 

Rise, Nautile Dive 1742, COLL: Stéphane Hourdez; SIO-BIC A2890, Yaquina, South East 

Pacific Rise, 07°25’14”S, 107°47’41”W, 2746 m; Nautile Dive 1572, COLL: Stéphane Hourdez; 

SIO-BIC A2891, Yaquina, South East Pacific Rise, 07°22’14”S, 107°47’07”W, 2719 m; Nautile 

Dive 1571, COLL: Stéphane Hourdez; SIO-BIC A2862, Sarah Spring, South East Pacific Rise, 

07°25’S, 107°47’W, 2750 m; Nautile Dive 1573, COLL: Stéphane Hourdez.  

Diagnosis: Morphology – as described for genus. Genetics – Sequences from WHOI4115-3-3 

are designated as diagnostic for A. rosacea: COI (JX028059), 16S (JX027994), 28S (JX028122) 
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and ITS1 (KF288955). Intraspecific range: dCOI = 0.0–0.9%. Interspecific range: dCOI = 4.3 – 

18.3%. 

Distribution [Emended]: East Pacific Ocean. Galapagos Rift, East Pacific Rise from at least 

9ºN to 7ºS. Depth range: ~2400 – 2750 m.  

Habitat: Hydrothermal vents. 

Remarks: Archinome rosacea is distinguished from other Archinome species geographically 

(Fig. 1), as a clade (IV) (Fig. 2) and by being at least 4% divergent from other species. 

Archinome rosacea was originally collected from Rose Garden. However, when scientists 

returned to this site in 2002 they discovered that Rose Garden had been destroyed by volcanic 

activity [21]. Therefore, genetic data from the original type locality do not exist, therefore we 

provide genetic data from Rosebud, located ~300 km northwest from the former Rose Garden. 

Live images of A. rosacea sensu stricto are not available and only formalin preserved material 

was available from the type locality. Based on the current representatives, at this time we find a 

restricted range for A. rosacea to Galapagos Rift, the northern South East Pacific Rise and North 

East Pacific Rise to at least 9°N.  

 

Archinome storchi Fiege and Bock, 2009 

(Fig. 3I) 

Type Locality: Pacific Antarctic Ridge 

Material examined: HOLOTYPE – SMF17876; SIO-BIC A3543 

Molecular vouchers: SIO-BIC A2389, Oasis Vent, SEPR, 17°25’23”S, 113°12’17”W, 2585 

m; Nautile Dive 1590, COLL: Stéphane Hourdez; SIO-BIC A2353-2354, SEPR, 23°32’46”S, 

115°34’10”W, 2598 m; Alvin Dive 4096 (AT-11), COLL: Greg Rouse, Nerida Wilson; SIO-BIC 
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A2355-A2357, SEPR, 31°51’47”S, 112°02’32”W, 2334 m; Alvin Dive 4092 (AT-11), COLL: 

Greg Rouse, Nerida Wilson; SIO-BIC A2359-A2361, SEPR, 31°00’54”S, 111°55’55”W, 2334 

m; Alvin Dive 4094 (AT-11), COLL: Greg Rouse, Nerida Wilson; SIO-BIC A2316-A2317, 

German Flats, SEPR, 37°47’33”S, 110°54’57”W, 2216 m; high temperature vents; Alvin Dive 

4088, COLL: Greg Rouse, Nerida Wilson; SIO-BIC A2318, German Flats, SEPR, 37°47’29”S, 

110°54’51”W, 2220 m; Alvin Dive 4090, COLL: Greg Rouse, Nerida Wilson. 

Diagnosis: Morphology – as described for genus. Genetics – Sequences from SIO-BIC A2318 

are designated as diagnostic for A. storchi: COI (JX028067), 16S (JX028002), 28S (JX028125) 

and ITS1 (KF288937). Intraspecific range: dCOI = 0.0–1.1%. Interspecific range: dCOI = 4.3 – 

17.4%. 

Distribution [Emended]: Southeast Pacific Ocean. South East Pacific Rise, from at least 

17ºS–31ºS (Fig. 1) and Pacific Antarctic Ridge. Depth range: 2200–2900 m. 

Habitat: Hydrothermal vents. 

Remarks: With respect to morphology, the diagnostic feature established for A. storchi 

(position of the anus in the holotype, a 23 chaetiger specimen, was not found to reliably 

distinguish A. storchi and A. rosacea, particularly in juvenile specimens (<22 chaetigers). This 

feature was found to be size dependent (i.e., number of chaetigers) and to overlap with A. 

rosacea. Genetically, we distinguished A. storchi from A. rosacea on the basis of reciprocal 

monophyly between from Pacific Antarctic Ridge and Galapagos Rift representatives (COI and 

COIALL+16S+28S+ITS1) and with dCOI ranging 4.3-5.7% (Fig. 3; Table 1). We recognize that an 

average sequence divergence of 5%, the presence of overlapping diagnostic characters with A. 

rosacea, and the lack of reciprocal monophyly with A. rosacea in 16S, 28S and ITS1, would 

otherwise not support the designation of separate species, however, given that A. storchi has 
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been previously designated and there is no evidence for taxonomic overlap in the South East 

Pacific Rise, we choose to retain the name A. storchi for Clade V. We expand the distributional 

range of A. storchi to at least 17ºS along the South East Pacific Rise (Fig. 1), therefore, the 

sequenced specimen from 17ºS in Wiklund et al. [23] is identified as A. storchi, instead of A. 

rosacea. 

 

Archinome jasoni, new species 

Type Material: HOLOTYPE – SIO-BIC A2375, Tui Malila Lau, South West Pacific Lau Basin, 

21º59’N, 176º34’E, 1900 m, 16 May 2005, 1 specimen preserved in 95% Ethanol, Jason 2 Dive 

140, COLL: Greg Rouse. PARATYPES – SIO-BIC A2376-A2377, Tui Malila Lau, South West 

Pacific Lau Basin, 21º59’N, 176º34’E, 1900 m, 16 May 2005, 2 specimen preserved in 95% 

Ethanol, Jason 2 Dive 140, COLL: Greg Rouse; SIO-BIC A2365-2367, White Lady, North Fiji, 

South West Pacific Lau Basin, 16º59’N, 173º54’E, 1985 m, 27 May 2005, 3 specimens 

preserved in 95% Ethanol, Jason 2 Dive 149, COLL: Greg Rouse; SIO-BIC A2369-2371, Kilo 

Moana Lau, South West Pacific Lau Basin, 20º59’N, 173º54’E, 2650. SIO-BIC A2313-A2315, 

Kairei Field, Central Indian Ridge, 25º19’N, 70º02’E, 2432 m, 7 April, 2001, 3 specimens 

preserved in 80% Ethanol, Jason 1S Dive 297, COLL: Greg Rouse. 

Diagnosis: Morphology – As described for genus. Genetic data – Sequences from SIO-BIC 

A2375 (COI: JX028092; 16S: JX028027; 28S: JX028131; ITS: KF288946) and SIO-BIC A2313 

(COI: JX028064; 16S: JX027999; 28S: JX028124; ITS: KF288935) are designated as the genetic 

diagnoses for each of the two A. jasoni n. sp. clades, respectively. Intraspecific range: dCOI = 0.0–

3.6%. Interspecific range: dCOI = 10.4–18.3%. 

Type Localities: Tui Malila Lau, South West Pacific Lau Basin. 
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Distribution: Atlantic, Indian and southwest Pacific Oceans. Depth range: ~1900–3040 m.  

Habitat: Hydrothermal vents. 

Etymology: Named after ROVs Jason I and Jason II/Medea, which were used to the collect 

specimens studied here. 

Remarks: Archinome jasoni n. sp. is distinguished from other Archinome species 

geographically (Fig. 1), as a clade I (Fig. 3) and by being at least 10% divergent (COI) from 

other Archinome species. In addition, the evaluation of COI+16S supported a single network 

(starting at a fixed 21-step connection limit; compared to a fixed connection limits greater than 

50 for the rosacea/storchi split) for populations representing the southwest Pacific basins, the 

Indian and Atlantic oceans. Therefore, we took a conservative approach and accept a broad 

distribution for A. jasoni n. sp., until additional sampling becomes available. Voucher material 

for A. jasoni n. sp. from Logatchev is unavailable.  

Archinome tethyana, new species 

Type Material: HOLOTYPE – SIO-BIC A2871, Ashadze-1, Mid Atlantic Ridge, 12º58’N, 

44º51’W, 4080 m, 2010, 1 specimen preserved in 95% Ethanol, Victor6000 Dive 312, COLL: 

Marie-Claire Fabri. PARATYPES – SIO-BIC A2872-A2874, Ashadze-1, Mid Atlantic Ridge, 

12º58’N, 44º51’W, 4080 m, 2010, 3 specimens preserved in 95% Ethanol, Victor6000 Dive 312, 

COLL: Marie-Claire Fabri. 

Type Locality: Ashadze-1, 12º N, MAR (4080 m). 

Diagnosis: Morphology – as described for genus. Genetics – Sequences from SYNTYPES SIO-

BIC A2874 (COI: JX028114; 16S: JX028055; 28S: JX028140) and SIO-BIC A2871 (16S: 

JX028052; ITS: KF288958) are designated as the genetic diagnoses for A. tethyana. Interspecific 

range: dCOI = 10.4–15.3%. 
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Distribution: Northern Atlantic Ocean. Mid Atlantic Ridge. Depth range: 3000–4080 m.  

Habitat: Hydrothermal vents.  

Etymology: The specific epithet is derived from the Tethys Seaway, which formally 

connected the Pacific and Atlantic basins and circulated around the equator. The Tethys is 

symbolic for the “intermediate” phylogenetic position A. tethyana n. sp. between eastern and 

western Pacific Ocean clades.  

Remarks: Archinome tethyana n. sp. is distinguished geographically (Fig. 1), as distinct 

Clade II (Fig. 3) and by being at least 10% divergent (with COI) from other Archinome species. 

 

Archinome levinae, new species 

Type Material: HOLOTYPE – SIO-BIC A1365, Costa Rica Mound 11, Costa Rica Margin, 

08º55’11”N, 84º18’19”W, 1045 m, 26 February 2009, 1 specimen preserved in 95% Ethanol, 

Alvin Dive 4505 (AT-15), COLL: Greg Rouse, Danwei Huang. PARATYPES – SIO-BIC A1482, 

Costa Rica Mound 12, Costa Rica Margin, 08º55’47”N, 84º18’48”W, 1008 m, 21 February 

2009, 1 specimen preserved in 95% Ethanol, Alvin Dive 4501 (AT-15), COLL: Greg Rouse, 

Danwei Huang; SIO-BIC A1334, Costa Rica Mound 12, Costa Rica Margin, 08º55’42”N, 

84º18’47”W, 1000 m, 23 February 2009, 1 specimen preserved in 95% Ethanol, Alvin Dive 4502 

(AT-15), COLL: Greg Rouse, Danwei Huang; SIO-BIC A1349, Costa Rica Mound 12, Costa 

Rica Margin, 08º55’50”N, 84º18’25”W, 1005 m, 24 February 2009, 1 specimen preserved in 

95% Ethanol, Alvin Dive 4503 (AT-15), COLL: Erik Cordes, Jen Gonzalez; SIO-BIC A1398, 

Costa Rica Mound Quepos, Costa Rica Margin, 09º01’49”N, 84º37’22”W, 1433 m, 26 February 

2009, 1 specimen preserved in 95% Ethanol, Alvin Dive 4505 (AT-15), COLL: Greg Rouse, 

Danwei Huang; SIO-BIC A1631, Costa Rica Jaco Scarp, Costa Rica Margin, hydrothermal 
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seeps, 09º07’00”N, 84º50’06”W, 1817 m, 07 March 2009, 1 specimen preserved in 95% 

Ethanol, Alvin Dive 4513 (AT-15), COLL: Greg Rouse, Danwei Huang; SIO-BIC A2309-A2311, 

Guaymas Basin, Gulf of California, 27º00’N, 111º24’W, 2432 m, February 2003, 4 specimens 

preserved in 80% Ethanol, Tiburon Dive 551 (Western Flyer), COLL: Robert Vrijenhoek; 

ADDITIONAL MATERIAL: SIO-BIC A2312 (not included in study), Guaymas Basin, Gulf of 

California, 27º00’N, 111º24’W, 2432 m, February 2009, 5 specimens preserved in 80% Ethanol, 

Tiburon Dive 551 (Western Flyer), COLL: Robert Vrijenhoek. 

Type Locality: 8-9ºN, Costa Rica Margin (1008 m)  

Diagnosis: Morphology – As described for genus. Genetics – Sequences from SIO-BIC 

A1365 (COI: JX028080; 16S: JX028015; 28S: JX028128; ITS: KF288942) are designated as the 

genetic diagnoses for A. levinae n. sp. Amino acid (AA) valine (present in all other Archinome 

species) is substituted for isoleucine in COI. Intraspecific range: dCOI = 0.0–0.9%. Interspecific 

range: dCOI = 13.2 – 15.9%. 

Distribution: East Pacific Ocean and Gulf of California. Costa Rican continental margin and 

Guaymas Basin. Depth range: 1000–2432 m.  

Habitat: Hydrothermal vents and cold methane seeps. 

Etymology: Named after Professor Lisa Levin (Scripps Institution of Oceanography) for her 

great contributions to deep-sea exploration and biology and for her love of worms. 

Remarks: Archinome levinae n. sp. is distinguished from other Archinome species 

geographically (Fig. 1), being supported as distinct Clade III (Fig. 3), by being at least 13% 

divergent (with COI) from other Archinome species and for being the first amphinomid recorded 

from both vent and seeps. Archinome levinae n. sp. is also characterized by the substitution of 

amino acid valine for isoleucine, as attributed to a non-synonymous base change of nucleotides 
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guanine and adenine, respectively. 

 

DISCUSSION 

Archinome rosacea was originally described as a member of the family Euphrosinidae 

(Amphinomida) in the genus Euphrosine (i.e., Euphrosine rosacea). Blake [22] noted affinities 

to the “fireworm” family Amphinomidae (Amphinomida), but considered them to be 

“superficial.” Kudenov [11] proposed that the presence of a mixture of morphological characters 

used to recognize taxa into either amphinomid family (i.e., Amphinomidae and Euphrosinidae) 

warranted the recognition of a new genus, Archinome, and establishment of Archinomidae [11]. 

Recent molecular phylogenetic work has shown that Archinome is a member of Amphinomidae 

[19, 23], however. The family level status of Archinome species is beyond the scope of this study 

and will be addressed in future work (Borda et al., in preparation). For now, we provide an 

emended diagnosis of the genus, address the taxonomic statuses of A. rosacea and A. storchi and 

describe three new species. In order to provide a framework for unambiguously identifying a 

suite of Archinome species we designated sequenced individuals as type for each of the new 

species and assigned genetic representatives for A. rosacea and A. storchi.  

With respect to the evaluation of morphology, the absence of  consistent diagnosable features 

attributable to the four species that we consider here was challenged by the topological conflicts 

among analyses of the concatenated data sets (Fig. 3). Evaluation of ~650 bp of “barcoding COI” 

supported six distinct clades (Fig. S3A), which were not fully corroborated by 16S, 28S and 

ITS1 (Fig. S3B-D). Phylogenetic noise owing to COI 3rd codon position saturation is attributed 

to the observed topological incongruence observed among the combined data analyses, and its 

inclusion would have led us to an incorrect phylogenetic hypothesis for Archinome (Fig. 3B; Fig. 
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S4B) [24], the latter being mostly driven by the saturated COI signal. However, we accept the 

presence of A. rosacea and A. storchi as separate species in the SEPR and a broadly distributed 

A. jasoni found in the Atlantic, Indian and southwest Pacific Oceans, as COI was not saturated 

below 6% sequence divergence (Fig. S2). 
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Table S1. Collection locality data, voucher information and GenBank accession numbers for Archinome specimens and outgroup taxa included in this 
study. Species ID based on phylogenetic hypothesis Fig. 3A. Dive # vehicle designation: A=HOV Alvin (WHOI); T=ROV Tiburon (MBARI); N=HOV 
Nautile (IFREMER); V=ROV Victor 6000 (IFREMER); J1=ROV Jason (WHOI); J2= ROV Jason II (WHOI); HOV=Human occupied vehicle; 
ROV=remote operated vehicle. Habitat type designation for each locality: V=vent; S=seep.  

LOCALITY SPECIES ID DIVE # COORDINATES DEPTH (M) VOUCHER ID COI 16S 28S ITS1 
Galapagos Rift          

Rose Bud (V) A. rosacea A4115 00º48’N, 86º13’W 2451 WHOI 4115-3-1 JX028057 JX027992 -- KF288954 
Rose Bud (V) A. rosacea A4115 00º48’N, 86º13’W 2451 WHOI 4115-3-2 JX028058 JX027993 JX028121 -- 
Rose Bud (V) A. rosacea A4115 00º48’N, 86º13’W 2451 WHOI 4115-3-3 JX028059 JX027994 JX028122 KF288955 
Rose Bud (V) A. rosacea A4115 00º48’N, 86º13’W 2451 WHOI 4115-3-4 JX028060 JX027995 -- KF288956 
Rose Bud (V) A. rosacea A4115 00º48’N, 86º13’W 2451 WHOI 4115-3-5 JX028061 JX027996 -- KF288957 
Rose Bud (V) A. rosacea A4115 00º48’N, 86º13’W 2451 WHOI 4115-3-6 JX028062 JX027997 -- -- 

Galapagos Rift (V) A. rosacea A2223 00º48’N, 86º09’W 2515 -- JX028108 JX028043 -- -- 
Pacific Antarctic Ridge         

37ºS (V) A. storchi A4088 37º47’N, 110º54’W 2216 SIO-BIC A2316 JX028065 JX028000 -- KF288936 
37ºS (V) A. storchi A4088 37º47’N, 110º54’W 2216 SIO-BIC A2317 JX028066 JX028001 -- -- 
37ºS (V) A. storchi A4090 37º47’N, 110º54’W 2220 SIO-BIC A2318 JX028067 JX028002 JX028125 KF288937 

North East Pacific Rise         
Guaymas Basin (V) A. levinae T551 27º00’N, 111º24’W 2432 SIO-BIC A2309 JX028063 JX027998 JX028123 -- 
Guaymas Basin (V) A. levinae  T551 27º00’N, 111º24’W 2432 SIO-BIC A2310 JX028101 JX028036 JX028134 -- 
Guaymas Basin (V) A. levinae  T551 27º00’N, 111º24’W 2432 SIO-BIC A2311 JX028102 JX028037 -- -- 

9ºN (V) A. rosacea A3763 9º46’N, 104º16’W 2505 SIO-BIC A2875 JX028109 JX028044 -- -- 
9ºN (V) A. rosacea A3763 9º46’N, 104º16’W 2505 SIO-BIC A2876 JX028110 JX028045 -- -- 
9ºN (V) A. rosacea A3763 9º46’N, 104º16’W 2505 SIO-BIC A2877 JX028111 JX028046 -- -- 
9ºN (V) A. rosacea N1738 9º47’N, 104º16’W 2515 SIO-BIC A2881 JX028105 JX028040 JX028137 -- 
9ºN (V) A. rosacea N1738 9º47’N, 104º16’W 2515 SIO-BIC A2882 JX028106 JX028041 -- -- 
9ºN (V) A. rosacea N1742 9º47’N, 104º16’W 2515 SIO-BIC A2883 JX028107 JX028042 JX028138 -- 

South East Pacific Rise         
7ºS (V) A. rosacea N1572 07º24’S, 107º47’W 2746 SIO-BIC A2890 JX028083 JX028018 -- -- 
7ºS (V) A. rosacea N1571 07º22’S, 107º47’W 2719 SIO-BIC A2891 JX028084 JX028019 JX028129 KF288943 
7ºS (V) A. rosacea N1573 07º25’S, 107º47’W 2750 SIO-BIC A2892 JX028085 JX028020 -- -- 
17ºS (V) A. storchi N1590 17º25’S, 113º12’W 2585 SIO-BIC A2389 JN086543 JN086552 JN086523 -- 
18ºS (V) A. storchi N1585 18º36’S, 113º24’W 2680 -- JX028086 JX028021 JX028130 -- 
18ºS (V) A. storchi N1585 18º36’S, 113º24’W 2680 -- JX028087 JX028022 -- KF288944 
18ºS (V) A. storchi N1585 18º36’S, 113º24’W 2680 -- JX028088 JX028023 -- -- 
21ºS (V) A. storchi N1577 21º33’S, 114º17’W 2838 -- JX028089 JX028024 -- -- 
21ºS (V) A. storchi N1577 21º33’S, 114º17’W 2838 -- JX028090 JX028025 -- KF288945 
21ºS (V) A. storchi N1577 21º33’S, 114º17’W 2838 -- JX028091 JX028026 -- -- 
23ºS (V) A. storchi A4096 23º32’S, 115º34’W 2595 SIO-BIC A2353 JX028074 JX028009 -- KF288940 
23ºS (V) A. storchi A4096 23º32’S, 115º34’W 2595 SIO-BIC A2354 JX028075 JX028010 -- -- 
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Table S1 (CONT’D)          
LOCALITY SPECIES DIVE # COORDINATES DEPTH (M) VOUCHER ID COI 16S 28S ITS1 

South East Pacific Rise         
23ºS (V) A. storchi A4096 23º32’S, 115º34’W 2595 -- JX028076 JX028011 JX028126 -- 
31ºS (V) A. storchi A4092 31º51’S, 112º02’W 2334 SIO-BIC A2355 JX028068 JX028003 -- -- 
31ºS (V) A. storchi A4092 31º51’S, 112º02’W 2334 SIO-BIC A2356 JX028069 JX028004 -- -- 
31ºS (V) A. storchi A4092 31º51’S, 112º02’W 2334 SIO-BIC A2357 JX028070 JX028005 -- -- 
31ºS (V) A. storchi A4094 31º00’S, 111º55’W 2334 SIO-BIC A2359 JX028071 JX028006 -- KF288938 
31ºS (V) A. storchi A4094 31º00’S, 111º55’W 2337 SIO-BIC A2360 JX028072 JX028007 -- -- 
31ºS (V) A. storchi A4094 31º0’S, 111º55’W 2337 SIO-BIC A2361 JX028073 JX028008 -- KF288939 

Costa Rica Margin         
8ºN (S) A. levinae  A4501 08º55’N, 84º18’W 1008 SIO-BIC A1482 JX028077 JX028012 JX028127 -- 
8ºN (S) A. levinae  A4502 08º55’N, 84º18’W 1000 SIO-BIC A1334 JX028078 JX028013 -- -- 
8ºN (S) A. levinae  A4503 08º55’N, 84º18’W 1005 SIO-BIC A1349 JX028079 JX028014 -- KF288941 
8ºN (S) A. levinae  A4505 08º55’N, 84º18’W 1045 SIO-BIC A1365 JX028080 JX028015 JX028128 KF288942 
9ºN (S) A. levinae  A4508 09º01’N, 84º37’W 1433 SIO-BIC A1398 JX028081 JX028016 -- -- 

9ºN (HS) A. levinae  A4513 09º07’N, 84º50’W 1817 SIO-BIC A1631 JX028082 JX028017 -- -- 
Mid Atlantic Ridge         

Broken Spur (V) A. tethyana  A3124 29º10’N, 43º10’W 3056 -- -- JX028047 -- -- 
TAG (V) A. tethyana  A3126 26º08’N, 44º49’W 3655 -- -- JX028048 -- -- 

Snake Pit (V) A. tethyana  A3128 23º22’N, 44º56’W 3660 -- -- JX028049 -- -- 
Logatchev (V) A. jasoni  A3133 14º45’N, 44º58’W 3038 -- JX028112 JX028050 -- -- 
Logatchev (V) A. jasoni  A3133 14º45’N, 44º58’W 3038 --  JX028051 -- -- 
Ashadze-1 (V) A. tethyana  V312 12º58’N, 44º51’W 4080 SIO-BIC A2871 -- JX028052 -- KF288958 
Ashadze-1 (V) A. tethyana V312 12º58’N, 44º51’W 4080 SIO-BIC A2872 -- JX028053 -- KF288959 
Ashadze-1 (V) A. tethyana  V312 12º58’N, 44º51’W 4080 SIO-BIC A2873 JX028113 JX028054 JX028139 -- 
Ashadze-1 (V) A. tethyana  V312 12º58’N, 44º51’W 4080 SIO-BIC A2874  JX028114 JX028055 JX028140 -- 

Central India Ridge         
Kairei Field (V) A. jasoni  J1S297 25º19’S, 70º02’E 2432 SIO-BIC A2313 JX028064 JX027999 JX028124 KF288935 
Kairei Field (V) A. jasoni  J1S297 25º19’S, 70º02’E 2432 SIO-BIC A2314 JX028103 JX028038 JX028135 -- 
Kairei Field (V) A. jasoni  J1S297 25º19’S, 70º02’E 2432 SIO-BIC A2315 JX028104 JX028039 JX028136 KF288953 

Southwest Pacific Basins         
North Fiji (V) A. jasoni  J2-149 16º59’S, 173º54’E 1985 SIO-BIC A2365 JX028098 JX028033 -- KF288952 
North Fiji (V) A. jasoni  J2-149 16º59’S, 173º54’E 1985 SIO-BIC A2366 JX028099 JX028034 -- -- 
North Fiji (V) A. jasoni  J2-149 16º59’S, 173º54’E 1985 SIO-BIC A2367 JX028100 JX028035 JX028133 -- 

Kilo Moana (V) A. jasoni  J2-140 20º59’S, 176º08’E 2650 SIO-BIC A2369 JX028095 JX028030 -- KF288949 
Kilo Moana (V) A. jasoni  J2-140 20º59’S, 176º08’E 2650 SIO-BIC A2370  JX028096 JX028031 -- KF288950 
Kilo Moana (V) A. jasoni  J2-140 20º59’S, 176º08’E 2650 SIO-BIC A2371 JX028097 JX028032 -- KF288951 
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Table S1 (CONT’D)          
LOCALITY SPECIES DIVE # COORDINATES DEPTH (M) VOUCHER ID COI 16S 28S ITS1 

Tui Malila Lau (V) A. jasoni J2-144 21º59’S, 176º34’E 1900 SIO-BIC A2375 JX028092 JX028027 JX028131 KF288946 
Tui Malila Lau (V) A. jasoni  J2-144 21º59’S, 176º34’E 1900 SIO-BIC A2376 JX028093 JX028028 -- KF288947 
Tui Malila Lau (V) A. jasoni  J2-144 21º59’S, 176º34’E 1900 SIO-BIC A2377 JX028094 JX028029 JX028132 KF288948 

         
OUTGROUP LOCALITY COORDINATES DEPTH (M) VOUCHER ID COI 16S 28S  

Chloeia viridis Florida, USA 24º27’N, 83º11’W n/a UF Annelida 478 JN086546 JN086555 JN086527  
Notopygos ornata Acapulco, Mexico 16°51'N, 99°54'W n/a ECO-OH-P0223 JX028115 JX028056 JX028141  
 1 

 2 

3 
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Table S2. Primers used for COI and 16S amplification and sequencing reactions.  
PRIMER SEQUENCE5’–3’ REFERENCE 

16S   
arL CGCCTGTTTATCAAAAACAT Palumbi et al., 1991 
brH CCGGTCTGAACTCAGATCACGT Palumbi et al., 1991 
AnnF GCGGTATCCTGACCGTRCWAAGGTA Sjölin et al. (2005) 
AnnR  TCCTAAGCCAACATCGAGGTGCCAA Sjölin et al. (2005) 
COI   
dgLCO GGTCAACAAATCATAAAGAYATYGG Meyer et al. (2005) 
dgHCO TAAACTTCAGGGTGACCAAARAAYCA Meyer et al. (2005) 
AROCOI2F  AAGACATCGGCACCCTATACCTCA This study 
AROCOI559R AGAGGTGTTTAGGTTCCGGTCTGT This study 
16S: 94ºC (3m); 5 cycles: 94ºC (30m), 46ºC (30m), 72ºC (45s); 30 cycles: 94ºC (30m), 

50ºC (30m), 72ºC (45s); 72ºC (7m) 
COI: 94ºC (3m); 30 cycles: 94ºC (1m), 52ºC (1m), 72ºC (45s); 72ºC (7m) 

 

Table S3. Mean TrN corrected (below diagonal) and uncorrected (above diagonal) pairwise distances for COI 
(italics) and ITS1 (bold italics) among select Archinome populations. Roman numerals reflect Archinome clades on 
Figure 3. CIR=Central Indian Ridge; SWP=Southwest Pacific Basins; LOG=Logatchev; A1=Ashadze-1; 
GB=Guaymas Basin; CRM=Costa Rica Margin; GAR=Galapagos Rift; NEPR=North East Pacific Rise; 
SEPR=South East Pacific Rise. 
 
 I I I II III III IV IV IV V V 
 CIR 

(25ºN) 
SWP 

(16-20ºS) 
LOG 

(14ºN) 
A1 

(12ºN) 
GB 

(27ºN) 
CRM 

(8-9ºN) 
GAR 
(0ºN) 

NEPR 
(9ºN) 

SEPR1 
(7ºS) 

SEPR2 
(17-18ºS) 

SEPR3 
(37ºS) 

CIR * 0.029 
0.001 

0.003 
-- 

0.100 
0.013 

0.133 
-- 

0.132 
0.019 

0.136 
0.012 

0.136 
-- 

0.134 
0.013 

0.133 
0.013 

0.133 
0.013 

SWP 0.030 
0.001 * 0.032 

-- 
0.109 
0.014 

0.132 
-- 

0.134 
0.020 

0.148 
0.013 

0.148 
-- 

0.147 
0.014 

0.141 
0.014 

0.141 
0.014 

LOG 0.003 
-- 

0.034 
-- * 0.101 

-- 
0.135 

-- 
0.134 

-- 
0.137 

-- 
0.137 

-- 
0.136 

-- 
0.134 

-- 
0.134 

-- 

A1 0.110 
 

0.121 
0.014 

0.112 
-- * 0.130 

-- 
0.129 
0.032 

0.112 
0.025 

0.112 
-- 

0.111 
0.025 

0.113 
0.025 

0.111 
0.025 

GB 0.149 
-- 

0.148 
-- 

0.152 
-- 

0.146 
-- * 0.004 

-- 
0.126 

-- 
0.126 

-- 
0.126 

-- 
0.130 

-- 
0.131 

-- 

CRM 0.149 
0.019 

0.151 
0.020 

0.151 
-- 

0.145 
0.033 

0.004 
-- * 0.124 

0.031 
0.124 

-- 
0.124 
0.032 

0.129 
0.032 

0.130 
0.032 

GAR 0.157 
0.012 

0.173 
0.013 

0.159 
-- 

0.125 
0.025 

0.141 
-- 

0.139 
0.032 * 0.005 

-- 
0.008 
0.004 

0.047 
0.004 

0.047 
0.004 

NEPR 0.157 
-- 

0.173 
-- 

0.159 
-- 

0.125 
-- 

0.141 
-- 

0.139 
-- 

0.005 
-- * 0.008 

-- 
0.047 

-- 
0.046 

-- 

SEPR1 0.155 
0.013 

0.171 
0.014 

0.157 
-- 

0.123 
0.026 

0.141 
-- 

0.139 
0.033 

0.008 
0.004 

0.008 
-- * 0.047 

0.006 
0.046 
0.006 

SEPR2 0.154 
0.013 

0.164 
0.014 

0.155 
-- 

0.125 
0.026 

0.147 
-- 

0.145 
0.033 

0.050 
0.004 

0.049 
-- 

0.049 
0.006 * 0.003 

0.000 

SEPR3 0.154 
0.013 

0.164 
0.014 

0.155 
-- 

0.124 
0.026 

0.148 
-- 

0.146 
0.033 

0.049 
0.004 

0.048 
-- 

0.048 
0.006 

0.003 
0.000 * 

I. A. jasoni n. sp.     II. A. tethyana n. sp.    III. A. levinae n. sp.     IV. A. rosacea     V. A. storchi 
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Table S4. Summary of morphological characters evaluated among Archinome species. 
 
1. Number of chaetigers 
2. Length (mm), excluding prostomial appendages  
3. Width (mm), excluding chaetae  
4. Body shape 
5. Body shape, cross section, mid section 
6. Median antenna, shape (homologous to nuchal cirrus, sensu Fiege and Bock, 2009) 
7. Median antenna, length (l) to width (w) ratio: a) minute, <2x; b) short, 2–3x; c) long, >6x 
8. Antennae, shape (homologous to dorsomedial antennae, sensu Fiege and Bock, 2009) 
9. Antennae, length (l) to width (w) ratio: a) short, >6x; b) moderate, 6-8x; c) long, >9x 
10. Antennae, extending laterally to: a) prostomial margins; b) notopodium, chaetiger 1; c) 

notopodium chaetiger 2 
11. Palps, shape 
12. Palps, length relative to antennae 
13. Palps, length (l) to width (w) ratio 
14. Palps, extending laterally to neuropodium chaetiger 1 
15. Mouth, opening between chaetigers 2-3 
16. Midventral muscular scutes 
17. Midventral muscular scutes fused anteriorly, from chaetiger 2 through chaetigers (number). 

Note: Scutes normally separated by well-defined segmental annuli in small specimens, fused 
into large plates that are either partially (denoted by /) or completely (denoted by -) lacking 
segmental annuli in larger specimens.    

18. Eyespots, 1 pair dorsal and 1 pair ventral on prostomium 
19. Caruncle, shape 
20. Caruncle, extending to chaetiger (number)  
21. Caruncle, position within chaetiger from 20: a) anterior margin; b) mid-chaetiger; c) 

posterior margin  
22. Caruncle, fixed to body wall through chaetiger 2; b) through chaetiger 4, overlapping 

chaetiger 5 
23. Caruncle, free of body wall: a) chaetigers 3; b) chaetigers 3-4; c) chaetigers 3-5 
24. Chaetiger 1, size 
25. Parapodia, type 
26. Notopodia, shape 
27. Notopodia, shape 
28. Neuropodia, shape 
29. Neuropodia, shape 
30. Dorsal cirri 
31. Dorsal cirriphore 
32. Ventral cirri 
33. Dorsal accessory cirri  
34. Branchia (type) 
35. Branchia, first chaetiger appearance 
36. Branchia, number of filaments 
37. Branchia, maximum number of filaments 
38. Chaetae, overall features 
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39. Notochaetae, type 
40. Notochaetae, long:short prong ratio. Prongs measured from distal tip of each prong to inner 

chaetal junction from where tines diverge from one another (Vogt & Kudenov 1994). 
41. Notochaetae, prong angle, degrees. Angle measured between distal tips of each prong to 

inner chaetal junction from where tines diverge from one another. 
42. Notochaetae, area µm2 x103. Measured prong lengths and angles used to calculate area (µm2) 

of triangle formed using the formula Area = (A2+B2-2ABcos(C)))½ where A and B represent 
lengths of long and short prongs, and C is the angle in radians.  

43. Notochaetae, asperites. Taxonomic term describing variously developed minute file-like 
points or denticles on surface of chaetal shafts proximal to distal prongs. 

44. Notochaetae, spurred 
45. Neurochaetae, type 
46. Neurochaetae, long:short prong ratio. Prongs measured from distal tip of each prong to inner 

chaetal junction from where tines diverge from one another (Vogt & Kudenov 1994). 
47. Neurochaetae, prong angle, degrees. Angle measured between distal tips of each prong to 

inner chaetal junction from where tines diverge from one another. 
48. Neurochaetae, area µm2 x103. Measured prong lengths and angles used to calculate area 

(µm2) of triangle formed using the formula Area = (A2+B2-2ABcos(C)))½ where A and B 
represent lengths of long and short prongs, and C is the angle in radians.  

49. Neurochaetae, asperites. Taxonomic term describing variously developed minute file-like 
points or denticles on surface of chaetal shafts proximal to distal prongs. 

50. Neuroacicula, spurred 
51. Pygidial, cirrus 
52. Anus, dorsal opening on segments 
53. Anus, extending through segments 
54. Pygidial ”eyespots”: (0) 1 pair of lateral stripes, terminally absent; (1) transverse distal band, 

terminal; (2) distal patch, terminal; (3) middorsal patch, base to tip; (4) absent 
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Table S5. Comparison of morphological characters (Table S4) among select Archinome specimens. **Holotype 
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GAR 
(0°N) 

NEPR 
(9°N) 

GAR 
(0°N) 

SEPR 
(17°S) 

PAR 
(37°S) 

CIR 
(25°S) 

MAR  
(14°N) 

SWP 
(22°S) 

SWP 
(22°S) 

MAR  
(23°N) 

CRM 
(9°N) 

1 18	
   23 10 11 23	
   32	
   24	
   20	
   18	
   33	
   23	
  
2 12 mm	
   14 mm 1.2 mm 1.2 mm 15 mm	
   27 mm	
   9 mm	
   8 mm	
   7 mm	
   38 mm	
   14 mm	
  
3 5.5 mm	
   5.5 mm 0.8 mm 1 mm 4.5 mm	
   10.5 mm	
   3 mm	
   2.5 mm	
   2.5 mm	
   7 mm	
   6 mm	
  
4 Fusiform	
  

5 Trapezoidal	
  
6 Cirriform Cirriform Conical Cirriform	
   Cirriform	
   Cirriform	
   Papilliform	
   Cirriform	
   Claviform	
   Cirriform	
   	
  

7 Short Short Short Short Long	
   Minute	
   Minute	
   Short	
   Short	
   Minute	
   Minute	
  
8 Cirriform	
  
9 Short Short Short Short Long	
   Moderate	
   Moderate	
   Long	
   Moderate	
   Short	
   Moderate	
  

10 Prost. 
margin	
  

Noto.  
ch. 1	
  

Noto.  
ch. 1	
  

Noto.  
ch. 1	
  

Noto.  
ch. 1	
  

Noto.  
ch. 1-2	
  

Noto.  
ch. 1-2	
  

Noto.  
ch. 1-2	
  

Noto.  
ch. 1-2	
  

Noto.  
ch. 2	
  

Noto.  
ch. 2	
  

11      Cirriform      
12 As long As long Longer Longer Shorter Shorter Shorter Shorter Shorter Shorter As long  
13 6.3x	
   6.4x 5.5x 5.2 6.6-7x	
   5.5x	
   3.1x	
   7.6x	
   7.5x	
   3.6x	
   6.5x	
  
14 1	
  
15 2-3	
  
16 Present	
  
17 2-3	
   2-3/4 2-3	
   2-3	
   2-3	
   2-4	
   2-5	
   2-4	
   2-4	
   2-5	
   2-3	
  
18 1 pair dorsal, 1 pair ventral	
  
19 Elongate, trilobed	
  
20	
   5	
   4 3 3 4	
   3	
   3	
   3	
   5	
   4	
   3	
  

21 Ant.  
mar. 

Ant.  
mar. 

Mid. 
chaet 

Mid.  
chaet 

Mid. 
chaet 

Post.  
mar. 

Mid. 
chaet. 

Post. 
mar. 

Ant.  
mar. 

Mid. 
chaet. 

Post. 
mar. 
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Table S5. (cont’d)	
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GAR 
(0°N) 

NEPR 
(9°N) 

GAR 
(0°N) 

SEPR 
(17°S) 

PAR 
(37°S) 

CIR 
(25°S) 

MAR  
(14°N) 

SWP 
(22°S) 

SWP 
(22°S) 

MAR  
(23°N) 

CRM 
(9°N) 

22 2 
23 3-5	
   3-4 3 3 3-4	
   3	
   3	
   3	
   3-5	
   3-4	
   	
  

24 Reduced	
   Reduced	
   Reduced	
   Reduced	
   Reduced	
   Reduced	
   Enlarged	
   Enlarged	
   Enlarged	
   Reduced	
   Reduced	
  
25 Biramous	
  
26 Conical	
  
27 Circular	
  
28 Mound-shaped	
  
29 Circular	
  
30 Present	
  
31 Present	
  
32 Present	
  
33 Present	
  
34 Digitiform	
  
35 3	
  
36 1-2	
   3 1 1 3	
   5	
   2	
   3	
   3	
   4	
   3	
  
37 6 7-8 1 1 7 15-16 4 5 5 7-9 >15 
38 Simple, calcareous, brittle	
  
39 Bifurcate	
  
40 5.3-10.7:1	
   3.8-6.3:1	
   7.4-10.4 2.8-5.2:1	
   2.7-5.2:1	
   4.8-8.7:1	
   4.2-7.6:1	
   4.3-5.9:1	
   3.2-5.2:1	
   3-6:1	
   4.25:1	
  
41 23.2	
   22.9	
   26.9 22.9	
   23.3	
   32.4	
   28.3	
   31.2	
   30.5	
   21.6	
   22.5	
  
42 7.7	
   7.4	
   0.6 1.7	
   2	
   4.2	
   2.1	
   4.1	
   12	
   2.6	
   7.1	
  
43 Present	
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Table S5. (cont’d)         
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GAR1 
(0°N) 

NEPR 
(9°N) 

GAR2 
(0°N) 

SEPR 
(17°S) 

PAR 
(37°S) 

CIR 
(25°S) 

MAR1  
(14°N) 

SWP1 
(22°S) 

SWP2 
(22°S) 

MAR2  
(23°N) 

CRM 
(9°N) 

44 Present	
  
45 Bifurcate	
  
46 2.1-4.7:1	
   2.3-4.6:1	
   9.3-17.8 2.7-4.6:1	
   2.7-4.6:1	
   3.2-5:1	
   2.5-5.8:1	
    3.4-6.1:1	
   1.6-2.7 2-5.1:1	
   2.3-5.1:1	
  
47 22.6	
   20.8	
   38 22.7	
   22.7	
   25.2	
   20.3	
   30.9	
   21.5 17.4	
   n/a	
  
48 2.7	
   5.2	
   0.26 1.6	
   1.6	
   5.4	
   3.5	
   3	
   4.9 2.4	
   n/a	
  
49 Present	
  
50 Present	
  
51 Thick, elongate	
  
52 17-18	
   18-20 9 10 19-20	
   22-26	
   21-23	
   18-19	
   16-17	
   25-27	
   19-20	
  
53 2	
   2-3 1 1 2	
   2-4	
   2-3	
   2	
   2	
   2-3	
   2	
  
54 0	
   0 4 4 0	
   1	
   2	
   4	
   4	
   3	
   0	
  
A. rosacea (GAR1) USNM 81788, Holotype 
A. rosacea (NEPR) SIO-BIC A3542  
A. rosacea (GAR2) USNM 1221442  
A. storchi (SEPR) SIO-BIC A3543  
A. storchi (PAR) SMF 17876, Holotype 
A. jasoni n. sp. (CIR) SIO-BIC A3544 	
  

A. jasoni n. sp. (MAR) SIO-BIC A3545  
A. jasoni n. sp. (SWP) SIO-BIC A3546  
A. jasoni n. sp. (SWP) SIO-BIC A3547 
A. tethyana n. sp. (MAR) SIO-BIC A3548  
A. levinae n. sp. (CRM) SIO-BIC A1316  
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ESM FIGURE LEGENDS 1 

 2 

Figure S1. General aspects of Archinome morphology and main diagnostic characters. A. Doral 3 

view of anterior-most body segments. B. Ventral view of diagnostic characters. a=antenna; 4 

b=branchia; bc=bifurcate chaetae; bci=dorsal accessory cirrus; c=chaetae; ca=caruncle; 5 

dc=dorsal cirrus; des=dorsal eyespot; ma=median antenna; mvs=midventral scute; p=palps; 6 

pc=pygidial cirrus; vc=ventral cirrus; ves=ventral eyespot  7 

 8 

Figure S2. Saturation plot of transitions (s) and transversions (v) of all three codon positions 9 

(all) and third codon position alone (3rd) against the TrN corrected genetic distances of 10 

Archinome COI sequences. 11 

 12 

Figure S3. Phylogenetic hypotheses of Archinome (BI topology shown) based on single gene 13 

analyses. A. COIALL; B. 16S; C. 28S; D. ITS1. ML bootstrap and BI posterior probabilities 14 

(boot/pp) shown at nodes; * denote boot >90% and pp >0.95; values below 80% not shown. 15 

 16 

Figure S4. Phylogenetic hypotheses of Archinome (ML topology shown) based on COI and 16S. 17 

A. COINO3RD+16S; B. COIALL+16S. ML bootstrap and BI posterior probabilities (boot/pp) shown 18 

at nodes; * denote boot >90% and pp >0.95; values below 80% not shown. 19 
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