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Abstract. During a recent ecological survey of 
the reefs of Iwotorishima Island in the Ryukyu 
Islands, three species of zoantharians were noted. 
Past knowledge of zoantharians from this island is 
sparse, and only one species has previously been 
reported; Palythoa tuberculosa. In our survey, we 
also noted Palythoa tuberculosa, along with two 
other zoantharian species recorded for the first time 
from this island (Palythoa mutuki and Zoanthus 
sansibaricus).

Introduction

Iwotorishima Island is a volcanic island, and is the 
northernmost point in Okinawa Prefecture. While 
some research has focused on the unusual acidified 
reefs on the east coast of the island (Inoue et al., 
2013), little marine biodiversity research has been 
performed around the island. Additionally, the 
assemblages of the acidified reefs on the island 
have been reported to be dominated by a soft coral 
species, Sarcophyton elegans Moser, 1919, and the 
zooxanthellate zoantharian Palythoa tuberculosa 
(Esper, 1805) (see Inoue et al. 2013; Wee et al. 
2019), further demonstrating that these acidified reefs 
represent a unique ecosystem due to the high CO2 
levels of the seawater in the lagoon. As the island 
is relatively isolated and further east from other 
islands in the Ryukyus, as well as being uninhabited, 
biodiversity data from the island are of interest and 
importance, particularly with renewed interest on the 
marine faunal assemblages of coral reefs and their 
shifts due to ocean acidification (=OA) (Inoue et al. 
2013; Wee et al. 2019). 

In September 2020, we had the opportunity 
to join an ecological survey of the shallow water 
acidified reefs of Iwotorishima Island. During our 
shallow water surveys, we noted two additional 
species of zooxanthellate zoantharians, and report on 

these new records here.

Materials and methods

Snorkel ing in  the  shal low reef  area  of  the 
southeastern coast was conducted for three days, 
September 14–16, 2020. We snorkeled at the 
same reef as reported in Inoue et al. (2013) and 
Wee et al. (2019) (centered around 27°52'11.8"N, 
128°14'01.8"E) (herein called the “southern reef”), as 
well as at an additional reef further north on the east 
coast (centered around 27°52'40.2"N 128°13'41.2"E; 
“northern reef”) (Fig. 1). Within the southern reef 
lagoon, there was a clear CO2 vent area on the 
northern side, and a “control” area with relatively 
normal CO2 levels on the southern side (Inoue et al. 
2013; also Fig. 1). Between these two areas was an 
area of medium CO2 levels (~ 831 ppm in Inoue et 
al. 2013). These reefs spanned from 0 (intertidal) 
to 4 m in depth. All observed zoantharians were 
photographed in situ, and identified following 
Reimer (2010) and Mizuyama et al. (2018) based on 
external morphological features; presence or absence 
of sand in body wall and column, relative amount of 
emergence of polyps from common tissue (see also 
Pax 1910), tentacle number, and external coloration.

Results

During snorkeling surveys, we observed three 
zooxanthellae zoantharian species, as listed below. 

Palythoa tuberculosa (Esper, 1805)
(Fig. 2A)

This species, similar to as reported in Inoue et al. 
(2013), was common in the “medium” CO2 area of 
the southern reef, and was also found in the “control” 
area (Fig. 1) of the shallow inner reef. Additional 
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colonies were also observed in the reef to the north 
of the seep area (Fig. 1), although they were not 
nearly as common as at the southern reef. Colonies 
at Iwotorishima Island were slightly darker in color 
than colonies observed around reefs of other colonies 
of Okinawa Prefecture, due to the uptake of dark 
volcanic sand (Haywick & Mueller 1997) (Fig. 2A). 

In areas in the southern reef, this species was the 
dominant or second-most dominant benthos, after 
Sarcophyton elegans soft coral colonies (Fig. 2B). 
This species was found most commonly in 1 to 2 m 
of water.

Representative specimen: RUMF-ZG-04464, 
Fujukan University of the Ryukyus Museum.

Fig. 1. Map of Iwotorishima Island showing the locations of the study sites, with the CO2 vent area (dotted red circle) 
and “control” area (dotted blue circle) shown. Approximate locations of aggregations of colonies of zooxanthellate 
zoantharians shown. Orange circles = P. tuberculosa, orange triangles = P. mutuki, and green squares = Z. sansibaricus.
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Palythoa mutuki (Haddon & Shackleton, 1891)
(Fig. 2C)
This species was less abundant than P. tuberculosa, 
but still quite commonly observed during snorkeling 
surveys, and occurred in patches (Fig. 2C). The 
species was always slightly shallower and more 
shoreward from P. tuberculosa, often in water 
approximately 50 cm deep. Colonies were observed 
in the “medium” CO2 and “control” areas of the 
southern reef, but were not observed in the more 
northern reef (Fig. 1).

Representative specimen: RUMF-ZG-04465, 
Fujukan University of the Ryukyus Museum.

Zoanthus sansibaricus Carlgren, 1900
(Fig. 2D)

Similar to P. mutuki, this species was not as abundant 
as P. tuberculosa, but was still quite common on the 
southern reef at both “medium” CO2 and “control” 
areas. Z. sansibaricus was predominantly found 
on large rocks that dot the shallow intertidal and 

subtidal areas of the bay, and was usually slightly 
shallower than P. mutuki, in the lowest parts of the 
intertidal zone. This species was not observed in the 
northern reef.

Representative specimen: Not obtained due to 
limited time at Iwotorishima Island.

Discussion

Overall, the results of our snorkel survey fit well 
with past observations from other locations in 
Okinawa Prefecture, as these three species are 
generally the most commonly observed species on 
reefs (Irei et al. 2011). As well, both P. mutuki and 
Z. sansibaricus are known from the lower intertidal 
zone (Kamezaki et al. 2013; Mizuyama et al. 2018), 
while P. tuberculosa is known as a habitat generalist. 
All three species have wide ranges across the Indian 
and Pacific Oceans (Reimer & Hickman 2009; Polak 
et al. 2011; Hibino et al. 2014; Risi & Macdonald 
2015; Reimer et al. 2017).

Very little work has been specifically done on 

Fig. 2. Zooxanthellate zoantharians in situ at Iwotorishima Island. A) P. tuberculosa, showing the slightly dark 
coloration from inclusion of volcanic sand. B) P. tuberculosa with Sarcophyton elegans. C) P. mutuki, and D) Z. 
sansibaricus. Scale bars: A, B = approximately 5 cm; C, D = approximately 1 cm.



zooxanthellate zoantharians (e.g. genera Palythoa 
and Zoanthus) and OA, and the effects of CO2 
seeps on the zoantharian species observed at 
Iwotorishima Island is unknown. However, as 
zoantharians do not make calcium skeletons, and 
based on the abundances of the species we observed 
at Iwotorishima Island, it appears that at least for 
“medium” levels of CO2 (= 831 ppm) as reported 
in Inoue et al. (2013) there may not be negative 
effects to these zooxanthellate zoantharians from this 
environment. 

However, this theory needs to be approached 
with caution based on the results of other recent 
studies. López and colleagues (in press) reported 
negative effects on two Palythoa spp.’s growth rates 
under a pH of 7.5 in tank experiments. Additionally, 
Wee et al. (2019) noted a decrease in zooxanthellae 
Cladocopium diversity in P. tuberculosa around 
the Iwotorishima Island CO2 seep compared to the 
“control” location. Similarly, Graham & Sanders 
(2016) noted that symbiont partnerships may be 
critical in assessing the reaction of zooxanthellate 
species to OA during tank experiments using 
Zoanthus and Palythoa spp. In order to better 
ascertain the resilience of zoantharians and their 
Symbiodiniaceae to high CO2 levels, it is clear 
further observations and experiments are needed. 
The octocoral and zoantharian dominated CO2 
seep at Iwotorishima Island represents a chance to 
investigate benthic communities of coral reefs of a 
possible future.

Acknowledgements

The author was supported by an OIST KICKS grant 
entitled “Japanese volcanic CO2 vents – natural 
laboratories to study the behavior and adaptation of 
marine organisms to acidifying oceans”. The author 
thanks the captain and crew of the Yosemiya III, and 
cruise members H. Kayanne (U. Tokyo), H. Kurihara 
(U. Ryukyus), Y. Ide (Oceanic Planning Corp.), 
and T. Ravasi and M. Izumiyama (OIST), for their 
support and advice.

References

Carlgren, O, 1900. Ostafrikanische Actinien, 
gesammelt von Herrn Dr. F. Stuhlmann 1898 und 
1899. Mitteilungen aus dem Naturhistorischen 
Museum in Hamburg, 17 (Supplement 2): 21–
144, pls. 1–7.

Esper,  E.J .C. ,  1805.  Die  Pf lanzenthiere  in 

Abbildungen nach der Natur mit Farben erleuchtet 
nebst Beschreibungen. Raspe, Nürnberg. Theilen 
1–3, Lieferungen 13.

Graham, E.R. & S.W. Sanders, 2016. Species-
specific photosynthetic responses of symbiotic 
z o a n t h i d s  t o  t h e r m a l  s t r e s s  a n d  o c e a n 
acidification. Marine Ecology, 37(2): 442–458.

Haddon, A.C. & A.M. Shackleton, 1891. Reports on 
the zoological collections made in Torres Straits 
by Professor A.C. Haddon, 1888–1889. Actiniae: 
I. Zoantheae. Scientific Transactions of the Royal 
Dublin Society, 4: 673–701.

Haywick, D.W. & E.M. Mueller, 1997. Sediment 
retention in encrusting Palythoa  spp.—a 
biological twist to a geological process. Coral 
Reefs, 16(1): 39–46.

Hibino, Y., P.A. Todd, S.Y. Yang, Y. Benayahu & 
J.D. Reimer, 2014. Molecular and morphological 
evidence for conspecificity of two common Indo-
Pacific species of Palythoa (Cnidaria: Anthozoa). 
Hydrobiologia, 733(1):31–43.

Inoue, S., H. Kayanne, S. Yamamoto & H. Kurihara, 
2013. Spatial community shift from hard to soft 
corals in acidified water. Nature Climate Change, 
3(7): 683–687.

Irei, Y., Y. Nozawa & J.D. Reimer, 2011. Distribution 
patterns of five zoanthid species in Okinawa 
Island, Japan. Zoological Studies, 50(4): 426–
433.

Kamezaki, M., M. Higa, M. Hirose, S. Suda & 
J.D. Reimer, 2013. Different zooxanthellae 
types in populations of the zoanthid Zoanthus 
sansibaricus along depth gradients in Okinawa, 
Japan. Marine Biodiversity, 43(1): 61–70.

López C., M. M. Bas-Silvestre, A. Rodriguez, A. 
Brito & S. Clemente, in press. Effects of low 
pH and high temperature on two Palythoa spp. 
and predator-prey interactions in the subtropical 
eastern Atlantic. Aquatic Conservation: Marine 
and Freshwater Ecosystems.

Mizuyama, M., G.D. Masucci & J.D. Reimer, 2018. 
Speciation among sympatric lineages in the 
genus Palythoa (Cnidaria: Anthozoa: Zoantharia) 
revealed  by  morphologica l  compar ison, 
phylogenetic analyses and investigation of 
spawning period. PeerJ, 6: e5132.

Moser, J., 1919. Beitrage zu einer Revision der 
Alcyonarien. 1. Die Gattungen Sarcophyton 
L e s s o n  u n d  L o b o p h y t u m  M a r e n z e l l e r. 
Mitteilungen Zoologisches Museum, Berlin, 9 
(2): 219–294, Pls. 5, 6.

Pax, F., 1910. Studien an westindischen Actinien. 

38 [ 報告 ] ライマー : 硫黄鳥島産有藻性スナギンチャク類 .



39

Fauna Ryukyuana, 59:  35–39.

Zoologische Jahrbücher Supplement 11: 157–
330.

Polak, O., Y. Loya, I. Brickner, E. Kramarski-Winter 
& Y. Benayahu, 2011. The widely-distributed 
Indo-Pacific zoanthid Palythoa tuberculosa: 
a sexually conservative strategist. Bulletin of 
Marine Science, 87(3): 605–621.

Reimer, J.D., 2010. Key to field identification of 
shallow water brachycnemic zoanthids (Order 
Zoantharia: Suborder Brachycnemina) present in 
Okinawa. Galaxea, Journal of Coral Reef Studies, 
12(1): 23–29.

Reimer, J.D. & C.P. Hickman Jr., 2009. Preliminary 
survey of zooxanthellate zoanthids (Cnidaria: 
Hexacorallia) of the Galapagos, and associated 
symbiotic dinoflagellates (Symbiodinium spp.). 
Galápagos Research 66: 14–19.

Reimer, J.D., J. Montenegro, M.E.A. Santos, M.E. 
Low, M. Herrera, R. Gatins, M.B. Roberts 
& M.L.  Berumen,  2017.  Zooxanthel la te 
zoan tha r i ans  (An thozoa :  Hexacora l l i a : 
Zoantharia: Brachycnemina) in the northern Red 
Sea. Marine Biodiversity, 47(4): 1079–1091.

Risi, M.M. & A.H. Macdonald, 2015. Possible 
s y n o n y m i e s  o f  Z o a n t h u s  ( A n t h o z o a : 
Hexacorallia) species on the east coast of South 
Africa with Pacific congeners. Systematics and 
Biodiversity, 13(1): 93–103.

Wee, H.B., H. Kurihara & J.D. Reimer, 2019. 
Reduced Symbiodiniaceae diversity in Palythoa 
tuberculosa at a heavily acidified coral reef. Coral 
Reefs, 38(2): 311–319.

硫黄鳥島初記録の有藻性スナギンチャク類

ジェイムズ D. ライマー 1, 2

1 〒 903-0213 沖 縄 県 中 頭 郡 西 原 町 千 原 1 琉
球 大 学 理 工 学 研 究 科 Molecular Invertebrate 
Systematics and Ecology Laboratory

2 〒 903-0213 沖縄県中頭郡西原町千原 1 琉球大
学熱帯生物圏研究センター

要旨 . 硫黄鳥島におけるスナギンチャク類の過
去の記録は Palythoa tuberculosa イワスナギンチ
ャク 1 種と少ない . 最近実施したサンゴ礁生態
調査において , イワスナギンチャクに加え , 硫
黄鳥島初記録となる Palythoa mutuki と Zoanthus 
sansibaricus キクマメスナギンチャクも記録し
た .
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