(®)
2016 2017

AUV exploration of the mesophotic reef zone in the South Ryukyu Islands

AUV exploration of the mesophotic reef zone in the South Ryukyu Islands

Humblet, Marc

3,100,000
2 i : KT(
30-110m) TN( 30-45m autonomous underwater vehicle(AUV HATTORI)
KT TN 30-40m KT
Porites merulinids TN Leptoseris

Acropora KT

The mesophotic seafloor around the Sekisei Lagoon was surveyed at two sites:
site KT (lat. 24.27° , long. 124.08° ; 30-110 m), site TN (lat. 24.35° , long. 124.08° ; 30-45 m),
using robotic submersibles. A new autonomous underwater vehicle (AUV HATTORI) was developed to
acquire high-resolution video images of the seafloor. The AUV was equipped with sensors measuring
temperature, salinity, and light intensity down to 45 m at both sites. Additional video images were
acquired using remotely operated vehicles.

There are differences in coral communities occurring at upper mesophotic depths (30-40 m) between
site KT and site TN: low coral cover and taxa comprising Porites and merulinids at site KT, and high
coral cover with abundant Leptoseris and Acropora at site TN. In addition, a clear depth zonation
was observed at site KT with a transition from coralgal communities to a mixed community at around

60 m. This study also highlights the patchiness of benthic communities at mesophotic depths.
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(1) The main shallow tropical reef-builders
are scleractinian corals and coralline algae.
The species distribution of these organisms
on coral reefs is not random. There is a
species zonation reflecting gradients in wave
energy and light (i.e., depth). Because of
their non-random species distribution, reef
organisms are useful paleo-environmental
and sea-level indicators.

(2) Reef-building scleractinian corals live
within the photic zone, and their distribution
may extend to depths of over 100 m.
However, the lack of data on deep reef
communities limits the accuracy of paleo-
environmental interpretations of fossil reef
deposits. The deep reef habitat, or meso-
photic reef zone (MRZ), extends from 30 m to
the bottom of the photic zone (~150 m in
clear water). The seafloor in the MRZ has
been shaped by repeated glacio-eustatic
sea-level changes controlling sedimentation,
erosion, reef growth and reef demise.
Therefore, the study of reef biota and
sediments, and of seafloor geomorphology at
mesophotic depths is essential to understand
reef growth history and reconstruct paleo-
environmental and sea-level changes during
the Quaternary.

The present research is a study of the
distribution and taxonomic composition of
benthic organisms at mesophotic depths
(30-120 m) around the Sekisei lagoon in the
South Ryukyus, Japan. The goal is to
establish new robust paleo-environmental
and sea-level indicators based on a detailed
analysis of the taxonomic composition and
distribution of macrobenthic organisms in the
MRZ.

(1) Video images of the seafloor were
acquired by robotic submersibles provided by
Prof. Toshihiro Maki’s lab (The University of
Tokyo). One remotely operated vehicle (ROV
Ql, Co.Ltd.) and one autonomous under-
water vehicle (AUV HATTORI) were used to
investigate the seafloor at two mesophotic
sites, one south and one north of the Sekisei
Lagoon, at depths of 30-110 m (Kataguwa,
site KT, lat. 24.27°, long. 124.08°) and 30-40
m (Taketomi North, site TN; lat. 24.35°, long.
124.08°), respectively (Fig. 1). Additional
images were acquired at site TN by the ROV
Kukanchi (Ambient Intelligence Technologies
Lab., Co.Ltd.).

(2) The AUV HATTORI (Highly Agile Terrain

Tracker for Ocean Investigation) is a new
lightweight robotic submersible developed
and tested during this study. The AUV was
equipped with sensors to obtain temperature,
salinity, and light intensity profiles down to 45
m at sites KT and TN (Fig. 2). A super short
baseline acoustic system (SSBL) was used
to determine the position of the AUV
HATTORI and ROV QI during each dive.

(1) Initial testing of the new AUV was
successfully carried out in the Tonoshiro port
at Ishigaki-jima in November 2016. At the
same time, the ROV QI was used to explore
the seafloor at site KT along two transects at
depths ranging from 30 to 100 m.
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Fig. 1: Location of the two surveyed sites. (A) map of the
Ryukyu lIslands, southwestern Japan. (B) map of the
Sekisei Lagoon. IR. Iriomote-jima, 1S., Ishigaki-jima, KB.
Kobama-shima, KR. Kuro-shima, OK. Okinawa-jima, TK.
Taketomi-jima.
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Fig. 2: Light intensity vs. depth at site KT (red plain line;
May 15, partly cloudy) and site TN (blue dashed line; May
16, cloudy).



(2) During the second survey in May 2017,
the AUV HATTORI was first deployed inside
the lagoon at shallow depth (20 m or less).
Several dives were conducted at these sites
to fine-tune navigation parameters, such as
speed and elevation. After these trials, the
AUV was deployed at mesophotic depths,
first at site KT (11 dives), then at site TN (2
dives), at water depths of 40-45 m, along
transects up to 40 m in length. The AUV
HATTORI successfully mapped the seafloor
(Fig. 3). Additional video images were

acquired by the ROV QI and ROV Kukanchi.

Fig. 3: Photomosaic of the seafloor performed by AUV
HATTORI

(3) Results show a marked zonation of
benthic organisms along a depth gradient at
site KT, as well as a clear difference in
composition of mesophotic coral commu-
nities between site KT (exposed) and site TN
(protected) (Figs. 4 and 5). The discovery of a
dense coral community at 30-40 m depth at
site TN is particularly remarkable (Fig. 5).

(4) The depth zonation at site KT can be
summarized as follows:

30-40 m: benthic community occurring on the
fore-reef slope of the barrier reef on hard
substrate composed primarily of scleracti-
nian corals and crustose coralline algae (i.e.,
coralgal community) with low coral cover, and
comprising coral taxa such as Porites and
merulinids (Fig. 4a-b).

40-60 m: a coralgal community occurring on
flat rocky bottom and on pinnacles with low
coral cover (although cover up to 35% was
reported close to site KT on pinnacles), with
common occurrences of the scleractinian
coral species Acropora granulosa (Fig. 4c-d).
60-70 m: mixed benthic community compo-
sed of scleractinian corals, calcareous and
fleshy algae, sponges, sea fans, and large
foraminifers, with overall high live cover and
high taxonomic diversity (Fig. 4e-f).

(5) The coral community at site TN between
30 and 40 m water depth is characterized by
up to 100% coral cover. Coral species
identified from video still images include
Leptoseris gardineri, Leptoseris amitoriensis?,

Acropora tenella and Acropora echinata (Fig.
5a-b).

Fig. 4: Images of the seafloor acquired at site KT. (A)
Porites sp. (33 m). (B) Favites sp.? (34 m). (C) Acropora
tenella (1), Seriatopora hystrix ? (2), Acropora granulosa
(3) (42 m). (D) Close-up image of Acropora granulosa (52
m). (E) mixed community (69 m). (F) Close-up image of
Leptoseris sp. (63 m).
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Fig. 5: Images of the seafloor acquired at site TN. (A)
Dense community of Leptoseris gardineri (33 m). (B)
Leptoseris amitoriensis? (1), Acropora granulosa (2) (40
m).

(6) In conclusion, there significant differences
in coral communities occurring at upper
mesophotic depths (30-40 m) between site
KT and site TN. Oceanographic conditions
differ markedly at the two sites. Site KT is
exposed to the open ocean whereas site TN
is located in a more protected environment.
Fine carbonate mud is widespread at site TN
and suggests a higher turbidity. Results show
a clear zonation of benthic organisms along a
depth gradient at site KT, characterized by
marked changes in benthic community
structure, and a sharp decline in coral
abundance below 70 m. In addition, this study
also highlights the patchiness of benthic
communities at mesophotic depths, with
pronounced variations in live cover within
each surveyed site.
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