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Figure 4. Terrazonthus sinnigeri sp. n. in situ in the Galapagos. a specimen MISE 442, depth 25 m, Don
Ferdi, Bainbridge Rocks, Santiago 1., by Angel Chiriboga, on March 9, 2007 b specimen MISE 445,
Gardner, Floreana I., depth 15 m, by Mariana Vera, on March 10, 2007 ¢ specimen MISE 438, Glynn’s
Reef, Darwin L., depth 10 m, by JDR , March 7, 2007. All scale bars: 1 cm.

In addition, 77 onoi is bigger (oral disk diameter and polyp height) than 7. sinnigeri,
and forms much larger colonies (Table 3). 7. on0i commonly has only basitrichs and
microbasic p-mastigophores in its pharynx, and no large or small holotrichs at all, un-
like 77 sinnigeri (Table 2).

Phylogenetically, Zerrazoanthus onoi is very closely related to 7. sinnigeri, with
identical COI and mt 16S rDNA sequences, but consistently differs by four base pairs
in ITS-rDNA, and forms a clade separate from 7. sinnigeri.

An extensive literature search revealed no other described Parazoanthidae species
from the Pacific that are non-epizoic and bright red in color. An undescribed zoanthid
species inhabiting rock and coral reef substrata from Indonesia often referred to as “yel-
low polyps” (sensu Sinniger et al. 2005) is likely also a Zerrazoanthus sp., but is distinct
from 7. onoi in terms of color and distribution, and is phylogenetically different.

Habitat and distribution. Specimens of 7errazoanthus onoi were found on rock
substrate in areas of high current (i.e., the base of large rocks, rock walls, etc.). Colonies
were found at Darwin, Marchena, Genovesa, Isabela, Pinzon, Espafiola, and Floreana
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Islands, and it is likely 77 onoi is found throughout the archipelago. This species has
been found from the low infra-littoral to depths of over 35 m, and is likely to be at
even deeper depths.

Biology and associated species. Found on the top surfaces of rocks and biogenic
non-living substrate, 7érrazoanthus onoi is often found close to sponges, scaweed, and oth-
er benthos, but is not epizoic and does not have an association with any particular species.

Notes. Previously mentioned in Reimer et al. (2008b, 2010) and Hickman (2008)
as Parazoanthus sp. G3, except for specimen MISE 02-27 mentioned below.

It should be noted that specimen MISE 02-27 was found to have an ITS-rDNA
sequence inconsistent with other Zerrazoanthus onoi specimens (Figure 6), although
other data (morphology, mt 16S rDNA and COI data) fit well with 7. onoi. For these
reasons, this specimen has not been conclusively assigned to 7. 0n0i or to the other new
Terrazoanthus species below. These results indicate there may be other Zerrazoanthus
species in the Galdpagos that await discovery and description.

Terrazoanthus sinnigeri, sp. n.
urn:lsid:zoobank.org:act:2B865570-1FD7-4FB6-BF86-81BSDEDA2289
Figures 4, 5, 6, 9, Tables 1, 2, 3

Etymology. This species is named for Dr. Frederic Sinniger, who has greatly helped
spur the recent phylogenetic reexamination of zoanthid taxonomy. Noun in the geni-
tive case.

Material examined. Tjpe locality: Ecuador, Galapagos: Marchena I., Roca Espejo,
0.3125°N 90.4012°W.

Holotype: MHNG-INVE-67498. Colony divided into three pieces, on rocks of
approximately 2.5 x 2.5 cm, 2.5 x 1.0 cm, and 2.0 x 1.5 cm, with heights of ap-
proximately 1.0 cm. Total of approximately 40 polyps connected by stolons. Polyps
approximately 1.5-2.0 mm in diameter, and approximately 1.0-2.0 mm in height
from coenenchyme. Polyps and coenenchyme encrusted with relatively large pieces of
sand clearly visible to the naked eye, tissue of polyps and coenenchyme light brown/
grey in color. In situ, colony was on bottom of rock. Collected from Roca Espejo,
Marchena I., Galapagos, Ecuador, at 9.1 m, collected by JDR, FL, and BR, March 3,
2007. Preserved in 99.5% ethanol.

Paratypes (all from Galapagos, Ecuador):

Paratype 1. Specimen number CMNH-ZG 05886. Glynn’s Reef, Darwin I., at 13
m, collected by FL and AC, March 7, 2007.

Paratype 2. Specimen number USNM 1134067. Glynn’s Reef, Darwin I., at 10 m,
collected by JDR, FL, CH, March 7, 2007.

Other material (all from Galapagos, Ecuador):

MISE 464, Gardner, Floreana I., 27 m, collected by JDR and AC, March 13,
2007; MISE 471, Devil’s Crown, Floreana I., 7 m, collected by JDR and AC, March
13, 2007; MISE 418, Punta Espejo, Marchena I., 7 m, collected by JDR, FL, CH,


http://zoobank.org/?lsid=urn:lsid:zoobank.org:act:2B865570-1FD7-4FB6-BF86-81B5DEDA2289
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Figure 5. Maximum likelihood (ML) trees of @ mitochondrial 16S ribosomal DNA, and b cytochrome
oxidase subunit I (COI) sequences for zoanthid specimens. Values at branches represent ML probabilities
(>50%). Monophylies with more than 95% Bayesian posterior probabilities are shown by thick branches.
Sequences for new species in this study in larger font; sequences newly obtained in this study and new
taxa described in this study in bold. Sequences/species names from previous studies in regular font. For
specimen information see Table 1.
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Figure 6. Maximum likelihood (ML) tree of internal transcribed spacer of ribosomal DNA (ITS-rDNA)
for Terrazoanthus specimen sequences. Values at branches represent ML probabilities (>50%). Mono-
phylies with more than 95% Bayesian posterior probabilities are shown by thick branches. For specimen

information see Table 1.

March 3, 2007; MISE 02-09, Entrance, Genovesa I., at 9 m, collected by CH, May 13,
2002; MISE 03-560, Punta Espego, Marchena I., 7 m, collected by CH, November
12, 2003; MISE 434, Glynn’s Reef, Darwin I., 13 m, collected by AC and FL, March
7,2007; MISE 442, Don Ferdi, Bainbridge Rocks, 25 m, collected by AC, March 9,
2007; MISE 445, North Seymour ., 15 m, collected by MV, March 10, 2007.
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Figure 7. a~b Cross sections of Antipathozoanthus hickmani sp. n., MISE specimen 04-345 (details in
Table 1) at the actinopharynx region showing preserved histological features. Abbreviations: cm=complete

mesentery, ds=dissolved sand “holes”, ec=ectoderm, en=endoderm, g=gonads, im=incomplete mesen-
tery, m=mesoglea, tn=tentacles. Scales = a) 100 pm; b) 50 pm.

Sequences: See Table 1.

Description. Size: Polyps are approximately 2-8 mm in diameter when open, and
rarely more than 10 mm in height. Colonies small, consisting of one polyp (unitary)
to less than 50 polyps.

Morphology: Terrazoanthus sinnigeri has dull brown, white, or clear oral disks and
the outer surface of polyps is heavily encrusted with large particles, with polyps clear
of the stolon. Stolons are also heavily encrusted, and approximately the width of polyp
diameters. 77 sinnigeri has 30 to 36 tentacles that are almost as long or sometimes
longer as the diameter of the expanded oral disk (Figure 4). Tentacles often much more
transparent than oral disks (when colored).

Cnidae: Basitrichs and microbasic p-mastigophores (often difficult to distinguish
from each other), holotrichs (large, medium), spirocysts (Table 2, Figure 9).

Differential diagnosis. In the Galdpagos, Terrazoanthus sinnigeri differs from
Parazoanthus darwini and Antipathozoanthus hickmani by substrate preference (rock as
opposed to sponges and anthipatharians, respectively), as well as from Zerrazoanthus
onoi sp. n. (above) by both color (brown, white or transparent as opposed to bright
red) and microhabitat (under rocks and rubble as opposed to exposed rock surfaces). In
addition, 7. sinnigeri is smaller (oral disk diameter and polyp height) than congener 7
onoi. T sinnigeri colonies are stoloniferous and generally much smaller than colonies of
1" onoi (Table 3). Terrazoanthus sinnigeri can be further distinguished from 7. onoi by
the presence of many types of nematocysts in the pharynx, unlike 7. 007, which only
commonly possesses basitrichs and microbasic p-mastigophores with rare medium-
sized holotrichs in the pharynx (Table 2). Terrazoanthus sinnigeri also has small holot-
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Figure 8. Cross-sections of Terrazoanthus onoi sp. n., MISE specimen 03-539 (details in Table 1) a Cross-

section at the actinopharynx region demonstrating some major features of zoanthids. Note fifth mesentery
is complete and therefore specimen is in the suborder Macrocnemina b to e various cross sections of 7
onoi at the actinopharynx region showing preserved histological features. Abbreviations: a=actinopharynx,
cm=complete mesentery, dd=dorsal directives, ds=dissolved sand “holes”, ec=ectoderm, en=endoderm,
im=incomplete mesentery, m=mesoglea, numbers=mesentery numbers from the dorsal directive,
sm=sphincter muscle, 5®=fifth mesentery. Scales = a) 500 pm, b) and ¢) 100 pm, ¢) and d) 50 pm.
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richs, while 7. onoi does not (Table 2). Encrustations on the scapus of 7. sinngeri are
generally much larger than on 7. ono0i (compare Figures 3 and 4).

Terrazoanthus sinnigeri is phylogenetically very closely related to 7. onoi, but has
different and unique ITS-rDNA (see 7. onoi description; Figure 6).

Similar to Zerrazoanthus sinnigeri, there have been reports of other small zoanthids
inhabiting cryptic habitats under coral rubble and rock from the Galdpagos, Singapore
and Japan (J.D. Reimer, T. Fujii, personal observation), but these zoanthids are clearly
different in DNA sequence from all known Hydrozoanthidae and Parazoanthidae, and
will be described elsewhere. Morphologically, these undescribed zoanthids look very sim-
ilar to 7. sinnigeri, but are often unitary (not colonial), are encrusted with very large pieces
of sand, have very little coloring (usually lacking any color asides from around the oral
opening) and have fewer tentacles (<26, usually 20-22; data not shown) than 7 sinnigeri.

Habitat and distribution. Specimens located at depths of 7 to over 27 meters at
Floreana, Marchena, Darwin, North Seymour Islands, and Bainbridge Rocks, with
other potential specimens observed at other islands. It is likely that this species is wide-
ly distributed throughout the Galdpagos, and its distribution may extend into deeper
waters as it was often found at the lowest depth searched during collection dives. Gen-
erally found on the underside of rocks, rubble, or dead shells, often in small cracks or
crevices.

Biology and associated species. Found under rocks and rubble, Zerrazoanthus
sinnigeri is often found nearby bryozoans and coralline algae, but appears to not be
epizoic on any particular organism.

Notes. In Reimer et al. (2008b) it was originally thought that Zerrazoanthus sin-
nigeri (specimens 02-09, 03-560) was a different, white morphotype of 7. onoi (men-
tioned in the paper and Hickman (2008) as Parazoanthus sp. G3) based on COI and
mt 16S rDNA sequence data, but given the species” divergent morphologies, cnidae,
and ecologies, as well as different ITS-rDNA sequences, we describe them as closely
related but distinct species. It is likely that these two sibling species have recently di-
verged from one another.

Although speculative, it may be that Zérrazoanthus sinnigers’s preferred habitat un-
der rocks has resulted in its lack of bright pigmentation or occasional total lack of pig-
ments compared to bright red 7. oo, which is found in areas more exposed to light,
similar as to seen in subterranean invertebrates (e.g. Leys et al. 2003), and this should
be investigated in the future.

Phylogenetic results

mt 16S rDNA

The phylogenetic tree from analyses of mt 16S rDNA showed two large clades; one
consisting of Parazoanthidae specimens, and another of Hydrozoanthidae specimens
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Antipathozoanthus hickmani sp. n.
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Figure 9. Cnidae in the tentacles, column, pharynx and filament of Antipathozoanthus hickmani sp.

n., Paragoanthus darwini sp. n., Terrazoanthus onoi sp. n., and Terrazoanthus sinnigeri sp. n., respectively.
Abbreviations: HL: large holotrich, HM: medium holotrich, HS: small holotrich, O: basitrichs or mas-
tigophores, S: spirocysts.
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(Figure 5a). Antipatharian-associated specimens previously referred to as Parazoan-
thus sp. G1 (04-140, 03-549, 04-341) formed a very well supported (ML=100%,
Bayes=1.00) clade together with Anzipathozoanthus specimens from Principe and from
Cape Verde. This clade was sister to the genus Savalia Nardo 1814.

Sponge-associated specimens previously referred to as Parazoanthus sp. G2 (03-
290, 03-47, 04-328, 03-652, 03-177) formed a moderately supported monophyletic
group (ML=70%, Bayes=0.80) that also included Parazoanthus swiftii. This clade was
derived from Parazoanthus axinellae (two specimens from Europe) and P elongatus
McMurrich 1904 from Chile.

Specimens previously designated Parazoanthus sp. G3 (03-566, 04-346, 02-59, 03-
641, 02-27, 02-09, 01-61, 03-135, 04-345, 04-347, as well as 02-09) were within the
large Hydrozoanthidae clade, within a subclade separate from Hydrozoanthus spp. se-
quences. The sequences formed a very well supported monophyletic group (ML=98%,
Bayes=1.00) that also included “yellow polyps” sensu Sinniger et al. (2005) and “Para-
zoanthus” sp. 302, which both had slightly divergent sequences.

cor

COI phylogenetic results are shown in Figure 5b. The phylogenetic tree showed two
large clades: one consisting of Parazoanthidae specimens, and another of Hydro-
zoanthidae specimens. Antipatharian-associated specimens previously informally de-
scribed as Parazoanthus sp. G1 (04-140, 04-184) formed a well-supported (ML=98%,
Bayes=1.00) clade together with an Antipathozoanthus macaronesicus specimen from
Cape Verde. This clade was sister to Parazoanthus puertoricense West 1979 from Hon-
duras.

Sponge-associated specimens previously informally described as Parazoanthus sp.
G2 (03-290, Angl155, 03-47, 04-328, 04-348, 03-652, 03-177) formed a moderately
supported monophyletic group (ML=67%, Bayes=0.92) that also included Parazoan-
thus swiftii. This clade was basal to all other Parazoanthidae.

Specimens previously designated Parazoanthus sp. G3 (04-343, 03-641, 04-461,
04-345, 03-46, 02-59, 04-347, 01-61, 03-566, 04-346, 02-09, 02-27) as well as new
specimens (434, 442, 464, 4206, 439, 418, 471) were within the large Hydrozoanthidae
clade, within a subclade separate from Hydrozoanthus spp. sequences. The sequences
formed a moderately well supported monophyletic group (ML=83%, Bayes=<0.50)
sister to “yellow polyps” sensu Sinniger et al. (2005), which together formed a well-
supported monophyletic group (ML=86%, Bayes=1.00).

ITS-rDNA

ITS-rDNA phylogenetic results are shown in Figure 6. The ITS-rDNA sequence from
02-27 is divergent from other sequences. Most sequences from brightly red-colored
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specimens previously designated Parazoanthus sp. G3 (02-59, 04-347, 01-61, 04-
346, 03-566, 03-135) formed a poorly supported monophyletic group (ML=64%,
Bayes=0.70). Basal to this was one sequence from specimen 03-641. Many specimens
from 2007 collection trips (471, 464, 426, 418, 442, 445) that were similar morpho-
logically to earlier specimens 02-09 and 03-560, being brown, white, or clear in color,
and found on the undersides of rocks, formed a separate moderately supported mono-
phyletic group (ML=76%, Bayes=0.78) sister to the red-colored specimen sequences.
These 2007 sequences had four base pairs unique from the “red clade” sequences.

Discussion

“Parazoanthid” diversity

Traditionally, the higher-level taxonomy of zoanthids has relied on a wide variety of di-
agnostic characteristics, including mesenterial arrangement (Haddon and Shackleton
1891) and nematocysts (Schmidt 1974). Although suborders are organized based on
the position of the sphincter muscle (mesodermal or endodermal), genera have been
historically designated based on not only morphology, but also ecology and species
associations. Thus, the recent reexamination and reclassification of zoanthid taxa uti-
lizing DNA sequences along with their ecology as diagnostic characters is not without
historical precedent. From the results of this study along with data in Sinniger et al.
(2009), Sinniger and Hiussermann (2009) and Reimer et al. (2008a) the “parazo-
anthids” (the family Parazoanthidae as it formerly existed) are now divided into two
families and eight genera (Parazoanthidae, including Parazoanthus Haddon & Shack-
leton, 1891, Savalia Nardo, 1814, Lozoanthus Chun, 1903, Corallizoanthus Reimer et
al., 2008, Mesozoanthus Sinniger & Hiussermann, 2009, Antipathozoanthus Sinniger
etal., 2009; and Hydrozoanthidae, including Hydrozoanthus Sinniger et al., 2009 and
Terrazoanthus gen. n.), reflecting the formerly unknown levels of generic and family
diversity that are present in this zoanthid group. It is apparent that Parazoanthidae as it
formally existed was clearly a “catch-all” for many different zoanthid species, as previ-
ously hypothesized (Reimer et al. 2008a).

It is also becoming increasingly apparent that zoanthid diversity is higher than
previously thought in “ignored” or understudied regions, ecosystems (Reimer et al.
2007a) or even microhabitats (Reimer et al. 2008Db, this study). This is clearly dem-
onstrated by Zerrazoanthus sinnigeri, which inhabits the underside of rocks and dead
coral, a very common vyet relatively understudied microhabitat. In subtropical seas,
biological studies of zoanthids have focused mainly on coral reef areas, and in con-
trast studies of boulder/rubble areas have been neglected. This microhabitat has also
recently been shown to host other previously undescribed invertebrate species, such as
the comatulid Dorametra sesokonis Obuchi, Kogo & Fujita, 2009 in southern Japan
(Obuchi et al. 2009). Additional specimens collected from the Galdpagos also found
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from the undersides of rocks (specimen 03-103 in Reimer et al. 2008b; specimens 427,
455, 460 in JDR’s collection from the 2007 expedition) apparently belong to one or
more other undescribed zoanthid taxa, and will be described elsewhere. Until the dis-
covery of such zoanthids (Reimer et al. 2008b), no information on zoanthids found in
such a cryptic microenvironment had been reported, and it may be that this and other
understudied microhabitats also harbor zoanthid species new to science.

Proposed future zoanthid research in the southeastern Pacific

Despite a few reports, zoanthid diversity over the entire southeastern Pacific remains
understudied. This study and recent investigations from Chile (Sinniger and Hiusser-
mann 2009) demonstrate that undescribed zoanthid diversity exists in this region. In
particular, very little data exist for the Pacific coast of South and Central America, and
efforts should be made to promote investigations in this area. With more knowledge
of zoanthid diversity and distribution in the southeastern Pacific, more accurate bio-
geographical discussions of the evolution of parazoanthids and hydrozoanthids will
become possible.

Conclusions

As shown by this research and other recent investigations (Sinniger et al. 2009), the
levels of higher level (e.g. >genus) diversity of zoanthids are much higher than has
previously been thought.

Insular and relatively unexplored marine regions of the world such as the Galapa-
gos likely harbor many undiscovered and undescribed zoanthid species.

Phylogenetic analyses as performed here provide a powerful identification tool that
can determine relative levels of relationships between zoanthids that would not be pos-
sible with only morphological and ecological data. This is most strongly demonstrated
by the very close evolutionary relationship between the two new Zerrazoanthus species,
which are genetically very close and morphologically and ecologically quite distinct.
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