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Abstract

To understand the thermal tolerance of the nebaliid crustacean Nebalia tagiri inhabiting
hydrothermal vents in Kagoshima Bay, ROV dives were conducted in January 2020 using ROV
Hyper-Dolphin. Four dives (dive #2101-2104) were conducted in the hydrothermal area at a depth
of 200 m, but no metazoan (including nebaliid crustacean) was seen probably because of their
extremely low dissolved oxygen concentrations (DO) (<0.01 ml/L). Nebalia tagiri distributes not
only at the hydrothermal vent sites but also at tubeworm sites at a depth of 100 m in the bay.
Therefore, three dives (dive #2105-2107) were conducted at the tubeworm site where the DO was
much higher (DO: about 2.7-3.9 ml/L) than that of the vent sites, and we finally collected more
than several thousands of the nebaliid using a suction sampler installed on ROV and bait traps
deployed beside a tubeworm colony. Onboard experiments were conducted, and the maximum

survival temperature of V. fagiri was elucidated.
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2. Proposal (Fujiwara)
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3. Dive survey results
3-1. Dive list

Dive # Main purposes Site Landing Latitude (N) Longitude (E) Depth

Date Leaving (m)
bottom
#2101 Bio, water and sediment SES Site 8:44 31-39.7499N  130-46.2981E 199
2020/1/18 sampling 13:08  31-39.7444N  130-46.2944E 201
#2102 Deployment of camera SES Site 15:30  31-39.7412N  130-46.2867E 200
2020/1/18 system 16:08  31-39.7463N  130-46.2929E 200
#2103 Recovery of camera SES Site 8:35 31-39.7434N  130-46.2813E 200
2020/1/19 system 8:50  31-39.7448N  130-46.2949E 200
#2104 Bio, water sampling and WHYV Site 11:34  31-40.0700N  130-45.7030E 199
2020/1/19  collecting sediments 16:06  31-40.0720N  130-45.6839E 198
from chimney
#2105 Bio and water sampling  Tubeworm Site 8:37 31-39.7619N  130-48.0719E 108
2020/1/20 10:51  31-39.7562N  130-48.0648E 102
#2106 Release of bait trap and ~ Tubeworm Site 13:36 31-39.7603N  130-48.0716E 108
2020/1/20  collecting bio, water 16:03  31-39.7560N  130-48.0633E 103
samples

#2107  Recovery of bait trap and Tubeworm Site 8:44 31-39.7624N  130-48.0666E 105
A CoCeeE B, T 13:00  31-39.7580N  130-48.0646E 103

samples




3-2. Dive report

Dive Report HD#2101

Date: January 18, 2020

Site: Wakamiko Caldera, Kagoshima Bay, Depth: 201 m

Landing (Lat., Lon., Time, Depth): 31-39.7499N 130-46.2981E, 8:44, 199 m
Leaving (Lat., Lon., Time, Depth): 31-39.7444N 130-46.2944E, 13:08, 201 m
Pilot: TAYAMA, Yudai Co-Pilot: KIKUYA, Shigeru
Observer: FUIIWARA, Yoshihiro

Theme: Study on thermotolerance of Nebalia tagiri living inside hydrothermal-chimney wall.

Purpose of dive:

1. In situ observation of Nebalia tagiri living inside chimney wall
2. Sampling of Nebalia tagiri

3. Sampling of hydrothermal vent fluid and ambient seawater

Dive Summary
HD#2101 dive was conducted to observe and collect the hydrothermal vent nebaliid Nebalia tagiri.

We landed beside a “Tagiri (bubbling)” site and observed inside sediments using “Vent Scope”. We
clearly observed bacterial mats on and in sediments using the scope, but any benthic organisms
were not found. Sediments and rocks were collected using manipulators and a suction sampler
installed on ROV. Emitting water from the bottom of Tagiri site and the ambient water were
collected using a vacuum water sampler and two Niskin bottles, respectively. Two individuals of
fresh but dead hairtails (Tachi-uo) were observed on the bottom. Upon recovery, sediments and
rocks were sorted, but there was no visible metazoans.

Vent scope observation

Bacterial mat on sediment Dead hairtail
10



Payload Equipment:

1. Sample box x2

. Suction sampler, multi-bottled canister, and single-boxed canister

2
3. Vent Scope

4. Niskin bottle (2.2 L) x2
5

. Vacuum water sampler

Sampling Points and Markers:

Time Position Depth Events
(m)
8:50  31-39.7492N 130-46.2956E 199  Tagiri site and old marker
9:33  31-39.7448N 130-46.3108E 198  Vent Scope observation
10:40 31-39.7459N 130-46.2943E 200  Vacuumed water sampling
11:58 31-39.7444N 130-46.2944E 201  Vent Scope observation
12:02 31-39.7444N 130-46.2944E 201  Water sampling using Niskin (green)
12:04 31-39.7444N 130-46.2944E 201  Water sampling using Niskin (red)
12:34 31-39.7444N 130-46.2944E 201  Rock sampling
13:04 31-39.7444N 130-46.2944E 201  Sediment sampling using suction

sampler

11
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Dive Report HD#2102

Date: January 18, 2020

Site: Wakamiko Caldera, Kagoshima Bay, Depth: 201 m

Landing (Lat., Lon., Time, Depth): 31-39.7499N 130-46.2981E, 8:44, 199 m
Leaving (Lat., Lon., Time, Depth): 31-39.7444N 130-46.2944E, 13:08, 201 m
Pilot: TAYAMA, Yudai Co-Pilot: KIKUYA, Shigeru
Observer: TSUCHIDA, Shinji

Theme: Study on thermotolerance of Nebalia tagiri living inside hydrothermal-chimney wall.

Purpose of dive:

1. Deploying a camera system to monitor the activity of bubbling and venting at SES site

Dive Summary

HD#2102 dive was conducted to deploy a camera system for monitoring activity of Tagiri
(bubbling and venting) and benthic animals. We landed at the bottom about 15m south-west from
the Tagiri site and soon moved to it. After half an hour, we arrived at the site and deployed the

camera system front of the Tagiri. This is the short dive for setting the camera.

Deploying the camera system Lighting of the camera to Tagiri

Payload Equipment:

1. Sample box x2 with Kumade scoop

2. Suction sampler, multi-bottled canister, and single-boxed canister
3. Camera system with baited trap

4. Niskin bottle (2.2 L) x2

Sampling Points and Markers:

Time Position Depth Events
(m)
15:54 31-39.7463N 130-46.2867E 200  Deploying the camera system
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Dive Report HD#2103

Date: January 19, 2020

Site: WHYV site, Wakamiko Caldera, Kagoshima Bay, Depth: 200 m

Landing (Lat., Lon., Time, Depth): 31-39.7434N 130-46.2813E, 8:35, 200 m
Leaving (Lat., Lon., Time, Depth): 31-39.7448N 130-46.2949E, 8:50, 200 m
Pilot: SAKAKIBARA, Yudai Co-Pilot: TAYAMA, Yudai
Observer: YAMAKI, Ayuta

Theme: Study on thermotolerance of Nebalia tagiri living inside hydrothermal-chimney wall.

Purpose of dive:

1. Collection of the Camera system and Bait trap.

Dive Summary
HD#2103 dive was conducted to collect the Camera system and Bait trap which were settled on this
site at the last dive, yesterday. We landed beside the settled Camera system and Bait trap. Soon

after landing, we collected the system and trap and leave the sea floor.

Camera system and Bait trap on the sea floor Collection of the Camera system and Bait trap

Payload Equipment:
1. Sample box x2
2. Suction sampler, multi-bottled canister, and single-boxed canister

3. Niskin bottle (2.2 L) x2

Sampling Points and Markers:

Time Position Depth Events
(m)
8:50 31-39.7448N 130-46.2949E 200  Camera System
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Dive Report HD#2104

Date: January 19, 2020

Site: Wakamiko Caldera, Kagoshima Bay, Depth: 201 m

Landing (Lat., Lon., Time, Depth): 31-40.0700N 130-46.2981E, 8:44, 199 m
Leaving (Lat., Lon., Time, Depth): 31-40.0720N 130-45.6839E, 13:08, 198 m
Pilot: SAKAKIBARA, Yuta Co-Pilot: TAYAMA, Yudai
Observer: YAMANAKA, Toshiro

Theme: Study on thermotolerance of Nebalia tagiri living inside hydrothermal-chimney wall.

Purpose of dive:
1. In situ observation of Nebalia tagiri living inside chimney wall
2. Sampling of Nebalia tagiri with chimney fragments

3. Sampling of hydrothermal vent fluid and ambient seawater

Dive Summary

HD#2104 dive was conducted to observe and collect the hydrothermal vent nebaliid Nebalia tagiri.
We landed beside WHYV site and searched active chimneys. After reaching to the bottom, according
to sonar reflection image the ROV was moved toward to North. We saw two remarkable
hydrothermal shimmering and fumarole sites covered with white materials on the way to first
sampling site (31°40.1077°N, 130°45.6782’E; Kyokucho Site), where active hydrothermal venting
from several fissures (without chimney) covered with many cobble — boulder size rocks on the area
were observed. At the site venting fluid was collected using a vacuum water sampler. Then, we
observed inside sediments using “Vent Scope”. We clearly observed bacterial mats on and in
sediments using the scope, but any benthic organisms were not found. Sediments and rocks were
collected using manipulators into the front box and a suction sampler installed on ROV. After finish
the sampling, we moved to South and found remarkable sonar reflection. When we reached to the
reflection, White Cone chimney at WHYV site has been rediscovered after eight years. Sediments
and rocks were collected using manipulators from the foot of the chimney into the back box. Then,
the ROV left the bottom. Upon recovery, sediments and rocks were sorted, but there was no visible

metazoans.
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Sediment sampling with suction sampler

Payload Equipment:

1.

2
3.
4

Sample box x2

Vent Scope

Vacuum water sampler

Sampling Points and Markers:

White Cone Chimney at WHV site

Suction sampler, multi-bottled canister, and single-boxed canister

Time Position Depth Events

(m)
12:21 31-40.1051N 130-45.6796E 198  Hydrothermal venting site (no chimney)
12:46 31-40.1077N 130-45.6782E 198  Vacuumed water sampling
13:18 ditto 198  Vent Scope observation
14:11 ditto 198  Rock sampling using a rake (front box)
14:57 ditto 198  Sediment sampling using suction

sampler (canister #1-3)

15:01 ditto 198  Deployed Marker (H2104)
15:16 31-40.0720N 130-45.6839E 196  Reached to White Cone Chimney
16:03 ditto 196  Rock sampling using a rake (back box)
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Dive Report HD#2105

Date: January 20, 2020

Site: Wakamiko Caldera, Haorimushi Site, Kagoshima Bay, Depth: 108 m
Landing (Lat., Lon., Time, Depth): 31-39.7619N 130-48.0719E, 8:37, 108 m
Leaving (Lat., Lon., Time, Depth): 31-39.7562N 130-48.0648E, 10:51, 106 m
Pilot: TAYAMA, Yudai Co-Pilot: KIKUYA, Shigeru
Observer: Tomohiko KIKUCHI

Theme: Collection of Nebalia tagiri and other crustaceans from tubeworm colonies at Haorimushi

Site.

Purpose of dive:

1. In situ observation of tubeworm colonies

2. Water sampling with Niskin bottles at Haorimushi Site

3. In situ observation of Nebalia tagiri in the colonies of tubeworm by means of Vent Scope
4. Sampling of small benthic organisms with suction sampler in the tubeworm colonies

5. Sampling of tubeworm with manipulators

Dive Summary

HD#2105 dive was conducted to observe and collect Nebalia tagiri and other small benthic
crustaceans in and outside of tubeworm colony at “Haorimushi Site” of Kagoshima Bay. We landed
beside a “Haorimushi” site and sampled ambient water at close range from tubeworm colonies.
Next, observation of benthic animals in the tubeworm colony with “Vent Scope” was carried out.
Though we tried to take much time for observation, no animals observed clearly in the colonies
with the scope. Many benthic animals with sediments and rocks were collected using a suction
sampler installed on ROV, however, only 5 specimens of Leptostraca (Nebalia tagiri) were
collected. At last, we moved to small colonies of tubeworm and take a handful of tubeworms with

manipulators.

Tagiri (bubbling) site Vent scope observation
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Bacterial mat on sediment

Payload Equipment:

1. Sample box x2

Dead hairtail

2. Suction sampler, multi-bottled canister, and single-boxed canister

3. Vent Scope
4. Niskin bottle (2.2 L) x2

Sampling Points and Markers:

Time Position Depth Events
(m)
8:50 31-39.7562N 130-48.0648E 102  Tube worm colonies
8:55 31-39.7562N 130-48.0648E 102  Water sampling using Niskin bottel (2.2L)
9:00: 31-39.7562N 130-48.0648E 102  Water sampling in progress
09:15 31-39.7562N 130-48.0648E 102  Vent Scope observation
12:02 31-39.7562N 130-48.0648E 102  Biological sampling using suction sampler
12:04 31-39.7562N 130-48.0648E 102  Biological sampling in progress
12:34 31-39.7562N 130-48.0648E 102  Biological sampling in progress
10:49 31-39.7562N 130-48.0648E 102  Tubeworm sampling using suction sampler
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Dive Report HD#2106

Date: January 20, 2020

Site: HAORIMUSHI Site, Kagoshima Bay, Depth: 108 m

Landing (Lat., Lon., Time, Depth): 31-39.7603N 130-48.0716E, 13:36, 108 m
Leaving (Lat., Lon., Time, Depth): 31-39.7444N 130-46.2944E, 16:03, 103 m
Pilot: KIKUYA, Shigeru Co-Pilot: SAKAKIBARA, Yuta
Observer: MITA, Kouhei

Theme: Study on thermotolerance of Nebalia tagiri living inside hydrothermal-chimney wall.

Purpose of dive:
1. In situ observation of Nebalia tagiri living inside chimney wall
2. Sampling of Nebalia tagiri

3. Sampling of hydrothermal vent fluid and ambient seawater

Dive Summary

HD#2106 dive was conducted to observe and collect the nebaliid Nebalia tagiri living around the
bush of tube worms. We landed beside HAORIMUSHI site and released bait traps to catch Nebalia
tagiri. After deploying bait traps, we searched around HAORIMUSHI Site to find other bushes of
tube worms, but we couldn’t find out. Going back to landed point, we collected water samples using
two Niskin bottles. Sediments and bio samples were collected from the under part of tube worms
using vacuum water samplers. After having a look at how bait traps work, sediments and tube
worms were collected using “Kumade” sampler and stored in the two sample boxes. Upon
recovery, sediments were sorted and lugworms, amphipods, ostracods, Tanaidecea, brittle stars, and
many other kinds of organisms were found. Not so much, but some Nebalia tagiri were found as

well.

Bush of tube worms Collecting bio samples from the bush of

tube worms using Vacuum water sampler

23



samplar

Payload Equipment:

N ok D =

Sample box x2

Vent Scope

Niskin bottle (2.2 L) x2
Vacuum water sampler
“Kumade” sampler

Bait trap (red, blue)

Sampling Points and Markers:

Sampling sedimets using “Kumade”

Released bait traps (red, blue)

Suction sampler, multi-bottled canister, and single-boxed canister

Time Position Depth Events

(m)
13:51 31-39.7560N 130-48.0633E 103  Releasing bait trap (red)
13:54 31-39.7560N 130-48.0633E 103  Releasing bait trap (blue)
14:26  31-39.7560N 130-48.0633E 103  Water sampling using Niskin (red, green)
14:42 31-39.7560N 130-48.0633E 103  Bio sampling using Vacuum water sampler (canister 1)
14:50 31-39.7560N 130-48.0633E 103  Bio sampling using Vacuum water sampler (canister 2)
15:01 31-39.7560N 130-48.0633E 103  Bio sampling using Vacuum water sampler (canister 3)
15:13 31-39.7560N 130-48.0633E 103  Bio sampling using Vacuum water sampler (canister 4)
15:18 31-39.7560N 130-48.0633E 103  Bio sampling using Vacuum water sampler (canister 5)
15:25 31-39.7560N 130-48.0633E 103  Bio sampling using Vacuum water sampler (canister 6)
16:01 31-39.7560N 130-48.0633E 103  Collecting sediments and tube worms using “Kumade”

sampler
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Dive Report HD#2107

Date: January 21, 2020

Site: Tubeworm site, Kagoshima Bay, Depth: 105 m

Landing (Lat., Lon., Time, Depth): 31°39.7624°N 130°48.0666’E, 8:44, 105 m
Leaving (Lat., Lon., Time, Depth): 31°39.7580°N 130°48.0646’E, 13:00, 103 m
Pilot: TAYAMA, Yudai Co-Pilot: KIKUYA, Shigeru

Observer: FUIIWARA, Yoshihiro

Theme: Study on thermotolerance of Nebalia tagiri living inside hydrothermal-chimney wall.

Purpose of dive:

1. In situ observation of Nebalia tagiri living around tubeworm colonies using vent scope
2. Sampling of N. tagiri

3. Retrieval of bait trap for N. tagiri

Dive Summary

HD#2107 dive was conducted to observe and collect Nebalia tagiri individuals. We landed beside
the tubeworm site where we have visited during HD#2105 and HD#2106 and observed inside the
tubeworm colony using the “Vent Scope”. Suction sampling was conducted at surfaces of
sediments around the colony. Two bait traps, deployed during HD#2106, were successfully
retrieved. Upon recovery, more than several thousands of N. tagiri individuals were collected in the
canisters of the suction sampler and in the bait traps. Onboard experiments were conducted, and the

maximum survival temperature of N. tagiri was elucidated.

,/' ';_ . J

Retrieval of a bait trap deployed beside a  Vent scope observation inside the

tubeworm colony tubeworm colony
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Magnification image of tubeworms’ tube

using Vent Scope

Payload Equipment:

1.

2
3.
4

Sample box x2

Magnification image of Sebastiscus

tertius using Vent Scope

Suction sampler, multi-bottled canister, and single-boxed canister

Vent Scope
Niskin bottle (2.2 L) x2

Sampling Points and Markers:

Time Position Depth Events

(m)
8:55 31°39.7580°N, 130°48.0646’E 103 Water sampling using two Niskin bottles
9:35 Ditto Ditto ~ Vent Scope observation
9:51 Ditto Ditto  Sediment sampling using suction sampler
10:39 Ditto Ditto  Retrieval of a bait trap (blue)
11:04 Ditto Ditto  Retrieval of a bait trap (red)
11:32 Ditto Ditto  Sediment sampling using “Kumade”
13:00 Ditto Ditto  Sampling of tubeworm
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3-3. Payload list with photographs

#2 10 1 Wakamiko Caldera, I_(agoshima Bay,

SES site

lekln bottle (2 2 L) \ &
s b

. » [ 5 Suction sampler
£ ™ 4 Y 8 O A\ v (multi-bottled
Z J T o ";‘ canister)

Suction sampler m *w'

(single-boxed

3 “"Q Vacuum water sampler
canister)

i
Vent Scope .
P - ‘ Sample boxes(x2)

#2 10 2 Wakamiko Calscilze;a,sliizgoshima Bay,

Sample box (x2)
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#2 103 Wakamiko Cagjérsa,sliizgoshima Bay,

“"J/ /A ‘ibl

W) e : Suction sampler
() et 1L "v_ = (multi-bottled

canister)

Suction sampler .\—Q
(single-boxed
canister)

Sample boxes(x2)

#2 104 Wakamiko Ca\*/ﬁf‘r\z;l,sl?{aegoshima Bay,

# Suction sampler
——rg (multi-bottled

Niskin bottle (2 2 L) . < canister)

Suction sampler
(single-boxed
canister)

30




Niskin bottle (2.2 L)

Suction sampler
(single-boxed
canister)

Vent Scope

Wakamiko Caldera, Kagoshima Bay,
Wakamiko Sea Hill site

Suction sampler
(multi-bottled
canister)

Sample boxes

Niskin bottle (2.2 L)
(attached on Right
side of vehicle)

Suction sampler
(single-boxed
canister)

Vent Scope

Wakamiko Caldera, Kagoshima Bay,
Wakamiko Sea Hill site

Sample boxes

Bait traps(H2016-1
and H2015-2 in the
sample box)

Suction sampler
(multi-bottled
canister)
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#2 107 Wakamiko Caldera, Kagoshima Bay,
Wakamiko Sea Hill site

Niskin bottle (2.2 L)

Suction sampler
(single-boxed
canister)

Sample boxes
Vent Scope
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4. Vent scope observation

“Vent Scope” observations were conducted during all the dives in this cruise. The Vent Scope is
composed of a camera probe accompanying LED lights, a thermo probe, pressure housing made of
aluminum, and a connector. An optional “ball lens” are able to be installed in the camera probe,
which magnifies the image (image of bacterial mat shown below), but strong internal reflection of
the lens occurs. Video images (VGA, H264 codec) and temperature are monitored onboard, and
such data is stored in a micro SD card installed in the pressure housing. Temperature profiles were
not obtained correctly due to a mechanical problem. Fine images were taken in situ, but no nebaliid

shrimps were observed using the Vent Scope.

Vent scope Vent scope operation during HD#2107

Magnification image of bacterial mat at ~ Magnification image of Sebastiscus tertius around a
a hydrothermal vent site during tubeworm site during HD#2017
HD#2014
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5. Camera observatory deployment
A camera observatory was deployed beside a hydrothermal vent at a depth of 200 m. A total of 7.5-
hour video clips was taken, which showed active bubbling from the vent. No creatures were seen,

which was consistent with the ROV observation.

Camera observatory deployment beside a Camera observatory deployment beside a

hydrothermal vent. ROV lights were turned on.  hydrothermal vent. ROV lights were turned off.

Image taken by the camera observatory. Active bubbling is seen from a hydrothermal vent.
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7. Scientific results

7-1. Thermo-gradient experiment

To elucidate the suitable temperature for N. tagiri collected from the tubeworm site, a thermo-
gradient experiment was conducted. A one-litter graduated cylinder was filled with filtered seawater
and grass beads, which placed in an ice-cold bath. The top water in the graduated cylinder was
heated using a heating cable. The temperature gradient was from < 0 to > 70 °C, which was
recorded using a thermography camera. Before heating, a hundred individuals of N. tagiri was
introduced in the cylinder. Most N. fagiri individuals moved down and underwent asphyxia due to
the cold temperature. Rest stayed close to the surface and were finally killed by the heat. Therefore,

the suitable temperature for N. tagiri was not measured.

Lab setting for thermo-gradient experiment Thermo-gradient in a graduated cylinder
NG .

Nebalia tagiri located between grass beads at temperature of 25.7 °C. Left: light image; Right:

thermography image.
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7-2. Thermo-tolerance experiment

Thermal tolerance of N. fagiri was tested using
a thermal-controlled water bath. A temperature
gradient started at * °C and ended at * °C. Three
time series were prepared (two-, three- and four-
hour periods for the total experiments). The
temperature was increased step-by-step in one-
degree increment. Ten individuals were placed
in a 15-mL vials filled with filtered seawater.
Five vials (50 individuals in total) were applied
for each series. Most individuals survived up to
* °C in each experiment period, and the survival

rates showed a sharp decline at * °C and higher.

Lab setting for thermo-tolerance experiment

All the individuals died at * °C in the all experimental periods.

*Specific numbers not shown

GRAPH NOT SHOWN

Thermal tolerance of Nebalia tagiri
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7-3. Development of tubeworm eggs using pressure vessel

-Introduction and Purpose

It has been known that eggs of L. satsuma fertilize in female body. Therefore, removed eggs
develop and grow to larvae in the sea water kept at 10-17°C without artificial fertilization. However,
it is rare that eggs grow and reach to trochophore larvae. According to previous record, removed
eggs have positive buoyancy and develop to trochophore larvae in about 7 days.

In this study, the experiment and observation were conducted to confirm whether a ratio of normal
development of removed eggs of L. satsuma under pressured condition is different from atmosphere

condition or not by using a handy pressure vessel.

-Materials and Methods
The eggs used this experiment were removed from the individuals of L. satsuma collected at No.
HPD2106 and 2107 dives. The eggs removed from the 13 individuals collected at HPD2106 were
incubated in a handy pressure vessel compressed at 0.7 Mpa (Fig. 1). The eggs removed from the 4
individuals collected at HPD2107 were incubated in a 3L plastic vessel at atmosphere pressure over
6 days. Before sealing the vessels, sea water in them were bubbled by oxygen for keeping dissolved
oxygen higher. After this treatment, put eggs into the vessels and sealed without air. The vessels,
after sealing, were put into an aquaria temperature of 17°C. After the incubation over 6 days, both of

incubated eggs were removed from vessels and observed.

-Results and Discussion

After incubation of eggs over 6 days, normal development of L. satsuma was not observed neither
pressure vessel nor sample bottle. Although bubbling of oxygen before sealing vessels, dissolved
oxygen of sea water in them immediately after incubation over 6 days was 6.4 ml 1! which is
slightly lower than normal sea water.

The 6 days incubation term in this study was adopted because of to avoid that eggs touch the water
surface and air by positive buoyancy, and to keep eggs compressed during developing. However,
the results suggest that 6 days is too long for normal development without changing water.

In the further studies, I would like to plan to change the term of incubation shorter or to try incubate

embryo which is after eggs developing to blastula.
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Fig. 1 The handy pressure vessel(left) and the eggs of L. satsuma in the sealed pressure

vessel(right).
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8. Proposals for the future studies

Thermal tolerance of the hydrothermal vent nebaliid Nebalia tagiri
Authors: Fujiwara, Y., Tsuchida, S., Kuraku, S., Kikuchi, T. et al.

VENT SCOPE: in situ endoscope for observations of infauna in deep sea.
Authors: Fujiwara, Y., Masuda, K., Tsuchida, S. et al.

Development and reproduction of Lamellibrachia satsuma.

Authors: Ayuta Yamaki and coworkers

Development and reproduction of Periclimenes thermohydrophilus.

Authors: Ayuta Yamaki and coworkers

Rearing and Exhibition method of Nebalia Tagiri.

Authors: Ayuta Yamaki and coworkers

Mineralogical and lithological study of hydrothermal precipitation and lithified sediment
around hydrothermal and gas emitting areas in Wakamiko Crater, Kagoshima Bay, Japan

Authors: Yamanaka, T. and students of TUMSAT

Research title: Organic geochemical study of hydrothermal altered sediments around
hydrothermal and gas emitting areas in Wakamiko Crater, Kagoshima Bay, Japan

Authors: Yamanaka, T. and students of TUMSAT
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Appendix

I. Sample list

I-1. Macro organisms

On board Lat.(N) Lon.(E) Depth Date Collected
Dive Sampling
ID Sample Name No. Fixation Preservation Locality Remarks
No. Method Deg. Min. Deg. Min. [m] | yyyy | mm | dd | hh:mm
Lamellibrachi Tubeworm
2105-1 2105 many | Manupulator Live Live 31 39.7550 | 130 | 48.0634 | 90.5 2020 | 1 20 | 10:45
satsuma site
Periclimenes Tubeworm
2105-2 2105 112 Slurp gun Live Live 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
thermohydrophilus site
Periclimenes Tubeworm
2105-3 2105 72 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
thermohydrophilus site
Tubeworm
2105-4 2105 Gastropoda 6 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm
2105-5 2105 Ascidiacea 4 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm
2105-6 2105 Solemyidae 2 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 | 1 20 | 9:26
site
Tubeworm
2105-7 2105 Porifera 15 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm
2105-8 2105 Amphipoda 14 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
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On board Lat.(N) Lon.(E) Depth Date Collected
Dive Sampling
ID Sample Name No. Fixation Preservation Locality Remarks
No. Method Deg. Min. Deg. Min. [m] | yyyy | mm | dd | hh:mm

Tubeworm

2105-9 2105 Nebalia tagiri 1 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-10 | 2105 Gastropoda 4 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-11 | 2105 Acrocirrus validus 3 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-12 | 2105 Plychaete 2 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 | 1 20 | 9:26
site
Tubeworm

2105-13 | 2105 Plychaete many | Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-14 | 2105 Ophiurida 6 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 | 1 20 | 9:26
site
Tubeworm

2105-15 | 2105 Tanaidacea many | Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-16 | 2105 Ostracoda many | Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-17 | 2105 Actiniaria 4 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
Tubeworm

2105-18 | 2105 Nebalia tagiri 5 Slurp gun Live Live 31 39.7560 | 130 | 48.0633 | 91.2 2020 |1 20 | 9:26
site
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On board Lat.(N) Lon.(E) Depth Date Collected
Dive Sampling
ID Sample Name No. Fixation Preservation Locality Remarks
No. Method Deg. Min. Deg. Min. [m] | yyyy | mm | dd | hh:mm
Lamellibrachi Tubeworm R, DDA
2106-1 2106 30 Manupulator Live - 31 39.7568 | 130 | 48.0641 | 90.4 2020 |1 20 | 15:52
satsuma site HiFY
Periclimenes Tubeworm
2106-2 2106 179 Slurp gun Live Live 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
thermohydrophilus site
Tubeworm
2106-3 2106 Gastropoda 5 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-4 2106 Ostracoda 51 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 | 1 20 | 14:30
site
Tubeworm
2106-5 2106 Amphipoda 8 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Periclimenes Tubeworm
2106-6 2106 50 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 | 1 20 | 14:30
thermohydrophilus site
Tubeworm
2106-7 2106 Ascidiacea 6 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-8 2106 Gastropoda 18 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-9 2106 Tanaidacea 17 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-10 | 2106 Plychaete many | Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
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On board Lat.(N) Lon.(E) Depth Date Collected
Dive Sampling
ID Sample Name No. Fixation Preservation Locality Remarks
No. Method Deg. Min. Deg. Min. [m] | yyyy | mm | dd | hh:mm
Tubeworm
2106-11 | 2106 | Nihonotrypaea sp. 1 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-12 | 2106 Porifera 23 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-13 | 2106 Solemyidae 6 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-14 | 2106 Aphroditiformia 3 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 | 1 20 | 14:30
site
Tubeworm
2106-15 | 2106 Plychaete many | Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-16 | 2106 Hydrozoa 1 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 | 1 20 | 14:30 I7435°7
site
Tubeworm AT dh
2106-17 | 2106 Plychaete many | Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site 147?
Tubeworm
2106-18 | 2106 Plychaete 4 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-19 | 2106 Acrocirrus validus 5 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
Tubeworm
2106-20 | 2106 Nebalia tagiri 27 Slurp gun Live Live 31 39.7557 | 130 | 48.0619 | 90.5 2020 |1 20 | 14:30
site
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On board Lat.(N) Lon.(E) Depth Date Collected
Dive Sampling
ID Sample Name No. Fixation Preservation Locality Remarks
No. Method Deg. Min. Deg. Min. [m] | yyyy | mm | dd | hh:mm

Tubeworm

2107-1 2107 Nebalia tagiri 35 Slurp gun Frozen Frozen 31 39.7588 | 130 | 48.0655 | 91.5 2020 |1 21 | 10:39
site
Tubeworm

2107-2 2107 Tanaidacea 3 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-3 2107 Actiniaria 2 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-4 2107 Oligochaeta 21 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-5 2107 Solemyidae 6 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-6 2107 Echiura 1 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 | 1 21 | 9:46
site
Tubeworm

2107-7 2107 Ostracoda 1 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-8 2107 Gastropoda 36 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-9 2107 Amphipoda 21 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-10 | 2107 | Nebalia tagiri 11 Bait trap 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 10:39
site
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On board Lat.(N) Lon.(E) Depth Date Collected
Dive Sampling
ID Sample Name No. Fixation Preservation Locality Remarks
No. Method Deg. Min. Deg. Min. [m] | yyyy | mm | dd | hh:mm

Tubeworm

2107-11 | 2107 Plychaete 20 Slurp gun 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 9:46
site
Tubeworm

2107-12 | 2107 Nebalia tagiri many | Bait trap Live Live 31 39.7588 | 130 | 48.0655 | 91.5 2020 |1 21 | 10:39
site
Tubeworm

2107-13 | 2107 | Nebalia tagiri 50 Bait trap 99.5% EtOH | 99.5% EtOH 31 39.7577 | 130 | 48.0648 | 90.1 2020 |1 21 | 10:39
site
Tubeworm

2107-14 | 2107 | Nebalia tagiri many | Bait trap Live Live 31 39.7588 | 130 | 48.0655 | 91.5 2020 | 1 21 | 10:39
site

Lamellibrachi Tubeworm R, DA
2107-15 | 2107 9 Manupulator Live Live 31 39.7555 | 130 | 48.0623 | 92.2 2020 |1 21 | 12:59
satsuma site LilRY

Tubeworm

2017-16 | 2107 | Nebalia tagiri 20 Slurp gun 70.0% EtOH | 70.0% EtOH 31 39.7555 | 130 | 48.0623 | 90.1 2020 | 1 21 | 9:46
site
Tubeworm

2017-17 | 2107 Nebalia tagiri 70 Bait trap 70.0% EtOH | 70.0% EtOH 31 39.7555 | 130 | 48.0623 | 91.5 2020 | 1 21 | 10:39
site
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I-2. Sediments

Dive Sample Sampling
On board ID Preservation Date Collected Latitude (N) Longitude (E) Depth  Area Locality Remarks  Distribution/Purpose
# Category  Method
yyyy mm dd hh:mm Deg. Min. Deg. Min. (m)
Manipulator Kagoshima  Wakamiko  Box Yamanaka/Mineral&rock
2101 HPD#2101B Mud 4°C&Frozen 2020 1 18 12:32 31 39.7444 130 46.2944 201
& Kumade Bay Crater (large) analysis
Suction Kagosima Wakamiko  multiple  Yamanaka/Mineral&rock
HPD#2101S Mud 4°C&Frozen 2020 1 18 13:04 31 39.7444 130 46.2944 201
sampler Bay Crater canisters  analysis
Manipulator Kagoshima  Wakamiko  Box Yamanaka/Mineral&rock
2104 HPD#2104B1  Mud 4°C&Frozen 2020 1 19 14:11 31 40.1077 130 45.6782 198
& Kumade Bay Crater (large) analysis
Manipulator Kagoshima  Wakamiko  Box Yamanaka/Mineral&rock
HPD#2104B2  Mud 4°C&Frozen 2020 1 19 14:40 31 40.0720 130 45.6839 198
& Kumade Bay Crater (middle)  analysis
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I-3. Water

Dive On board ID Sample Sampling Preservation Date Collected Latitude (N) Longitude (E)  Depth Area Locality Remarks Distribution
# Category Method yyyy mm dd hhimm Deg. Min. Deg. Min. [m] /Purpose
Vacuum Kagoshima Wakamiko Filtered (0.45  Yamanaka/lon
2101 HPD#2101V ~ Seawater 4°C 2020 1 18 10:42 31 39.7459 130 46.2943 200
sampler Bay Crater pm) analysis
Kagoshima Wakamiko Green/Filtered Yamanaka/lon
HPD#210IN1  Seawater  Niskin bottle 4°C 2020 1 18 12:02 31 39.7444 130  46.2944 201
Bay Crater (0.45 um) analysis
Kagoshima Wakamiko Red/Filtered Yamanaka/Ion
HPD#210IN2  Seawater  Niskin bottle 4°C 2020 1 18 12:04 31 39.7444 130  46.2944 201
Bay Crater (0.45 pm) analysis
Vacuum Kagoshima Wakamiko  Filtered (0.45  Yamanaka/lon
2104  HPD#2104V  Seawater 4°C 2020 1 19  12:46 31 40.1077 130 45.6782 198
sampler Bay Crater pm) analysis
Kagoshima Wakamiko Fujiwara/onboard
2105 HPD#2105N1  Seawater  Niskin bottle RT 2020 1 20 8:55 31 39.7562 130  48.0648 102 Green
Bay Crater experiments
Kagoshima Wakamiko Fujiwara/onboard
HPD#2105N2  Seawater  Niskin bottle RT 2020 1 20 8:55 31 39.7562 130 48.0648 102 Red
Bay Crater experiments
Kagoshima  Wakamiko Fujiwara/onboard
HPD#2106N1  Seawater  Niskin bottle RT 2020 1 20 14:26 31 39.7560 130  48.0633 103 Green
Bay Crater experiments
Kagoshima Wakamiko Fujiwara/onboard
HPD#2106N2  Seawater  Niskin bottle RT 2020 1 20 14:26 31 39.7560 130  48.0633 103 Red
Bay Crater experiments
Kagoshima Wakamiko Fujiwara/onboard
HPD#2107N1  Seawater  Niskin bottle RT 2020 1 21 8:55 31 39.7580 130  48.0646 103 Green
Bay Crater experiments
Kagoshima Wakamiko Fujiwara/onboard
HPD#2107N2  Seawater  Niskin bottle RT 2020 1 21 855 31 39.7580 130  48.0646 103 Red
Bay Crater experiments
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II. CTD/DO profiles

Temperature (* C)
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III. Still images from each dive: HD#2101
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IV. Video file list

Dive No. Date Camera Start End File Name

HD#2101 2020 1.18 Main 8:34:00 13:12:00 20200118 083400 131200 HD2101Main.mov
HD#2101 2020 1.18 Sub 8:47:00 13:13:00 20200118 084700 131300 _HD2101Sub.mov
HD#2102 2020 1.18 Main 15:20:00 16:14:00 20200118 152000 161400 HD2103Main.mov
HD#2102 2020 1.18 Sub 15:21:00 16:15:00 20200118 152100 161500 _HD2102Sub.mov
HD#2103 2020 1.19 Main 8:18:00 8:54:00 20200119 081800 085400 HD2103Main.mov
HD#2103 2020 1.19 Sub 8:19:00 8:55:00 20200119 081900 085500 HD2103Sub.mov
HD#2104 2020 1.19 Main 11:25:00 16:10:00 20200119 112500 161000 _HD2104Main.mov
HD#2104 2020 1.19 Sub 11:26:00 16:11:00 20200119 112600 161100_HD2104Sub.mov
HD#2105 2020 1.20 Main 8:18:00 11:55:00 20200120 081800 115500 HD2105Main.mov
HD#2105 2020 1.20 Sub 8:19:00 11:56:00 20200120 081900 115600 HD2105Sub.mov
HD#2106 2020 1.20 Main 13:25:00 16:08:01 20200120 132500 160801 HD2105Main.mov
HD#2106 2020 1.20 Sub 13:26:00 16:09:01 20200120 132600 160901 HD2106Sub.mov
HD#2107 2020 1.21 Main 8:24:00 13:07:00 20200121 082400 130700 _HD2107Main.mov
HD#2107 2020 1.21 Sub 8:25:00 13:09:00 20200121 082500 130900 _HD2107Sub.mov
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V. Shipboard log & ship track

Shipboard log

Date /

Time

Weather, Wind
Descriptions
and Sea condition

2020/1/15
Wed.
13:00
14:00

15:00-
15:30
x16:00-
16:30
18:00-

18:30

Noon Position:35-19.2N,139-39.0E(YOKOSUKA Port, JAMSTEC )
Onboarded
Let go all shore lines and left JAMSTEC for KAGOSHIMA Bay

Carried out education and training for scientists

Scientists meeting

Scientists meeting

2020/1/16
Thu.
18:00-

18:30

Noon Position:33-23.5N,135-49.0E(Off SHIONOMISAKTI) ¢/NNE-2/2

Scientists meeting

2020/1/17
Fri.
18:00-

18:30

Noon Position:31-24.5N,131-30.5E(Off TOINOMISAKI) r/Morth-5/4

Scientists meeting

2020/1/18
Sat.
7:20
7:28

7:30

8:17

8:21

8:33

Noon Position:31-40.0N,130-46.5E(KAGOSHIMA Bay) be/NNW-3/2
Arrived at research area KAGOSHIMA Bay
Released XBT (31-39.5'N, 130-46.3'E)

Arrived at dive point V1

Hoisted up "Hyper-Dolphin"

Launched "Hyper-Dolphin"

"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2101 (WAKAMIKO

Caldera site)
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Date / Weather, Wind
Descriptions
Time and Sea condition

8:44 "Hyper-Dolphin" landed on the sea bottom (D: 199m)
13:08 "Hyper-Dolphin" left the sea bottom (D: 201m)
13:24 Hoisted up "Hyper-Dolphin"

13:29 Recovered "Hyper-Dolphin" & finished her operation

15:07 Hoisted up "Hyper-Dolphin"
15:11 Launched "Hyper-Dolphin"
"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2102 (WAKAMIKO
15:19 Caldera site)
15:30 "Hyper-Dolphin" landed on the sea bottom (D: 200m)
16:08 "Hyper-Dolphin" left the sea bottom (D: 200m)
16:17 Hoisted up "Hyper-Dolphin"

16:28 Recovered "Hyper-Dolphin" & finished her operation

16:43-

17:25 Carried out MBES mapping survey

18:00-
Scientists meeting
18:30
2020/1/19
Sun. Noon Position:31-40.0N,130-45.5E(KAGOSHIMA Bay) c/west-1/1

7:45 Arrived at dive point
8:11 Hoisted up "Hyper-Dolphin"
8:15 Launched "Hyper-Dolphin"
"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2103 (WAKAMIKO
8:24 Caldera site)
8:35 "Hyper-Dolphin" landed on the sea bottom (D: 200m)
8:50 "Hyper-Dolphin" left the sea bottom (D: 200m)
9:02 Hoisted up "Hyper-Dolphin"

9:13 Recovered "Hyper-Dolphin" & finished her operation

11:11 Hoisted up "Hyper-Dolphin"

11:15 Launched "Hyper-Dolphin"
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Date / Weather, Wind
Descriptions
Time and Sea condition

"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2104 (WAKAMIKO
11:24 Caldera site)
11:34 "Hyper-Dolphin" landed on the sea bottom (D: 199m)
16:06 "Hyper-Dolphin" left the sea bottom (D: 198m)
16:17 Hoisted up "Hyper-Dolphin"

16:27 Recovered "Hyper-Dolphin" & finished her operation

19:00-

19:15 Scientists meeting

2020/1/20

Mon. Noon Position:31-39.5N,130-48.0E(KAGOSHIMA bay) ¢/NW-1/1
8:13 Hoisted up "Hyper-Dolphin"
8:16 Launched "Hyper-Dolphin"

"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2105

8:24 (HAORIMUSHI site)
8:37 "Hyper-Dolphin" landed on the sea bottom (D: 108m)

10:51 "Hyper-Dolphin" left the sea bottom (D: 102m)

11:03 Hoisted up "Hyper-Dolphin"

11:12 Recovered "Hyper-Dolphin" & finished her operation

13:14 Hoisted up "Hyper-Dolphin"
13:18 Launched "Hyper-Dolphin"
"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2106
13:27 (HAORIMUSHI site)
13:36  "Hyper-Dolphin" landed on the sea bottom (D: 108m)
16:03 "Hyper-Dolphin" left the sea bottom (D: 103m)
16:18 Hoisted up "Hyper-Dolphin"

16:27 Recovered "Hyper-Dolphin" & finished her operation

18:45-

19:15 Scientists meeting
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Date / Weather, Wind

Descriptions
Time and Sea condition
2020/1/21
Tue. Noon Position: ¢/NW-1/1

8:17 Hoisted up "Hyper-Dolphin"
8:20 Launched "Hyper-Dolphin"
"Hyper-Dolphin" dove & com'ced her operation #Dive NO. 2107
8:32 (HAORIMUSHI site)
8:44 "Hyper-Dolphin" landed on the sea bottom (D:105m)
13:00 "Hyper-Dolphin" left the sea bottom (D: 103m)
13:20 Hoisted up "Hyper-Dolphin"
13:24 Recovered "Hyper-Dolphin" & finished her operation
13:30 departure from HAORIMUSHI site for KAGISHIMA port

15:20 Let go port anchor, arrived at KAGISHIMA port off
18:00-

19:00 Scientists meeting

Sent out 1st shore line, arrived at KAGOSHIMA port, then completed voy. No.
10:00 KS-20-2

Disembarked, then completed voyage No. KS-20-2
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VI. Group portrait




VII. Miscellaneous photographs
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