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Abstract

First described in 2004 off California, Osedax worms are now known from many of the

world's oceans, ranging from 10 to over 4000 m in depth. Currently, little is known about

species ranges, since most descriptions are from single localities. In this study, we used

new sampling in the north-eastern Pacific and available GenBank data from off Japan and

Brazil  to  report  expanded  ranges  for  five  species:  Osedax frankpressi,  O. knutei,  O. 

packardorum,  O. roseus and O. talkovici.  We also provided additional  DNA sequences

from previously  reported  localities  for  two  species:  Osedax priapus and  O. randyi.  To

assess the distribution of each species, we used cytochrome c oxidase subunit I (COI)

sequences  to  generate  haplotype  networks  and assess  connectivity  amongst  localities

where sampling permitted. Osedax frankpressi,  O. packardorum,  O. priapus,  O. roseus

and O. talkovici all had one or more dominant COI haplotypes shared by individuals at

multiple localities, suggesting high connectivity throughout some or all of their ranges. Low

Φ  values amongst populations for O. packardorum, O. roseus and O. talkovici confirmed

high levels of gene flow throughout their known ranges. High Φ  values for O. frankpressi

between the eastern Pacific and the Brazilian Atlantic showed little gene flow, reflected by

the  haplotype network,  which  had distinct  Pacific  and Atlantic  haplotype clusters.  This

study greatly expands the ranges and provides insights into the phylogeography for these

nine species.
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Introduction

Osedax (Rouse et al. 2004), part of Siboglinidae, secrete acid to dissolve sunken bone and

teeth as a habitat and, aided by symbiotic bacteria, feed on the organic matrix (Rouse et al.

2004, Goffredi et al. 2005, Tresguerres et al. 2013, Rouse and Goffredi 2023). Osedax can

exploit  the  remains  of  diverse  vertebrates,  from sharks  to  teleost  fishes  to  mammals,

which,  together with high fecundity and lecithotrophic larvae may enable them to span

extensive ranges (Rouse et al.  2009, Rouse et al.  2018, Zhou et al.  2020, Rouse and

Goffredi 2023). To date, 29 Osedax species have been formally named, with several others

yet to be described (Rouse et al. 2004, Rouse et al. 2018, Fujiwara et al. 2019, McClain et

al. 2019, Shimabukuro and Sumida 2019, Eilertsen et al. 2020, Georgieva et al. 2023a);

see Suppl.  material  1.  Most  Osedax species have only  been collected from their  type

localities (Rouse et al. 2018), though there are a few exceptions (Figs 1, 2); see Suppl.

material 1. For example, Osedax rubiplumus (Rouse et al. 2004), originally described from

Monterey Bay in central California at 2891 m depth, has subsequently been found in the

eastern  Pacific,  Indian  Ocean  and  Southern  Ocean  (Zhou  et  al.  2020).  Osedax 

deceptionensis was originally described from Deception Island near the Antarctic Peninsula

(Glover et al. 2013) and was subsequently recorded from near South Georgia Island in the

Subantarctic  (Taboada et  al.  2015).  Osedax docricketts (Rouse et  al.  2018),  O. randyi 

(Rouse et al. 2018), O. roseus (Rouse et al. 2008) and O. westernflyer (Rouse et al. 2018)

were all originally described from the eastern Pacific, but are also found in the western

Pacific, in Japanese waters (Rouse et al. 2018). Osedax priapus (Rouse et al. 2015) was

originally  described  from  Monterey  Bay  and  Oregon  (Rouse  et  al.  2015).  Finally,  O. 

frankpressi (Rouse et al. 2004) is known from the eastern Pacific and

the western Atlantic (Rouse et  al.  2018, Shimabukuro and Sumida 2019).  Much is still

unknown about Osedax species distributions and the genetic structure across their ranges.

In this study, we noted expanded ranges for five Osedax species, most of which were

previously  only  known  from  single  localities.  We  used  haplotype  networks,  based  on

mitochondrial  cytochrome oxidase  subunit  I  (COI),  to  document  range  extensions  and

compare phylogeography amongst Osedax species.

Material and methods

We aligned all available mitochondrial cytochrome oxidase subunit I (COI) sequence data

for Osedax from GenBank with new sequences generated from specimens collected from

naturally occurring animal falls and experimentally sunken bones off California and Oregon

(USA) and off the Pacific coast of Costa Rica (Tables 1, 2). DNA extractions and PCR

products were amplified, purified and sequenced following previous protocols (Vrijenhoek

et al. 2008, Vrijenhoek et al. 2009).
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Figure 1.  

Map of  geographic  distributions  of  Osedax species  analysed in  this  work.  This  map was

generated using the R package marmap (Pante and Simon-Bouhet 2013).

 

Figure 2.  

Depth ranges and regions of occurrence for all Osedax species reported to date, including

undescribed species referenced under  informal  names.  Details  and sources are in  Suppl.

material 1.
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Species Total Sagami Bay Oregon Monterey Bay San Diego Costa Rica Brazil

O. docricketts 24 20 0 4 0 0 0

O. frankpressi 54 0 1* 32 0 4* 17

O. knutei 34 0 0 32 1* 1* 0

O. packardorum 92 0 22* 38 32* 0 0

O. priapus 24 0 9 15 0 0 0

O. randyi 9 2 0 7 0 0 0

O. roseus 85 14 0 19 52* 0 0

O. talkovici 116 0 13* 41 62* 0 0

O. westernflyer 6 1 0 5 0 0 0

Species GenBank number Other

GenBank

names

O. 

docricketts 

EU267675, EU267676, FJ347625, FJ347626, FM998088-FM998107 Nude-palp C

Sagami-6

O. 

frankpressi 

AY586486-AY586504, DQ996621, EU223312-EU223316, FJ347605-FJ347607, 

MH616017-MH616034, OM994437-OM994445

-

O. knutei FJ347632, FJ347634, FJ347635, MG262305-MG262307, JF509952-JF509955, 

ON041066-ON041090

Nude-palp E

O. 

packardorum

DQ996639, DQ996641, DQ996642, EU223339-EU223346, EU223349-EU223355, 

FJ431198-FJ431200, FJ431202-FJ431204, FJ347628, FJ347629, ON023592-

ON023656

Orange collar

Sp. 4

SBJ-2006

O. priapus GQ504740, GQ504741, KP119564-KP119571, OM988386-OM988399 Pinnules Sp.

16

O. randyi FM998108, FM998109, FJ347610-FJ347615, OM734777 White collar

Sagami-7

O. roseus DQ996625-DQ996628, EU032469, EU032470, EU164760-EU164770, EU223317-

EU223319, FJ347608, FJ347609, FM998064-FM998077, ON024260-ON024309

SBJ-2007a Sp.

2 SBJ-2006

Rosy Roseus

(Japan)

O. talkovici FJ431196, FJ431197, FJ431201, FJ431205, FJ347616-FJ347621, JF509950, 

JF509951, MG262310-MG262313, ON024160-ON024259

Yellow patch

Pinnules

O. 

westernflyer 

FM998110, FJ347630, FJ347631, MG262302-MG262304 Nude-palp D

Sagami-8

Table 1. 

Number of COI sequences of Osedax used in this study and number of samples from each locality.

Range extension = *.

Table 2. 

GenBank accession numbers used for the Osedax species in this study. Alternative names listed on

GenBank are also listed. New sequences are in bold. A total of 258 new sequences were included

in this study and released on GenBank.
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Alignments for the COI data were made in Mesquite (v.3.61) (Maddison and Maddison

2019)  using  MAFFT  with  default  settings  (Katoh  and  Standley  2013).  Uncorrected

intraspecific pairwise distances were calculated in PAUP* (v.4.0a168) (Swofford 2002) for

each  species  with  untrimmed  alignments.  Alignments  were  trimmed  to  allow  for  TCS

haplotype networks (Clement et al. 2000) to be generated with PopART (Leigh and Bryant

2015). This resulted in alignments of 1005 basepairs (bp) for O. docricketts, 462 bp for O. 

frankpressi, 463 bp for O. knutei, 793 bp for O. packardorum, 891 bp for O. priapus (Rouse

et al. 2015), 1005 bp for O. randyi, 730 bp for O. roseus, 807 bp for O. talkovici and 983 bp

for  O. westernflyer.  The  published  O. roseus sequences  EU032471-EU032484 from

Monterey were excluded from the O. roseus network because there was little overlap with

the available Japanese sequences. The published O. roseus sequences JF509949 and

ON024292 were also excluded from the O. roseus network due to sequencing errors at the

5' ends of the sequences. We estimated Φ  values with Arlequin (v.3.5.2.2) (Excoffier and

Lischer 2010) for species with large enough sample sizes; O. frankpressi, O. packardorum,

O. priapus, O. roseus and O. talkovici.

Data resources

All COI sequences in this paper are available on NCBI GenBank, see (Table 2).

Results

We extended the latitudinal and/or bathymetric ranges for O. frankpressi, O. packardorum, 

O. knutei, O. roseus and O. talkovici.  Osedax knutei's range was extended southwards

from Monterey Bay (California) to off San Diego (California) and Costa Rica's Pacific coast

(Fig. 1). A record of O. knutei at 845 m was found in Monterey, expanding the depth range

173 m shallower than previously known (Fig. 2, Suppl. material 1). Osedax packardorum

and O. talkovici's  ranges were  extended both  north  and south,  from Monterey  Bay to

Oregon and San Diego (Figs 1, 2). Osedax roseus's range, previously known from Sagami

Bay  (Japan)  and  Monterey  Bay,  was  extended  southwards  to  off  San  Diego  (Fig.  1). 

Osedax frankpressi, previously recorded from Monterey Bay and the Brazilian Atlantic, was

found off  Oregon,  establishing  a  new northern  record  and  also  south  to  Costa  Rica's

Pacific coast (Fig. 1). The Oregon record of O. frankpressi was found at 642 m, expanding

the species' minimum known depth by 787 m for a total depth range of 2249 m (642 - 2891

m), representing the widest known range for any Osedax species (Fig. 2, Suppl. material

1). An additional sequence was provided from Monterey Bay (type locality) for O. randyi.

New sequences were provided for O. priapus from the two previously reported localities of

Oregon and Monterey Bay.

Uncorrected maximum intraspecific pairwise distances ranged from 4.5% for O. knutei and

3.9% for O. frankpressi to as low as 0.9% for O. randyi (Table 3). Osedax talkovici, O. 

roseus and O. packardorum had the largest sample sizes, but not the largest intraspecific

pairwise distances (Table  3).  Maximum pairwise distances for  O. frankpressi were 1%

amongst samples from the Pacific and 1.7% for the Brazilian Atlantic (Table 3). Osedax 

ST
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randyi and  O. westernflyer had  the  smallest  sample  sizes  and  the  smallest  pairwise

distances (Table 3).

Species Uncorrected pairwise distances

Osedax docricketts 0.03484

Osedax frankpressi 0.03927

Osedax knutei 0.04466

Osedax packardorum 0.02991

Osedax priapus 0.02021

Osedax randyi 0.00897

Osedax roseus 0.02392

Osedax talkovici 0.02283

Osedax westernflyer 0.01393

We used TCS haplotype networks of COI to visualise the diversity and biogeography of the

nine species of Osedax. The geographical distribution of O. frankpressi was the largest

examined,  spanning  from  the  Pacific  to  Atlantic  Oceans  (Fig.  1).  The  network  for  O. 

frankpressi revealed two divergent haplotype clusters, one from Brazil and the other from

Oregon, California and Costa Rica (Fig. 3). Osedax frankpressi differed across its range by

nearly 3.9% (uncorrected pairwise distance) and by a minimum of 3% between the Pacific

and Brazilian sequences (Fig.  3,  Table 3).  In  the eastern Pacific,  one haplotype of  O. 

frankpressi was shared from Oregon to Costa Rica and the maximum intraspecific distance

was less than 1% (Fig. 3).

Table 3. 

Uncorrected maximum intraspecific COI pairwise distance matrices for Osedax in this study.

Figure 3.  

Osedax frankpressi COI haplotype network coloured by sampling locality. Cross-hatches and

black  circles  represent  missing  mutations.  Holotype  haplotype  =  *.  Network  made  with

alignment of 462 bp.
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Four species had trans-Pacific distributions. Osedax roseus was found off Japan (Sagami

Bay) and California (Fig. 1). Intraspecific diversity was high with three distinct subnetworks,

but limited geographic divergence was observed (Fig. 4). Several haplotypes were shared

between Japan and California, although a distinct subnetwork was found in Sagami Bay

(Fig.  4).  Though  O. docricketts,  O. randyi and  O. westernflyer had  trans-Pacific

distributions (Fig. 1), the limited samples available revealed no shared haplotypes (Figs 5, 

6, 7). Haplotype diversity in western Pacific samples of O. docrickets was high compared

to samples from Monterey and haplotypes were divergent (Fig. 5).

Figure 4.  

Osedax roseus COI haplotype network coloured by sampling locality. Cross-hatches and black

circles represent missing mutations. Network made with alignment of 730 bp.

 

Figure 5.  

Osedax docricketts COI haplotype network coloured by sampling locality. Cross-hatches and

black  circles  represent  missing  mutations.  Holotype  haplotype  =  *.  Network  made  with

alignment of 1005 bp.
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Four species have only been found at eastern Pacific locations. Osedax knutei ranged

from central California to Costa Rica (Figs 1, 8) and O. priapus occured from Oregon to

central California (Figs 1, 9). Both species had had similar network topologies with one or

two  predominant  haplotypes  and  many  singleton  haplotypes  which  were  somewhat

divergent (Figs 8, 9). Osedax packardorum and O. talkovici were distributed from Oregon

to San Diego, California (Fig. 1). Both species had many individual haplotypes as well as

several haplotypes shared amongst several localities (Figs 10, 11). Each showed some

predominant haplotypes shared across most localities (Figs 10, 11). Osedax talkovici had

Figure 6.  

Osedax randyi COI haplotype network coloured by sampling locality. Cross-hatches and black

circles represent missing mutations. Holotype haplotype = *. Network made with alignment of

1005 bp.

 

Figure 7.  

Osedax westernflyer COI haplotype network coloured by sampling locality. Cross-hatches and

black  circles  represent  missing  mutations.  Holotype  haplotype  =  *.  Network  made  with

alignment of 983 bp.
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the largest sample size with 116 sequences and the highest levels of haplotype variability

along the eastern Pacific (Fig. 11).

Figure 8.  

Osedax knutei COI haplotype network coloured by sampling locality. Cross-hatches and black

circles represent missing mutations. Holotype haplotype = *. Network made with alignment of

463 bp.

 

Figure 9.  

Osedax priapus COI  haplotype  network  coloured  by  sampling  locality.  Cross-hatches  and

black circles represent missing mutations. Network made with alignment of 891 bp.
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Intraspecific  divergence  amongst  geographical  samples  was  estimated  as  Φ  values

(Table 4). Most Φ  values along the eastern Pacific margin were low and not statistically

significant (0–0.075), indicating well-mixed populations with high rates of gene flow for all

species. However,  California and and Brazilian Atlantic samples of O. frankpressi were

highly divergent (Φ  = 0.860) and Japan and California samples of O. roseus also were

significantly divergent (Φ  = 0.171–0.191).

ST

ST

ST

ST

Figure 10.  

Osedax packardorum COI haplotype network coloured by sampling locality.  Cross-hatches

and black circles represent missing mutations. Holotype haplotype = *. Network made with

alignment of 793 bp.

 

Figure 11.  

Osedax talkovici COI haplotype network coloured by sampling locality.  Cross-hatches and

black  circles  represent  missing  mutations.  Holotype  haplotype  =  *.  Network  made  with

alignment of 807 bp.
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Species Oregon,

Monterey

Bay

Oregon,

San Diego

Monterey

Bay, Sagami

Bay

Monterey

Bay, San

Diego

Monterey

Bay, Costa

Rica

Monterey

Bay, Brazil

Sagami

Bay, San

Diego

O. 

frankpressi 

- - - - - 0.860 -

O. 

packardorum 

0.074 0.007 - 0.071 - - -

O. priapus 0.075 - - - - - -

O. roseus - - 0.171 0.00 - - 0.191 

O. talkovici 0.051 0.024 - 0.039 - - -

Discussion

The data added in this study revealed that many Osedax species tend to exhibit higher

intraspecific divergence than other siboglinid taxa with comparable ranges (Table 3). For

example, the iconic vent vestimentiferan tubeworm Riftia pachyptila has a range spanning

> 7000 km along the East Pacific Rise, Galapagos Rift and Pacific-Antarctic Ridge from

27°N  latitude  to  32°S,  but  COI distances  are  low  at  ≤  0.15%  ( Hurtado  et  al.  2002, 

Coykendall et al. 2011). Tevnia jerichonana has a similar distribution and greater genetic

distances (≤ 1.3%) across this range. The western Pacific vestimentiferans, Lamellibrachia 

columna and  L. juni,  have  comparable  intraspecific  distances,  ≤  1.24% and  ≤  1.39%,

respectively  (McCowin et  al.  2019).  The frenulate Sclerolinum contortum has a bipolar

distribution  and  similar  genetic  distances,  ≤  1.4%  (Georgieva  et  al.  2015).  The

vestimentiferans Escarpia laminata, E. southwardae, E. spicata and E. tritentaculata show

very little COI variation across the Gulf of California, the Gulf of Mexico and the Caribbean

Sea to the west coast of Africa, with the most common haplotype actually being shared

amongst  the  species  (Cowart  et  al.  2013,  Georgieva  et  al.  2023b).  The  maximum

intraspecific distances in named species of Osedax ranged from low values of 1.3% in O. 

rubiplumus (Rouse et al. 2018, Zhou et al. 2020) and 0.9% in O. randyi to highs of 3.5% in

O. docricketts, 3.9% in O. frankpressi and nearly 4.5% for O. knutei. Eight out of the nine

species considered herein had distances greater than 1.4% (Table 3). The relatively high

value obtained for O. knutei suggests that the taxon might contain cryptic species and

needs further investigation with data from additional genes and samples.

Amongst annelids, the siboglinid clade Vestimentifera appears to be an extreme case of

low interspecific distances, as evidenced by the nominal species Escarpia laminata,  E. 

southwardae,  E. spicata and  E. tritentaculata,  which  actually  share  a  COI haplotype,

though data from morphology and other  genes suggest  that  they are vaild species on

present  evidence  (Cowart  et  al.  2013,  Georgieva  et  al.  2023b).  Other  vestimentiferan

Table 4. 

Φ  values amongst localities of Osedax species worldwide. Values in bold indicate significant

differentiation.
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interspecific  distances  can  be  as  low  1.9% between  Lamellibrachia donwalshi and  L. 

judigobini or  2.5% between Lamellibrachia barhami and L. anaximandri (McCowin and

Rouse 2018,  McCowin et  al.  2019,  Georgieva et  al.  2023b).  The smallest  interspecific

distances observed in Osedax to date are 6–7% between O. randyi and O. 'MB16' and

7.4% between O. lehmani and O. packardorum (Rouse et al. 2018). Other annelid genera

and species with comparable interspecific distances include the dorvilleid Parougia, which

has minimum interspecific distances of 7% or more (Yen and Rouse 2020), the phyllodocid

Eumida sanguinea with minimum interspecific distance of 5.5% (Teixeira et al. 2022) and

the  amphinomid  Eurythoe complanata cryptic  species  complex,  with  an  interspecific

distance of 10% in the Atlantic (Barroso et al. 2009). However, there is no clear standard

when  it  comes  to  species  delimitations  in  annelids.  For  example,  a  5%  intraspecific

distance  was  sufficient  to  split  the  dorvilleids  Ophryotroca japonica and  O. glandulata 

(Paxton and Akesson 2010). Nygren (2013) found that minimal interspecific distances of ~

2 - 23% have been used to delineate cryptic annelid species and distances of ~ 7% are

often  typical  for  named  congeneric  species.  This  places  Osedax within  the  normal

minimum  interspecific  ranges  for  annelids  and  makes  Vestimentifera  somewhat

exceptional.

Large geographic  ranges in  Osedax did  not  always correspond with  large intraspecific

distances (Table 3). While eastern Pacific samples of O. frankpressi differed by up to 3.9%

from Brazil  Atlantic samples, O. knutei had greater intraspecific distances (up to 4.5%)

across a range spanning only the eastern Pacific from Monterey to Costa Rica. Similarly,

O. packardorum, O. priapus and O. talkovici had relatively high intraspecific distances (2%

to 3%) amongst samples from the western margin of the United States. Osedax docricketts

(up to 3.5%) and O. roseus (up to 2.4%) both had high intraspecific distances though they

have  trans-Pacific  ranges.  Osedax randyi and  O. westernflyer also  had  trans-Pacific

ranges, but intraspecific distances were low (≤ 1%). Osedax rubiplumus had the largest

known range of any Osedax, spanning from Antarctica, across the eastern and western

Pacific and the Indian Ocean; yet, its maximum COI distance has been recorded at 1.39%

(GTR corrected) between California and the Indian Ocean (Zhou et al. 2020).

Despite  exhibiting  some  relatively  large  geographical  distances,  O. packardorum,  O. 

priapus, O. roseus and O. talkovici exhibited evidence for connectivity across their known

ranges. For example, O. roseus spans > 8000 km from Sagami Bay and Monterey Bay, as

demonstrated by Φ  values ≤ 0.191. Φ  for O. roseus was 0.00 between Monterey Bay

and  San  Diego,  suggesting  that  the  populations  might  be  effectively  panmictic.  The

moniliferan siboglinid Sclerolinum contortum also has a large range, but relatively large

sampling has revealed no shared haplotypes between geographical populations (Eilertsen

et al. 2018). On the other hand, widely distributed Osedax species (O. packardorum, O. 

priapus, O. roseus and O. talkovici) had haplotypes shared across multiple localities further

indicating either good dispersal potential across their respective ranges or considerable

intermediate habitat (i.e. bones).

Eight Osedax species had no haplotypes shared across multiple localities. For O. randyi

and O. westernflyer, the lack of shared haplotypes was likely due to very small sample

sizes.  Conversely  O. docricketts and  O. knutei might  encompass  cryptic  species

ST ST
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complexes. For example, nine divergent O. docricketts COI sequences occurred in the

Sagami Bay, suggesting that cryptic species may occur in Japanese waters, while the real

O. docricketts may occur in both Sagami Bay and Monterey (Fig. 5). The most divergent O.

docricketts sequence exhibited 55 nucleotide substitutions from the holotype sequence

(asterisk in Fig. 5) (Rouse et al. 2018). In contrast, the O. talkovici sample included 116

sequences and had a maximum intraspecific distance of 2.3% (Fig. 11). Osedax knutei had

the largest intraspecific distance of any Osedax species at 4.5%. The haplotype network

for O. knutei showed (Fig. 8) that many individuals share a haplotype in Monterey Bay, but

there were also divergent haplotypes in Monterey, San Diego and Costa Rica. The large

intraspecific distance and the absence of shared haplotypes amongst the three localities

suggested  that  O. knutei could  be  a  cryptic  species  complex,  though  in  sympatry  in

Monterey Bay.

Osedax frankpressi and O. rubiplumus have the broadest known geographic and depth

ranges in this genus (Fig. 2, Suppl. material 1). Osedax frankpressi also had the largest Φ

 values and one of the greatest intraspecific distances reported in this study (Tables 3, 4

).  No  COI haplotypes  were  shared  between  the  Brazilian  Atlantic  and  eastern  Pacific

samples; however, one common haplotype was shared amongst Oregon, Monterey Bay

and Costa Rica samples. A prior study found ~ 3% divergence between Atlantic (Brazil)

and the Pacific (California to Costa Rica) samples, with maximum distances of 0.7% within

the Brazil population and 0.3% in the Pacific (Shimabukuro and Sumida 2019). Adding in

the  new  sequences  from  Oregon,  California  and  Costa  Rica  samples  raised  the

intraspecific pairwise distances to nearly 3.9%, though the minimum distance between the

Brazilian Atlantic and the Pacific remained ~ 3%. The Φ  value of 0.86 for O. frankpressi

clearly  demonstrated  population  subdivision  between  Pacific  and  Atlantic  populations.

Although  one  haplotype  was  shared  amongst  samples  from Oregon  to  Costa  Rica,  a

distance of over 6,000 km, further sampling of bones along the east and west coasts of

South America might reveal evidence of historical connectivity between Atlantic and Pacific

populations, as previously suggested (Shimabukuro and Sumida 2019).

The large ranges for Osedax species reported here are not unusual amongst deep sea

invertebrates (Georgieva et al.  2015, Eilertsen et al.  2018, Kobayashi and Araya 2018, 

McCowin and Rouse 2018, McCowin et al. 2019, Shimabukuro and Sumida 2019, Yen and

Rouse 2020, Ekimova et al. 2021). For example, the nudibranch molluscs Dendronotus 

patricki and D. dalli and the alvinocaridid shrimp Alvinocaris muricola have transpacific

distributions  comparable  with  O. docricketts,  O. randyi,  O. roseus and O. westernflyer 

(Pereira et al. 2020, Ekimova  et  al.  2021).  The  siboglinids  Sclerolinum contortum, 

Lamellibrachia barhami and  Escarpia spicata,  the  dorvilleids  Parougia batia and  P. 

billiemiroae, the maldanid Nicomache lokii and the several hesionids belonging to Sirsoe or

Vrijenhoekia have distributions comparable or greater than O. frankpressi, O. knutei, O. 

packardorum, O. priapus, O. roseus and O. talkovici (Georgieva et al. 2015, Eilertsen et al.

2018,  Kobayashi  and  Araya  2018,  McCowin  and  Rouse  2018,  Yen  and  Rouse  2020, 

Shimabukuro et al. 2021). For Osedax, these large ranges may be conditional on abundant

suitable habitats not limited to sunken whale bones (e.g. fish bones etc.), along with high

fecundity and lecithotrophic larvae that enhance dispersal capabilities (Rouse et al. 2009, 
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Miyamoto et al. 2013). While it is clear that many Osedax species are known to be widely

dispersed, the large number of species found in Monterey Bay is interesting (Rouse et al.

2004, Vrijenhoek et al. 2009, Rouse et al. 2015, Rouse et al. 2018). Perhaps other deep-

ocean  canyons  will  reveal  comparable  species  diversity  as  exploration  and  sampling

increase worldwide.  Osedax's  life  history traits  make them well  suited to wide oceanic

dispersal  and  ecological  success.  As  this  study  demonstrates,  a  number  of  Osedax

species are as widely  distributed as other  deep-sea invertebrates that  experience little

population subdivision across their ranges.

Acknowledgements

Specimen collection  and field  operations  in  Costa  Rica  were  funded by  U.S.  National

Science Foundation (NSF) grant OCE-1634172 (Principal Investigator: Greg Rouse) and

performed under the following permits issued by CONAGEBIO (Comisión Nacional para la

Gestión de la Biodiversidad) and SINAC (Sistema Nacional de Áreas de Conservación)

under  MINAE (Ministerio  de Ambiente y  Energía),  Government  of  Costa Rica:  SINAC-

CUSBSE-PI-R-032-2018  and  the  Contract  for  the  Grant  of  Prior  Informed  Consent

between MINAE-SINAC-ACMC and Jorge Cortés Nuñez for the Basic Research Project

“Cuantificación  de  los  vínculos  biológicos,  químicos  y  físicos  entre  las  comunidades

quimiosintéticas con el mar profundo circundante.” We thank Avery Hiley for sequencing

the Costa Rica specimens. For operations at sea, we are grateful to the captains, crew and

scientific parties of several research vessels (R/V Atlantis, R/V Point Lobos, R/V Western

Flyer)  and the pilots  and technicians of  HOV Alvin and ROVs Doc Ricketts,  Jason II, 

Tiburon and Ventana. We thank Adrian Glover and an anonymous reviewer for detailed

and constructive feedback on the manuscript.

Conflicts of interest

The authors have declared that no competing interests exist.

References

• Barroso R, Klautau M, Solé-Cava A, Paiva P (2009) Eurythoe complanata (Polychaeta:

Amphinomidae), the ‘cosmopolitan’ fireworm, consists of at least three cryptic species.

Marine Biology 157 (1): 69‑80. https://doi.org/10.1007/s00227-009-1296-9

• Clement M, Posada D, Crandall KA (2000) TCS: a computer program to estimate gene

genealogies. Molecular Ecology 9 (10): 1657‑1659. https://doi.org/10.1046/j.1365-294x.

2000.01020.x

• Cowart D, Huang C, Arnaud-Haond S, Carney S, Fisher C, Schaeffer S (2013)

Restriction to large-scale gene flow vs. regional panmixia among cold seep Escarpia

spp. (Polychaeta, Siboglinidae). Molecular Ecology 22 (16): 4147‑4162. https://doi.org/

10.1111/mec.12379

14 Berman G et al

https://doi.org/10.1007/s00227-009-1296-9
https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://doi.org/10.1111/mec.12379
https://doi.org/10.1111/mec.12379


• Coykendall DK, Johnson SB, Karl SA, Lutz RA, Vrijenhoek RC (2011) Genetic diversity

and demographic instability in Riftia pachyptila tubeworms from eastern Pacific

hydrothermal vents. BMC Evolutionary Biology 11 (1). https://doi.org/

10.1186/1471-2148-11-96

• Eilertsen M, Georgieva M, Kongsrud J, Linse K, Wiklund H, Glover A, Rapp H (2018)

Genetic connectivity from the Arctic to the Antarctic: Sclerolinum contortum and 

Nicomache lokii (Annelida) are both widespread in reducing environments. Scientific

Reports 8 (1): 1‑12. https://doi.org/10.1038/s41598-018-23076-0

• Eilertsen MH, Dahlgren T, Rapp HT (2020) A new species of Osedax (Siboglinidae:

Annelida) from colonization experiments in the Arctic deep sea. Frontiers in Marine

Science 7: 443. https://doi.org/10.3389/fmars.2020.00443

• Ekimova I, Valdés Á, Stanovova M, Mikhlina A, Antokhina T, Neretina T, Chichvarkhina

O, Schepetov D (2021) Connected across the ocean: taxonomy and biogeography of

deep-water Nudibranchia from the Northwest Pacific reveal trans-Pacific links and two

undescribed species. Organisms Diversity & Evolution 21 (4): 753‑782. https://doi.org/

10.1007/s13127-021-00526-8

• Excoffier L, Lischer HL (2010) Arlequin suite ver 3.5: a new series of programs to

perform population genetics analyses under Linux and Windows. Molecular Ecology

Resources 10 (3): 564‑567. https://doi.org/10.1111/j.1755-0998.2010.02847.x

• Fujiwara Y, Jimi N, Sumida PG, Kawato M, Kitazato H (2019) New species of bone-

eating worm Osedax from the abyssal South Atlantic Ocean (Annelida, Siboglinidae).

ZooKeys 814: 53‑69. https://doi.org/10.3897/zookeys.814.28869

• Georgieva M, Wiklund H, Bell J, Eilertsen M, Mills R, Little CS, Glover A (2015) A

chemosynthetic weed: the tubeworm Sclerolinum contortum is a bipolar, cosmopolitan

species. BMC Evolutionary Biology 15 (1): 1‑17. https://doi.org/10.1186/

s12862-015-0559-y

• Georgieva M, Wiklund H, Ramos D, Neal L, Glasby C, Gunton L (2023a) The annelid

community of a natural deep-sea whale fall off eastern Australia. Records of the

Australian Museum 75 (3): 167‑213. https://doi.org/10.3853/j.2201-4349.75.2023.1800

• Georgieva M, Rimskaya-Korsakova N, Krolenko V, Van Dover CL, Amon D, Copley J,

Plouviez S, Ball B, Wiklund H, Glover A (2023b) A tale of two tubeworms: taxonomy of

vestimentiferans (Annelida: Siboglinidae) from the Mid-Cayman Spreading Centre.

Invertebrate Systematics 37 (3): 167‑191. https://doi.org/10.1071/is22047

• Glover AG, Wiklund H, Taboada S, Avila C, Cristobo J, Smith CR, Kemp KM, Jamieson

AJ, Dahlgren TG (2013) Bone-eating worms from the Antarctic: the contrasting fate of

whale and wood remains on the Southern Ocean seafloor. Proceedings. Biological

sciences 280 (1768): 20131390. https://doi.org/10.1098/rspb.2013.1390

• Goffredi S, Orphan V, Rouse G, Jahnke L, Embaye T, Turk K, Lee R, Vrijenhoek R

(2005) Evolutionary innovation: a bone-eating marine symbiosis. Environmental

Microbiology 7 (9): 1369‑1378. https://doi.org/10.1111/j.1462-2920.2005.00824.x

• Hurtado L, Mateos M, Lutz R, Vrijenhoek R (2002) Molecular evidence for multiple

species of Oasisia (Annelida: Siboglinidae) at eastern Pacific hydrothermal vents.

Cahiers de Biologie Marine 43 (3-4): 377‑380. https://doi.org/10.21411/cbm.a.8636da82

• Katoh K, Standley DM (2013) MAFFT Multiple Sequence alignment software version 7:

Improvements in performance and usability. Molecular Biology and Evolution 30 (4):

772‑780. https://doi.org/10.1093/molbev/mst010

Range extensions of Pacific bone-eating worms (Annelida, Siboglinidae, ... 15

https://doi.org/10.1186/1471-2148-11-96
https://doi.org/10.1186/1471-2148-11-96
https://doi.org/10.1038/s41598-018-23076-0
https://doi.org/10.3389/fmars.2020.00443
https://doi.org/10.1007/s13127-021-00526-8
https://doi.org/10.1007/s13127-021-00526-8
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.3897/zookeys.814.28869
https://doi.org/10.1186/s12862-015-0559-y
https://doi.org/10.1186/s12862-015-0559-y
https://doi.org/10.3853/j.2201-4349.75.2023.1800
https://doi.org/10.1071/is22047
https://doi.org/10.1098/rspb.2013.1390
https://doi.org/10.1111/j.1462-2920.2005.00824.x
https://doi.org/10.21411/cbm.a.8636da82
https://doi.org/10.1093/molbev/mst010


• Kobayashi G, Araya JF (2018) Southernmost records of Escarpia spicata and 

Lamellibrachia barhami (Annelida: Siboglinidae) confirmed with DNA obtained from

dried tubes collected from undiscovered reducing environments in northern Chile. PLoS

One 13 (10): 1‑13. https://doi.org/10.1371/journal.pone.0204959

• Leigh J, Bryant D (2015) POPART: Full‐feature software for haplotype network

construction. Methods in Ecology and Evolution 6 (9): 1110‑1116. https://doi.org/

10.1111/2041-210x.12410

• Maddison W, Maddison D (2019) Mesquite: a modular system for evolutionary analysis.

3.61. URL: http://mesquiteproject.org

• McClain CR, Nunnally C, Dixon R, Rouse G, Benfield M (2019) Alligators in the abyss:

The first experimental reptilian food fall in the deep ocean. PLoS One 14 (12): 1‑14. 

https://doi.org/10.1371/journal.pone.0225345

• McCowin M, Rouse G (2018) A new Lamellibrachia species and confirmed range

extension for Lamellibrachia barhami (Siboglinidae, Annelida) from Costa Rica methane

seeps. Zootaxa 4504 (1): 1‑22. https://doi.org/10.11646/zootaxa.4504.1.1

• McCowin M, Rowden A, Rouse G (2019) A new record of Lamellibrachia columna

(Siboglinidae, Annelida) from cold seeps off New Zealand, and an assessment of its

presence in the western Pacific Ocean. Marine Biodiversity Records 12 (1): 1‑12. 

https://doi.org/10.1186/s41200-019-0169-2

• Miyamoto N, Yamamoto T, Yusa Y, Fujiwara Y (2013) Postembryonic development of

the bone-eating worm Osedax japonicus. Naturwissenschaften 100 (3): 285‑289. 

https://doi.org/10.1007/s00114-013-1024-7

• Nygren A (2013) Cryptic polychaete diversity: a review. Zoologica Scripta 43 (2):

172‑183. https://doi.org/10.1111/zsc.12044

• Pante E, Simon-Bouhet B (2013) marmap: A package for importing, plotting and

analyzing bathymetric and topographic data in R. PLOS One 8 (9). https://doi.org/

10.1371/journal.pone.0073051

• Paxton H, Akesson B (2010) The Ophryotrocha labronica group (Annelida: Dorvilleidae)

— with the description of seven new species. Zootaxa 2713: 1‑24. https://doi.org/

10.11646/zootaxa.2713.1.1

• Pereira O, Shimabukuro M, Bernardino A, Sumida PG (2020) Molecular affinity of

southwest Atlantic Alvinocaris muricola with Atlantic Equatorial Belt populations. Deep

Sea Research Part I: Oceanographic Research Papers 163 https://doi.org/10.1016/j.dsr.

2020.103343

• Rouse G, Wilson N, Goffredi S, Johnson S, Smart T, Widmer C, Young C, Vrijenhoek R

(2009) Spawning and development in Osedax boneworms (Siboglinidae, Annelida).

Marine Biology 156 (3): 395‑405. https://doi.org/10.1007/s00227-008-1091-z

• Rouse G, Wilson N, Worsaae K, Vrijenhoek R (2015) A dwarf male reversal in bone-

eating worms. Current Biology 25 (2): 236‑241. https://doi.org/10.1016/j.cub.

2014.11.032

• Rouse G, Goffredi S, Johnson S, Vrijenhoek R (2018) An inordinate fondness for 

Osedax (Siboglinidae: Annelida): Fourteen new species of bone worms from California.

Zootaxa 4377 (4): 451‑489. https://doi.org/10.11646/zootaxa.4377.4.1

• Rouse G, Goffredi S (2023) Osedax (Siboglinidae: Annelida) utilizes shark teeth for

nutrition. Journal of the Marine Biological Association of the United Kingdom 103 (e35):

1‑6. https://doi.org/10.1017/s0025315423000243

16 Berman G et al

https://doi.org/10.1371/journal.pone.0204959
https://doi.org/10.1111/2041-210x.12410
https://doi.org/10.1111/2041-210x.12410
http://mesquiteproject.org
https://doi.org/10.1371/journal.pone.0225345
https://doi.org/10.11646/zootaxa.4504.1.1
https://doi.org/10.1186/s41200-019-0169-2
https://doi.org/10.1007/s00114-013-1024-7
https://doi.org/10.1111/zsc.12044
https://doi.org/10.1371/journal.pone.0073051
https://doi.org/10.1371/journal.pone.0073051
https://doi.org/10.11646/zootaxa.2713.1.1
https://doi.org/10.11646/zootaxa.2713.1.1
https://doi.org/10.1016/j.dsr.2020.103343
https://doi.org/10.1016/j.dsr.2020.103343
https://doi.org/10.1007/s00227-008-1091-z
https://doi.org/10.1016/j.cub.2014.11.032
https://doi.org/10.1016/j.cub.2014.11.032
https://doi.org/10.11646/zootaxa.4377.4.1
https://doi.org/10.1017/s0025315423000243


• Rouse GW, Goffredi SK, Vrijenhoek RC (2004) Osedax: Bone-eating marine worms

with dwarf males. Science 305 (5684): 668‑671. https://doi.org/10.1126/science.

1098650

• Rouse GW, Worsaae K, Johnson SB, Jones WJ, Vrijenhoek RC (2008) Acquisition of

Dwarf Male “Harems” by Recently Settled Females of Osedax roseus n. sp.

(Siboglinidae; Annelida). The Biological Bulletin 214 (1): 67‑82. https://doi.org/

10.2307/25066661

• Shimabukuro M, Sumida PG (2019) Diversity of bone-eating Osedax worms on the

deep Atlantic whale falls—bathymetric variation and inter-basin distributions. Marine

Biodiversity 49 (6): 2587‑2599. https://doi.org/10.1007/s12526-019-00988-2

• Shimabukuro M, Carrerette O, Alfaro-Lucas JM, Rizzo AE, Halanych K, Sumida PYG

(2021) Corrigendum: Diversity, Distribution and Phylogeny of Hesionidae (Annelida)

Colonizing Whale Falls: New Species of Sirsoe and Connections Between Ocean

Basins. Frontiers in Marine Science 8 https://doi.org/10.3389/fmars.2021.691503

• Swofford D (2002) PAUP: phylogenetic analysis using parsimony. 4a168. Sinauer

Associates, Sunderland, Massachusetts.

• Taboada S, Riesgo A, Bas M, Arnedo M, Cristobo J, Rouse G, Avila C (2015) Bone-

eating worms spread: Insights into shallow-water Osedax (Annelida, Siboglinidae) from

Antarctic, Subantarctic, and Mediterranean Waters. PLoS One 10 (11). https://doi.org/

10.1371/journal.pone.0140341

• Teixeira MAL, Vieira PE, Ravara A, Costa FO, Nygren A (2022) From 13 to 22 in a

second stroke: revisiting the European Eumida sanguinea (Phyllodocidae: Annelida)

species complex. Zoological Journal of the Linnean Society 196 (1): 169‑197. https://

doi.org/10.1093/zoolinnean/zlab100

• Tresguerres M, Katz S, Rouse G (2013) How to get into bones: proton pump and

carbonic anhydrase in Osedax bone worms. Proceedings of the Royal Society B:

Biological Sciences 280 (1761). https://doi.org/10.1098/rspb.2013.0625

• Vrijenhoek RC, Johnson SB, Rouse GW (2008) Bone-eating Osedax females and their

‘harems’ of dwarf males are recruited from a common larval pool. Molecular Ecology 17

(20): 4535‑4544. https://doi.org/10.1111/j.1365-294x.2008.03937.x

• Vrijenhoek RC, Johnson SB, Rouse GW (2009) A remarkable diversity of bone-eating

worms (Osedax; Siboglinidae; Annelida). BMC biology 7 (74): 1‑13. https://doi.org/

10.1186/1741-7007-7-74

• Yen N, Rouse G (2020) Phylogeny, biogeography and systematics of Pacific vent,

methane seep, and whale-fall Parougia (Dorvilleidae: Annelida), with eight new species.

Invertebrate Systematics 34 (2): 200‑233. https://doi.org/10.1071/IS19042

• Zhou Y, Wang Y, Li Y, Shen C, Liu Z, Wang C (2020) First report of Osedax in the Indian

Ocean indicative of trans-oceanic dispersal through the Southern Ocean. Marine

Biodiversity 50 (1): 1‑9. https://doi.org/10.1007/s12526-019-01034-x

Range extensions of Pacific bone-eating worms (Annelida, Siboglinidae, ... 17

https://doi.org/10.1126/science.1098650
https://doi.org/10.1126/science.1098650
https://doi.org/10.2307/25066661
https://doi.org/10.2307/25066661
https://doi.org/10.1007/s12526-019-00988-2
https://doi.org/10.3389/fmars.2021.691503
https://doi.org/10.1371/journal.pone.0140341
https://doi.org/10.1371/journal.pone.0140341
https://doi.org/10.1093/zoolinnean/zlab100
https://doi.org/10.1093/zoolinnean/zlab100
https://doi.org/10.1098/rspb.2013.0625
https://doi.org/10.1111/j.1365-294x.2008.03937.x
https://doi.org/10.1186/1741-7007-7-74
https://doi.org/10.1186/1741-7007-7-74
https://doi.org/10.1071/IS19042
https://doi.org/10.1007/s12526-019-01034-x


Supplementary material

Suppl. material 1: Supplementary Table 1

Authors:  Charlotte Seid and Greg Rouse

Data type:  occurrences

Brief description:  Geographic and bathymetric occurrence records of all Osedax species known

to date from peer-reviewed literature and GenBank sequences, including undescribed species

referenced under informal names.

Download file (22.73 kb) 

 

18 Berman G et al

https://doi.org/10.3897/BDJ.11.e102803.suppl1
https://doi.org/10.3897/BDJ.11.e102803.suppl1
https://doi.org/10.3897/BDJ.11.e102803.suppl1
https://arpha.pensoft.net/getfile.php?filename=oo_854483.xlsx

	Abstract
	Keywords
	Introduction
	Material and methods
	Data resources
	Results
	Discussion
	Acknowledgements
	Conflicts of interest
	References
	Supplementary material

