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Abstract Recent investigations into the species diversity of
zoanthids have demonstrated the existence of many
previously unrecognized species, genera, and even families
within this order. The application of molecular markers,
combined with more “traditional” morphological and
ecological investigations have proven highly useful in
examining this taxonomically neglected group. Here, using
these combined techniques on newly collected and pre-
served museum specimens, we examine the diversity of
zoanthids in the waters of British Columbia for the first
time ever. Results show the presence of one undescribed
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species, Mesozoanthus lilkweminensis n. sp., and point to
the existence of two to four other ones. Mesozoanthus
lilkweminensis is distinguished by its salmon-pink colora-
tion, 34-38 tentacles, and is found on hard rocky substrate.
It is easily distinguishable from the only other described
zoanthid species from the Canadian Pacific coast, Epizoan-
thus scotinus Wood 1958, by size, coloration and tentacle
number. Specimens of M. lilkweminensis are known from
only one location thus far. Although there may still be
undiscovered populations of this new species, it is expected
to be relatively rare. These findings highlight the need for
further investigations into the diversity of marine inverte-
brate biodiversity in northern temperate Pacific waters.

Keywords Zoanthid - Diversity - Mesozoanthus - ITS-TDNA -
New species - Canadian Pacific

Introduction

The year 2010 has been declared the International Year of
Biodiversity by the United Nations as an effort to highlight
the Earth’s species richness. Part of the international efforts
will combine new identification techniques, such as DNA
barcoding (Hebert et al. 2003), with reassessed conserva-
tion priorities (e.g., Myers et al. 2000) to help increase
taxonomic knowledge while reducing the current rate at
which biodiversity is being lost. It is hoped that such
projects will help alleviate the “taxonomic bottleneck” that
many regions, ecosystems and understudied taxa now face
(Kim and Byrne 2006). One species-rich marine region
comprises the Pacific coastline of Canada, which is home to
many understudied marine invertebrates (Lamb and Hanby
2005), including many cnidarians. One group of relatively
understudied cnidarians is the zoanthids (Zoantharia=Zoan-
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thidea), which are an order of benthic and generally
colonial anthozoans that are widespread and occasionally
common in many marine ecosystems. This order of
cnidarians is generally characterized by having two rows
of tentacles, one siphonoglyph, and using sand and detritus
to help form their structure. Zoanthids remain largely
understudied due to uncertain and difficult taxonomy and
an overall scarcity of reliable information

The use of molecular phylogenetic techniques combined
with new efforts to understand the biodiversity of marine
invertebrates has proven beneficial to zoanthid taxonomy.
Much recent work has focused on zoanthid diversity using
allozymes (Burnett et al. 1997) and DNA markers (e.g.,
Reimer et al. 2004; Sinniger et al. 2005), and as a result
several new zoanthid taxa have been described (Reimer et
al. 2006b, 2007a, 2008a).

One region of the world for which almost no information
exists on zoanthids is the northwest coast of North America
(see Cutress and Pequegnat 1960), and in particular British
Columbia, Canada, despite the presence of many guide-
books on the marine fauna of this region. A single species,
Epizoanthus scotinus Wood 1958, is described from Puget
Sound, Washington, USA, and is known from southern
California to northern Alaska and Siberia (Lamb and Hanby
2005). Almost no other information exists for the North
American northwest coast for other zoanthid species,
although several other species have been described from
southern California (Cutress and Pequegnat 1960; Philipp
and Fautin 2009), and there have been no specific studies
conducted on zoanthids in Canadian waters. Based on
recent discoveries of undescribed zoanthids in other under-
explored regions (Galapagos in Reimer et al. 2008b;
Singapore in Reimer and Todd 2009) as well as images
from the waters of British Columbia in Lamb and Hanby
(2005), and considering the fact that approximately half of
all marine species from northwest Pacific coast of North
America are endemic (Lamb and Hanby 2005), the
possibility of undescribed zoanthid species existing in this
region is high. Here we examine various collected zoanthid
specimens from British Columbia using both molecular and
morphological techniques to address the following ques-
tion: does underestimated zoanthid biodiversity exist within
the waters of British Columbia?

Materials and methods

Specimen collection and preservation

Specimens were collected by SCUBA from three locations
in British Columbia (Fig. 1, Table 1). Specimens from

Agamemnon Channel and the Gulf Islands were collected
in March 2007 and transported alive in aquaria to
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Vancouver Aquarium (VA) (Vancouver, B.C.) and kept in
tanks for display purposes until fixation (following the
protocol below) by the first author in September 2007.
Images of these specimens were taken both in situ and from
tanks at VA. Specimens from Jesse Island, Nanaimo were
collected in September 2007 and fixed upon processing.
Upon collection, morphological and ecological data (size,
depth, substrate, etc.) were taken, specimens were immedi-
ately preserved in 95% ethanol (VA specimens n=35, Jesse
Island specimens n=15, see Table 1) until further analyses.

Museum specimens

All zoanthid specimens (n=11) previously deposited in the
RBC were examined morphologically (form, color, tentacle/
mesentery number) and ecologically (substrate, sampling
data) in October 2007 (see Table 1). Additionally, small
tissue samples were collected for further DNA examination
despite all samples having been originally preserved in 10%
saltwater (SW) formalin and then transferred to 60%
isopropyl alcohol (IPA). All RBC specimens were classified
to species or generic level when possible based on observed
morphological and available ecological data (colony forma-
tion, depth, habitat, coloration, etc).

DNA extraction, PCR amplification, and sequencing

DNA was extracted from tissue (5-20 mg) from collected
zoanthid samples (ESM Table S1), and also attempted for
all RBC museum specimens (z=11) following procedures
outlined in Reimer et al. (2004) by using a DNEasy Tissue
Kit for animals (Qiagen, Tokyo, Japan).

The mitochondrial cytochrome oxidase ¢ subunit I (COI)
gene was amplified using the zoanthid-specific primers
COIZoanF (3-TGATAAGGTTAGAACTTTCTGCCCCG
GAAC-5") and COIZoanR (3'-AGGCTAAATATAGC
CATGTCCACG-5") (Reimer et al. 2007a). The following
thermal cycle conditions were utilized: 35 cycles of: 1 min
at 94°C, 1 min at 40°C, 1 min 30 s at 72°C, and followed
by a 7-min extension at 72°C.

Mitochondrial 16S ribosomal DNA (mt 16S rDNA) was
amplified using zoanthid-specific primers described by
Sinniger et al. (2005), with the following thermal cycle
conditions: 40 cycles of: 1 min at 94°C, 1 min at 52°C, 2
min at 72°C, and followed by a 7-min extension at 72°C.

The nuclear internal transcribed spacer region of
ribosomal DNA (ITS-rDNA) was amplified using
zoanthid-specific primers previously reported in Reimer et
al. (2007b). The following thermal cycle conditions were
utilized: 35 cycles of: 1 min at 94°C, 1 min at 50°C, 2 min
at 72°C, and followed by a 10-min extension at 72°C.

The amplified PCR products were checked by 1.5%
agarose gel electrophoresis. The PCR-amplified DNA
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Fig. 1 Map of zoanthid specimen locations in British Columbia.
Locations for specimens examined in this study represented by closed
symbols, locations for which only photographic evidence exists by
open symbols. Locations in bold indicate specimens for which
molecular data are available. Species abbreviations after locations:

fragments were sequenced with an ABI PRISM 3700 DNA
Analyzer (PE Biosystems, Foster City, Calif., USA) using a
BigDye Terminator Cycle Sequencing Ready Reaction Kit
(PE Biosystems). The sequences were analyzed using
GENETYX-MAC version 8.0 (Software Development,
Tokyo, Japan) and DNASIS Mac v3.6 (Hitachi Software
Engineering Company, Tokyo, Japan).

Phylogenetic analyses

New sequences obtained in the present study were
deposited in GenBank (accession numbers HMO042363-
HM042366; HM042383-HM042386). By using CLUSTAL
X version 1.8 (Thompson et al. 1997) on default settings,
the nucleotide sequences of the COI gene, mt 16S rDNA
from samples were separately aligned with previously
obtained zoanthid sequences from all known families
(Epizoanthidae, Parazoanthidae, Sphenopidae, Zoanthidae,
Abyssoanthidae—ESM Table S1). Phylogenetic analyses of
ITS-rDNA sequences for Parazoanthidae specimens includ-
ed only sequences from Parazoanthidae, as other families
such as Zoanthidaec and Abyssoanthidaec with ITS-rDNA
sequences publically available from GenBank are extreme-
ly divergent and thus very difficult to align with any
confidence. All three alignments thus contained sequences
from all described genera in Parazoanthidae (Parazoanthus,

Es Epizoanthus scotinus, Es? potentially E. scotinus, EA unknown E.
sp. A, EB unknown E. sp. B, EC unknown E. sp. C, Ml Mesozoanthus
lilkweminensis, P unknown Parazoanthidae. Note: one specimen in the
box on left for which location is unknown. Puget Sound (lower right)
is the type locality for E. scotinus

Savalia, Mesozoanthus, Antipathozoanthus, Corallizoan-
thus) and included members from all other potentially
generic-level clades within Parazoanthus (see Sinniger et
al. 2005). The alignments were inspected by eye and
manually edited. Consequently, three alignment datasets
were generated: (1) 744 sites of 68 taxa (mt 16S rDNA), (2)
311 sites of 59 taxa (the COI gene), and (3) 986 sites of 28
taxa (ITS-rDNA). The alignments are available as upon
request from the corresponding author.

For the phylogenetic analyses of the mt 16S rDNA, COI
gene and ITS-rDNA the same methods were independently
applied. Maximum-likelihood (ML) analyses were per-
formed using PhyML (Guindon and Gascuel 2003). PhyML
was performed using an input tree generated by BIONIJ
with the general time-reversible model (Rodriguez et al.
1990) of nucleotide substitution incorporating invariable
sites and a discrete gamma distribution (eight categories)
(GTR + I+ I"). The proportion of invariable sites, a discrete
gamma distribution, and base frequencies of the model
were estimated from the dataset. PhyML bootstrap trees
(500 replicates) were constructed using the same parame-
ters as the individual ML trees.

Bayesian trees were also reconstructed by using the
program MrBayes 3.0 (Ronquist and Huelsenbeck 2003)
under GTR + I + I'. One cold and three heated Markov
chains Monte Carlo (MCMC) with default-chain temper-
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atures were run for 1,000,000 generations, sampling log-
likelihoods (InLs), and trees at 100-generation intervals
(10,000 InLs and trees were saved during MCMC). The
likelihood plot for mt 16S rDNA, COI and ITS-rDNA
datasets suggested that MCMC reached the stationary phase
after the first 30,000 generations for mt 16S rDNA and COI
analyses [potential scale reduction factor (PSRF)=1.000
and 1.012, standard deviation of split frequencies=
0.012149 and 0.014053, respectively], and after 100,000
generations for ITS-rDNA (standard deviation of split
frequencies=0.008640). Thus, the remaining 9700 trees of
mt 16S rDNA and COI, and the remaining 9,000 trees of
ITS-tDNA were used to obtain clade probabilities and
branch-length estimates.

Morphological analyses

Initial observation of samples and polyp surfaces were
made using a dissecting microscope. Due to the presence of
detritus in the endoderm of zoanthids (except for the family
Zoanthidae), obtaining complete cross-sections is unusually
difficult unless potentially dangerous hydrofluoric acid
(HF) is used. Rough cross-sections of polyps were made
with paraffin following Ono et al. (2005), however, and
mesentery numbers confirmed. Mesogleal thickness and
structure were also examined.

Additional data collected for potential new species, as
indicated by initial molecular analyses included tentacle
number, which is approximately the same as mesentery
number in zoanthids. As well, polyp dimension data
(expanded polyp diameter and height, closed polyps’ aboral
end maximum diameter) were obtained. As specimens were
preserved in ethanol, formalin or IPA, polyps were closed
and tentacles retracted to varying degrees, and thus we
avoided recording potentially erroneous oral end diameter
data. Aboral maximum diameter is not as prone to such size
changes upon polyp closure, and thus was recorded for all
four preserved specimens. Only large polyps were selected
to avoid selecting potentially immature polyps.

Nematocyst observation

Undischarged nematocysts were measured from tentacles,
column, actinopharynx, and mesenterial filaments of polyps
for potential new species based on molecular analyses.
Images of the nematocysts at 400x magnification were
obtained by optical microscope, and measured using the
software ImageJ (National Institutes of Health, Washington,
D.C., USA). Nematocyst nomenclature generally followed
England (1991), Ryland and Lancaster (2004), and Sinniger
and Haussermann (2009), however both Schmidt (1974)
and Hidaka et al. (1987), Hidaka (1992) have previously
suggested basitrichs and microbasic b-mastigophores are

the same type of the nematocyst, and thus in this study, data
for these two types were pooled.

Results
Systematics

Suborder Macrocnemina Haddon and Shackleton 1891
Diagnosis: Characterized by a complete fifth pair of
mesenteries.
Family Parazoanthidae Delage and Hérouard, 1901
Diagnosis: (after Sinniger and Hdussermann 2009)
Macrocnemic zoanthids that have an endodermal sphincter
muscle. Many species in this family are associated with
other organisms utilized as substrate
Genus Mesozoanthus Sinniger and Haussermann 2009

Type species Mesozoanthus fossii Sinniger and Haussermann
2009

Diagnosis (after Sinniger and Hiussermann 2009) Para-
zoanthidae occurring on rocky substrate, not epizoic on
sponges or other living organisms. Scapus and coenen-
chyme incrusted with foreign material. Polyps colonial, in
clusters connected by basal coenenchyme, with relatively
long pointed tentacles. Present in small colonies; does not
colonize demosponges. Azooxanthellate. DNA sequences
(mt 16S rDNA, COI, ITS-tDNA) clearly divergent from
other Parazoanthidae genera.

Mesozoanthus lilkweminensis n. sp.

Figures 2a, b and 3, Tables 1, 2 and 3

Etymology: Named after the shishalh (Sechelt) First
Nation name for the type locality, Agamemnon Channel
(lilkw’émin).

Material examined: All from the type locality: Canada,
British Columbia, Agamemnon Channel, depth 37-43 m,
03.27.2007. Collected by VA. Stored in 99% ethanol.
Holotype: NSMT (National Museum of Nature and
Science, Tokyo, Japan)-Co 1532. Paratypes: USNM
(National Museum of Natural History, Smithsonian Insti-
tution, Washington, D.C., USA) 113069, MHNG (Natural
History Museum of Geneva, Switzerland) INVE 67706,
MISE 225.

Diagnosis: Size—Preserved polyps to 20 mm high,
with column diameter of up to 6-8 mm. In situ oral disk
diameter 12-14 mm with polyp column approximately
half this value, height to 35 mm. Morphology and
coloration—34-38 tentacles (average=36, n=4 colonies)
on large polyps, less on smaller polyps. Pharynx oval, pale
salmon in color. Polyps cream to pale salmon-pink in color,
with outside of polyp around oral disk slightly paler than
polyp column, encrusted slightly with particles of various
colors (white, gray, black). Oral disk same color as polyp
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Fig. 2 Mesozoanthus lilkweminensis n. sp. in aquarium at VA.
Holotype polyps were taken from this colony. Note the cream-pink
coloration in both a and b and reduced or stoloniferous coenenchyme
(s) in b. ¢ Epizoanthus scotinus from Jesse Island, Nanaimo, British
Columbia (12.7-17.2 m) shown for comparison. Note higher

column with paler mesentery insertions clearly visible.
Tentacle length up to approximately 1.5-times oral disk
diameter, pointed, thin; color cream to opaque. Coenen-
chyme between polyps generally reduced, often stolonifer-
ous, creamy white or opaque, appears more heavily
encrusted than polyps. Polyps generally regularly spaced
(about 4-8 mm apart) with occasional smaller polyps
arising from base of large polyps. Polyps often form
clusters linked by basal coenenchyme. Cnidae—Spirocysts,
basitrichs and microbasic b-mastigophores, holotrichs
(Fig. 3, Table 2).

Differential diagnosis: Different coloration, smaller size,
and reduced coenenchyme (stolon) distinguish this species
from sympatric Epizoanthus scotinus. Mezoanthus lilkwe-
minensis is similarly colored but much larger than E.

Mesozoanthus lilkweminensis sp. n.

sedimentation/detritus (d) on outer surface of polyps as well as
different coloration, particularly of polyp column’s outer surface.
Additionally, E. scotinus has more (44-52) tentacles than M.
lilkweminensis (34-38). All scale bars=1 cm

induratum from southern California. Mesozoanthus lilkwe-
minensis is very similar to M. fossii, but with slightly
different average tentacle numbers (34-38 versus 36-46),
different coloration (pale salmon opposed to grayish-
brown), and differing distribution (British Columbia and
Chile, respectively) (Table 3). The cnidomes between these
two congeners also differ, with M. fossi having no small
holotrichs in the tentacles, no spirocysts or basitrichs/
mastigophores in the column, and M. lilkweminensis having
no very small holotrichs in the filaments (Fig. 3, Table 2).
There are also differences in frequency of some other
nematocyst types (Table 2).

Habitat and distribution: Known only from Agamemnon
Channel, British Columbia, Canada (Fig. 1), at depths of
37-43 m. Occurring in channels, like M. fossii.

Column

Tentacles
O O

R
LA
i)
\

7 (0

Pharynx Filaments
HL O | um
10
-20
-30
140

Fig. 3 Cnidae in the tentacles, column, pharynx and filament of Mesozoanthus lilkweminensis n. sp. HL large holotrich, HS small holotrich, HVS

very small holotrich, O basitrichs or mastigophores, S spirocysts
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% E o E Biology and associated species: Mesozoanthus lilkwemi-

LE S ES é’ nensis was found growing close to the gorgonian Para-

; £ é é’ g gorgia pacifica Verrill 1922 on rock substrate. Not in

g § s 'a% association with sponges or other living substrates.

)
Z g £.

- Y S ch-T Results

] g .2 g © 5 S

E E2E £z EE =5 , .

£ E § 2 38 =g, g ‘% Cytochrome oxidase subunit [

A P00 £ e SO

The obtained cytochrome oxidase subunit I sequences
go 2 from specimens in this study belonged to two groups
S o= ﬁ %” B (ESM Fig. S1). One group (MISE 210, MISE 211) formed
N = S g2e 2 § E z a Well-sgpported mo.nophyly (NJ=81%, ML=92%, Bayes=
@ PEZEZ B8 8535 g 0.95) within an Epizoanthus clade (NJ<50%, ML=100%,
; e gﬁ"ﬂ; 3 N s g 8, % Bayes=1.00), and the other group (MISE 225, MISE 228)
§ % %é%g ;é ?:é é’ L"’, formed a very highly supported monophyly (NJ=100%,
HIRS, S®B8E SO SE3E ML=100%, Bayes=1.00) with M. fossii. These sequences
£ were identical to previously obtained M. fossii COI
'2 % g 2 sequences (311./31.1 bp). The Mesgzoanthus clade. was
S ek <3 3 amb1gu0usl.y within the Parazoanthidae pl.lylogeny in all
S| & £5 £5 £ 5 analyses with low support (<50%) (ESM Fig. S1).
i 2 3% 3% 3 3 mt 16S rDNA
‘§ g Mitochondrial 16S ribosomal DNA (mt 16S rDNA)
s 5 sequences obtained from specimens in this study are
—; 3 % 8 summarized in a maximum likelihood phylogenetic tree
& *E 8 é % g % g (Fig. 4). Sequences from British Columbia “Mesozoanthus”
E 23 & % = ?f = 19‘ 3 = % 2 zoanthid specimens belonged to a clade that branched with
E|=§ s &2 L gTEIE a newly described species and genus from Chile, M. fossii
g (Sinniger and Haussermann 2009) with very high support
E _%’ & g (NJ=99%, ML=100%, Bayes=1.00). These sequences
g 5 3? § e were almost identical to M. fossi (3-bp difference between
| E g 2 § o Q the two groups), with similar unique mt 16S rDNA indels
é § ';fn 5‘ 8 g' <Z: e that are characteristic at the generic level as described in
8 Sinniger and Haussermann (2009). The Mesozoanthus
%’ % 5 clade was ambiguously placed within Parazoanthidae, and
= % ‘g 2| < 2 %‘ ¥ was sister to Corallizoanthus, albeit with very weak support
Z|S5E| ¢ = s = (NJ<50%, ML=54%, Bayes<0.7).
8
% 5 ITS rDNA
= | 2
é %E a @ = “ Obtained raw data (peaks) from the sequencing of ITS-
Q| & E & = & -+ rDNA showed in clear peaks with no “double peaks” or
s other unclear data associated with multiple ITS-rDNA
_% g alleles and intragenomic variation (discussed in Reimer et
g = L2 . - § al. 2007b), and therefore all PCR products were sequenced
E 2 e § BE 3 ® EsTs directly.

5 Sf 5§ [E fTe8S5fE The ITS-DNA tree is shown in ESM Fig. S2. As ITS-
| g S5 .28 _8B2_S§S3-8§853¢ £ :
=8 SEFZ 332223358 83L& rDNA has been shown to have a much faster rate of evolution
el & SSE3 S ST S S = 53 & than mitochondrial markers in zoanthids (Reimer et al.
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Fig. 4 Maximum likelihood
tree of obtained and previous
mitochondrial 16S ribosomal
DNA (mt 16S rDNA) sequences
for the order Zoantharia. Values

at branches represent ML and
neighbor joining (NJ) bootstrap
probabilities (>50%). Bayesian

posterior probabilities of >0.95

r Isaurus tuberculatus

E. fiordicus
100/85
E. . .
08/ 1" N epizoanthus Epizoanthidae
E. couchii
E. paguricola
100/1 O(ﬂ E. illoricatus
/- Abyssoanthus nankaiensis I Abyssoanthidae

are represented by thick 98/86 P aff. psammophila I Zoanthidae
branches. Specimens from this I~ Palythoa sp.
study in bold. Note paraphyly of
the genus Parazoanthus 100/100 P. tuberculosa/P. mutuki | Palythoa Sphenopidae
—
86/99 T |
P. aff. heliodiscus
| —1
/
100/100 Hydrozoanthus sp.
H. antumbrosus d h
57/89~ Hydrozoanthus Hydrozoanthidae
Py H. gracilis
L—T]
95/99 —]
Terrazoanthus sp.
761/-- Parazoanthus sp.
Parazoanthus sp. 3
rP. elongatus
98/100 P. axinellae
L P. swiftii
Parazoanthus sp. 402 Parazoanthus clade
P, aff. puertoricense (Japan)
L Parazoanthus sp. 383
Parazoanthus sp. Mada3
P. parasiticus
Parazoanthus sp. 380
Parazoanthus sp. 395 .
100/100~\ Parazoanthus sp. 393 Parazoanthidae
100/100 ~\ A.macaronesicus I Antipathozoanthus
1007100+ S. lucifica .
\ s. savaglia Savalia
64/-- Parazoanthus sp. NC2
Parazoanthus sp. NC3
Parazoanthus sp. CV2
Parazoanthus sp. 326 Parazoanthus
Parazoanthus sp. Senegal
98/100 Parazoanthus sp. 5 I clades
P. puertoricense
100/100
C. tsukaharai | Corallizoanthus
54/-- M. fossi
100/100 M. lilkweminensis | Mesozoanthus

100/99

————— 0.1 substitutions/site  ML/NJ

2007b), acquired sequences were analyzed only with other
Parazoanthidae and Hydrozoanthidae sequences (as in
Reimer et al. 2008b). ITS-rDNA sequences from specimens
225, 226, and 228 in this study formed a distinct and very
highly supported clade together with Chilean Mesozoanthus
Jfossii sequences, (NJ=100%, ML=100%, Bayes=1.00).
These “Mesozoanthus clade” ITS-rDNA sequences possessed
distinct indels compared with other Parazoanthidae ITS-

rDNA sequences (ESM Fig. S2, Fig. 5). Additionally, there
were small indel differences between M. fossii sequences and
sequences from Canadian “Mesozoanthus” specimens in this
study (approximately 3%, 23/753 bp) (Fig. 5), and thus these
sequences formed a monophyly (NJ=100%, ML=76%,
Bayes=0.66) closely related but separate from M. fossii
sequences. As well, some small variation (approx. 1.3%, 10/
753 bp) was seen among the Canadian “Mesozoanthus”
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501 511 521 531 541 551 561 571 581
Mesozoanthus 225 GCGGACGCGG AGG-=---AAT TCCCCCCAGC AGCCCGCCCA GACACGCCGC AACCCCGCAG CGCCGGTTGT GGTTTCCGGC GCAGGGA
lilkweminensis 227 GCGGACGCGG AGG====AAT TCCCCCCAGC AGCCCGCCCA GACACGCCGC AACCCCGCAG CGCCGGTTGT GGTTTCCGGC GCAGGGA
228 GCGGCGG AGG==--AAT TCCCCCCAGC AGCCCGCCCA GACACGCCGC AACCCCGCAG CGCCGGTTGT GGTTTCAGGC GCAGGGA

Ch5p2
Ch3pl
Ch5pl

Mesozoanthus
fossi

N
W
oo

GCGGACGCGG GGGATTGAAT

Fig. 5 Alignment of a portion of the internal transcribed spacer region of
ribosomal DNA (ITS-rDNA) from ITS-2 showing sequences obtained
from Mesozoanthus specimens. Areas in shaded boxes are indels unique
to Mesozoanthus lilkweminensis n. sp., while areas in open boxes are
areas of indels shared between only some specimens. Alignment

sequences. The ITS-rDNA sequence from specimen 228 was
slightly divergent from sequences from specimens 225 and
226, which formed a highly supported subclade (NJ=99%,
ML=91%, Bayes=0.94). The Mesozoanthus clade was
consistently sister to a Corallizoanthus/Savalia clade (NJ=
98%, ML=91%, Bayes=0.94) in the Parazoanthidae/Hydro-
zoanthidae phylogeny (ESM Fig. S2).

GenBank Sequence Accession Numbers: COl HM042382-
HMO042383, mt 16S rDNA HMO042363-HM042366, ITS-
rDNA HMO042384-HM 042386

Discussion
Zoanthid diversity on the Pacific coast of Canada

As demonstrated by both our examination of RBC zoanthid
specimens and phylogenetic data from newly collected
specimens, it is likely that there are several undescribed
zoanthids in the waters of British Columbia, and the Pacific
coast of North America. In this study we have described one
new species, Mesozoanthus lilkweminensis, but our morpho-
logical examination of RBC samples points to the existence
of at least two and perhaps four more undescribed species
[one unknown Parazoanthidae (specimen 990-317-21-
Table 1), potentially one to three unknown Epizoanthus
species (991-343-10, 974-568-1, 978-234-3, 988-259-3)].

Examinations of zoanthids in other regions of the world
have revealed similar previously “unknown” species diver-
sity; this is particularly true in environments that have not
yet been well explored, such as the deep sea (Reimer et al.
2007a) and insular regions (e.g., New Caledonia in Sinniger
2006; the Galapagos in Reimer et al. 2008b). Thus, there is
high potential for the existence of new zoanthid species in
British Columbia. Further investigations by both SCUBA
and ROV would help confirm this hypothesis.

Ecology of M. lilkweminensis

While it is very likely that other populations of M.
lilkweminensis exist along the Canadian Pacific coast, it is

@ Springer

GCGGACGCGG GGGATTGANE ﬂ:tCCACAGC AGCCCGCCCA GACACGCCGC AACCCCGCAG CGCCGGTTGT GGTTTCCAGC Gd@FGGA
GCGGACGCGG GGGATTGAAT CCCACAGC AGCCCGCCCA GACACGCCGC AACCCCGCAG CGCCGGTTGT GGTTTCCAGC GCAGGGA
CCCACAGC AGCCCGCCCA GACACGCCGC AACCCCGCAG CGCCGGTTGT GGTTTCCAGC Gd@bGGA

position numbers are for an ITS-rDNA alignment of only Mesozoanthus
species (available from corresponding author). M. lilkweminensis n. sp.
specimen numbers are as in text. Ch5p2 Chile specimen 5 paralogue 2,
Ch3pl Chile specimen 3 paralogue 1, ChS5pl Chile specimen 5
paralogue 1 (all from Sinniger and Haussermann 2009)

notable that no specimens from the Royal British Columbia
Museum (RBC) matched morphologically with M. lilkwe-
minensis, and no similar descriptions are found in the few
published studies on East Pacific zoanthids. The only
congener, M. fossii, has been shown to be relatively rare
in Chile (found at only seven of 100 sites investigated—see
Sinniger and Haussermann 2009), preferring steep walls in
fjords and channels, and it may be that M. lilkweminensis is
similarly rare or low in density, or perhaps found at depths
below the usual range of SCUBA (>35 m). Additionally,
other benthic cnidarians, such as the gorgonian Paragorgia
pacifica, from the M. lilkweminensis type locality (Aga-
memnon Channel) have not been found elsewhere in
British Columbia (T. Oyama, VA, personal communication)
and it is possible that this ecosystem is very unique for this
region. Thus, until further studies can be conducted, it is
recommended that Agamemnon Channel be protected for
containing possibly endemic and otherwise rare species
The four sampled colonies of M. lilkweminensis at this
site were all found on rocky substrate, in contrast to Chilean
M. fossii colonies that were often found on biogenic
substrate. Further findings of M. lilkweminensis colonies
may help expand the ecological and morphological de-
scription of this new zoanthid species in more detail.
Although M. lilkweminensis and M. fossii are very
similar, both morphologically and genetically, they are
readily distinguishable from each other, and are thus not
“sibling species” (cf. Knowlton 1993), but instead appear to
be closely related antipodal congeners. Despite their
relatively close phylogenetic relatedness (with nearly
identical mt 16S rDNA and identical COI sequences), their
morphological differences are not surprising given previous
research showing that closely related zoanthids can be very
different morphologically (Reimer et al. 2006a).
Mesozoanthus lilkweminensis is found in cold temperate
waters, making it a northern hemisphere congener of M.
fossii described from Chile in similar environments. This
antitropical distribution pattern has previously been seen in
many marine invertebrate taxa in the eastern Pacific
(reviewed in Lindberg 1991). Lindberg (1991) further
suggests that temperate regions in the northern and southern
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hemispheres in the eastern Pacific have been potentially
temporally connected several times in relatively recent
history (e.g., Pleistocene, Pliocene periods, <5.3 million
years ago), allowing biotic interchange and resulting in
closely related northern and southern hemisphere congeners
in many taxa, similar to as seen here with M. lilkweminensis
and M. fossii. Such biotic interchange would also explain
the relatively close phylogenetic relationship observed
between the two Mesozoanthus congeners. There may also
be further undescribed Mesozoanthus species and popula-
tions in temperate waters worldwide (e.g., European waters,
Atlantic Ocean), and clearly further investigations are
necessary.

As many zoanthid species have wide distributions, it is
possible that the two Mesozoanthus species are in fact one
species, connected with a wide distribution along the Pacific
coast of the Americas, but this possibility is unlikely for the
following reasons: (1) no similar zoanthids have been
discovered in regions in between Chile and British Columbia,
despite the relatively detailed investigations in both California
(Cutress and Pequegnat 1960; Philipp and Fautin 2009) and
the Galapagos (Reimer et al. 2008a,b; Reimer and Todd
2009; Reimer and Fujii 2010), as well as unpublished data
from Costa Rica (first author, data not shown); (2) the region
between Chile and British Columbia does not have the type
of environment (numerous fjords, cold temperate oceans) in
which Mesozoanthus has been observed; (3) observed
morphological (cnidome, tentacle numbers) and molecular
(mt 16S rDNA differing by 3 bp; ITS-rDNA indels) data
indicate a species-level difference between the two groups of
Mesozoanthus specimens. In particular, mitochondrial DNA
has been shown to evolve slowly in Anthozoa (Shearer et al.
2002; Huang et al. 2008), and thus even a difference of 1 bp
in the mt 16S rDNA of zoanthids likely indicates a species-
level difference (Reimer et al. 2006¢). COI sequences longer
than those acquired in this study, as utilized in Sinniger and
Haussermann (2009), may also yet show such species-level
differences.

Future recommendations

Any future investigation of zoanthid diversity would be
best served by careful in situ data collection (location,
depth, high-resolution images of zoanthids with polyps
both open and closed), followed by preservation of samples
in both 99.5% ethanol (for molecular examination) and
10% SW formalin (for future morphological studies). This
and other studies (e.g., Reimer et al. 2004, 2006a) have
demonstrated the problems of identifying zoanthids based
solely on morphology, and other factors—including molec-
ular phylogenetics and ecological data (substrate, etc.)—are
also important in correct zoanthid identification. The
necessity of this “combined” approach is well demonstrated

by M. lilkweminensis as described within. Morphologically,
this new species is very similar to species in another genus
(Parazoanthus) within the family Parazoanthidae, but
molecularly it is clearly divergent.

Conclusions
Implications for zoanthid phylogenetic molecular markers

It is recommended that future investigations into zoanthid
diversity utilize not only mt DNA but also ITS-rDNA and
other faster-evolving markers. While the two known
species of Mesozoanthus are not sympatric, and easily
distinguishable based on morphological characters, based
solely on mt DNA these two species differed by only 3 bp.
Thus, while “barcoding” (Sinniger et al. 2008) of these
zoanthids utilizing mt DNA will result in a correct
identification, in our study ITS-rDNA was able to more
clearly phylogenetically distinguish between northern hemi-
sphere M. lilkweminensis and southern hemisphere M. fossii
based on unique indels. A re-examination of ITS-rDNA
from many different zoanthids may help us understand
“species-level” thresholds of divergence for this marker,
and allow us to improve our understanding of this under-
studied group of cnidarians.

Marine invertebrate biodiversity in Canadian waters

Based on current understanding of marine biodiversity
research (e.g., Mikkelsen and Cracraft 2001), it is very
likely that many more undescribed species of not only
zoanthids but also of many other marine taxa are present in
Canadian waters, and that the threat of extinction may also
be underestimated (Thorne-Miller et al. 1999). In order to
obtain a complete and proper understanding of marine
biodiversity, it is hoped more research similar to the present
study is conducted on a wide variety of marine taxa in the
near future.
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