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Abstract 

Twenty-eight species of hydroids are now known from Japanese tsunami marine debris (JTMD) sent to sea in March 2011 from 
the Island of Honshu and landing between 2012 and 2016 in North America and Hawai‘i. To 12 JTMD hydroid species previously 
reported, we add an additional 16 species. Fourteen species (50%) were detected only once; given the small fraction of debris 
sampled, this suggests that the diversity of the total arriving hydroid fauna was likely larger. Our ongoing studies provide the first 
documentation of these species being rafted from one continental margin to another. Plumalecium plumularioides (Clark, 1877) is 
newly reported for the Japanese hydroid fauna. Fourteen species (52%), held to be either naturally amphi-Pacific or possibly 
introduced by ships at some earlier date, were already known from the Pacific coast of North America. We suggest that Obelia 
griffini Calkins, 1899, as represented in the JTMD fauna, may be a North Pacific oceanic neustonic species. We propose that 
Hydrodendron mirabile (Hincks, 1866) and its congeners be included in the family Phylactothecidae Stechow, 1921, here emended. 
We establish a new family, Plumaleciidae Choong and Calder, 2018, to accommodate the genus Plumalecium Antsulevich, 1982. 

Key words: Pacific distributions, Leptothecata, Limnomedusae, anthropogenic debris, population connectivity, 
transoceanic dispersal, systematics 

Introduction 

The Great East Japan Earthquake and Tsunami of 
March 11, 2011 sent into the North Pacific Ocean 

a vast field of floating debris derived from the 
Tōhoku coastline of northeast Honshu. Rafted objects 
with living Japanese species began arriving on the 
shores of North America in the spring and summer 
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of 2012 and in the Hawaiian Islands in the fall of 
2012 (Carlton et al. 2017). One of the most common 
groups of organisms in the biofouling communities 
on this debris was hydroids. Choong and Calder (2013) 
reported on the presence of the Japanese hydroid 
Sertularella mutsuensis Stechow, 1931 on a large 
dock lost during the tsunami from the Port of Misawa 
(Aomori Prefecture) that landed 14 months later, in 
June 2012, on the Oregon coast. Calder et al. (2014) 
reported upon collections of 11 additional coastal 
thecate species (and one likely pelagic hydroid, Obelia 
griffini Calkins, 1899) from biofouling on tsunami 
debris intercepted in 2012 and 2013 landing in 
Oregon and Washington. 

We report here on additional collections of 
hydroids recovered from Japanese tsunami marine 
debris collected in Washington, Oregon, California, 
and Hawai’i between 2012 and 2016, and analyze 
the total hydroid fauna found to date. 

Materials and methods 

Morphological analyses 

Samples were obtained from JTMD objects (identi-
fied as such through multiple lines of evidence; see 
Carlton et al. 2017) landing in North America and 
the Hawaiian Islands (Supplementary material Table 
S1). Each object was assigned a unique identification 
number preceded by JTMD-BF- (Japanese Tsunami 
Marine Debris-BioFouling-). Specimens retrieved 
from the field were either preserved directly in 95% 
ethanol, or frozen and transferred into ethanol at a 
later date. All specimens studied here are deposited 
in the collections of the Invertebrate Zoology Section, 
Department of Natural History, Royal Ontario 
Museum (ROMIZ) and the Royal British Columbia 
Museum (RBCM/BCPM). The classification and 
implied relationships of hydroids adopted here gene-
rally follows Leclère et al. (2009), Maronna et al. 
(2016), and Cunha et al. (2017). Species descriptions 
are provided where warranted. Several taxa in this 
study were described and illustrated in our previous 
work (Calder et al. 2014). 

Genetic analyses 

Three approximately 20 × 20 cm scrapings were taken 
from the sides of a floating dock (JTMD-BF-1) 
originating from the Port of Misawa, Aomori Prefec-
ture, which landed on the central Oregon coast in early 
June 2012 (Table S1). The samples were preserved 
in 70% ethanol and sent to the Geller Laboratory at 
Moss Landing Marine Laboratories, Moss Landing, 
California USA. The ethanol was later decanted and 
samples were rinsed with distilled water, drained, 

and homogenized in an IKA (Wilmington, NC, USA) 
A11 analytical mill. 10 g of homogenate were used 
in a MoBio PowerSoil DNA extraction kit (Qiagen, 
Germantown, Maryland, USA). Genomic DNA was 
quantified using Nanodrop ND-1000 (ThermoFisher, 
Waltham, Massachusetts USA). 5 ng of each total 
DNA extraction were amplified in PCR cocktails 
comprising a final concentration of 1 × Green Go Taq 
Master Mix, 0.2 mg mL-1 BSA, 1.5 mM MgCl2, and 
0.2 µM of each primer in a 50 µL reaction. We used 
primers jgHCO2198 and jgLCO1490 from Geller et 
al. (2013). Reaction conditions consisted of an initial 
3 minute melt at 94 °C, followed by 32 cycles of a  
1 minute at 95 °C, 45 seconds at 47 °C, and 90 seconds 
at 72 °C. PCR amplicons were viewed on a 2% 
agarose gel stained with ethidium bromide. Samples 
were purified with 1.4 × the sample volume of 
Agencourt Ampure (Brea, California USA) beads, 
according to the manufacturer’s protocol. 

Samples were quantified using Picogreen High 
sensitivity DNA assay according to the manufacturer’s 
protocol (Qiagen). 100 ng of sample were fragmented 
with the IonXpress Ion Shear enzyme kit (Thermo-
Fisher). Samples were purified with 1.4 × the sample 
volume of Agencourt Ampure beads. Samples were 
then ligated with IonXpress barcodes and sequencing 
adapters, size selected for ca. 400 bp using an e-gel 
cassette, purified once more with 1.4 × Ampure beads. 
Samples were quantified using the Agilent (Santa 
Clara, California, USA) Bioanalyzer high sensitivity 
chip assay and combined into an equimolar pool. 
Samples were run using the Ion Torrent 400 bp 
sequencing kit and v314 chip according to the 
manufacturer’s protocol, yielding 500,000 reads 
passing filter. Reads were trimmed of primers and 
clustered into groups using a 95% similarity threshold 
using the software package Geneious v9 (Biomatters, 
Auckland, New Zealand). 

Consensus sequences were compared to Genbank 
for any matches to COI sequences annotated as derived 
from Hydrozoa. Candidate novel sequences were 
aligned with hydroid sequences downloaded from 
Genbank, aligned with MAFFT (Katoh and Standley 
2013). Maximum likelihood trees were constructed 
with FastTree (Price et al. 2010) from within Geneious. 

Samples of individual hydroids collected from a 
wide variety of JTMD objects (below) were also sub-
mitted for genetic analysis (by analytical techniques 
as described in McCuller et al. 2018), but failed to 
yield useful sequences. 

Results 

To the 12 hydroid species previously identified on 
JTMD and believed to originate from the Japanese 
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coast (based upon evidence reviewed in Calder et al. 
2014, and further detailed in the Discussion below), 
we now add an additional 16 species (Table S2). Two 
of the 12 taxa reported earlier only to genus, Phialella 
quadrata (Forbes, 1848) and Plumularia caliculata 
Bale, 1888, are now resolved to species level based 
upon the availability of additional material. Campanu-
lariid hydroids (sensu lato, here treated in the families 
Campanulariidae, Clytiidae, and Obeliidae) are the 
most diverse group in the JTMD hydroid fauna. 

In addition to these species, Calder et al. (2014) 
found two anthoathecate species (?Bougainvillia 
muscus (Allman, 1863) and Stylactaria sp.); additional 
athecate hydroids are in hand, and these will be 
treated separately in a subsequent report. 

Fourteen of the 28 species collected from JTMD 
objects (50%) were detected only once (three species 
reported earlier by Choong and Calder (2013) and 
Calder et al. (2014), and 11 additional species newly 
reported herein) (See Table S2). Forty-three percent 
(six) of these unique species arrived in 2015, in concert 
with a peak of detected overall JTMD diversity 
(Carlton et al. 2017). 

Of interest (and argued below as partial evidence 
for the Western Pacific origin of the JTMD hydroid 
fauna) is that total hydroid diversity per object declined 
after 2013 (even as unique species continued to arrive 
and peaked later). On four objects (BF-1, 8, 23, and 40) 
arriving in Oregon and Washington between summer 
2012 and spring 2013, hydroid diversity ranged from 
four to eight species (excluding Obelia griffini 
Calkins, 1899, as discussed below). Thus, eight 
species (Amphisbetia furcata (Trask, 1857), Eutima 
japonica Uchida, 1925, Halecium tenellum Hincks, 
1861, Phialella quadrata, Plumularia caliculata, 
Sertularella mutsuensis Stechow, 1931, Sertularella 
sp., and Gonionemus vertens A. Agassiz, 1862) were 
found on the Misawa dock (BF-1, noted above) that 
landed in June 2012 in Oregon. Five and six species 
were found on debris items arriving in Oregon in 
February 2013 (BF-23) and in Washington in March 
2013 (BF-40), respectively: on the former were 
Hydrodendron gracile (Fraser, 1914), Orthopyxis 
platycarpa Bale, 1914, Plumularia setacea (Linnaeus, 
1758), Eutima japonica, and Stylactaria sp.; on the 
latter were Phialella quadrata, Obelia longissima 
(Pallas, 1766), Amphisbetia furcata, Plumularia 
caliculata, Plumalecium plumularioides (Clark, 1877) 
and Eutima japonica. Since spring 2013, most objects 
arrived with one species, and no object was found 
with more than two species. 

Twenty-four species (89% of the JTMD hydroid 
fauna) were already reported from Japan (Table S2); 
two species, Hydrodendron gracile and Plumalecium 
plumularioides represent new records for the country 

(one reported earlier by Calder et al. 2014), and two, 
not taken to species level, Clytia sp. and Antennella sp. 
are of uncertain geographic distribution. In turn, 14 
species (52%) already known from the North East 
Pacific Ocean (Table S2), are held to be either naturally 
amphi-Pacific in distribution or possible ship-borne 
introductions. Twelve taxa are unknown from the 
Pacific coast of North America. However, they are 
not treated here as new records for the Eastern 
Pacific because they are present only on intercepted 
debris and are not yet known to have established 
populations. Six hydroid species (Orthopyxis caliculata 
(Hincks, 1853), Obelia dichotoma (Linnaeus, 1758), 
Amphisbetia furcata, Plumularia setacea, and 
Plumalecium plumularioides) were found on debris 
arriving in the Hawaiian Islands; two of these (O. 
dichotoma and P. setacea) were previously known 
from Hawai‘i, recognized there as introduced and 
cryptogenic, respectively (Carlton and Eldredge 2009). 

Notably, species of Clytia Lamouroux, 1812 were 
absent on JTMD arriving in 2012 and 2013, but began 
to appear in 2014. Clytia sp., whose affinities are 
discussed below, was found once (BF-363) on an 
object landing in Washington during early 2015. 
Clytia linearis (Thornely, 1900) was discovered on a 
derelict vessel (BF-538) arriving in Oregon in spring 
2016. Clytia hemisphaerica (Linnaeus, 1767) appeared 
on six items in Oregon and Washington between 
2014 and 2015. Clytia linearis is a distinctive warm-
water species,  although Galea (2007) reported it from 
colder waters of the Subantarctic in the fjords region 
of southern Chile. Its later appearance on JTMD may 
be due to a longer, more circuitous route through 
lower latitudes before the rafted vessel became 
caught up in ocean currents moving north and east. 
Clytia sp., although currently unidentified, was 
accompanied by a warm-water, southern species of 
neustonic bryozoan, Jellyella eburnea (Hincks, 1891), 
also indicating a longer route through lower latitudes 
(McCuller and Carlton 2018). The six objects on 
which C. hemisphaerica arrived, however, bore no 
distinctive indication of their route after departure 
from the Tōhoku coast in March 2011. Finally, the 
most common hydroid in our samples was Obelia 
griffini. We suggest below that it may be an element 
of the open ocean neustonic fauna. 

Details are provided below on identification, 
taxonomy, and geographic distribution of 24 species 
of neritic hydroids on JTMD, and of the putatively 
pelagic hydroid Obelia griffini. Four additional JTMD 
leptothecate species (Halecium tenellum, Hydrodendron 
gracile, Sertularella mutsuensis, and Sertularella 
sp.), not represented in the newer samples analyzed 
here, are recorded in Calder et al. (2014). 



H.H.C. Choong et al. 

46 

  

Table 1. Comparison between the trophosome in the hydroid stages of Opercularella lacerata, Opercularella rugosa, Phialella quadrata, 
and JTMD specimen BF-382 (ROMIZ B4107). 

 
Opercularella lacerata  
(in Cornelius 1995a) 

Opercularella rugosa 
(from Nutting 1901) 

Phialella quadrata 
(in Cornelius 1995a) 

JTMD-BF-382 
(ROMIZ B4107) 

Colony  
Erect, much branched, 
branches angled at ca 60° 

Erect; irregularly branched, 
branches alternate, 
geniculate 

Erect, branches tending all 
to be directed upwards 

Stolonal and erect, 
branches directed 
upwards 

Hydrotheca height 300–400 µm Not given ca 250 µm 230–260 µm 

Hydrotheca shape Widest in middle 
Widest distally (towards 
aperture or in middle) 

Widest distally (towards 
aperture) 

Widest distally 
(towards aperture) 

Operculum 9–12 pointed flaps (cusps) 10–12 pointed flaps 
Pleated sheath, ca 10 
pleats, not cusped 

Pleated, < 10 
pleats, not cusped 

Pedicel 
Typically shorter than 
hydrotheca 

Very short 
Often longer than 
hydrotheca 

Often longer than 
hydrotheca 

Stem 
Both spirally and 
transversely grooved (ringed) 

Transversely grooved 
(ringed) 

Transversely grooved 
(ringed) 

Transversely 
grooved (ringed) 

Gonophores Fixed sporosacs Medusae Medusae unknown 

Reported 
distribution 

North Atlantic Ocean, Baltic 
Sea (Schuchert 2001); Indo-
Pacific (?) (Cornelius 1995a) 

Alaska (Nutting 1901); 
West Seattle, Washington 
(Fraser 1946) 

Sea of Japan (Naumov 
1960); Atlantic and Indo- 
Pacific (Cornelius 1995a) 

N/A 

 

Systematic Account 

Order Leptothecata Cornelius, 1992 
Family Phialellidae Russell, 1953 

Phialella quadrata (Forbes, 1848) 
Thaumantias quadrata Forbes 1848: 43, pl. 9, figures. 2a–e 
[medusa stage]. 

Material.—Washington, on vessel, stolonal and 
branching colony, bryozoan Scruparia ambigua 
(d’Orbigny, 1841) epizoic, no gonothecae (JTMD-
BF-40), ROMIZ B4175; Washington, on basket, 
branching colony, no gonothecae, S. ambigua epizoic 
(JTMD-BF-343), RBCM 017-00011-003; California, 
on the pelagic gooseneck barnacle Lepas on crate, no 
gonothecae (JTMD-BF-382), ROMIZ B4107. 
Description.—Colony with both stolonal and erect 
parts. Stolon smooth, hydrocaulus annulated. Erect 
hydrocauli flexuous, annulated throughout, branched 
or unbranched. Branches, when present, angled 
upwards. Annuli tranverse. Hydrotheca operculate, 
long-conical, widest distally towards aperture, thin-
walled, operculum pleated, not demarcated basally by 
crease line, pedicel ringed. Gonothecae not observed. 
Remarks.—In our previous study (Calder et al. 2014) 
we reported (as Phialella sp.) the occurrence of a 
species, closely resembling P. quadrata, on a floating 
dock (JTMD-BF-1) from Misawa, Japan. It was 
compared as well with Opercularella rugosa (Nutting, 
1901) and O. lacerata (Johnston, 1847). Specimens 
in one of our present samples (JTMD-BF-382), 
growing on young species of Lepas Linnaeus, 1758, 
had both stolonal and erect stems. Stolonal colonies 

of P. quadrata have been reported in other zooben-
thic communities (Voronkov et al. 2010). The JTMD 
material most closely corresponds to P. quadrata in 
the following ways: (1) branches are directed 
upwards at a more acute angle than in O. lacerata 
(see Cornelius 1995a, Table 1) (2) hydrothecal pedicels 
are long (those of P. quadrata are often longer than 
the hydrothecae, while those of O. lacerata and O. 
rugosa are mostly shorter), and (3) hydrothecal size 
and shape differ (in O. lacerata, hydrothecae are 
300–400 µm high and widest in the middle; those of 
P. quadrata are 230–260 µm high and widest below 
their opercula). Comparisons with species having 
similar characters are given in Table 1. 
Distribution.—Sea of Japan (Naumov 1960). A well-
known European species (Bouillon et al. 2004, and 
records summarized in Mendoza-Becerril et al. 2009), 
held to be introduced to Australia (Hewitt et al. 2004) 
through ship fouling, and thus perhaps to other 
coasts of the southern hemisphere as well, including 
New Zealand, Chile, and South Africa. 

Family Eirenidae Haeckel, 1879 

Eutima japonica Uchida, 1925 
Eutima japonica Uchida 1925: 93, figure 17. 

Remarks.—Calder et al. (2014) reported this 
endocommensal hydroid in the mussel Mytilus 
galloprovincialis Lamarck, 1819 from JTMD-BF-8. 
Eutima japonica Uchida, 1925 has also been found 
in M. galloprovincialis in samples from JTMD-BF-
1, 6, 23, 40, 43, and 168 (Table S1) (G. Ruiz and J. 
Geller) based upon morphological and genetic analyses. 
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Figure 1. Campanularia volubilis: 
(A) pedicel and hydrotheca. Scale 
equals 500 µm. (B) detail of 
hydrotheca. RBCM 017-00006-001. 
Scale equals 100 µm. (C) gonotheca. 
RBCM 017-00006-001. Scale equals 
500 µm. Del. HHC Choong.

Family Campanulariidae Johnston, 1837 

Campanularia volubilis (Linnaeus, 1758) 
(Figure 1) 

Sertularia volubilis Linnaeus 1758: 811. 
Campanularia reduplicata Nutting 1901: 172, pl. 18, figure 1. 
Campanularia urceolata.–Nutting 1915: 40, pl. 4, figures 4 and 5. 
Campanularia groenlandica.–Hirohito 1995: 54, figure 16a–b 
[not Campanularia groenlandica Levinsen 1893]. 

Material.—Oregon, on vessel, epizoic on Scruparia 
ambigua, single pedicel with hydrotheca, with ♂ 
gonothecae (JTMD-BF-201), RBCM 017-00006-001. 
Description.—Colony stolonal, pedicel arising from 
creeping hydrorhiza. Pedicel approximately 3 times 
length of hydrotheca, perisarc mostly smooth, 
wrinkled at base, with irregular annulations towards 
the distal end. Subhydrothecal spherule almost oval. 
Perisarc slightly thickened. Hydrotheca deeply 
campanulate, one side somewhat curved to resemble 
the urceolate form, ca. 400 µm in length from hydro-
thecal margin to bottom of basal chamber, walls 
narrowing slightly towards hydrothecal base. Basal 
chamber 32 µm high. Hydrothecal margin with 11–12 
well-demarcated, triangular but slightly rounded 
cusps, 39 µm in length, separated by rounded 
embayments. Margin reduplicated. Hydrothecal walls 
thin to slightly thickened around basal chamber. 
Gonothecae somewhat cylindrical, ca 725 µm in 
length, ca 266 µm at widest part, truncated at distal 
end, on very short pedicel with one spiral twist, 
arising from stolon. Pedicel length ca 64 µm. 
Remarks.—The specimen examined corresponds 
most closely with accounts of Campanularia urceolata 
Clark, 1877 and C. reduplicata Nutting, 1901, both 
considered conspecific with C. volubilis (Calder and 

Stephens 1997; Calder 2004). Campanularia volubilis 
and C. urceolata were reported from Japan by 
Yamada (1950). The gonotheca of our specimen 
closely resembles that reported by Hirohito (1995) as 
being C. groenlandica Levinsen, 1893, but we follow 
Schuchert (2001) in not considering Campanularia 
cf. C. groenlandica sensu Hirohito (1995) to be 
conspecific with C. groenlandica Levinsen, 1893. 
The gonotheca of our specimen, and that of Hirohito, 
resembles that of C. urceolata figured by Nutting 
(1915). Gonothecae in C. volubilis have no neck 
when young (Cornelius 1995b). The shape of the 
hydrotheca in Hirohito’s specimen appears to be 
morphologically closer to C. volubilis than C. 
groenlandica as shown by Naumov (1960), and by 
Schuchert (2001). The pedicel in our specimen and 
those of Hirohito are not as annulated as in most 
descriptions of C. volubilis but Cornelius (1995b) 
reported straight to spirally grooved pedicels in this 
species. 
Distribution.—Japan (Fraser 1946; Yamada 1950). 
Fraser (1946) characterized C. volubilis as a naturally 
circumpolar species, widespread through the North 
Atlantic and North Pacific Oceans, from the Bering 
Sea to the Galapagos Islands in the Eastern Pacific 
(Fraser 1937, 1946), although the conspecificity of warm-
temperate and tropical populations is improbable. 

Orthopyxis caliculata (Hincks, 1853) 

Campanularia caliculata Hincks 1853: 178, pl. 5, figure B. 

Material.—Hawai‘i, on buoy, colony arising from 
hydrorhiza, no gonothecae (JTMD-BF-90), ROMIZ 
B4098. 
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Figure 2. Clytia sp.: (A) part of colony. ROMIZ B4156. 
Scale equals 1000 µm. (B) detail of hydrotheca. ROMIZ 
B4156. Scale equals 200 µm. Del. HHC Choong.

Remarks.—The occurrence of Orthopyxis caliculata 
in JTMD material was reported in our previous study 
(Calder et al. 2014), along with a detailed discussion 
of the synonymy of O. caliculata into O. integra 
(Macgillivray, 1842) by some workers (e.g. Kramp 
1911; Cornelius 1995b; Vervoort and Watson 2003). 
Following our earlier work, we retain O. caliculata 
as a separate species from O. integra based upon 
observed trophosomal characters, particularly the 
presence of bilaterally symmetrical hydrothecae in 
the former, rather than being radially symmetrical as 
in the latter. The validity of O. caliculata as a species 
has been corroborated through a re-evaluation of 
morphological diagnostic characters, including diffe-
rential hydrothecal perisarc thickness resulting in 
bilateral symmetry, together with molecular analyses 
(Cunha et al. 2015). Our specimens correspond with 
Japanese material considered by Hirohito (1995) as 
O. caliculata (although referred by him to the genus 
Campanularia Lamarck, 1816). 
Distribution.—Japan (Hirohito 1995); northwest 
Pacific (Korea, Russia) and northeast Pacific (Fraser 
1937, 1946, and records reviewed in Calder et al. 
2014); widely reported (often as Orthopyxis integra) 
from the North Atlantic Ocean. 

Orthopyxis platycarpa Bale, 1914 
Orthopyxis platycarpa Bale 1914: 79, pl. 11, figure 3. 
Campanularia platycarpa.–Hirohito 1995: 56, figure 16e–g. 

Material.—Oregon, on float, several pedicels with 
hydrothecae, without gonothecae (JTMD-BF-18), 

ROMIZ B4232; Oregon, on vessel, colony with 
epizoic bryozoan Scruparia ambigua, on Lepas sp. 
stalk, without gonothecae (JTMD-BF-23), ROMIZ 
B4091. 
Remarks.—We regard Orthopyxis platycarpa as 
being distinct from O. integra based on differences 
in the morphology of the hydrothecae and gono-
thecae, including the frequent occurrence of a convex 
submarginal, basal band of thickened perisarc on the 
hydrothecae in O. platycarpa and gonothecae that 
are distinctly compressed compared to O. integra 
(Bale 1914; Cunha et al. 2015). Comparisons of some 
trophosomal characters of specimens of O. platycarpa, 
O. integra, and O. caliculata from the collections of 
the Royal Ontario Museum, together with infor-
mation on O. platycarpa from Naumov (1960, as 
Campanularia platycarpa) are provided in Calder et 
al. (2014). 
Distribution.—Western Pacific Ocean (Japan, China, 
Russia) (Calder et al. 2014). 

Family Clytiidae Cockerell, 1911 

Clytia sp. 

(Figure 2) 

Material.—Washington, on plastic bowl, section of 
colony amongst fouling, without gonothecae 
(JTMD-BF-363), ROMIZ B4156. 
Description.—Colony bushy, partial colony section 
about 17 mm high, stem and main branches fascicled. 
Hydrothecal pedicels long, reaching over 2.8 mm, 
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Figure 3. Clytia hemisphaerica:        
(A) detail of hydrotheca. RBCM 017-
00016-001. Scale equals 500 µm.      
(B) proximal part of pedicel branches. 
RBCM 017-00016-001. Scale equals 
500 µm. (C) gonotheca. RBCM 017-
00016-001. Scale equals 500 µm. Del. 
HHC Choong.

arising from main branch and branchlets, annulated 
throughout or having smooth sections between basal 
and distal parts. Hydrotheca large, deeply campanu-
late, up to 470 µm long and 252 µm wide at its widest 
point, with 10–14 prominent, pointed-to-slightly-
rounded cusps about 25–30 µm tall. No gonothecae 
observed. 
Remarks.—We are unable to assign the limited 
material in hand to a known Japanese species. In 
many respects, our specimen corresponds to Clytia 
universitatis Torrey, 1904 (see Fraser 1937), parti-
cularly in details of the trophosome and fascicled 
stem. We compared the present material to Fraser’s 
specimen of C. universitatis from Isla Partida, Gulf 
of California, Mexico, in the holdings of the Royal 
BC Museum (BCPM 976-395-1). Some hydrothecae 
in our specimen are broader than those in Fraser’s 
material and that illustrated by Torrey (1904), which 
are uniformly deeply campanulate, and increase in 
diameter very slightly from base to margin. Clytia 
universitatis, however, is known largely from 
southern California and Mexico (with reports as far 
north as San Francisco Bay; Fraser 1946), and the 
JTMD trajectories do not bring objects past these 
lower latitudes along the North American coast toward 
Washington. The absence of any other unique 
Eastern Pacific species on BF-363 further argues 
against recruitment in the eastern Pacific Ocean. 

Clytia hemisphaerica (Linnaeus, 1767) 

(Figure 3) 
Medusa hemisphaerica Linnaeus 1767: 1098 [medusa stage]. 
Clytia minuta.–Nutting 1915: 61, pl. 14, figures 1–4.–Fraser 
1937: 76, pl. 15, figure 74a–b. 
Clytia edwardsi.–Hirohito 1995: 61, figure 17d–e. 

Material.—Oregon, on lid, colony on Lepas sp., 
without gonothecae (JTMD-BF-136), ROMIZ B4099; 
Oregon, on basket (JTMD-BF-252), ROMIZ B4102; 
Washington, on basket, colony with gonothecae, 

Scruparia ambigua epizoic (JTMD-BF-343), RBCM 
017-00011-001; Washington, on tote, colony with 
gonothecae (JTMD-BF-469), RBCM 017-00016-001; 
Washington, on basket, colony with hydranths, with 
gonothecae (JTMD-BF-470), RBCM 017-00016-005; 
Washington, colony with hydranths, without gonothe-
cae, on tote (JTMD-BF-472), RBCM 017-00016-003. 
Description.—Colony arising from creeping stolon, 
pedicels usually very long, branching several times. 
Colony height reaching 22 mm, branches reaching as 
long as half of colony height. Secondary branches 
may be shorter. Basal region of branch curves upward, 
branches often aligned parallel with primary pedicel. 
Main pedicel annulated basally and distally, central 
portion smooth. Perisarc thin to very slightly thicke-
ned. Pedicellate form also present in same colony. 
Hydrotheca thin-walled, campanulate, 643 µm high, 
widest at margin, about 343 µm, narrowing slightly 
to 305 µm at middle. Diaphragm 154 µm wide. Basal 
chamber approximately 84 µm high. Margin with 
10–12 prominent, triangular, slightly rounded teeth, 
approximately 37 µm high, separated by rounded 
embayments. Hydrothecal pedicels annulated basally 
and distally or fully annulated. Gonothecae arising 
from stolon or stem, on short, annulated pedicels; 
approximately 901 µm high, broadly cylindrical, 
slightly tumid in mid-section; wall with spiral ridges. 
Remarks.—The occurrence of C. hemisphaerica in 
JTMD samples is notable because of the presence of 
morphologically variable colonies. In the material 
examined, the colonies possess extremely long pedicels 
and repeated branching, but also possess distinctly 
annulated gonothecae, suggesting the possibility that 
populations settling in coastal fouling communities 
may change morphology as they drift for long 
periods of time at sea. West and Renshaw (1970) found 
that branching in Clytia sp. can vary in response to 
food and temperature conditions. 
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Figure 4. Clytia linearis: (A) 
hydrotheca and part of pedicel. 
RBCM 017-00022-001. Scale 
equals 500 µm. B) portion of stem 
showing apophyseal region and 
fold of perisarc projecting inward 
into internode lumen. RBCM 017-
00022-001. Scale equals 1000 
µm. (C) part of colony showing 
branching. RBCM 017-00022-
001. Scale equals 2000 µm. Del. 
HHC Choong.

Clytia hemisphaerica, along with Obelia dichotoma 
and O. geniculata (Linnaeus, 1758), which also occur 
in the JTMD samples, have been found on a wide 
variety of vertebrate, invertebrate and algal substrates, 
which phoretic habitat may facilitate dispersal through 
long-distance transoceanic transport (Cornelius 1982). 
Our samples are found on various anthropogenic 
substrates, overgrowing young Lepas sp., with 
Scruparia ambigua epizoic. 
Distribution.—Clytia hemisphaerica was reported 
from the Tōhoku region by Nishihira (1968) and 
from Matsuyama by Yamada (1958). This species is 
reported to be nearly cosmopolitan in coastal waters 
(Schuchert 2001), and may thus involve a species 
complex. 

Clytia linearis (Thornely, 1900) 

(Figure 4) 
Obelia linearis Thornely 1900: 453, pl. 44, figure 6. 
Clytia ? obliqua Clarke 1907: 9, pl. 5, figures 1–4. 
Clytia carinadentata Fraser 1938: 28, pl. 7, figure 30. 
Clytia linearis.–Lindner and Migotto 2002: 542, figure 2. 

Material.—Oregon, on vessel, weathered colonies, 
without gonothecae (JTMD-BF-538), RBCM 017-
00022-001. 
Description.—Colony erect, stem flexuous, sym-
podially branched, stems up to 16.5 mm high. 
Internode with smooth, upward-curved apophysis. 
Apophyses alternate left-and-right of stem. Apo-
physeal region has fold of perisarc projecting inward 
into internode lumen. Internode supports succeeding 
internode or distal pedicel. Stem, branches and pedi-
cels with moderately thickened perisarc, variously 

annulated, ranging from almost fully annulated to 
alternating annulated and smooth sections. Distal 
portion of pedicel supporting hydrotheca always annu-
lated. Hydrotheca large, cylindrical, 1065–1164 µm 
long, 660–956 µm wide at margin. Hydrothecal 
walls almost parallel, occasionally narrowing slightly 
towards margin. Perisarc thin. Basal chamber 60–
114 µm high, diaphragm thin, 194–253 µm wide. 
Hydrothecal margin with 12–16 pointed to slightly 
rounded cusps, approximately 54 µm high. Hydro-
thecal cusps triangular, not narrow; pleated, pleats 
extending from apex of cusp, occasionally reaching 
into middle of hydrotheca. Gonothecae not observed. 
Remarks.—Our material corresponds to the des-
criptions of Fraser (1938) and Lindner and Migotto 
(2002), with the exception of the general shape of 
the hydrothecal cusps, which resemble those of 
Clytia ?obliqua Clarke, 1907 in being triangular 
instead of long and narrow. Material with similar 
cusps is described by Migotto (1996). Cornelius (1982) 
did not consider the angle of slope of the hydrothecal 
cusps to be significant, and assigned Clarke’s species 
to C. linearis. The fold of the perisarc projecting 
inward into the internode lumen in the apophyseal 
region was also observed by Lindner and Migotto 
(2002). Clytia linearis is widely reported in both 
benthic habitats and in the open ocean on plankton, 
where, if the same species, it facultatively rafts and 
disperses as an epizooite on pteropods (Cornelius 
1982, 1987). 

Clytia linearis is one of two species represented 
in the JTMD hydroid fauna apparently acquired by 
tsunami objects south of the Boso Peninsula. While 
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Figure 5. Laomedea flexuosa:        
(A) portion of stem with hydrothecae.    
RBCM 017-00016-004. Scale equals 500 µm. 
(B) basal chamber of hydrotheca. RBCM 
017-00016-004. Scale equals 200 µm.       
(C) gonotheca. RBCM 017-00016-004. Scale 
equals 200 µm. Del. HHC Choong.

many of the other species considered here are regarded 
as wide ranging from lower-latitude warm climates 
to sub-boreal if not boreal waters, C. linearis is 
considered a species of warmer waters (Kirkendale 
and Calder 2003; Calder 2013). JTMD-BF-538, a 
Japanese vessel washing ashore in spring 2016 in 
southern Oregon, also had aboard warmer-water 
western Pacific bivalves, in addition to a typical 
colder-water fauna representative of the tsunami 
strike zone of the Tōhoku coast. Many JTMD objects 
were transported by coastal currents to southern 
Japan and the South China Sea and acquired species 
typical of warmer, southern waters, before being re-
engaged by ocean currents and being swept north 
and east to North America (Carlton et al. 2017). 
Similarly, Boero et al. (2005) recorded the possible 
colonization and invasion of colder European waters 
by C. linearis as an alien species. 
Distribution.—Japan (Yamada 1959; Hirohito 1995). 
Originally described from Papua New Guinea, it is 
widely reported from subtropical and tropical waters 
of the Atlantic, Pacific, and Indian Oceans (Kirkendale 
and Calder 2003; Calder 2013), and may thus also 
represent a species complex. Bouillon et al. (2004) 
suggested that C. linearis is a Lessepsian migrant 
into the Mediterranean through the Suez Canal. 

Family Obeliidae Haeckel, 1879 

Laomedea flexuosa Alder, 1857 
(Figure 5) 

Laomedea flexuosa Alder 1857: 122.–Cornelius 1982: 97, figure 
19 a–d.–Schuchert 2001: 154, figure 134 a–c. 

Material.—Washington, on basket, living colonies 
with gonangia (JTMD-BF-465), RBCM 017-00016-004. 

Description.—Colony erect, unbranched, approxi-
mately 2000 µm tall. Stems flexuose, internodes 
characteristically curved, stem internodes annulated 
proximally, 2–5 annulations. Perisarc of moderate 
thickness. Hydrothecae arise out of annulated pedi-
cels given off from distal parts of internodes. Usually 
one pedicel per internode, very infrequently two, 3–10 
or more annuli per pedicel, tapering distally. Central 
portion of pedicels sometimes smooth. Hydrothecae 
bell-shaped, perisarc sometimes slightly thickened 
asymmetrically. Hydrothecal rim entire. Diaphragm 
thin, transverse or slightly oblique. Gonothecae arising 
directly from stolon, internodes, or axils, carrot-shaped, 
truncated distally (♀?), or apex slightly rounded. 
Distribution.—Widely reported from the North 
Atlantic, Arctic, and Europe, as well as from South 
Africa and New Zealand (Cornelius 1982; Schuchert 
2001). Fraser (1944) recorded it from the Gulf of St. 
Lawrence. Very common intertidally in the Bay of 
Fundy, on fucoids (Calder 2017). Chaplygina (1992) 
reported the introduction of L. flexuosa to the Sea of 
Japan. 

Obelia dichotoma (Linnaeus, 1758) 
Sertularia dichotoma Linnaeus 1758: 812. 
Obelia dichotoma.–Hincks 1868: 156, pl. 28, figure 1a–b.–Cornelius 
1995b: 296, figure 69a–k. 
Obelia alternata Fraser 1938: 35, pl. 8, figure 38a–b. 

Material.—Oregon, on float, several pedicels with 
hydrothecae, without gonothecae (JTMD-BF-18), 
ROMIZ B4200; Oregon, on pallet, stem fragments, 
with gonothecae (JTMD-BF-24), ROMIZ B4190; 
Hawai‘i, on I-beam, stems arising from stolon, no 
hydrothecae or gonothecae (JTMD-BF-72), ROMIZ 
B4197; Washington, on post-and-beam wood, colony, 
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Figure 6. Obelia geniculata: (A) portion of stem with 
hydrothecae. ROMIZ B4181. Scale equals 500 µm.  
(B) gonotheca. ROMIZ B4181. Scale equals 200 µm. 
Del. HHC Choong.

no gonothecae (JTMD-BF-97), ROMIZ B4199; 
Washington, on vessel, stems, no gonothecae (JTMD-
BF-131), ROMIZ B4185; Washington, on vessel, colo-
nies covered by fouling, with remnants of coenosarc, 
without gonothecae (JTMD-BF-134), ROMIZ B4205; 
Oregon, on vessel, colony fragments, without gono-
thecae, likely dried out at some point, bryozoans 
Scruparia ambigua / Aetea Lamouroux, 1812 epizoic 
(JTMD-BF-202), ROMIZ B4191; Hawai‘i, on vessel, 
dense colonies, without gonothecae (JTMD-BF-209), 
ROMIZ B4209; Washington, on tote, partially covered 
by S. ambigua, juvenile Lepas sp. also present, no 
gonothecae (JTMD-BF-464), RBCM 017-00016-002; 
Washington, colony without gonothecae, on crate 
(JTMD-BF-473) RBCM 017-00015-001; Japan, 
Minami-sanriku, Motoyoshi District, Miyagi Prefec-
ture, Tōhoku Coast, August 2016, 3-month test panel, 
several hydrocauli, without gonothecae (MS-1) 
RBCM 017-00023-001. 
Remarks.—Obelia dichotoma remains a problematic 
taxon due to a high degree of morphological variation 
in the characters used to delimit the species 
(Cornelius 1982, 1995b; Calder 2013). Nevertheless, 
although the non-monophyly of O. dichotoma remains 
problematic (Cunha et al. 2017), some widespread 
populations appear to be identical based upon 
nematocyst types and isoenzyme patterns (Ӧstman 
1982) and hydranth characters (Cornelius 1987). 
Despite intraspecific variability, branching pattern 

and shape of the hydrothecal rim remain useful in 
delimiting hydroids attributed to the O. dichotoma 
species complex from its congeners such as O. 
geniculata, O. longissima and O. griffini (Kubota 
1981, 1999; Calder et al. 2014) from Japanese waters. 
Specifically, we assigned our specimens to O. dicho-
toma based on the presence of hydrothecae with 
polyhedral margins, and with walls that are poly-
gonal in cross-section, rather than round as in O. 
griffini (Cornelius 1995b; Calder et al. 2014). Obelia 
dichotoma is also less profusely branched than O. 
griffini (Fraser, 1914). Specimens referable to O. 
dichotoma also occurred on a test panel recovered 
from the Tōhoku Coast in August 2016 (RBCM 017-
00023-001). 
Distribution.—Japan, where it is the most widely 
distributed species of Obelia (Kubota 1999). A likely 
cosmopolitan species complex. 

Obelia geniculata (Linnaeus, 1758) 
(Figure 6) 

Sertularia geniculata Linnaeus 1758: 812. 
Obelia geniculata.–Fraser 1937: 87, pl. 17, figure 89a–b.–Cornelius 
1975b: 272, figure 5a–b.–Hirohito 1995: 76, figure 22a–b. 

Material.—Washington, Misawa 3 dock, hydrocauli 
with coenosarc, with gonothecae (JTMD-BF-8), 
ROMIZ B4181; Washington, Misawa 3 dock, stems 
and colonies on Lepas sp., with gonothecae (JTMD-
BF-8 ), ROMIZ B4188. 
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Description.—Colony arising from stolon. Hydro-
caulus monosiphonic, flexuose, unbranched. Internodes 
short, curved, usually one annulation basally. Perisarc 
of internode greatly thickened on side where hydro-
thecal pedicel originates. Pedicels short, arising from 
shelf-like lateral processes, 2–5 annulations. Hydro-
thecae campanulate-to-bell-shaped, margin entire. 
Annular in apical view and hydrothecal perisarc 
slightly thickened. Gonothecae arising from axils of 
hydrothecae, on short pedicels, conical, tapering 
basally, with distal short, prominent collar. 
Remarks.—The samples examined correspond with 
accounts of Obelia geniculata from Japan (Yamada 
1958; Hirohito 1995; Kubota 1999) and elsewhere in 
having thickened perisarc of the stem, only one 
annulation between the internodes of the stem, and 
the lack of branching. Our samples contain remnants 
of coenosarc, but the gonothecae were empty, and 
the hydrothecal margins showed some damage from 
weathering the elements. 
Distribution.—Japan (Hirohito 1995); nearly cosmo-
politan in temperate to cold waters (Cornelius 1975b; 
Schuchert 2001). 

Obelia griffini Calkins, 1899 

Obelia griffini Calkins 1899: 357, pl. 4, figs. 18, 18A-C; pl. 6, fig. 
18D. 

Material.—Hawai‘i, fragments of stem and one 
crushed hydrotheca, no gonothecae (JTMD-BF-21), 
ROMIZ B4202; Oregon, on pallet, colonies with 
gonophores (JTMD-BF-24), ROMIZ B4201; Oregon, 
on pallet, colony with gonothecae (JTMD-BF-24), 
ROMIZ B4203; Washington, on vessel, colony with 
gonothecae, Scruparia ambigua epizoic (JTMD-BF-
40), ROMIZ B4173; Washington, on vessel, colony on 
pelagic crab Plagusia Latreille, 1804, no gonothecae 
(JTMD-BF-40), ROMIZ B4174; Washington, on 
vessel, several colonies, no gonothecae (JTMD-BF-40), 
ROMIZ B4176; Oregon, on vessel, colonies with gono-
phores (JTMD-BF-50), ROMIZ B4186; Washington, 
several hydrocauli arising from hydrorhiza, with peri-
sarc, with gonotheca (JTMD-BF-97), ROMIZ B4198; 
Washington, on vessel, stem fragments, without 
gonothecae, S. ambigua epizoic (JTMD-BF-131), 
ROMIZ B4184; Washington, amidst fouling on 
vessel, fragments of hydrocauli with hydrothecae 
arising from hydrorhiza, without gonothecae (JTMD-
BF-134), ROMIZ B4194; Washington, on vessel, 
colonies with perisarc and gonangia (JTMD-BF-170), 
ROMIZ B4189; Oregon, on buoy, colony with gono-
thecae (JTMD-BF-172), ROMIZ B4204; Washington, 
on vessel, stems arising from hydrorhiza, without 
hydrothecae or gonothecae, S. ambigua epizoic 
(JTMD-BF-223), ROMIZ B4193; Oregon, on helmet, 

colony fragments, with gonothecae, likely dried out 
at some point (JTMD-BF-241), ROMIZ B4182; 
Washington, on pallet, several colonies, largely devoid 
of coenosarc, with gonothecae (JTMD-BF-338), 
ROMIZ B4150; Washington, on basket, colony with 
gonothecae, S. ambigua epizoic (JTMD-BF-343), 
RBCM 017-00011-002; Washington, Long Beach, on 
cap, weathered, empty colonies, stems and branches 
only, hydrothecae missing, with gonothecae (JTMD-
BF-370), ROMIZ B4149; California, on crate, 2 
colonies with gonothecae (JTMD-BF-382), ROMIZ 
B4158; Washington, on vessel, hydrocauli arising from 
hydrorhiza, with coenosarc, with gonophores, S. 
ambigua epizoic (JTMD-BF-402), ROMIZ B4154. 
Remarks.—Following our previous study, we retain 
O. griffini as distinct from generally considered 
conspecific species such as O. dichotoma. Obelia 
surcularis Calkins, 1899 and O. gracilis Calkins, 1899 
are simultaneous synonyms, with nomenclatural 
priority having been assigned to the binomen O. griffini 
(see Calder et al. 2014 for discussion and description). 

Obelia griffini was found on three of four stranded 
objects sampled in our previous study (Calder et al. 
2014). It is also the most common Obelia species 
found in the present study, and the most abundant 
hydroid in the JTMD material. 
Distribution.—North Pacific Ocean (see discussion, 
below). 

Obelia longissima (Pallas, 1766) 

Sertularia longissima Pallas 1766: 119. 

Material.—Oregon, on pallet, stem fragments, one 
hydrotheca (flattened), without gonothecae (JTMD-
BF-24), ROMIZ B4187; Washington, on vessel, 
Scruparia ambigua epizoic, no gonothecae (JTMD-
BF-40), ROMIZ B4177; Oregon, on vessel, colonies 
with gonothecae, S. ambigua epizoic (JTMD-BF-43), 
ROMIZ B4207; Oregon, on vessel, colony fragment, 
without gonothecae (JTMD-BF-58), ROMIZ B4183; 
Washington, on tote, dried stems and branches, no 
gonothecae (JTMD-BF-374), ROMIZ B4169; 
Washington, on tote, dried stems and branches 
(JTMD-BF-380), ROMIZ B4171; California, on crate, 
on mussel Mytilus galloprovincialis, with remnants 
of coenosarc, with gonothecae (JTMD-BF-382), 
ROMIZ B4161; Washington, on basket, stems with 
few hydrothecae, no gonothecae, likely dried out pre-
viously (JTMD-BF-405), ROMIZ B4159; Washington, 
weathered colony, primarily stems, with few hydro-
thecae, likely dried out, no gonothecae (JTMD-BF-
406), ROMIZ B4172. 
Remarks.—Our samples correspond morphologi-
cally with Obelia longissima, previously reported as 
originating from Japan (Calder et al. 2014). As in the 
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Figure 7. (A) Halecium delicatulum: 
portion of stem and hydrothecae. 
ROMIZ B4104. Scale equals 500 µm. 
(B) Abietinaria inconstans: section of 
hydrocaulus and side-branches. 
ROMIZ B4106. Scale equals 1000 
µm. Del. HHC Choong.

previous study, the colonies are also weathered and 
contain empty gonothecae, indicating that the colonies 
had persisted on the debris for extended periods. 
Distribution.—Obelia longissima is a cosmopolitan 
species, and although more widespread in the Atlantic 
(Vervoort 1972; Cornelius 1995b; Schuchert 2001), 
is amphi-Pacific in distribution (Fraser 1937; Calder 
1970; Park 1990). Hydromedusae of O. longissima 
have been reported from the northwest Sea of Japan 
(Dautova and Petrova 2010). 

Family Haleciidae Hincks, 1868 

Halecium delicatulum Coughtrey, 1876 

(Figure 7A) 

Halecium delicatula Coughtrey 1876: 299. 
Halecium flexile var. japonica Leloup 1938: 4, figure 1. 
Halecium delicatulum.–Ralph 1958: 334, figure 11e, h–n.–
Hirohito 1995: 20, figure 5a–c. 

Material.—Washington, on vessel, monosiphonic 
colony, no gonothecae, Scruparia ambigua epizoic 
(JTMD-BF-339), ROMIZ B4104. 
Description.—Colony monosiphonic, stolon tubular, 
creeping, tangled. Hydrocaulus cylindrical, erect, 
somewhat flexuous, branched. Internodes corrugated, 
1–2 oblique twists basally, 1–2 corrugations above 
each node. Alternate nodes twisted obliquely in 
opposite directions. Perisarc moderately thickened. 
Primary hydrophores alternate, length variable, not 
constricted or delimited by node. Up to four 
hydrophores in linear series, length of hydrophores 
as in primary one or longer. Hydrothecae gradually 
widening, rim everted or rolled, no reduplication, 
ring of desmocytes below rim, diaphragm distinct. 

Occasionally thickening of perisarc below diaphragm, 
especially on adcauline side, forming pseudodia-
phragm. Gonothecae not present. 
Remarks.—Although gonothecae are absent, the 
trophosomes in our material correspond most closely 
with accounts of Halecium delicatulum from Japan 
(Hirohito 1995) and elsewhere in having erect mono-
siphonic stems, irregular branching, oblique nodes 
twisted in opposite directions on successive internodes, 
and hydrothecal margins everted. Additionally, in 
our material, the primary hydrophore is short or 
almost sessile, with the hydrothecal rim very close to 
touching the internode supported by the apophysis of 
the hydrophore-bearing internode. Although variable, 
the length of the primary hydrophores and the 
strongly everted hydrothecal rim primarily charac-
terize H. delicatulum (Vervoort and Watson 2003). 
A pseudodiaphragm was observed in several hydro-
thecae (Leloup 1938, as Halecium flexile var. japonica; 
Ralph 1958; Hirohito 1995). Hirohito (1995) repor-
ted both monosiphonic and polysiphonic colonies 
from Japan. 

The vessel on which H. delicatulum was found 
also bore a southern species of open ocean, neustonic 
bryozoan, Jellyella eburnea, indicating that this raft 
passed through lower latitude waters in the North 
Pacific before arriving in Washington (McCuller and 
Carlton 2018). 
Distribution.—Japan (Hirohito 1995); considered 
circumglobal in tropical, subtropical and boreal 
waters (Vervoort and Watson 2003). Described ori-
ginally from Dunedin harbor, New Zealand, it may 
be introduced to the southwest Pacific (Hewitt et al. 
2004), or may represent a global species complex 
(Schuchert 2005; Galea et al. 2014). 
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Figure 8. Submarginal intrathecal 
projection in hydrotheca of Abietinaria 
spp.: (A) A. inconstans. ROMIZ B4106. 
Scale equals 100 µm. (B) A. abietina. 
BCPM 976-515-1. Scale equals 200 µm. 
(C) A. anguina. BCPM 976-520-1. Scale 
equals 100 µm. (D) A. inconstans. 
BCPM 976-530-1. Scale equals 100 µm. 
(E) A. amphora. BCPM 976-519-1. 
Scale equals 100 µm. (F) A. costata. 
BCPM 976-521-1. Scale equals 100 µm. 
Photomicrographs by HHC Choong.

Family Sertulariidae Lamouroux, 1812 

Abietinaria inconstans (Clark, 1877) 

(Figure 7B, 8A) 
Sertularia inconstans Clark 1877: 222, pl. 15, figures 51–52. 
Thuiaria costata Nutting 1901: 187, pl. 26, figures 4–9. 
Abietinaria inconstans.–Nutting 1904: 116, pl. 33, figures 1–2.–
Fraser 1937: 133, pl. 29, figure 153a–c. 

Material.—Washington, on buoy, section of hydro-
caulus with hydrocladia, without gonothecae, 
Symplectoscyphus tricuspidatus (Alder, 1856) epizoic 
(JTMD-BF-342), ROMIZ B4106. 
Description.—Colony imperfectly pinnate, main stem 
straight. Basal-most portion of stem deeply annu-
lated. Main branches secondarily unbranched, alternate, 
coplanar, pointing laterally and upwards at angles 
between 45–75 degrees, Wide angles proximally, 
more acute distally, one or two internodes between 
successive branches, 3–4 hydrothecae between 
branches on same side of stem. Perisarc of stem 
thickened. Base of branches with 1–2 spiral twists. 
Internode length variable. Cauline nodes with single 
constriction. Perisarc of branches slightly thickened. 
Axillary hydrothecae present. Hydrothecae flask-
shaped, 1/3–1/2 adnate, swollen basally, perisarc of 

adaxial wall of basal part of hydrothecae forming 
chitinous projection downwards at junction with 
hydrothecal base. Distal portion of hydrothecae 
gradually narrowing towards aperture, flattening 
somewhat on adcauline side, forming pronounced 
neck. Aperture oval, facing upwards, occasionally 
forming indistinct gutter on adaxial side. Submarginal 
intrathecal projection occasionally present on adaxial 
side of hydrothecae. Gonothecae not present. 
Remarks.—We follow Ansulevich’s concept of the 
species, and include A. amphora and A. costata in 
the synonymy of A. inconstans. Antsulevich (1987) 
considered A. inconstans to be identical to A. costata 
Nutting (= Thuiaria costata Nutting, 1901), and A. 
amphora Nutting, 1904 based upon similarities in 
colony form, structure of the hydrothecae and gono-
thecae, as well as geographical distribution. Nutting 
noted similarities between the hydrothecae of A. 
inconstans and A. costata, including the presence of 
an abcauline, sub-marginal intrathecal projection in 
A. inconstans (Nutting 1901, 1904), but kept the two 
species separate based on trophosomal differences 
(A. inconstans being less robust), and the gonosome 
(greater variation in A. inconstans, although he did 
not examine the gonothecae). Antsulevich (1987) 
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provided a diagnosis for the gonothecae of A. costata 
and its congeners: gonothecae oval, short neck, small 
pedicel; aperture circular, without cusps or internal 
projections; gonothecal wall wavy, 4–6 longitudinal 
ribs; gonothecae may be irregular due to deformation, 
without the neck, and underdeveloped or curved ribs. 
According to Antsulevich, the variability in the 
gonosome of A. inconstans is due to deformation when 
the gonothecae are densely packed. 

Neither Nutting (1904) nor Fraser (1937) noted the 
presence of an adcauline, sub-marginal intrathecal 
projection in A. amphora, but it is present in Fraser’s 
specimen of A. amphora (BCPM976-519-1) examined 
by one of us (HHCC). This submarginal projection is 
also present in specimens of A. abietina (Linnaeus, 
1758) (BCPM 976-515-1) and A. anguina (Trask, 
1857) (BCPM 976-520-1) examined here, as well as 
A. pacifica Stechow, 1923. However, the shape of the 
projection differs in being long and narrow in A. 
abietina (Figure 8B), and rounded in A. anguina 
(Figure 8C) while it is more triangular in our 
specimen (ROMIZ B4106) (Figure 8A), and Fraser’s 
other specimens of A. inconstans (BCPM 976-530-1) 
(Figure 8D), A. amphora (BCPM 976-519-1) (Figure 
8E), and A. costata (BCPM 976-521-1) (Figure 8F). 
Stechow (1923) and Fraser (1937) did not illustrate 
the adcauline submarginal projection in A. pacifica. 
Distribution.—Reported by Kostina and Tsurpalo 
(2016) from the South Kurile Islands bordering 
northern Japan, and by Stepanjants (2013) in Japanese 
waters. Widespread along the North American coast 
from Alaska to Mexico (Mills et al. 2007). 

Amphisbetia furcata (Trask, 1857) 

Sertularia furcata Trask 1857: 101, pl. 5, figure 2a–e.–Fraser 1937: 
162, pl. 37, figure 195a–e. 

Material.—Washington, on vessel, two fragments 
of stems arising from stolon, without gonothecae 
(JTMD-BF-40), ROMIZ B4094; Washington, on 
tray, hydrocauli, with gonothecae (JTMD-BF-328), 
ROMIZ B4140; Hawai‘i, on vessel, colony on Lepas 
sp., with gonothecae (JTMD-BF-329), ROMIZ B4103; 
Washington, on buoy, colonies on young Lepas sp., 
with gonothecae (JTMD-BF-386), ROMIZ B4108; 
Washington, on float, scraped from colony growing 
on mussel Mytilus galloprovincialis shell, fragments 
of hydrocauli arising from stolon, no gonothecae 
(JTMD-BF-609), RBCM017-00017-001. 
Remarks.—The occurrence of Amphisbetia furcata 
originating in Japan was discussed in our previous 
study (Calder et al. 2014). We follow Antsulevich 
(1987) in regarding A. furcata originally described 
from San Francisco Bay, California, and A. pacifica 
Stechow, 1931, type locality Mutsu Bay, Japan, as 

conspecific. Yamada (1959) distinguished A. pacifica 
from A. furcata by the presence of two distinct spiral 
constrictions at the base of the stem, and in having 
gonothecae which are not globular but elongated-
oval with indistinct shoulders. However, illustrations 
of A. furcata from California by Torrey (1902) and 
of A. pacifica from Japan by Hirohito (1995) show 
that the gonothecae of both putative species to be 
very similar, and correspond to those present in our 
material. The spiral twists at the base of the stem 
described by Yamada are clearly visible in Fraser’s 
specimen of A. furcata (BCPM 976-652-1) (Fraser 
1937 as Sertularia furcata) examined by one of us 
(HHCC) as well as in our material. 
Distribution.—Kurile Islands to the Sea of Japan, 
Japan, and Yellow Sea (Antsulevich 2011); in north-
east Pacific from British Columbia to Ecuador 
(Fraser 1937, 1946). 

Family Symplectoscyphidae Maronna et al., 2016 

Symplectoscyphus tricuspidatus (Alder, 1856) 
Sertularia tricuspidata Alder 1856: 356, pl. 13, figures 1–2. 
Sertularella tricuspidata.–Fraser 1937: 159, pl. 36, figure 191a–c. 

Material.—Washington, on buoy, fragment of colony 
epizoic on hydrocaulus and branch of Abietinaria 
inconstans, without gonothecae (JTMD-BF-342), 
ROMIZ B4106. 
Description.—Stolon creeping, hydrocaulus arising 
from stolon, bearing two hydrothecae, two trans-
verse annuli on basal part of hydrocaulus. Second 
hydrotheca arising on transverse plane to first hydro-
theca on oblique annulation. Stolon tubular, robust, 
perisarc slightly thickened. One end of stolon 
branched dichotomously, bearing solitary, deformed 
hydrothecae arising directly from each branch. 
Hydrothecae on hydrocaulus tubular, slightly tumid 
at base, smooth walled, 2–3 times longer than wide. 
Abcauline side of hydrothecae forming continuous 
curve with hydrocaulus. Hydrothecal aperture with 
three prominent, equal-sized cusps, deeply emargi-
nated between cusps. Margin of aperture flared, 
single renovation visible on one hydrotheca. Hydro-
thecal perisarc very slightly thickened. Gonothecae 
not present. 
Remarks.—Our sample is an epizoan with creeping 
stolon on Abietinaria inconstans. Second-level epizoic 
hydroids are facultative epizoites, and have been 
observed as creeping colonies with solitary zooids in 
contrast to their usual erect colony structure (Orlov 
1997). Although the colonial structure exhibits great 
plasticity, the hydrothecae observed in our material 
correspond with accounts of Symplectoscyphus 
tricuspidatus by Fraser (1937), Cornelius (1979), and 
Hirohito (1995). 
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Distribution.—Circumpolar in distribution in Arctic 
to northern boreal waters (Broch 1918; Naumov 1960; 
Cornelius 1979). Northeast Pacific from Alaska to 
San Diego (Fraser, 1937 as Sertularella tricuspidata) 
and Japan (Yamada 1950; Hirohito 1995). 

Family Aglaopheniidae Lamouroux, 1812 

Aglaophenia aff. pluma (Linnaeus, 1758) 
(Figure 9A, 10A, 10B) 

Aglaophenia pluma.–Fraser 1937: 179, pl. 41, figure 217 a–c.–
Svoboda and Cornelius 1991: 30, figures 10–24. 

Material.—Washington, on vessel, plumes with 
corbulae (JTMD-BF-532), RBCM 017-00019-001; 
Washington, on vessel, colonies with corbulae (JTMD-
BF-532), RBCM 017-00019-002; Hawai‘i, on rope 
and buoy mass, colonies with corbulae (JTMD-BF-
667), ROMIZ B4233. 
Description.—Colony unbranched, reaching 41 mm 
tall. Two cauline nematothecae and one abortive 
hydrotheca on each stem internode. Hydrotheca cup-
shaped, 9 cusps of varied length, outermost longest. 
Median cusp sharp, straight or recurved, angled 
towards adaxial side. Intrathecal ridge present but 
not developed into intrathecal septum dividing 
hydrotheca. Supracalycine nematothecae extending 
past hydrothecal margin, covering adaxial-most cusps 
in side-view. Hydrothecal length/breadth ratio 1.7–1.9. 
Mesial nematotheca large, adaxial wall arising from 
upper third of hydrotheca, not reaching its margin. 
Free part approximately 88 µm, gutter-shaped, not 
tubular, foramen to hydrotheca visible. Corbula three 
times longer than height, with one basal hydrotheca, 
9–15 pairs of unfused ribs, with narrow openings in 
between. 
Remarks.—Identification of Aglaophenia aff. pluma 
is difficult due to the lack of specific diagnostic cha-
racters (Cornelius 1995a), and 16S rRNA analyses 
of north-east Atlantic and west Mediterranean speci-
mens strongly suggests that A. pluma is likely a 
species complex including A. pluma, A. tubiformis 
Marktanner-Turneretscher, 1890, and A. octodonta 
Heller, 1868 (Leclère et al. 2009; Moura et al. 2012). 
These three species show extremely low levels of 
16S sequence divergence, and probably reflect intra-
specific variation, with the name A. pluma having 
priority (Moura et al. 2008). Aglaophenia tubiformis 
was recorded in the eastern Atlantic and the 
Mediterranean Sea and A. octodonta from the 
Mediterranean and adjacent Atlantic (Svoboda and 
Cornelius 1991). Assessment of the true distribution 
is difficult (Cornelius 1995b). Our material closely 
corresponds with Fraser’s specimen from England 
(BCPM 976-797-1) and the descriptions of A. pluma 
by Cornelius (1995b), Fraser (1937), and Svoboda and 

Figure 9. (A) Aglaophenia aff. pluma: portion of cladium 
showing three cormidia. RBCM 017-00019-002. Scale equals 200 
µm. (B) Antennella sp.: section of stem. ROMIZ B4105. Scale 
equals 200 µm. Del. HHC Choong.

Cornelius (1991). The number of leaves reported in 
the corbulae of A. pluma is quite varied, ranging 
from nine in Fraser (1937) to 5–10 (or more) by 
Svoboda and Cornelius (1991). Corbulae in our 
samples varied in length within a colony, from 9–15 
leaves (Figure 10). 
Distribution.—Aglaophenia pluma was reported from 
Japan as A. pluma var. dichotoma M. Sars, 1857 
(Rees and Thurfield 1965); the variety was included 
in A. pluma by Svoboda and Cornelius (1991). Fraser 
(1946) noted records from Vancouver Island and 
Mexico, both of which would require confirmation. 
The true distribution of this European boreal species 
remains unclear, as reliable records from elsewhere 
have yet to be confirmed (Svoboda and Cornelius 1991). 

Family Halopterididae Millard, 1962 

Antennella sp. 
(Figure 9B) 

Material.—Oregon, on vessel, colony arising from 
hydrorhiza, without gonothecae (JTMD-BF-210), 
RBCM 017-00007-001; Washington, on buoy, colony 
arising from hydrorhiza, without gonothecae (JTMD-
BF-341), ROMIZ B4105. 
Description.—Unbranched, erect, monosiphonic stem 
arising directly from anastomosing hydrorhiza, 
individual hydrocauli < 10 mm long. Segmentation 
heteromerous; alternating transverse and oblique nodes. 
Basal part of stem divided into segments (two or more) 
divided by transverse nodes, distal-most segment with 
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Figure 10. (A) Aglaophenia aff. pluma: corbula. RBCM 017-00019-002. Scale equals 1000 µm. (B) another corbula from same colony. 
RBCM 017-00019-002. Scale equals 1000 µm. Photomicrographs by HHC Choong.

oblique node. Hydrothecate and ahydrothecate 
internodes present. Hydrothecae confined to middle 
part of internodes, cup-shaped, abcauline wall 
straight in side view, rim even, hydrothecal opening 
approximately 50° with main axis, adcauline side 
adnate for approximately 1/3 its length. Hydrotheca 
surrounded by three nematothecae: one median 
inferior, conical with rim of upper chamber lowered 
adaxially, outer side often reaching or exceeding 
hydrothecal base; and two laterals, placed on short 
apophyses, one on each side of hydrothecal aperture, 
not fused to hydrotheca, not reaching hydrothecal 
margin, two-chambered, conical with inner side 
lowered. No axillar nematothecae. Ahydrothecate 
internodes with one median nematotheca. Gono-
thecae not present. 
Remarks.—In having no axillar nematothecae behind 
the free adcauline wall of the hydrothecae, our 
species differs from other Japanese species such as 
A. quadriaurita Ritchie, 1909 (= A. variabilis Fraser, 
1936 from Japan, which also has two pairs of lateral 
nematothecae); A. varians (Billard, 1911), with two 
pairs of lateral nematothecae and regular absence of 
median inferior nematothecae; or A. secundaria 
(Gmelin, 1791), with median nematothecae on the 
upper part of the oblique node. Antennella avalonia 
Torrey, 1902 reported from the west coast of North 
America by Fraser (1946) is likely conspecific with 
A. secundaria (Calder 1997; Schuchert 1997), although 
it is currently accepted as valid in WoRMS. Our 
samples were mostly devoid of coenosarc and appeared 
weathered. 

Halopteris aff. campanula (Busk, 1852) 
(Figure 11) 

Material.—Washington, on vessel, sections of bran-
ched hydrocauli with hydrocladia, and fragments of 
hydrocauli, with gonothecae (JTMD-BF-449), RBCM 
017-00008-001. 

Figure 11. Halopteris aff. campanula: (A) section of hydrocladium. 
RBCM 017-00008-001. Scale equals 200 µm. (B) gonotheca. 
RBCM 017-00008-001. Scale equals 200 µm. Del. HHC Choong.

Description.—Cormoids pinnate. Hydrocladia homo-
merously segmented. Internodes with hydrocladia 
alternate left and right. Perisarc of hydrocaulus and 
hydrocladia slightly thickened, particularly around 
nodes. Each internode with one hydrotheca and its 
3–4 nematothecae: one median inferior, not reaching 
hydrotheca, two laterals placed on short apophyses, 
one on each side of the hydrothecal aperture, short, 
two-chambered, adaxial wall of upper chamber 
reduced, not reaching hydrothecal margin; occa-
sionally one superior nematotheca on separate 
intersegment in distal part of caulus. Apophysis of 
hydrocladial insertion indistinct, without nematothe-
cae. First node of hydrocladium without hydrotheca 
but with one nematotheca, proximal node transverse, 
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distal node oblique. Hydrotheca cup-shaped, rim 
even, slightly flaring, reaching much higher than 
lateral nematothecae, adaxial and abaxial walls 
straight in side view, 1/3–1/2 of adaxial wall adnate. 
Perisarc of abaxial wall slightly thickened. Hydro-
thecal aperture approximately 50° with main axis. 
Gonothecae pear-shaped, approximately 500 µm long 
(♀?), flattened laterally, arising from base of hydro-
thecae, two nematothecae on basal part, on pedicel 
with two sometimes, quadrangular segments separated 
by somewhat oblique nodes. 
Remarks.—Due to the fragmentary nature of the 
sample, we consider our identification as tentative, 
pending further analysis. The available trophosome 
and gonothecae of this hydroid generally correspond 
in morphology with accounts of Halopteris campanula 
by Hirohito (1995) and Schuchert (1997) in the number 
and position of the nematothecae, shape and position 
of the gonothecae and associated pedicel, hydro-
thecal shape and thickening of the abaxial wall of the 
hydrotheca. However, it differs in the following 
respects: the outer wall of the lateral nematothecae 
lacks the distinct emargination over half its height 
(spanner-type) as described in Schuchert (1997), i.e., 
the apical chamber is conical, not globular; the 
gonothecae are slightly smaller in our material than 
in Schuchert (1997) at 900 µm. We are unable to 
determine if the branched colony is polysiphonic 
from the available material. 
Distribution.—Japan: Sagami Bay south to Kagoshima 
Prefecture (Hirohito 1995); widespread through the 
Indo-West Pacific to the Red Sea, as well as 
Australia and New Zealand (Schuchert 1997). As 
JTMD-BF-449 did not have otherwise a clear signa-
ture of warmer-water, southern species, this vessel 
may have proceeded along slightly south of the Boso 
Peninsula in order to acquire this hydroid, which has 
not yet been reported from the Tōhoku coast. 

Family Plumulariidae McCrady, 1859 

Plumularia caliculata Bale, 1888 
Plumularia caliculata Bale 1888: 780, pl. 20, figures 9, 10.–
Hirohito 1995: 271, figure 92a–e. 
Plumularia sp. Calder et al. 2014: 434, figures 5e–f. 

Material.—Washington, on vessel, colony fragment, 
remnants of coenosarc in hydrothecae and nemato-
thecae, no gonothecae (JTMD-BF-40), ROMIZ B4234; 
Oregon, on vessel, several broken plumes attached to 
hydrorhiza, without gonangia (JTMD-BF-533), RBCM 
017-00021-002. 
Remarks.—This material corresponds in morpho-
logy to the specimen examined previously (Calder et 
al. 2014: 434, figures 5e–f) through its hydrothecae 
with a convex abaxial wall, which distinguishes it 
from P. setacea (Linnaeus, 1758). In P. setacea the 

abcauline wall is straight or occasionally curved 
inward in the middle, never curved outwards 
(Schuchert 2013). Although the previous specimen 
could not be differentiated with certainty from 
Plumularia lagenifera Allman, 1885 due to its con-
dition and the lack of gonothecae, the substrate and 
collection date of that sample (the floating dock 
from Misawa, Honshu, Japan, JTMD-BF-1, 05 June 
2012) pointed to P. caliculata of Japanese origin. 
The present material also supports the identification 
of this species as P. caliculata; in the cauline inter-
nodes in our samples we observed two nematothecae 
associated with the apophysis bearing the hydro-
cladium. While apophyses with two nematothecae 
were observed occasionally in northeastern Pacific 
and Atlantic P. setacea, this character seems to be 
invariable in P. lagenifera in the northeastern Pacific 
(one nematotheca only) (Schuchert 2013). As our 
specimens possess hydrothecae with inwardly curved 
abaxial wall and two apophyseal nematothecae were 
observed, we assign them to P. caliculata. 
Distribution.—Australia, its type locality; Japan, 
and likely Korea (Calder et al. 2014). 

Plumularia setacea (Linnaeus, 1758) 

Sertularia setacea Linnaeus 1758: 813. 

Material.—Hawai‘i, on buoy, remnants of hydro-
rhiza, several cormoids with hydrocauli and several 
hydrocladia, without gonothecae (JTMD-BF-144), 
ROMIZ B4100; Oregon, on vessel, several plumes, 
with gonangia, Scruparia ambigua epizoic (JTMD-
BF-356), RBCM 017-00012-001; Oregon, on vessel, 
several plumes, with coenosarc and gonangia, partially 
covered by S. ambigua (JTMD-BF-356), RBCM 
017-00020-001; Washington, on float, several plumes, 
with male and female gonangia (JTMD-BF-462), 
RBCM 017-00009-001; Oregon, on buoy, several 
plumes, with gonangia (JTMD-BF-531), RBCM 017-
00018-001; Oregon, on vessel, several weathered 
and broken plumes, without gonangia, (JTMD-BF-
533), RBCM017-00021-001. 
Remarks.—In our previous study (Calder et al. 2014) 
we reported Plumularia setacea from JTMD. The 
present material also corresponds morphologically to 
other accounts of P. setacea in having a straight 
outer wall of the hydrotheca, one nematotheca 
associated with the apophysis bearing the hydro-
cladium, and a nematotheca on the ahydrothecate 
internode of the hydrocladia, as well as nemato-
thecae on the internodes of the hydrocaulus (Calder 
1997; Schuchert 2013). Gonothecae were observed 
arising from apophyses via short pedicels, fusiform 
in shape. Both male and female gonothecae are 
present. Our material was in good condition, with 
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a  significant amount of coenosarc present, partially 
overgrown by the bryozoan Scruparia ambigua. 
Distribution.—Japan (Hirohito 1995); Pacific coast 
of North America from Alaska to southern California 
(Fraser 1937), and reported from all oceans; almost 
certainly a species complex (Mills et al. 2007; 
Schuchert 2014). 

Family Phylactothecidae Stechow, 1921 

Diagnosis (emended) and Systematic Discussion.—
Colonies stolonal or erect, arising from creeping 
hydrorhiza; hydrocauli monosiphonic or polysipho-
nic; hydrothecae shallow to bell-shaped, sessile or 
pedicellate, basal region with delicate diaphragm, 
with or without desmocytes; hydranths usually much 
larger than hydrothecae, with or without an inter-
tentacular web. Nematophores present, with variably 
reduced nematothecae. Gonophores fixed sporosacs; 
gonothecae solitary or aggregated to form a glomulus. 

Watson (1969) noted the need for revision of 
nominal genera of nematophore-bearing hydroids in 
Haleciidae, which was reiterated by Cornelius (1975a) 
who recognized the arbitrary nature of the limits of 
these genera. The inclusion of the genus Hydrodendron 
Hincks, 1874 within the family Haleciidae is indeed 
problematic, as shown by phylogenetic analysis using 
16S as well as combined 16S, 18S, and 28S rRNA 
data; Hydrodendron shows a marked divergence 
from the Halecium species studied (Moura et al. 
2008; Leclère et al. 2009; Maronna et al. 2016). 
Rees and Vervoort (1987) had previously noted the 
usefulness of gonosomal characters in separating 
Hydrodendron from Halecium. Hydrodendron mirabile 
shares the presence of nematophores and nemato-
thecae with Plumularioidea. Maronna et al. (2016) 
proposed the taxon Plumupheniida (which includes 
the families within Plumularioidea) to accommodate 
H. mirabile. There is some support for the inclusion 
of Hydrodendron within Plumularioidea, suggesting 
that the presence of nematothecae in Plumularioidea 
and Hydrodendron is not due to convergence, and 
that defensive polyps (dactylozoids) were acquired 
only once within Macrocolonia in the ancestor of 
Plumularioidea (Leclère et al. 2009). Nematophore-
bearing haleciid species were included under Hydro-
dendron, Ophiodissa Stechow, 1919 and Phylactotheca 
Stechow, 1913 (the latter two currently included as 
synonyms of Hydrodendron) to accommodate forms 
having shallow to deeply campanulate hydrophores 
(Watson 1969). We propose that Phylactothecinae 
Stechow, 1921 be elevated to full family rank, and 
that Hydrodendron mirabile and its congeners are 
included in the family Phylactothecidae Stechow, 
1921 within the superfamily Plumularioidea. 

While the family name Hydrodendriidae (see 
Nutting 1905) exists, it is based on the genus Hydro-
dendrium Nutting, 1905. Phylactotheca is the type 
genus of the subfamily Phylactothecinae. The name 
is currently included as a synonym of Haleciidae, but 
from the evidence in Maronna et al. (2016), outlined 
above, this synonymy is incorrect. Although its type 
genus (Phylactotheca) is a junior subjective synonym 
of Hydrodendron, the name is not thereby invalidated 
under the code (ICZN Art. 40.1). Under the Principle 
of Coordination in nomenclature, Stechow (1921) is 
credited as author of the family name as well as the 
subfamily name. Further analysis which includes the 
other species of Hydrodendron, and especially its 
type species H. gorgonoide (G.O. Sars, 1874), is 
required to clarify the taxonomic position of H. 
mirabile and its congeners, but clearly Hydrodendron 
is shown to be remote from Haleciidae and merits 
assignment to its own family. 

Hydrodendron mirabile (Hincks, 1866) 
(Figure 12) 

Ophiodes mirabilis Hincks 1866: 422, pl. 14, figures. 1–5. 

Material.—Washington, colony with some coenosarc 
remaining, amidst fouling, without gonothecae 
(JTMD-BF-402), ROMIZ B4110; Washington, no 
gonothecae, Scruparia ambigua epizoic (JTMD-BF-
402), ROMIZ B4109; Washington, on vessel, colony 
with remnants of hydranths and coenosarc present, 
amidst fouling, without gonothecae (JTMD-BF-402), 
ROMIZ B4155; Washington, colony with some 
coenosarc remaining, amidst bryozoan Aetea sp., 
amphipod Jassa marmorata Holmes, 1905, and algal 
colonies, without gonothecae (JTMD-BF-402), ROMIZ 
B4170; Washington, hydrocauli arising from hydro-
rhiza, with coenosarc, without gonothecae, S. ambigua 
epizoic (JTMD-BF-402), ROMIZ B4235. 
Description.—Hydrorhiza stolonal, irregularly branched. 
Stolon wrinkled, perisarc moderately thickened, 
occasionally projecting internally. Stem segmented, 
monosiphonic or loosely fascicled at base, irregularly 
branched; perisarc of stem and branches thickened. 
Internodes smooth or with one basal wrinkle. Hydro-
theca borne on long internode process, shallow, 
widening moderately towards hydrothecal opening. 

Occasionally secondary hydrophores present. 
Hydrothecal rim entire, often everted, no redupli-
cation; perisarc slightly thickened, but not as thick as 
in stems and branches. Desmocytes large, refringent, 
about middle of hydrotheca. Nematothecae sessile, 
dispersed, often on node processes, occasionally on 
stolon, large, cone-shaped, margin flared; conspi-
cuous, irregular refringent ring of desmocytes on upper 
third. Nematophore long, filiform. No gonothecae. 
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Figure 12. Hydrodendron mirabile: (A) part of 
colony. ROMIZ B4155. Scale equals 500 µm. 
(B) hydrothecae. ROMIZ B4155. Scale equals 
200 µm. Del. HHC Choong.

Table 2. Trophosomal dimensions of Hydrodendron mirabile compared to JTMD specimen BF-402 (ROMIZ B4155). 

Hydrodendron mirabile 
(in Cornelius 1995b) 

Hydrodendron 
mirabile (in Preker 

and Lawn 2010) 

Hydrodendron mirabile 
(in Hirohito 1995) 

Hydrodendron mirabile 
(in Millard 1975, as  

H. caciniformis) 

JTMD-BF-402 
(ROMIZ B4155) 

Colony height 

20–50 mm (small 
colonies stolonal, large 
colonies polysiphonic 

basally) 

5.1 mm (small 
colonies, stolonal 

or erect) 

> 10 mm (stolonal, 
larger colonies 

polysiphonic basally) 
> 10 mm 

~ 10 mm 
(polysiphonic 

basally) 

Hydrotheca height 40–120 µm 95–130 µm 160–320 µm 50–120 µm 104–125 µm 

Hydrothecal width 
at rim 

150–250 µm 220–240 µm 190–220 µm 140–200 µm 199–234 µm 

Hydrothecal width 
at base 

90–230 µm Not provided Not provided Not provided 120–150 µm 

Nematotheca 
length 

20–200 µm 128–136 µm 120–170 µm Not provided 142–149 µm 

Nematotheca 
width (at rim 
unless stated 
otherwise) 

60–90 µm (maximum 
width only; width at 

rim not given) 
40–120 µm 

60–100 µm  
(given as width) 

Not provided 69–100 µm 

Internode length 370–750 µm 480–760 µm Not given Not given 253–694 µm 

Remarks.—The trophosome of our material agrees 
with accounts of Hydrodendron mirabile by Cornelius 
(1995b), Hirohito (1995), and Preker and Lawn (2010). 
The adcauline peridermal thickening or pseudo-
diaphragm, sometimes present near the base of the 
hydrophore in H. caciniformis (Hincks, 1866) (now 
reduced to a synonym of the present species; see 
Cornelius 1975a) observed by Millard (1975) and 
Vervoort (1959), was not mentioned by Hirohito 
(1995) in H. mirabile from Japan, nor was it observed 
in our samples. Cornelius (1975a, 1995b) considered 
larger colonies (in growth length) of H. caciniformis 
(= O. caciniformis) to be due to intra-specific popu-
lation variation. Size comparisons of some characters 
of H. mirabile given in various accounts are 
summarized in Table 2. Our material corresponds to 
that of Hirohito (1995) in general dimensions, and in 

the occasional presence of secondary hydrophores. 
No gonothecae were seen in our material. 
Distribution.—Japan (Hirohito 1995). Hydrodendron 
mirabile has been reported circumglobally from 
tropical, subtropical, and temperate waters (Kirkendale 
and Calder 2003; Preker and Lawn 2010), including 
the oceanic islands of Guam, Bermuda, the Azores, 
and the Cape Verdes (Calder 2000; Medel and 
Vervoort 2000; Kirkendale and Calder 2003). 
Reported in South Africa (as H. caciniformis) by 
Millard (1975). 

Family Plumaleciidae Choong and Calder, fam. nov. 

Diagnosis.—Colonies erect, arising from a stolonal 
hydrorhiza; hydrocauli unbranched, divided into 
internodes, giving rise to hydrocladia from alternate 
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or mostly alternate apophyses, cauline hydrothecae 
absent; hydrocladia dichotomously or irregularly 
branched, or unbranched, divided into internodes, 
often with terminal hydrothecae; hydrothecae uni-
seriate, sessile, small, cup-shaped, relatively shallow, 
free of hydrothecial internode or not completely 
adnate; radially symmetrical; margin entire; opercu-
lum absent. Nematophores and nematothecae absent. 

Gonophores presumably fixed sporosacs; gono-
thecae solitary, conical, without nematothecae, arising 
from apophyses of hydrocaulus; phylactocarps absent. 

Plumalecium plumularioides (Clark, 1877) 

(Figure 13) 

Halecium (?) plumularioides Clark 1877: 217, pl. 10, figures. 16, 17. 
Plumularia plumularioides.–Nutting 1900: 62, pl. 4, figure. 3.–
Cairns et al. 1991: 28. 
not Plumularia plumularoides.–Torrey 1902: 78, pl. 11, figures. 
103, 104.–Fraser 1911: 84; 1918: 136, pl. 2, figures. 5A–C; 1937: 
190, pl. 44, figures. 230a–c; 1947: 92, 363. [Incorrect subsequent 
spelling] 
not Plumularia plumularioides.–Torrey 1904: 38.–Fraser 1935: 145. 
Plumalecium plumularioides.–Antsulevich 1982: 71, figures, A, 
B; 2015: 561, figure 282a–b. 
Halecium plumularioides.–Antsulevich 1987: 112, figures, 31A, B. 
not Kirchenpaueria plumularoides.–Brinckmann-Voss 1996: 96. 
[Incorrect subsequent spelling] 
Kirchenpaueria plumularioides.–Cairns et al. 2002: 20, 55.–
Calder and Stephens 1997: 31. 
Ventromma plumularioides Bouillon et al. 2006: 335. 
not Kirchenpaueria plumularioides.–Marques et al. 2007: 131, pl. 
45, figure. C.–Mills et al. 2007: 161.

Material.—Washington, on vessel, colonies with 
gonothecae (JTMD-BF-40), ROMIZ B4095; 
Washington, on vessel, section of hydrocaulus with 
perisarc, no gonothecae (JTMD-BF-40), ROMIZ 
B4178; Washington, on vessel colonies with gono-
thecae (JTMD-BF-40), ROMIZ B4192; Washington, 
on vessel, colonies without gonothecae (JTMD-BF-40), 
ROMIZ B4193; Washington, on vessel, section of 
hydrocaulus with hydrothecae, without gonothecae 
(JTMD-BF-40), ROMIZ B4237; Oregon, on vessel, 
dense colonies, overgrowing Lepas sp. without gono-
thecae (JTMD-BF-50), ROMIZ B4196; Hawai‘i, on 
vessel, found live, scraped off Mytilus galloprovin-
cialis shell, without gonothecae (JTMD-BF-87), 
ROMIZ B4097; Washington, amidst fouling on 
vessel, fragment of stem with several hydrothecae, 
with remnants of coenosarc, without gonothecae 
(JTMD-BF-134), from ROMIZ B4236; Oregon, on 
buoy, colony arising from hydrorhiza, with remnants 
of perisarc, overgrowing gooseneck barnacle Lepas 
sp., without gonothecae (JTMD-BF-207), ROMIZ 
B4101; Washington, on vessel, colonies growing on 
styrofoam, with gonothecae, Lepas sp. also present 
(JTMD-BF-352), RBCM 017-00010-001; Japan: 
Miyako, Iwate Prefecture, Tōhoku Coast, November 

2015, 3-month test panel, colony arising from stolon, 
without gonothecae (M12) RBCM 017-00014-001; 
Japan: Miyako, Iwate Prefecture, Tōhoku Coast, 
September 2015, 1-month test panel, colony arising 
from stolon, with gonothecae (M19) RBCM 017-
00013-001. 
Description.—Colony up to 12 mm high, arising from 
stolon. Hydrocaulus monosiphonic, erect, usually 
straight but occasionally slightly geniculate, 1–3 
transverse annulations at base, divided into regular 
internodes, each segment bearing one hydrocladial 
apophysis distally, hydrocladia alternate. Perisarc 
moderately thickened. Hydrothecae uniseriate, 1–3 
or more per hydrocladium, cup-shaped, tapering 
slightly to base, margin entire. Gonothecae solitary, 
conical, with rounded apices, borne on axils of 
hydrocladial apophyses. 
Remarks.—Our material is referable to Plumalecium 
plumularioides, based on trophosomal and gonosomal 
characters. This species was well-represented on 
JTMD that stranded on the coasts of Washington, 
Oregon, and Oahu, Hawai‘i. It was found as well on 
test panels immersed at Miyako, Iwate Prefecture, 
Tōhoku region, Japan. The only reliable previous 
records of P. plumularioides are those of Clark 
(1877) from the type locality (Alaska, Nunivak 
Island, 15–18 m) and Antsulevich (1982) from the 
Kurile Islands, Russian Federation (near Kunashir 
Island, 6 m). As noted by Antsulevich (2015), several 
records of P. plumularioides from the west coast of 
North America have been based on misidentified 
hydroids possessing mesial nematothecae (Torrey 
1902, as Plumularia plumularoides (sic); Fraser 
1918, as Plumularia plumularoides (sic), 1935, as 
Plumularia plumularioides; Brinckmann-Voss 1996, 
as Kirchenpaueria plumularoides (sic); Mills et al. 
2007, as Kirchenpaueria plumularioides). The species 
in all of these reports is likely a bona fide kirchen-
paueriid and not P. plumularioides. This is the first 
record of its presence in Japan (from test panels 
recovered from the coast of Tōhoku). While 
infrequently reported, it is possible that hydroids of 
P. plumularioides from the North Pacific have at 
various times been misidentified as one or more 
species of Halecium. 
Distribution.—Japan (new record, herein). Kurile 
Islands (Antsulevich 2015) and Bering Sea (Clark 
1877). 
Systematic discussion.—Clark (1877) first described 
this species, as Halecium (?) plumularioides, from 
Cape Etolin, Nunivak Island, Alaska. The uniserial 
arrangement of the hydrothecae, and absence of 
gonothecae, left him uncertain how it should be 
classified. He noted the resemblance of its trophosome 
to that of plumulariid hydroids, but provisionally 
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Figure 13. Plumalecium plumularioides:  
(A) section of hydrocaulus and hydrocladia. 
ROMIZ B4101. Scale equals 500 µm.  
(B) gonothecae. ROMIZ B4095. Scale 
equals 500 µm. Del. HHC Choong.

assigned it instead to the genus Halecium Oken, 
1815 because colonies lacked nematophores, although 
also absent is the ring of desmocytes consistent with 
diagnoses of the taxon. Nutting (1900) saw no new 
material but referred the species instead to Plumularia 
Lamarck, 1816, and to the family Plumulariidae 
McCrady, 1859, concluding that the absence of 
nematophores was merely accidental or temporary, 
notwithstanding the fact that nematophores with 
well-developed nematothecae are essential character 
states in that family. Studies by Antsulevich (1982, 
1987, 2015), based on specimens from the Kurile 
Islands, Russian Federation, discounted Nutting’s 
conclusion about the existence of nematophores (and 
nematothecae) in the species. As originally described 
by Clark (1877), and later by Antsulevich (1982, 
1987, 2015), they are indeed lacking. Our specimens 
fully correspond with theirs in this character. Given the 
distinctive morphology of its trophosome, Antsulevich 
(1982) established Plumalecium as a new genus to 
accommodate the species. While he abandoned the 
genus shortly after (Antsulevich 1987), including it 
in the synonymy of Halecium, Plumalecium was 
recognized as valid again by him in a later work 
(Antsulevich 2015). We likewise recognize the validity 
of the genus, and include the species here under the 
binomen Plumalecium plumularioides. 

Clark’s species has been included as Plumularia 
plumularioides in Cairns et al. (1991), as Kirchen-
paueria plumularioides in Cairns et al. (2002) and in 
the World Register of Marine Species (http://www. 
marinespecies.org/aphia.php?p=taxdetails&id=284919), 
and as Ventromma plumularioides in Bouillon et al. 
(2006). Classification of this species at the rank of 
family has also been unsettled. Authors including 
Cairns et al. (2002), Bouillon et al. (2006), and 
Antsulevich (2015) referred P. plumularioides to 
Kirchenpaueriidae Stechow, 1921. While kirchen-
paueriids lack paired lateral nematothecae, mesial 

nematophores (either naked or with reduced nemato-
thecae) occur below each hydrotheca (Leclère et al. 
2007; Maronna et al. 2016). Such nematothecae are 
lacking in P. plumularioides. 

Plumalecium Antsulevich, 1982 (type species: 
Halecium plumularioides Clark, 1877) appears 
referable to superfamily Plumularioidea based on 
trophosomal characters, notwithstanding the lack of 
nematothecae. We propose that the diagnosis of 
Plumularioidea be amended to accommodate this 
species lacking nematothecae. In that character it 
differs from all known families of plumularioids, as 
defined in works such as those of Cornelius (1995b), 
Calder (1997), Bouillon et al. (2006), Leclère et al. 
(2007), and Maronna et al. (2016). A new family, 
Plumaleciidae, is thus proposed herein to accommodate 
the genus. Plumalecium is currently monotypic, with 
P. plumularioides as its only known species. 
Halecium linkoi Antsulevich, 1980 resembles P. 
plumularioides, but it seems to differ (Antsulevich 
2015: 366) in having hydrocladia that are repeatedly 
and consistently branched rather than being bran-
ched or unbranched, with hydrothecae in the latter 
case being arranged in a straight series. 

Order Limnomedusae Kramp, 1938 
Family Olindiidae Haeckel, 1879 

Gonionemus vertens A. Agassiz, 1862 

Gonionemus vertens A. Agassiz 1862: 350 

Material.—BF1: A community metabarcode sequence 
with 98.4% pairwise identity to Genbank sequences 
(over 311 bp) from Japan (KY43780, Okirai Bay) 
and Russia (KY437948 and KY437951, from Amur 
Bay and Vostok Bay, respectively) as well as to 
introduced populations in New England (for example, 
KY437814, KY437864, and KY437898), as studied 
and deposited by Govindarajan et al. (2017). 
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Remarks.—No additional specimens of Gonionemus 
were recovered from the Misawa fisheries dock 
(JTMD-BF-1) that landed in June 2012 in central 
Oregon. However “Misawa 1” supported vast bio-
fouling communities (exceeding 75 square meters), 
only a small portion of which was sampled, and it is 
thus not surprising that the small polyps of this 
species were not recovered. Our material aligns with 
the toxic clade of Gonionemus vertens from the 
Northwest Pacific Ocean, which is distinct from the 
non-toxic clade of G. vertens known from the 
Northeast Pacific Ocean (Govindarajan et al. 2017). 
The toxic Western Pacific clade was recently intro-
duced to New England (Govindarajan et al. 2017). 

Discussion 

Biogeographic sources of JTMD hydroid fauna 

We suggest that all of the species reported here, with 
the exception of Obelia griffini (discussed in detail 
below), originate from the coast of Japan (or, in the 
case of Clytia linearis discussed earlier, slightly 
farther south). In concert with the findings of Elvin 
et al. (2018) and Cordell (2018), reporting on JTMD 
sponges and copepods, respectively, we also found 
that diversity per object declined over time. As 
suggested by Elvin et al. (2018) and Cordell (2018), 
if species were being regularly acquired by JTMD 
after entering the coastal zone of North America or 
Hawai‘i, there would be no reason for diversity to 
decline over time. Rather, this decline suggests a 
steady attrition of species richness per object raft 
originating from Japan, as would be expected from 
the challenges of long-term survival by coastal 
species rafting for years in an oceanic environment. 
It is possible that survival in many species may have 
been prolonged through resting stages (menonts). 
However, we also observed (in the present study and 
in Calder et al. 2014) large, weathered colonies with 
empty gonothecae in some species such as Obelia 
longissima, suggesting persistence of these colonies 
on the debris for extended periods. In addition, a 
number of JTMD species arriving in North America, 
including Orthopyxis caliculata, O. dichotoma, 
Amphisbetia furcata, Aglaophenia aff. pluma, and 
Plumalecium plumularioides, were found on debris 
arriving in Hawai‘i. As none of these species are 
known from Hawai‘i, their only source is the 
Western Pacific Ocean. 

Finally, as noted by Calder et al. (2014), Carlton 
et al. (2017), and Elvin et al. (2018), if JTMD objects 
were being typically colonized after arrival in the 
Eastern Pacific, it would be highly unlikely that the 
only species to do so would also be those occurring 

in Japanese or other Western Pacific waters. We 
documented no hydroid species believed to be unique 
to North America or the Hawaiian Islands on JTMD. 

Obelia griffini as a potential member of the North 
Pacific Oceanic Fauna 

We propose that the abundant hydroid Obelia 
griffini may be a member of the poorly known North 
Pacific open ocean neustonic fauna. Obelia griffini 
was described from either Bremerton or Port Townsend, 
Washington, without habitat data, by Calkins (1899). 
Two species described in the same paper are now 
held to be synonyms of O. griffini: Obelia gracilis, 
“on grasses” from Scow Bay, Port Townsend Harbor, 
and Obelia surcularis, on “water grasses” from the 
same location. O. griffini was first synonymized 
with Obelia dichotoma by Cornelius (1975b), but we 
regard it as a distinct species, as noted earlier, based 
upon morphological criteria (Calder et al. 2014). 

As reviewed by Calder et al. (2014), O. griffini 
has also been reported (as O. gracilis) from benthic 
habitats in China and the South Kurile Islands. In 
contrast, we find O. griffini to be not only the most 
common hydroid on tsunami debris, but also to be 
the only species (or in sole company with the native 
oceanic gooseneck barnacle Lepas spp.) often on 
marine debris (JTMD as well as non-Japanese 
tsunami debris). Of interest in this regard is 
Cornwall’s (1927) report that hydroids on the whale 
barnacle Coronula diadema (Linnaeus, 1767) (taken 
from a humpback whale off Vancouver Island) were 
identified by Charles H. O’Donoghue as O. griffini. 
The populations of O. griffini on JTMD are typically 
too expansive to have been acquired in the nearshore 
Eastern Pacific by debris in the brief time most of 
this debris field is believed to have rafted along the 
coast prior to landing, especially considering (as 
discussed above) that no uniquely Eastern Pacific 
hydroid species were found on any of these objects. 
Further, O. griffini is found on JTMD arriving in the 
Hawaiian Islands, where no members of this species-
group are known to occur, thus making it unlikely 
that the populations were acquired there. 

Finally, neither O. griffini, O. gracilis, nor O. 
surcularis have been reported from the Japanese 
hydroid fauna. While it may be that since 1976 
populations matching the morphology of these 
species have been assigned by Japanese workers to 
O. dichotoma following Cornelius (1975b, but not 
issued until November 1975), O. griffini and O. gracilis 
were in regular use prior to that date, O. gracilis in 
particular having been identified in other Asian 
hydroid studies, and with other workers in the 
Western Pacific continuing to recognize O. griffini 
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after 1975 as well (for example, Antsulevich 1992). 
While we report here and in Calder et al. (2014) 
other less common hydroid species that we interpret 
as new records for Japan, the abundance and 
ubiquity of O. griffini on JTMD make it difficult to 
imagine that it has been overlooked in the Japanese 
coastal fauna. Rather, we suggest that JTMD acquired 
O. griffini during the North Pacific transit, and that 
this is a native high-seas species. 

This said, the presence of oceanic, neustonic species— 
such as Obelia griffini, as well as the gooseneck 
barnacle Lepas, the crabs Planes spp. and Plagusia 
spp., the nudibranch Fiona pinnata (Eschscholtz, 
1831) and the polychaete worm Amphinome rostrata 
(Pallas, 1766), all of which have been found on 
JTMD (Carlton et al. 2017)—in benthic habitats in 
China, Russia, or the Pacific Northwest would be 
highly anomalous. While all of these oceanic species 
may be found on occasion washed ashore, they are 
not regular members of coastal benthic communities. 
Thus, Obelia griffini may represent a cryptic species 
complex, with apparently morphologically identical 
benthic and pelagic clades. Molecular genetic studies 
are called for to clarify the status of purported 
oceanic and shore populations. If the pelagic taxon 
were to be found to represent a distinct taxon, it 
would likely require a new name. 

A number of species of hydroids are regarded as 
naturally occurring in both benthic and pelagic 
habitats (such as Clytia hemisphaerica and Clytia 
linearis, both treated herein; see also Calder 1995, 
for species from the Sargasso Sea, many of which 
are also reported from nearshore benthic commu-
nities). While all or most of these species likely 
represent species complexes as well, in the case of 
O. griffini, we underscore the observation that this 
abundant species is not known from the Tōhoku 
source region of JTMD, thus making its high seas 
acquisition en route through the Pacific Ocean more 
probable. While hydroids have been previously 
reported on debris drifting in the North Pacific 
Ocean (Calder et al. 2014; Goldstein et al. 2014), 
they have not been regarded as part of the naturally 
occurring neustonic fauna. 

There is some evidence in our material for direct 
settlement of Obelia griffini larvae on Lepas or other 
substrates in the open ocean (that is, sexually produ-
ced colonies as opposed to clonally produced colonies 
or stolonal extension of colonies growing originally 
on Japanese substrates). For example, runner-like 
hyperplastic stolons exhibiting directional growth 
were observed on an O. griffini colony on the pelagic 
crab Plagusia sp. (ROMIZ B4174), which colony is 
small and relatively sparse, indicating that larval 
recruitment is probable. Production of hyperplastic 

stolons exhibiting directional growth have been 
observed in sexually produced colonies of Hydractinia 
symbiolongicarpus Buss and Yund, 1989 (Van Winkle 
and Blackstone 2002). The presence of these colonies, 
in addition to tightly packed “sheets” indicating later 
development of stolonal mats (also present in our 
material) supports the argument for open larval 
recruitment and persistence of these colonies. It is 
possible that the availability of planulae of O. griffini, 
as well as those species such as Amphisbetia furcata, 
which is probably not part of the oceanic neustonic 
fauna sensu stricto, may be mediated by the release 
of mature medusae which do not need to feed or by 
release of larval stages from fixed gonophores. This 
life cycle plasticity has been observed in Clytia 
linearis, Obelia sp., and A. operculata (Lindner and 
Migotto 2002; Genzano et al. 2008). 

Conclusions: JTMD hydroid diversity and 
transoceanic dispersal 

Campanularioid hydroids in the genera Campa-
nularia, Orthopyxis, Clytia, Laomedea, and Obelia, 
are frequent and well-known members of ship 
fouling (Hutchins 1952; Zvyagintsev 2003, 2005), 
harbor fouling (Karlson and Osman 2012), and, often, 
rafting (Thiel and Gutow 2005; Farrapeira 2011) 
communities. Not surprisingly, 10 species in these 
genera comprise the most diverse group of JTMD 
hydroids. Thiel and Gutow (2005) summarized 
records of hydroids reported in the literature as 
rafting species. Other than taxa associated with the 
drifting brown alga Sargassum in the North 
Atlantic’s Sargasso Sea (Calder 1995), they noted 
five species whose association with rafting was 
based only upon circumstantial evidence or distri-
butional inference, rather than direct observation, 
and an additional four species reported from local or 
regional coastal debris. Goldstein et al. (2014) reported 
three species, Clytia gregaria (Agassiz, 1862), Obelia 
sp., and Plumularia setacea from marine debris 
collected floating in the North Pacific. The present 
report represents the first documentation of the 28 
species reported here and earlier (Choong and Calder 
2013; Calder et al. 2014) as rafting from one conti-
nental margin to another. 

That half of the species found in our collections 
occurred only once speaks to the strong probability 
that JTMD hydroid diversity is far greater than 
reported here. Only a small fraction of Japanese 
tsunami marine debris was sampled (Carlton et al. 
2017), suggesting that the many thousands of objects 
not intercepted and studied may have transported 
many more hydroid species to the Central and 
Eastern Pacific. 



H.H.C. Choong et al. 

66 

Acknowledgements 

We are indebted to (in Oregon) Steven Rumrill, Fawn Custer, and 
Matthew Hunter, (in Washington) Allen Pleus, Dustin Court, Marcus 
Reeves, and Russell Lewis, and (in Hawai‘i) Sonia Gorgula, Scott 
Godwin, and Jonathan Blodgett, amongst many other collectors, all 
of whom secured samples from newly landed JTMD objects. We 
thank L. Best and K. Sendall of the Royal British Columbia Museum 
(RBCM) for their support of JTMD research and collections. Thanks 
are due also to M. Zubowski, Royal Ontario Museum, and H. 
Gartner, RBCM, for providing collections management assistance. 
We thank Melinda Wheelock and Tracy Campbell for laboratory 
assistance. Finally, we thank H.R. Galea and two anonymous 
reviewers for their valuable comments and thorough review of the 
manuscript. Support for field sampling and laboratory processing 
was provided by Oregon Sea Grant, the National Science Foundation 
(Division of Ocean Science, Biological Oceanography), NSF-OCE-
1266417, 1266234, 1266397, 1266406, and the Ministry of the 
Environment of Japan through the North Pacific Marine Science 
Organization (PICES). 

References

Agassiz A (1862) On the mode of development of the marginal 
tentacles of the free medusæ of some hydroids. Proceedings of 
the Boston Society of Natural History 9: 88–101 

Alder J (1856) A notice of some new genera and species of British 
hydroid zoophytes. Annals and Magazine of Natural History, 
series 2 18: 353–362, https://doi.org/10.1080/00222935608697652 

Alder J (1857) A catalogue of the zoophytes of Northumberland and 
Durham. Transactions of the Tyneside Naturalists’ Field Club 3: 
93–162 

Allman GJ (1863) Notes on the Hydroida. I.–On the structure of 
Corymorpha nutans. II. Diagnoses of new species of Tubularidae 
obtained, during the autumn of 1862, on the coasts of Shetland 
and Devonshire. Annals and Magazine of Natural History, series 
3 11: 1–12 

Allman GJ (1885) Description of Australian, Cape, and other 
Hydroida, mostly new, from the collection of Miss H. Gatty. 
Journal of the Linnean Society, Zoology 19: 132–161, 
https://doi.org/10.1111/j.1096-3642.1885.tb01994.x 

Antsulevich AE (1980) Novyi vid gidroidov roda Halecium 
(Leptolida, Haleciidae) iz yuzhno-kurilskogo raiona. Zoologi-
cheskiï  Zhurnal 59: 137–139 

Antsulevich AE (1982) Novyï rod gidroidov semeïstva Haleciidae. 
In: Skarlato OA (ed), Ekologiya i sistematika morskikh 
gidrobiontov. Issledovaniya Fauny Moreĭ 28(36): 71–73 

Antsulevich AE (1987) Gidroidy shelfa Kurilskykh ostrovov. 
[Hydroids from the shelf waters of Kurile Islands]. Zoologi-
cheskiï Institut, Akademiya Nauk SSSR, pp 1–165 

Antsulevich AE (1992) Observations on the hydroid fauna of the 
Kurile Islands. Scientia Marina 56 (2–3): 213–216 

Antsulevich AE (2011) Hydroids of the genus Amphisbetia L. 
Agassiz (Leptolida, Sertulariidae) in the Russian fauna. Bulletin 
of Saint Petersburg University (3)4: 3–9 

Antsulevich AE (2015) Hydrozoa (hydroids and hydromedusae) of 
Russian Seas. St. Petersburg University Press, 860 pp 

Bale WM (1888) On some new and rare Hydroida in the Australian 
Museum collection. Proceedings of the Linnean Society of New 
South Wales, series 23: 745–799 

Bale WM (1914) Further notes on Australian hydroids.—III. 
Proceedings of the Royal Society of Victoria, new series 27: 72–93 

Billard A (1911) Note préliminaire sur les espèces nouvelles de 
Plumulariidae de l’expédition du Siboga. Archives de Zoologie 
Expérimentale et Générale (5)8, notes et review 3: 62–71 

Boero F, Di Camillio C, Gravili C (2005) Phantom aliens in Medi-
terannean waters. MarBEF Newsletter 3: 21–22 

Bouillon J, Medel MD, Pages F, Gili JM, Boero F, Gravili C (2004) 
Fauna of the Mediterranean Hydrozoa. Scientia Marina 68: 5–
438, https://doi.org/10.3989/scimar.2004.68s25 

Bouillon J, Gravili C, Pagès F, Gili JM, Boero F (2006) An intro-
duction to Hydrozoa. Mémoires du Múseum national d’Histoire 
naturelle 194: 1–591 

Brinckmann-Voss A (1996) Seasonality of hydroids (Hydrozoa, 
Cnidaria) from an intertidal pool and adjacent subtidal habitats at 
Race Rocks, off Vancouver Island, Canada. Scientia Marina 
60(1): 89–97 

Broch H (1918) Hydroida (Part II.). The Danish Ingolf Expedition 
5(7): 205 pp 

Busk G (1852) An account of Polyzoa, and sertularian zoophytes, 
collected in the voyage of the “Rattlesnake,” on the coasts of 
Australia and the Louisiade Archipelago, etc. In: J. MacGillivray, 
Narrative of the voyage of H.M.S. Rattlesnake, commanded by 
the late Captain Owen Stanley, R.N., F.R.S., etc. during the 
years 1846-1850. Vol. 1, Appendix 4. London, T. and W. Boone, 
pp 343–402 

Buss LW, Yund PO (1989) A sibling species group of Hydractinia in 
the north-eastern United States. Journal of the Marine 
Biological Association of the U.K. 69: 857–874, https://doi.org/ 
10.1017/S0025315400032215 

Cairns SD, Calder DR, Brinckmann-Voss A, Castro CB, Pugh PR, 
Cutress CE, Jaap WC, Fautin DG, Larson RJ, Harbison GR, 
Arai MN, Opresko DM (1991) Common and scientific names of 
aquatic invertebrates from the United States and Canada: 
Cnidaria and Ctenophora. American Fisheries Society Special 
Publication 22, 75 pp 

Cairns SD, Calder DR, Brinckmann-Voss A, Castro CB, Fautin DG, 
Pugh PR, Mills CE, Jaap WC, Arai MN, Haddock SHD, 
Opresko DM (2002) Common and scientific names of aquatic 
invertebrates from the United States and Canada: Cnidaria and 
Ctenophora. Second Edition. American Fisheries Society Special 
Publication 28, 115 pp 

Calder DR (1970) Thecate hydroids from the shelf waters of northern 
Canada. Journal of the Fisheries Research Board of Canada 27: 
1501–1547, https://doi.org/10.1139/f70-175 

Calder DR (1995) Hydroid assemblages on holopelagic Sargassum 
from the Sargasso Sea at Bermuda. Bulletin of Marine Science 
56(2): 537–546 

Calder DR (1997) Shallow-water hydroids of Bermuda: Superfamily 
Plumularioidea. Royal Ontario Museum, Life Sciences Contribu-
tions 161: 1–85 

Calder DR (2000) Assemblages of hydroids (Cnidaria) from three 
seamounts near Bermuda in the western North Atlantic. Deep-
Sea Research I 47: 1125–1139, https://doi.org/10.1016/S0967-0637 
(99)00093-X 

Calder DR (2004) From birds to hydroids: Charles Cleveland Nutting 
(1858–1927) of the University of Iowa, USA. Hydrobiologica 
530: 13–25, https://doi.org/10.1007/s10750-004-2668-2 

Calder DR (2013) Some shallow-water hydroids (Cnidaria: Hydrozoa) 
from the central east coast of Florida, USA. Zootaxa 3648: 1–72, 
https://doi.org/10.11646/zootaxa.3648.1.1 

Calder DR (2017) Additions to the hydroids (Cnidaria, Hydrozoa) of 
the Bay of Fundy, northeastern North America, with a checklist 
of species reported from the region. Zootaxa 4256: 1–86, 
https://doi.org/10.11646/zootaxa.4256.1.1 

Calder DR, Stephens LD (1997) The hydroid research of American 
naturalist Samuel F. Clarke, 1851–1928. Archives of Natural 
History 24: 19–36, https://doi.org/10.3366/anh.1997.24.1.19 

Calder DR, Choong HHC, Carlton JT, Chapman JW, Miller JA, 
Geller J (2014) Hydroids (Cnidaria: Hydrozoa) from Japanese 
tsunami marine debris washing ashore in the northwestern 
United States. Aquatic Invasions 9: 425–440, https://doi.org/10. 
3391/ai.2014.9.4.02 

Calkins GN (1899) Some hydroids from Puget Sound. Proceedings 
of the Boston Society of Natural History 28: 333–367 

https://doi.org/10.1017/S0025315400032215
https://doi.org/10.1016/S0967-0637(99)00093-X
https://doi.org/10.3391/ai.2014.9.4.02


Hydroids on 2011 Japanese tsunami marine debris landing in North America and Hawai‘i 

67 

Carlton JT, Chapman JWC, Geller JB, Miller JA, Carlton DA, 
McCuller MI, Treneman N, Steves BP, Ruiz GM (2017) 
Tsunami-driven rafting: Transoceanic species dispersal and 
implications for marine biogeography. Science 357: 1402–1406, 
https://doi.org/10.1126/science.aao1498 

Carlton JT, Eldredge LG (2009) Marine bioinvasions of Hawaiʻi. 
The introduced and cryptogenic marine and estuarine animals 
and plants of the Hawaiian Archipelago. Bishop Museum 
Bulletins in Cultural and Environmental Studies 4, Bishop 
Museum Press, Honolulu, 202 pp 

Chaplygina SF (1992) On the introduction of two hydroid species, 
Laomedea flexuosa and L. calceolifera to the Sea of Japan. 
Zoologicheskii Zhurnal 71: 5–9 

Choong HC, Calder DR (2013) Sertularella mutsuensis Stechow, 
1931 (Cnidaria: Hydrozoa: Sertulariidae) from Japanese tsunami 
debris: systematics and evidence for transoceanic dispersal. 
BioInvasions Records 2: 33–38, https://doi.org/10.3391/bir.2013.2.1.05 

Clark SF (1877) Report on the hydroids collected on the coast of 
Alaska and the Aleutian Islands, by W.H. Dall, U.S. Coast Survey, 
and party, from 1871 to 1874 inclusive. Proceedings of the 
Academy of Natural Sciences of Philadelphia 1876, 28: 209–238 
[Dating of this article, taken to be early January 1877, follows 
Cornelius (1982: 129). The report also appeared two months 
later (March 1877) as Article 1 in: Dall WH (1877), Scientific 
results of the exploration of Alaska, by the parties under the 
charge of W.H. Dall, during the years 1865–1874. Volume I. 
W.H. Dall, Smithsonian Institution, Washington, D.C., 276 pp] 

Clarke SF (1907) Reports on the scientific results of the expedition to 
the eastern tropical Pacific, in charge of Alexander Agassiz, by 
the U.S. Fish Commission Steamer “Albatross,” from October, 
1904, to March, 1905, Lieut.-Commander L.M. Garrett, U.S.N., 
Commanding. VIII. The hydroids. Memoirs of the Museum of 
Comparative Zoölogy at Harvard College 35(1): 1–18 

Cockerell TDA (1911) The nomenclature of the hydromedusae. 
Proceedings of the Biological Society of Washington 24: 77–86 

Cordell JR (2018) Harpacticoid copepods associated with Japanese 
tsunami debris along the Pacific coast of North America. Aquatic 
Invasions 13: 113–124, https://doi.org/10.3391/ai.2018.13.1.09 

Cornelius PFS (1975a) A revision of the species of Lafoeidae and 
Haleciidae (Coelenterata: Hydroida) recorded from Britain and 
nearby seas. Bulletin of the British Museum (Natural History), 
Zoology 28(8): 375–424 

Cornelius PFS (1975b) The hydroid species of Obelia (Coelenterata, 
Hydrozoa: Campanulariidae), with notes on the medusa stage. 
Bulletin of the British Museum (Natural History), Zoology 28(6): 
251–293 

Cornelius PFS (1979) A revision of the species of Sertulariidae 
(Coelenterata: Hydroida) recorded from Britain and nearby seas. 
Bulletin of the British Museum (Natural History), Zoology 34(6): 
234–321 

Cornelius PFS (1982) Hydroids and medusae of the family Campa-
nulariidae recorded from the eastern North Atlantic, with a 
world synopsis of genera. Bulletin of the British Museum 
(Natural History), Zoology 42(2): 37–148 

Cornelius PFS (1987) The hydranths of Clytia linearis (Cnidaria, 
Hydrozoa) and related species. In: Bouillon J, Boero F, Cicogna, 
F, Cornelius PFS (eds), Modern Trends in the Systematics, 
Ecology and Evolution of Hydroids and Hydromedusae. Oxford, 
Clarendon Press, pp 291–297 

Cornelius PFS (1992) Medusa loss in leptolid Hydrozoa (Cnidaria), 
hydroid rafting, and abbreviated life-cycles among their remote-
island faunae: an interim review. Scientia Marina 56(2–3): 245–261 

Cornelius PFS (1995a) North-west European thecate hydroids and 
their medusae. Part 1. Introduction, Laodiceidae to Haleciidae. 
Synopses of the British Fauna, n.s., 50, 347 pp 

Cornelius PFS (1995b) North-west European thecate hydroids and 
their medusae. Part 2. Sertulariidae to Campanulariidae. 
Synopses of the British Fauna, n.s., 50, 386 pp 

Cornwall IE (1927) Some North Pacific whale barnacles. Contri-
butions to Canadian Biology and Fisheries, New Series 3(23): 
503–517 

Coughtrey M (1876) Critical notes on the New-Zealand Hydroida, 
suborder Thecaphora. Annals and Magazine of Natural History, 
series 4(17): 22–32, https://doi.org/10.1080/00222937608681891 

Cunha AF, Genzano GN, Marques AC (2015) Reassessment of 
morphological diagnostic characters and species boundaries 
requires taxonomical changes for the genus Orthopyxis L. 
Agassiz, 1862 (Campanulariidae, Hydrozoa) and some related 
campanulariids. PLoS ONE 10: e0117553, https://doi.org/10.1371/ 
journal.pone.0117553 

Cunha AF, Collins AG, Marques AC (2017) Phylogenetic relation-
ships of Proboscoida Broch, 1910 (Cnidaria, Hydrozoa): Are 
traditional morphological diagnostic characters relevant for the 
delimitation of lineages at the species, genus, and family levels? 
Molecular Phylogenetics and Evolution 106: 118–135, 
https://doi.org/10.1016/j.ympev.2016.09.012 

Dautova TN, Petrova EA (2010) Fauna of Hydromedusae (Cnidaria: 
Hydrozoa) of the northwestern Sea of Japan. Russian Journal of 
Marine Biology 36(5): 331–339  

Elvin DW, Carlton JT, Geller JB, Chapman JW, Miller JA (2018) 
Porifera (Sponges) from Japanese Tsunami Marine Debris 
arriving in the Hawaiian Islands and on the Pacific coast of 
North America. Aquatic Invasions 13: 31–41, https://doi.org/10. 
3391/ai.2018.13.1.04 

Eschscholtz JF (1831) Zoologischer Atlas - Beschreibungen neuer 
Thierarten, während des Flottcapitains von Kotzebue zweiter 
Reise um die Welt, auf der Russisch-Kaiserlichen Kriegsschlupp 
Predpriaetië in den Jahren 1823-1826, G. Reimer, Berlin 

Farrapeira CMR (2011) Invertebrados macrobentonicos dectados na 
costa brasileira transportados por residuos flutuantes solidos 
abiogenicos. Revista de Gestão Costeira Integrada 11: 85–96, 
https://doi.org/10.5894/rgci200 

Forbes E (1848) A monograph of the British naked-eyed medusae: 
with figures of all the species. Ray Society, London, 104 pp, 
https://doi.org/10.5962/bhl.title.54122 

Fraser CM (1911) The hydroids of the west coast of North America 
with special reference to those of the Vancouver Island region. 
Bulletin from the Laboratories of Natural History of the State 
University of Iowa 6(1): 3–91 

Fraser CM (1914) Some hydroids of the Vancouver Island region. 
Transactions of the Royal Society of Canada, section 4, series 3 
8: 99–216 

Fraser CM (1918) Monobrachium parasitum and other west coast 
hydroids. Transactions of the Royal Society of Canada 3(12): 
131–138 

Fraser CM (1935) Hydroids from the west coast of Vancouver 
Island. Canadian Field-Naturalist 49(9): 143–145 

Fraser CM (1936) Some Japanese hydroids, mostly new. II. 
Transactions of the Royal Society of Canada 30: 49–54 

Fraser CM (1937) Hydroids of the Pacific coast of Canada and the 
United States. University of Toronto Press, Toronto, 207 pp 

Fraser CM (1938) Hydroids of the 1934 Allan Hancock Pacific 
Expedition. Allan Hancock Pacific Expeditions 4: 1–105 

Fraser CM (1944) Hydroids of the Atlantic coast of North America. 
University of Toronto Press, Toronto, 451 pp 

Fraser CM (1946) Distribution and relationship in American 
hydroids. University of Toronto Press, Toronto, 464 pp 

Galea HR (2007) Hydroids and hydromedusae (Cnidaria: Hydrozoa) 
from the fjord regions of southern Chile. Zootaxa 1597: 1–116 

Galea HR, Schories D, Försterra G, Häussermann V (2014) New 
species and new records of hydroids (Cnidaria: Hydrozoa) from 
Chile. Zootaxa 3852: 1–50, https://doi.org/10.11646/zootaxa.3852.1.1 

Genzano G, Mianzan H, Diaz-Briz L, Rodriguez C (2008) On the 
occurrence of Obelia medusa blooms and empirical evidence of 
unusual massive accumulations of Obelia and Amphisbetia 
hydroids on the Argentina shoreline. Latin American Journal of 
Aquatic Research 36(2): 301–307 

https://doi.org/10.1371/journal.pone.0117553
https://doi.org/10.3391/ai.2018.13.1.04


H.H.C. Choong et al. 

68 

Gmelin JF (1791) C. Linnaeus, Systemae naturae. Thirteenth edition, 
Volume 1, part 6 (Vermes). Gmelin JF (ed). Lipsiae, GE Beer: 
3021–3910 

Goldstein MC, Carson HS, Eriksen M (2014) Relationship of 
diversity and habitat area in North Pacific plastic associated 
rafting communities. Marine Biology 161: 1331–1453, 
https://doi.org/10.1007/s00227-014-2432-8 

Govindarajan AF, Carman MR, Khaidarov MR, Semenchenko A, 
Wares JP (2017) Mitochondrial diversity in Gonionemus 
(Trachylina: Hydrozoa) and its implications for understanding 
the origins of clinging jellyfish in the Northwest Atlantic Ocean. 
Peer J 5: e3205, https://doi.org/10.7717/peerj.3205 

Haeckel E (1879) Das System der Medusen. Erster Theil einer 
Monographie der Medusen. Denkschriften der Medicinisch-
Naturwissenschaftlichen Gesellschaft zu Jena, 1, 360 pp 

Heller C (1868) Zoophyten und Echinodermen des Adriatischen 
Meeres. Verhandlungen der Kaiserlich-Königlichen Zoologisch-
Botanischen Gesellschaft in Wien 18: 1–88, https://doi.org/10.5962/ 
bhl.title.11393 

Hewitt CL, Campbell ML, Thresher RE, Martin RB, Boyd S, Cohen 
BF, Currie DR, Gomon MF, Keough MJ, Lewis JA, Lockett 
MM, Mays N, McArthur MA, O’Hara TD, Poore GCB, Ross 
DJ, Storey MJ, Watson JE, Wilson RS (2004) Introduced and 
cryptogenic species in Port Philip Bay, Victoria, Australia. Marine 
Biology 144: 183–202, https://doi.org/10.1007/s00227-003-1173-x 

Hincks T (1853) Further notes on British zoophytes, with descriptions 
of new species. Annals and Magazine of Natural History, series 
2 11: 178–185, https://doi.org/10.1080/03745485609496240 

Hincks T (1866) On Ophiodes, a new genus of Hydroida. Annals and 
Magazine of Natural History, series 3 18: 421–423 

Hincks T (1861) A catalogue of the zoophytes of south Devon and 
south Cornwall. Annals and Magazine of Natural History, series 
3 8: 251–262 

Hincks T (1868) A history of the British hydroid zoophytes. John van 
Voorst, London, 338 pp, https://doi.org/10.5962/bhl.title.1322 

Hincks T (1874) On deep-water Hydroida from Iceland. Annals and 
Magazine of Natural History, series 4 13: 146–153, https://doi. 
org/10.1080/00222937408680828 

Hincks T (1891) Contributions towards a general history of the marine 
Polyzoa, 1880–91. Annals and Magazine of Natural History, 
series 6 8: 471–478 

Hirohito (1995) The hydroids of Sagami Bay. Part II. Thecata. 
Biological Laboratory, Imperial Household, Tokyo, Japan, 355 pp 

Holmes SJ (1905) The Amphipoda of southern New England. Bulletin 
of the United States Bureau of Fisheries 24 1904: 457–529 

Hutchins LW (1952) Species recorded from fouling. Chapter 10. In: 
Woods Hole Oceanographic Institution. Marine fouling and its 
prevention. United States Naval Institute, Annapolis MD, pp 
165–297 

Johnston G (1837) A catalogue of the zoophytes of Berwickshire. 
History of the Berwickshire Naturalists’ Club 1: 107–108 

Johnston G (1847) A history of the British zoophytes. Second edition. 
John Van Voorst, London, 488 pp 

Karlson RH, Osman RW (2012) Species composition and geographic 
distribution of invertebrates in fouling communities along the 
east coast of the USA: a regional perspective. Marine Ecology 
Progress Series 458: 255–268, https://doi.org/10.3354/meps09767 

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 

Kirkendale L, Calder DR (2003) Hydroids (Cnidaria: Hydrozoa) 
from Guam and the Commonwealth of the Northern Marianas 
Islands (CNMI). Micronesica 35–36: 159–188 

Kostina EE, Tsurpalo AP (2016) Species composition and 
distribution of macrobenthos in the intertidal zone of Kunashir 
Island (South Kurile Islands), Russia. Publications of the Seto 
Marine Biological Laboratory 44: 53–133, https://doi.org/10.5134/ 
217553 

Kramp PL (1911) Report on the hydroids collected by the Danmark 
Expedition at north-east Greenland. Meddelelser om Grønland 
45: 341–396 

Kramp PL (1938) Die Meduse von Ostroumovia inkermanica (Pal. 
Ostr.) und die systematische Stellung der Olindiiden. 
Zoologischer Anzeiger 122: 10–3108 

Kubota S (1981) Life-history and taxonomy of an Obelia species 
(Hydrozoa; Campanulariidae) in Hokkaido, Japan. Journal of 
the Faculty of Science Hokkaido University, Series VI, Zoology 
22: 379–399 

Kubota S (1999) Fauna of Obelia (Cnidaria, Hydrozoa) in Japanese 
waters, with special reference to life cycle of Obelia dichotoma 
(L., 1758). Zoosystematica Rossica, Supplement 1: 67–76 

Lamarck JBPA (1816) Histoire naturelle des animaux sans vertèbres. 
Tome 2. Verdière, Paris, 568 pp 

Lamouroux JVF (1812) Extrait d’un mémoire sur la classification 
des polypiers coralligènes non entièrement pierreux. Nouveau 
Bulletin des Sciences, par la Société Philomatique de Paris 3: 
181–188 

Leclère L, Schuchert P, Manuel M (2007) Phylogeny of the 
Plumularioidea (Hydrozoa, Leptothecata): evolution of colonial 
organisation and life cycle. Zoologica Scripta 36: 371–394, 
https://doi.org/10.1111/j.1463-6409.2007.00283.x 

Leclère L, Schuchert P, Cruaud C, Couloux A, Manuel M (2009) 
Molecular phylogenetics of Thecata (Hydrozoa, Cnidaria) 
reveals long-term maintenance of life history traits despite high 
frequency of recent character changes. Systematic Biology 58: 
509–526, https://doi.org/10.1093/sysbio/syp044 

Leloup E (1938) Quelques hydropolypes de la Baie de Sagami, 
Japon. Bulletin du Musée Royal d’Histoire Naturelle de 
Belgique 14: 1–22 

Levinsen GMR (1893) Meduser, ctenophorer og hydroider fra 
Grønlands vestkyst, tilligemed bemærkninger om hydroidernes 
systematik. Videnskabelige Meddelelser fra Dansk 
Naturhistorisk Forening i Kjøbenhavn, series 5 4:143–220 

Lindner A, Migotto AE (2002) The life cycle of Clytia linearis and 
Clytia noliformis: metagenic campanulariids (Cnidaria, Hydrozoa) 
with contrasting polyp and medusa stages. Journal of the Marine 
Biological Association of the U.K. 82: 541–553, https://doi.org/ 
10.1017/S0025315402005866 

Lamarck JBPA (1819) Histoire naturelle des animaux sans vertèbres. 
Tome sixième, 1re partie. Verdière, Paris, 343 pp 

Linnaeus C (1758) Systema naturae per regna tria natura, secundum 
classes, ordines, genera, species cum characteribus, differentiis, 
synonymis, locis. Editio decima, reformata. Laurentii Salvii, 
Holmiae, 1–1823 

Linnaeus C (1767) Systema naturae per regna tria natura, secundum 
classes, ordines, genera, species, cum characteribus, differentiis, 
synonymis, locis. Tomus I. Pars II. Editio duodecima, reformata. 
Laurentii Salvii, Holmiae, 533–1317 

McCrady J (1859) Gymnopthalmata of Charleston Harbor. 
Proceedings of the Elliott Society of Natural History 1: 103–221 

Macgillivray J (1842) Catalogue of the marine zoophytes of the 
neighbourhood of Aberdeen. Annals and Magazine of Natural 
History 9: 462–469, https://doi.org/10.1080/03745484209445365 

Marktanner-Turneretscher G (1890) Die Hydroiden des k. k. natur-
historischen Hofmuseums. Annalen des Kaiserlich-Königlichen 
Naturhistorischen Hofmuseums 5: 195–286 

Maronna MM, Miranda TP, Peña Cantero ÁL, Barbeitos MS, 
Marques AC (2016) Towards a phylogenetic classification of 
Leptothecata (Cnidaria, Hydrozoa). Scientific Reports 6: 1–15 
https://doi.org/10.1038/srep18075 

Marques AC, Migotto AE, Calder DR, Mills CE (2007) Key to the 
polypoid stages of Hydrozoa. In: Carlton JT (ed), The Light and 
Smith manual. Intertidal invertebrates from central California to 
Oregon. Fourth edition. University of California Press, Berkeley, 
pp 124–137 

 

https://doi.org/10.5962/bhl.title.11393
https://doi.org/10.1080/00222937408680828
https://doi.org/10.5134/217553
https://doi.org/10.1017/S0025315402005866


Hydroids on 2011 Japanese tsunami marine debris landing in North America and Hawai‘i 

69 

McCuller MI, Carlton JT (2018) Transoceanic rafting of Bryozoa 
(Cyclostomata, Cheilostomata, and Ctenostomata) across the 
North Pacific Ocean on Japanese tsunami marine debris. Aquatic 
Invasions 13: 137–162, https://doi.org/10.3391/ai.2018.13.1.11 

McCuller MI, Carlton JT, Geller JB (2018) Bugula tsunamiensis n. 
sp. (Bryozoa, Cheilostomata, Bugulidae) from Japanese tsunami 
marine debris landed in the Hawaiian Archipelago and the 
Pacific coast of the USA. Aquatic Invasions 13: 163–171, 
https://doi.org/10.3391/ai.2018.13.1.12 

Medel MD, Vervoort W (2000) Atlantic Haleciidae and Campanu-
lariidae (Hydrozoa, Cnidaria) collected during the CANCAP and 
Mauritania-II expeditions of the National Museum of Natural 
History, Leiden, The Netherlands. Zoologische Verhandelingen, 
Leiden 330: 1–68 

Mendoza-Becerril MA, Ocaña-Luna A, Sánchez-Ramírez M, 
Segura-Puertas L (2009) Primer registro de Phialella quadrata 
and ampliación del límite de distribución de ocho especies de 
hidromedusas (Hydrozoa) en el Océano Atlántico Occidental. 
Hidrobiológica 19(3): 257–267 

Migotto AE (1996) Benthic shallow-water hydroids (Cnidaria, 
Hydrozoa) of the coast of Sao Sebastiao, Brazil, including a 
checklist of Brazilian hydroids. Zoologische Verhandelingen, 
Leiden 306: 1–125 

Millard NAH (1962) The Hydrozoa of the south and west coasts of 
South Africa. Part I. The Plumulariidae. Annals of the South 
African Museum 46: 261–319 

Millard NAH (1975) Monograph on the Hydroida of southern 
Africa. Annals of the South African Museum 68: 1–513 

Mills CE, Calder DR, Marques AC, Migotto AE, Haddock SHD, 
Dunn CW, Pugh PR (2007) Combined species list of hydroids, 
hydromedusae, and siphonophores. In: Carlton JT (ed), The 
Light and Smith manual. Intertidal invertebrates from central 
California to Oregon. Fourth edition. University of California 
Press, Berkeley, pp 151–168 

Moura CJ, Harris DJ, Cunha MR, Rogers AD (2008) DNA 
barcoding reveals cryptic diversity in marine hydroids (Cnidaria, 
Hydrozoa) from coastal and deep-sea environments. Zoologica 
Scripta 37(1): 93–108 

Moura CJ, Cunha MR, Porteiro FM, Rogers AD (2012) A molecular 
phylogenetic appraisal of the systematics of the Aglaopheniidae 
(Cnidaria: Hydrozoa, Leptothecata) from the north-east Atlantic 
and west Mediterranean. Zoological Journal of the Linnean 
Society 164: 717–727, https://doi.org/10.1111/j.1096-3642.2011.00784.x 

Naumov DV (1960) Hydroids and Hydromedusae of the USSR. 
Akademiya Nauk SSSR, Opredeliteli po Faune SSSR, 70: 1–
626 [English translation (1969) by the Israel Program for 
Scientific Translations, Jerusalem, 660 pp] 

Nishihira M (1968) Distribution pattern of Hydrozoa on the broad-
leaved eelgrass and narrow-leaved eelgrass. Bulletin of the 
Marine Biological Station of Asamushi 13(2): 125–138 

Nutting CC (1900) American hydroids. Part I. The Plumularidae. 
Smithsonian Institution, United States National Museum Special 
Bulletin 4(1): 1–285 

Nutting CC (1901) Papers from the Harriman Alaska Expedition. 
XXI. The hydroids. Proceedings of the Washington Academy of
Sciences 3: 157–216 

Nutting CC (1904) American hydroids. Part II. The Sertularidae. 
Smithsonian Institution, United States National Museum Special 
Bulletin 4(2): 1–325 

Nutting CC (1905) Hydroids of the Hawaiian Islands collected by the 
steamer Albatross in 1902. Bulletin of the United States Fish 
Commission for 1903, 1905, pp 931–959. [A note in the Table 
of Contents of the bulletin records that this article, variously 
dated in the literature, was “Issued December 23, 1905”] 

Nutting CC (1915) American hydroids. Part III. The Campanulariidae 
and Bonneviellidae. Smithsonian Institution, United States 
National Museum Special Bulletin 4(3): 1–126 

Oken L (1815) Okens Lehrbuch der Naturgeschichte. III. Theil. 
Zoologie. Volume 1. Oken, Jena, 842 pp 

Orlov D (1997) Epizoic associations among the White Sea hydroids. 
Scientia Marina 61(1): 17–26 

Östman C (1982) Nematocysts and taxonomy in Laomedea, Gono-
thyraea and Obelia (Hydrozoa, Campanulariidae). Zoologica 
Scripta 11: 227–241, https://doi.org/10.1111/j.1463-6409.1982.tb00536.x 

Pallas PS (1766) Elenchus zoophytorum sistens generum adumbra-
tiones generaliores et specierum cognitarum succinctas 
descriptions, cum selectis auctorum synonymis. Franciscum 
Varrentrapp, Hagae, 451 pp, https://doi.org/10.5962/bhl.title.6595 

Park JH (1990) Systematic study on the marine hydroids (Cnidaria, 
Hydrozoa) in Korea I. Korean Journal of Systematic Zoology 
6(1): 71–86 

Preker M, Lawn D (2010) Hydroids (Cnidaria: Hydrozoa: Leptolida) 
from Moreton Bay, Queensland, and adjacent regions: a prelimi-
nary survey. Memoirs of the Queensland Museum–Nature 54: 
109–149 

Price MN, Dehal PS, Arkin AP (2010) FastTree 2 – Approximately 
Maximum-Likelihood Trees for Large Alignments. PLoS ONE 
5 3: e9490, https://doi.org/10.1371/journal.pone.0009490 

Ralph PM (1958) New Zealand thecate hydroids. Part II.–Families 
Lafoeidae, Lineolariidae, Haleciidae and Syntheciidae. Transac-
tions of the Royal Society of New Zealand 85: 301–356 

Rees WJ, Thursfield S (1965) The hydroid collections of James 
Ritchie. Proceedings of the Royal Society of Edinburgh Section 
B (Biology) 69: 34–220, https://doi.org/10.1017/S0080455X00010122 

Rees WJ, Vervoort W (1987) Hydroids from the John Murray 
Expedition to the Indian Ocean, with revisory notes on Hydro-
dendron, Abietinella, Cryptolaria and Zygophylax (Cnidaria: 
Hydrozoa). Zoologische Verhandelingen, Leiden 237: 1–209 

Ritchie J (1909) Supplementary report on the hydroids of the Scottish 
National Antarctic Expedition. Transactions of the Royal Society 
of Edinburgh 47: 65–101, https://doi.org/10.1017/S0080456800011881 

Russell FS (1953) The medusae of the British Isles. Anthomedusae, 
Leptomedusae, Limnomedusae, Trachymedusae and Narcome-
dusae. Cambridge University Press, Cambridge, 530 pp 

Sars GO (1874) Bidrag til kundskaben om norges Hydroider. 
Forhandlioger i Videnskabs-Selskabet i Christiania 1873: 91–150 

Sars M (1857) Bidrag til kundskaben om Middelhavets littoral-fauna, 
reisebemærkninger fra Italien. Nyt Magazin for Naturviden-
skaberne 9: 110–164 

Schuchert P (1997) Review of the family Halopterididae (Hydrozoa, 
Cnidaria). Zoologische Verhandelingen, Leiden 309, 162 pp 

Schuchert P (2001) Hydroids of Greenland and Iceland (Cnidaria, 
Hydrozoa). Meddelelser om Grønland, Bioscience 53: 1–184 

Schuchert P (2005) Taxonomic revision and systematic notes on 
some Halecium species (Cnidaria, Hydrozoa). Journal of Natural 
History 39: 607–639, https://doi.org/10.1080/00222930400001319 

Schuchert P (2013) The status of Plumularia lagenifera Allman, 
1885 (Cnidaria, Hydrozoa) and related species. Zootaxa 3613: 
101–124, https://doi.org/10.11646/zootaxa.3613.2.1 

Schuchert P (2014) High genetic diversity in the hydroid Plumularia 
setacea: A multitude of cryptic species or extensive population 
subdivision? Molecular Phylogenetics and Evolution 76: 1–9, 
https://doi.org/10.1016/j.ympev.2014.02.020 

Stechow E (1913) Hydroidpolypen der japanischen Ostküste. II. Teil: 
Campanularidae, Halecidae, Lafoeidae, Campanulinidae und 
Sertularidae, nebst Ergänzungen zu den Athecata und Plumu-
laridae. Abhandlungen der Mathematisch-Physikalischen Klasse 
der Königlichen Bayerischen Akademie der Wissenschaften 3, 
Supplement-Band 2: 1–162, https://doi.org/10.5962/bhl.title.11621 

Stechow E (1919) Zur Kenntnis der Hydroidenfauna des Mittel-
meeres, Amerikas und anderer Gebiete, nebst Angaben über 
einige Kirchenpauer’sche Typen von Plumulariden. Zoologische 
Jahrbücher, Abteilung für Systematik, Geographie und Biologie 
der Tiere 42: 1–172 

Stechow E (1921) Neue Genera und Species von Hydrozoen und 
anderen Evertebraten. Archiv für Naturgeschichte, Abteilung A. 
3. Heft, 87: 248–265 



H.H.C. Choong et al. 

70 

Stechow E (1923) Die Hydroidenfauna der japanischen Region. 
Journal of the College of Science, Imperial University of Tokyo 
44(8): 1–23 

Stechow E (1931) Neue Hydroiden von der Mutsu-Bai, Nordjapan. 
Zoologischer Anzeiger 96(78): 177–187 

Stepanjants SD (2013) Check-list of species of free-living 
invertebrates of the Russian Far Eastern seas (Class Hydrozoa). 
In: Sirenko BI (ed), Explorations of the fauna of the seas 75. 
Russian Academy of Sciences Zoological Institute, St. 
Petersburg, pp 38–43 

Svoboda A, Cornelius PFS (1991) The European and Mediterranean 
species of Aglaophenia (Cnidaria: Hydrozoa). Zoologische 
Verhandelingen, Leiden 274: 1–72 

Thiel M, Gutow L (2005) The ecology of rafting in the marine 
environment. II. The rafting organisms and community. 
Oceanography and Marine Biology: An Annual Review 43: 
279–418, https://doi.org/10.1201/9781420037449.ch7 

Thornely LR (1900) The hydroid zoophytes collected by Dr. Willey 
in the southern seas. In: Willey A, Zoological results based on 
material from New Britain, New Guinea, Loyalty Islands and 
elsewhere. Part IV. Cambridge University Press, Cambridge, pp 
451–457 

Torrey HB (1902) The Hydroida of the Pacific coast of North 
America, with especial reference to the species in the collection 
of the University of California. University of California 
Publications, Zoology 1: 1–104 

Torrey HB (1904) Contributions from the Laboratory of the Marine 
Biological Association of San Diego. I. The hydroids of the San 
Diego region. University of California Publications, Zoology 2: 
1–43 

Trask JB (1857) On nine new species of zoophytes from the Bay of 
San Francisco and adjacent localities. Proceedings of the 
California Academy of Natural Sciences 1: 100–103 

Uchida T (1925) Some hydromedusae from northern Japan. Japanese 
Journal of Zoology 1: 77–100 

Van Winkle DH, Blackstone NW (2002) Variation in growth and 
competitive ability between sexually and clonally produced 
hydroids. Biological Bulletin 202: 156–165, https://doi.org/10.2307/ 
1543652 

Vervoort W (1959) The Hydroida of the tropical west coast of 
Africa. Atlantide Report No. 5 Scientific Results of the Danish 
Expedition to the coasts of tropical West Africa 1945–1946: 
211–325 

Vervoort W (1972) Hydroids from the Theta, Vema, and Yelcho 
cruises of the Lamont-Doherty Geological Observatory. 
Zoologische Verhandelingen, Leiden 120: 1–247 

Vervoort W, Watson JE (2003) The marine fauna of New Zealand: 
Leptothecata (Cnidaria: Hydrozoa) (thecate hydroids). National 
Institute of Water and Atmospheric Research Biodiversity 
Memoir 119: 1–538 

Voronkov A, Stepanjants SD, Hop H (2010) Hydrozoan diversity on 
hard bottom in Kongsfjorden, Svalbard. Journal of the Marine 
Biological Association of the United Kingdom 90: 1337–1352, 
https://doi.org/10.1017/S0025315409991573 

Watson JE (1969) Scoresbia a new hydroid genus from South 
Australian waters. Transactions of the Royal Society of South 
Australia 93: 111–117 

West DL, Renshaw RW (1970) The life cycle of Clytia attenuata 
(Calyptoblastea: Campanulariidae). Marine Biology 7: 332–339, 
https://doi.org/10.1007/BF00750826 

Yamada M (1950) The fauna of Akkeshi Bay XVII Hydroids. 
Journal of the Faculty of Science Hokkaido University, Series 
VI, Zoology 10: 1–21 

Yamada M (1958) Hydroids from the Japanese Inland Sea, mostly 
from Matsuyama and its vicinity. Journal of the Faculty of 
Science Hokkaido University, Series VI, Zoology 14: 51–63 

Yamada M (1959) Hydroid fauna of Japanese and its adjacent 
waters. Publications from the Akkeshi Marine Biological Station 
9: 1–101 

Zvyagintsev AY (2003) Introduction of species into the northwestern 
Sea of Japan and the problem of marine fouling. Russian 
Journal of Marine Biology 29: S10–S21, https://doi.org/10.1023/ 
B:RUMB.0000011713.78917.e0 

Zvyagintsev AY (2005) Marine fouling in the north-west part of the 
Pacific Ocean. Vladivostok, Dalnauka, 432 pp 

Supplementary material 

The following supplementary material is available for this article: 
Table S1. JTMD Objects: BF numbers, landing site locations, dates and object types, and prefecture and city origins if known. 
Table S2. Summary of North Pacific distribution of hydroids originating from the Japanese coast and found on tsunami marine 
debris between 2012 and 2016.  

This material is available as part of online article from: 
http://www.aquaticinvasions.net/2018/Supplements/AI_2018_JTMD_Choong_etal_SupplementaryTables.xlsx 

https://doi.org/10.2307/1543652
https://doi.org/10.1023/B:RUMB.0000011713.78917.e0



