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No. 항
공간

비 고

본도

1 연 도 해안 FSM

2 축환초도 Chuuk

3 웨 정 해안 Weno 적산출

4 등고 도 Weno 등고수 산출

5 도 도 Weno
포 비포 악 등, , ,

종 별 총연 산출,

6 건물도 Sapuk 사 지역 건물 도별

7 수심도 Weno 어IDW

8 연안 공간 리 획도 Weno

9 수계도 Weno

10 호 도 Weno 수역 호안지

11 연해안 Weno

12 공해안 Weno

13 고해상도 컬러 상 Weno 천문연 수 료 활 미 수( )

도

14 고해상도 상 Weno 상KOMPSAT2

15 주 공간 획도 Weno 1km x 1km

16 간 획도 Weno 0.5km x 0.5km

17 복도 Weno

18 향 도 Weno

19 경사 포도 Weno

20 차원 지형도3 (DEM) Weno

특 도

21 해양생태 식지도 Sapuk

22 빵나무 식 포도 Sapuk

23 거주 포도( ) Sapuk

24 상수 정 도 Sapuk

25 전신주 도 Sapuk

26 폐차 포도 Sapuk

27 웨 주변 경 도 Weno

28 축환초 조사주제도CTD Chuuk

29 산호초 식지 매핑지도 Sapuk

30 난 포도 Chuuk

31 퇴적물채취 지점도 Weno 개 개2011(19 ), 2012(22 )

32 축 해역 수 해도 Chuuk 사 여

33 정 조사 도 Sapuk 사 해안 정 조사 정점

34 산호 식지도 World
산호초 식 적 포

공개 료( )

료 35 상정보 료 Weno 람 미도 간(1 )
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주 내역

1. 아틀라스 격규정 과학적 향 역사 환경 료,

차2.

문사회역사 개

주 연 활동

향후계획

시나리 스 리 링3. ( ) 태평양 연 에 초안 문 제(GIS )

담당4. 정 수환, ,

초안 안5. ( )
양 스프링 주80p( )-

주전 초안 취합( ) :

역 그래픽 업6. 태평양 연 최종 감수 포함( )

- -

- -

량(pages

)
주 내

도 1 5pp
문사회 역사 지리정보, , (GIS )

마 크 시아 축 역사 문사회 개~

도 2 10 pp

연혁KSORC (History)

본연혁에 주 핵심 트 정리 사진과 함

께

본 40~50 pp

주 연 야별 간략한 연 실적 그래프 활( , ,

)

야 야 야 야 지 별 하여1, 2, 3 ....... n

그림 활!( , GIS )

맺 1~2 pp
향후 연 협 계획( ~ )

미지 킹적 도 나 그림,

타 1~2 pp 홍보 지나 타 필 한 도가 경우
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Name Sequence (5‘ 3’)→
Tanneal

(°C)
References

tufAf

(forward)
TGAAACAGAAMAWCGTCATTATGC

52 Fama et al. 2002
tufAr

(reverse)
CCTTCNCGAATMGCRAAWCGC
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Sampling site Sample name tufA phylogeny Morphology

Seagrass area

(SG1, SG2)

H1 H. cylindracea H. cylindracea

H2 H. macroloba H. macroloba

H3 H. macroloba H. macroloba

H4 H. macroloba H. macroloba

H5 H. cylindracea H. cylindracea

H6 H. cylindracea H. cylindracea

H7 H. cylindracea H. cylindracea

H8 H. cylindracea H. cylindracea

H9 H. cylindracea H. cylindracea

H10 H. cylindracea H. cylindracea

H11 H. borneensis H. borneensis

H12 H. macroloba H. macroloba

H13 H. opuntia H. opuntia

Rocky area H2-2 H. gigas H. gigas

(CS) H3-2 H. distorta H. distorta

H4-2 H. lacunalis H. magnidisca

H5-2 H. sp. H. distorta

H6-2 H. cylindracea H. cylindracea

Coral and sand

area

H1-1 H. discoidea H. discoidea

H2-1 H. melanesica H. melanesica

H3-1 H. macrophysa H. macrophysa
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Class
Amount of substratum

covered

% substratum

covered

Mid point %

(M)

5 1/2 to all 50 - 100 75

4 1/4 to 1/2 25 - 50 37.5

3 1/8 to 1/4 12.5 - 25 18.75

2 1/16 to 1/8 6.25 - 12.5 9.38

1 less than 1/16 < 6.25 3.13

0 about 0 0

 ∑ 

∑  
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Group Benthic Habitat Code Taxon Life form

Abiotic

Sand S

Rubble R

Dead Coral DC

Rock R

Coral
Hard Coral HC

Acropora

Bottlebrush

Branching

Digitate

Tabulate

Encrusting

Submassive

Non Acropora

Branching

Encrusting

Foliaceous

Massive

Submassive

Mushroom

Solitary

Soft Coral SC Soft Coral

Algae

Macro Algae MA

Brown Macro Algae

Red Macro Algae

Green Macro Algae

Coralline Algae CA

Turf Algae TA

Halimeda HA

Seagrass Seagrass SG Seagrass

Other Macro Fauna MF

Sponge

Fire Coral

Blue Coral

Tunicates

Echinodermata
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Arthropoda

Mollusca

Zoanthids

Indeterminate
Water W

Indeterminate IN
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돌산호 종 분포 사

Acropora nobilis

리프 언 에 형 군락 형성- KSORC

리프 안 에 패치 형성- Benedict

웨노섬 연안 주 점종-

전체 돌산호 비- 62.2%

Porites rus

리프 경사 에 점- Benedict

웨노섬 연안 리프 경사 에 분포-

웨노섬 연안 주 점종-

전체 돌산호 비- 19.9%

Porites cylindrica

리프 경사 에 점- Benedict

리프 리프 안 패치 형성- Benedict

웨노섬 연안 주 점종-

전체 돌산호 비- 9.0%

Pavona danai
리프 안 에 분포- Benedict

전체 돌산호 비- 2.4%

Pocillopora

damicornis

리프 안 에 분포- KSORC

전체 돌산호 비- 2.2%
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피 종 분포 사진

Cymodocea rotundata

연안에 밀집하여 분포하는 점종-

- Syringodium isoetifolium 혼 하

여 분포

얕 래 바닥 수심- 0-5 m

Syringodium isoetifolium

연안에 밀집하여 분포하는 점종-

- Cymodocea rotundata 혼 하여

분포

내만 얕 래 바닥 수심- 0-3 m

Enhalus acoroides

연안에 부분적 로 를 형성하- patch

여 분포

래 또는 펄 바닥 수심- 0-3 m

Thalassia hemprichii

연안에서 떨어 가 리에 부분적-

분포

래 펄 또는 산호파편 바닥- , 0-3

수심m

Cymodocea serrulata

연안에서 떨어 래 역에 부분-

적 분포

래 바닥 에 분포- 0-3 m

- -

- -
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-5-1

-5-

Medium Components

Urea used as nitrogen source NaNO3 used as nitrogen source

A1 A2 A3 B1 B3 C1 C2 C3 R1 R2 R3

NaHCO3 5.00 7.50 10.00 5.00 10.00 5.00 7.50 10.00 9.00 16.80 13.61

Na2CO3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4.03 - 4.03

NaNO3 - - - - - - - - 2.50 2.50 2.50

Urea 2.00 2.00 2.00 4.00 4.00 6.00 6.00 6.00 - - -

NaCl 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.50

K2HPO4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50

K2SO4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

MgSO4·7H2O 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

FeSO4·7H2O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

CaCl2·2H2O 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Na2EDTA 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

Vitamin B12 - - - - - - - - - - 0.00015

A5 Solution(ml) - - - - - - - - - 1.00

Metal solution(ml) 6.00

Micronutrient solution(ml) 1.00

Soil extract 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 - 　

Added medium components unit : g L-1

R1: Control group in this study

R2: Raoof et al (2006) / Zarrouk's medium, 2.5 L erlenmayer flask, 30°C, 12L:12D, 18 days growth duration

R3: Celekli and Yavuzatmaca (2009) / Modified Zarrouk's medium (Schlösser. 1982), 250 ml erlenmayer flask, 30°C, 10

days growth duration
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-5-2

-5-

Light

intensity
0 2 4 6 8 10 12 14 　 (day)　

9:00 am 2260.5 2310.0 478.5 2491.5 2491.5 2112.0 2062.5 1897.5

1:00 pm 2491.5 2970.0 429.0 3300.0 3300.0 2491.5 1584.0 1617.0

5:00 pm 346.5 330.0 181.5 379.5 429.0 297.0 643.5 660.0

　 R1 A1 A2 A3 B1 B2 B3 C1 C2 C3

Temperature 29.26±0.83 29.47±0.83 29.38±0.82 29.28±0.79 29.26±0.81 29.32±0.83 29.22±0.83 29.33±0.80 29.35±0.83 29.22±0.88

Salinity 8.46±0.54 3.85±0.26 4.43±0.24 4.26±0.38 4.97±0.21 4.92±0.24 4.08±0.33 5.76±0.27 6.28±0.42 3.97±0.18

pH 8.14±0.23 8.18±0.35 8.14±0.36 8.07±0.32 8.17±0.30 7.94±0.27 8.12±0.31 8.19±0.30 8.14±0.29 8.08±0.31

*Light intensity unit : µmol photons m
-2
s
-1
day

-1
, water temperature unit : °C, salinity unit : psu
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-5-

-5-4

-5-

μ

Factors
Experimental groups

R1 A1 A2 A3 B1 B3 C1 C2 C3

µmax(day
-1
)
*

0.49 0.47 0.50 0.47 0.48 0.49 0.48 0.48 0.49

Coil No. 8.55 9.45 8.55 7.75 10.30 7.55 9.60 7.80 11.95

Biomass (g L
-1
) 0.97 0.75 1.05 0.71 0.85 0.97 0.87 0.80 1.02

* µmax (day
-1
):Maximumspecificgrowthrateinaday

　 Protein Lipid Carbohydrate Ash Moisture 　 　 　 　 　 　

Major

nutrients
56.14 0.75 16.21 20.98 4.92

　 Asp Thre Ser Glu Pro Gly Ala Cys Vale Mete Iso Leu Tyr Phee Lyse Hise Arg

Amino acids 10.40 5.92 4.79 14.90 4.51 5.07 7.61 0.56 6.76 3.10 6.76 0.85 0.56 6.76 7.04 2.54 10.40

*
e
:Essentialaminoacids
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-5-5

-5-

Urea (g L-1) Culture period (day) Biomass (g L-1) Culture scale References

0.03 18 0.683
Laboratory Avila-Leon et al. (2012)

0.30 18 1.415

2.50 14 1.591
Laboratory Danesi et al. (2002)

5.60 14 1.490

0.60 28 0.910

Laboratory Costa et al. (2001)1.80 28 0.091

3.00 28 0.059

2.00 14 1.050

Outdoor

A2

4.00 14 0.970 B3 (In this study)

6.00 14 1.020 C3

NaNO3 (g L-1) Culture period (day) Biomass (g L-1) Culture scale References

2.5 18 1.630 Laboratory R2, Raoof et al. (2006)

2.5 10 3.495 Laboratory R3, Celekli and Yavuzatmaca (2009)
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μ

Primer(rbcL) Sequence

Forward 5'-AAATTGACTTATTATACTCCT-3'

Reverse 5'-AAAGTTCCTCCACCGAATTGTAG-3'

-1-1

-1-



- 84 -

-1-2

-1-

-1-3

-1-3



- 85 -

-1-4

-1-

-1-5

-1-



- 86 -

-1-6

-1-6

-1-7

-1-

-1-

-1-



- 87 -

-1-9

-1-9

μ μ

μ



- 88 -

-1-10

-1-10

μ

-1-

-1-



- 89 -

-1-

-1-

species primers

1 Acanthamoeba polyphaga mimivirus TGGCTTTGACAAAAACGTCG GCAATGGAAAATGCTCATGG

2 Ambystoma tigrinum virus GAAAACACCGGACGTGAGTG GTTGTCCACAAAGCACAGGG

3 Amsactamooreientomopoxvirus AATCATCCAATAATTCGTCTACAA GGTTGTGGTCATGGTAAAATAACA

4 Bovine herpesvirus 5 CTACACCCGTGCACTTCGTT GGCATCGGCAGTACAGTCAC

5 Bovine herpesvirus 5 TGCATGTACACGGGAACCA TCTACCGCATGTTCGAGGTG

6 Canarypox virus CGGCGATCAATAACTCTTGG ATGCATGTAGGAACCGACGA

7 Macacine herpesvirus 1 GCTGCTCTCCCGCTACTTCT CTGTCGTCCTCGTCCTCGT

8 Cercopithecine herpesvirus 2 ATCTCATTCAAAGCGTTGCG GTTTCTTCTGGGCTTCGGTC

9 Ectocarpus siliculosus virus 1 CATCTCCCCCAACCCTTCTA CATGCATGGGAAACTTGGAG

10 Equid herpesvirus 2 GTGGTACCCGCCCTGTATCT GCCATAATGAGCAGAGGCAA

11 Human herpesvirus 1 AGTCCCAGGTAACCTCCACG GAGGCCCAGACCACCAGG

12 Human herpesvirus 2 TGTCTGTTTGGGCTTGTCGT CACGTTGACGTGGTGTTGG

13 Melanoplus sanguinipes
entomopoxvirus

CCAATAATATCCATACCAATAACAA TTTCTGAATGTGTGTTACCTATTTCAA

14 Nosemaceranae TAAGAGGAGCAAATGGCACG GACGCTTCGTAAGACGTTCAA

15 Shrimp white spot syndrome virus AAGGAGATGGGGTTCGTGTC CGTGTGGAGGGGTAACTCGT

16 Singapore grouper iridovirus GTGAGAAACGCGCATCTGTT TCCTCGGATTTGTTGTTGGA

17 Suid herpesvirus 1 ATGCCTCCACAACGAGCC GCAGGATCAGAAACACGAGG

18 Tupaiid herpesvirus 1 AGCGCGGCTACTGGTTTAAG GTCCTCTCCCACTTCTTCGG
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%
취도 단 특 사항

우수 또는 진사 등( )상 진

당해연도 목표달 도 (93) •
현지 냉동 시료 내

지연 월 월(7 -11 )

목표 비 달 도 (80) •

과목표 가중( ) 연 과2013
연차목표

달 도

목표

달 도

산업 재생 생산1.

(30%)

용 미 생산(0.5•

ton)

열 능 어 생산체계•

100 90

생 다양 보2.

시료확보 (30%)

열 해양 생 (400 )•

호 식처 민 변동 감시•
70 70

생태계3.

감시 술(20%)

라 내 리 화학 변동 감시•

망그 브 망감시•
100 80

계량 지표4. (20%)
생산•

홍보 료 간•
100 80

합계(100%) (93)% (80)%
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Summary

During September 11-21, 2013, several activities including field surveys and experiments were

conducted by a team from Reef Biology Research Group, ChulalongkornUniversity. The objectives

of the study were 1) to conduct research on coral biology (growth, photosynthesis, and

zooxanthellae of corals) in Chuuk, 2) to follow up the reef monitoring areas where permanent lines

and quadrats have been established since last year, 3) to do experiments on coral restoration

technique using both sexual and asexual techniques, and 4) to investigate the species diversity of

soft corals, SinulariaandSarcophytoninChuuk. All activities were completed and the details of the

results were shown in the next section of the report.

For the photosynthesis rate and density of zooxanthellae of corals, the results showed that

densities of zooxanthellae varied depending on coral species. In addition, there was no correlation

between density of zooxanthellae and photosynthesis rates of each coral species. During the reef

monitoring surveys, it is interesting to note that coral bleaching particular on the reef in front of

KSORC and high density of Drupellaspwereobserved. More than 35% of coral population

experienced the bleaching. However, overall from the field surveys, coral coverage in 3 sites

ranged between 15-39 % of the total substrates.

For the experiments on coral restoration technique, small coral fragments attached to the PCV

were transplanted into the ocean. The growth and survival of corals will be monitored throughout

the year.

Finally, we would like to thank all staff at KSORC for their kindness and generous assistance

both in the field and in the laboratory to make our activities possible. This project was funded by

a grant from KIOST to ChulalongkornUniversity. We also would like to special thank to Dr.

Heung Sik Park for allowing us to come to KSORC and for providing all logistic arrangement to

make our project possible.
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Objectives

Activities

The activities can be divided into 4 parts:

I Photosynthesis rate and density of zooxanthellae of corals

II Monitoring reefs using Reef Check method and permanent line transects

III Experiment on coral restoration technique using both sexual and asexual reproduction

IV Species diversity of soft corals
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I Photosynthesis rate and density zooxanthellae of corals

Methods

Corals (■ Pocillopora damicornis, Acropora nubilis,Porite cylindrica) were collected to

measure the photosynthesis rate by using the diving PAM and the density of

Zooxanthellae.

At least 10 coral fragments in each species were collected.■

Setting the PAM equipment and measuring photosynthesis rates of corals

Extracting coral tissues using high pressure water

Counting numbers of zooxanthellae in each coral species
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Results

The results showed that densities of zooxanthellae varied depending on coral species. However,

there was no correlation between density of zooxanthellae and photosynthesis rates of each coral

species.
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Fig 1. Densities of zooxanthellae depending on coral species.

II Monitoring reefs using Reef Check method and permanent line transects

Surveys of reef health including coral cover, invertebrates, and fish along the permanent■

line transects were conducted at 3 permanent study sites.

These permanent sites were established last year (2012), and were chosen based on Mr.■

Taihun Lee’s previous study.

Reef Check method was used to monitor the reef health.■

The details of 3 permanent sites were below:

Site 1 Permanent line (pole) (GPS N 7.45501

E 151.896702)

Site TL2 (GPS N 7.457040 E 151.906819)

Site TL3 (GPS N 7.45183 E 151.905586)
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Fig 2. During the surveys, coral bleaching was also observed.

Results

The results from the field surveys were shown below. In addition, the data were compared

between the year 2012 and 2013.

Site 1: Permanent line (pole) (GPS N 7.45501 E 151.896702)

Reef in front of KSORC

Percent cover of substrate: Hard coral = 39.38±3.68%, Algae = 23.38±3.61%,

Rubber= 16.25±2.72 and Sand = 12.50±2.16%

HC = Hard coral SC = Soft coral RKC = Recently Killed coral

NIA = Nutrient indicator algae SP = Sponge RC = Rock

RB = Rubble SD = Sand SI = Silt/Clay

OT = Other



- 111 -

Fig. 3. Results from the site 1 (perment line) surveys onbetween the year 2012 and 2013.
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Site 2: Site TL2 (GPS N 7.457040 E 151.906819)

Benedict’s point
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Fig. 4. Results from the site 2 (Benedict's point) surveys onbetween the year 2012 and 2013.

Site 3: Site TL3 (GPS N 7.45183 E 151.905586)

Benedict’s point
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Fig. 5. Results from the site 3 (Benedict's point) surveys onbetween the year 2012 and 2013.
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Important Notes

During the field surveys, we observed coral bleaching particular in the reef in front of KSORC

and high density of Drupellasp. More than 35% of coral population experienced the bleaching.

Coral bleaching Drupella sp.

III Experiments on coral restoration technique using both sexual and asexual

reproduction

Methods

Small coral fragments were collected and attached on to the substrates (PVC). Then, they■

were transplanted into the ocean. The growth and survival of corals will be monitored

throughout the year. In addition, the attachment time by corals themselves will also be

investigated.

In addition, small coral fragments were collected to observe the development of coral■

gametes.

Three coral species (■ Porites cylindrical, Acropora nubilis, Pocillopora damicornis) were

chosen for the experiments.
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Preparing PVC pipe bases

Prepare coral fragments

Transfer coral fragments to the coral nursery
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Measuring coral fragments

Weighting coral fragments
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Results

Results of measuring of coral fragments at the beginning of the experiment were shown below.

In addition, the measuring of coral growth is planned to be continued monthly.

Coral fragments (ramets) on the pipe caps

NO. Species

Height (cm)

15-09-13

Measure to be continued

monthly
1 Porites cylindrica 2.3
2 Porites cylindrica 2.5
3 Porites cylindrica 2.5
4 Porites cylindrica 2.5
5 Porites cylindrica 1.6
6 Porites cylindrica 2.5
7 Porites cylindrica 1.6
8 Porites cylindrica 2.0
9 Porites cylindrica 2.0
10 Porites cylindrica 3.0
11 Acropora nubilis 1.6
12 Acropora nubilis 2.8
13 Acropora nubilis 3.4
14 Acropora nubilis 2.6
15 Acropora nubilis 2.3
16 Acropora nubilis 2.0
17 Acropora nubilis 1.5
18 Acropora nubilis 2.3
19 Acropora nubilis 2.0
20 Acropora nubilis 1.5
21 Pocillopora damicornis 1.5
22 Pocillopora damicornis 3.0
23 Pocillopora damicornis 2.5
24 Pocillopora damicornis 2.1
25 Pocillopora damicornis 1.6
26 Pocillopora damicornis 1.3
27 Pocillopora damicornis 0.9
28 Pocillopora damicornis 1.9
29 Pocillopora damicornis 1.0
30 Pocillopora damicornis 1.5
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Coral fragments in the pipes (Acroporanubilis)

NO. Species

Height (cm)

15-09-13

Measure to be continued

monthly
1 Acropora nubilis 11.9
2 Acropora nubilis 4.6
3 Acropora nubilis 5.7
4 Acropora nubilis 5.9
5 Acropora nubilis 11.8
6 Acropora nubilis 5.0
7 Acropora nubilis 6.3
8 Acropora nubilis 4.3
9 Acropora nubilis 6.1
10 Acropora nubilis 6.2

Coral fragments on the cotta tiles

No Species
15-09-13

Measure to be

continued monthly
Wet weight

(g)

Length

(cm)

Wet weight

(g)

Length

(cm)
A1 Acropora nubilis 112.33 2.5
A2 Acropora nubilis 133.62 3.0
A3 Acropora nubilis 107.97 4.5
A4 Acropora nubilis 99.34 3.5
A5 Acropora nubilis 101.94 3.5
A6 Acropora nubilis 121.28 2.7
P1 Porites sp. 127.77 3.5*3.0
P2 Porites sp. 95.24 7.5*2.0
P3 Porites sp. 97.29 2.3*2.0
P4 Porites cylindrica 151.11 4.5
P5 Porites cylindrica 121.98 3.0
P6 Porites cylindrica 121.77 3.0
PA1 Montipora spumosa 108.73 2.1
PA2 Montipora spumosa 116.86 2.5
PA3 Montipora spumosa 110.95 2.8
PA4 Montipora spumosa 99.62 2.4
PA5 Montipora spumosa 110.17 3.5
PA6 Montipora spumosa 118.74 3.0
PA7 Montipora spumosa 130.20 4.0
PA8 Montipora spumosa 108.44 2.1
PA9 Montipora spumosa 109.69 2.7
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IV Species diversity of soft corals

Methods

Soft coral fragments were collected to investigate the diversity of soft corals in Chuuk.■

Results

25 samples of soft corals were collected and identify to genus level. More identification■

will be carried on to species level later.

Below is the preliminary information of soft coral diversity found in the surveys.■

1. F. Alcyoniidae: (~4 genera) Sinularia(~15 sp.), Klyxum?? (~2 sp.), Sarcophyton(1sp.),

Lobophytum(1sp.)

2. F. Nephtheidae: (~2 genera) Scleronephthya??(2-3sp.) or one is may be Dendronephthya ( 1

sp.), Lemnalia(1sp.)

3. F. Xeniidae: (1 genus) Anthelia??(1sp.)
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Appendix 1. Identification of gene level from soft coral fragments

F. Alcyoniidae Sinularia sp.1 sample #01

F. Alcyonidae Sinularia sp.2 sample #02

F. Alcyoniidae Sinularia sp.3 sample #05

F. Alcyoniidae Sinularia sp.4 sample #07
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Appendix 1. continued

F. Alcyoniidae Sinularia sp.5 sample #09

F. Alcyonidae Sinularia sp.6 sample #10

F. Alcyoniidae Sinularia sp.7 sample #11

F. Alcyoniidae Sinularia sp.8 sample #13
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Appendix 1. continued

F. Alcyoniidae Sinularia sp.9 sample #16

F. Alcyonidae Sinularia sp.10 sample #18

F. Alcyoniidae Sinularia sp.11 sample #19
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Appendix 1. continued

F. Alcyoniidae Sinularia sp.12 sample #21

F. Alcyonidae Sinularia sp.13 sample #22

F. Alcyoniidae Sinularia sp.14 sample #23

F. Alcyoniidae Sinularia ?? sp.15 sample #14

No preserved specimen
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Appendix 1. continued

F. Alcyoniidae Klyxum ??sp.1 sample #04

F. Alcyonidae Klyxum ??sp.1 sample #20

F. Alcyoniidae Sarcophyton sp.1 sample #08

F. Alcyoniidae Lobophytum sp.1 sample #15
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Appendix 1. continued

F. Nephtheidae ?? sample #06

F. Nephtheidae Scleronephthya??sp.1 sample #24

F. Nephtheidae Scleronephthya??sp.2 sample #25
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Appendix 1. continued

F. Nephtheidae
Scleronephthya??sp.3/

Dendronephthya??sp.1
sample #12

F. Nephtheidae Lemnalia sp.1 sample #03

F. Xeniidae Anthelia?? sp.1 Sample#17
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EXECUTIVE SUMMARY

The islands of Chuuk in the Caroline Islands of central Micronesia possess a diverse array of

echinoderms, including holothuroids (sea cucumbers). We were invited to perform a survey to assess

the diversity of holothuroids in Chuuk's shallow-water marine environments. In six days of

surveying between 30 June to 9 July 2013, we surveyed 11 sites around the islands and barrier

coral reefs and found a minimum of 34 species of holothuroids, several of them new records for

the island and for Micronesia. The commercially most valuable species were very rare, almost

certainly because of overfishing. These species include Bohadschia vitiensis, Thelenota anax and

Holothuria (Microthele) whitmaei. The most interesting finds included a potentially speciose

assemblage of small apodan species from Synaptidae abundant in seagrass. Another unexpected find

was an unusual species from the subgenus Metriatyla, H. (M.) albiventer, not known from

elsewhere in Micronesia. Including previous surveys by us (SWK and AKM), a total of 42

morphological units attributable to species of holothuroids have now been identified from Chuuk’'s

waters. We also uncovered and additional minimum of 46 species of other echinoderms: 11

echinoids (sea urchins), 18 asteroids (sea stars), 12 ophiuroids (brittle stars) and five crinoids

(feather stars). Several of the holothuroids from the family Synaptidae appear to be new to science

and formally undescribed. Based on our initial survey, we estimate that Chuuk's holothuroid fauna

may well be in excess of 60 species.
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INTRODUCTION

In early 2013, we were invited to submit a proposal to the Korea Institute of Ocean Science and

Technology (KIOST) to study the echinoderms of Chuuk, Federated States of Micronesia (FSM), at

their field station, Korea South Pacific Ocean Research Center (KSORC) in Chuuk State, FSM. We

reasoned that the starting point of any biological investigation is the taxonomic identification of the

organism or organisms involved. However, a major impediment in Micronesia, including Chuuk

State, to initiating conservation and management measures has been the identification of the islands'

rich natural resources. This is not a trivial problem. Many organisms on Indo-Pacific coral reefs are

poorly known. Unidentified and formally undescribed species abound. Recent genetic work (e.g.,

Kim et al. 2013) indicates that even large, common animals belong to species complexes or are

hybrids. Without an understanding of the systematics of the organisms in Chuuk, without an ability

to ascribe a stable nomenclature to these organisms, even an inventory of the islands' biodiversity is

impossible. How diverse are Chuuk's coral reefs. No one knows, primarily because of the difficulty

in identifying most organisms living there.

A second major impediment for conservation and management is then relaying information about

taxonomy in a non-technical format of maximum use to resource managers and local scientists.

Most information on the identification of coral-reef organisms lies buried in an old, labyrinthine

literature written in several languages. Recently, illustrated invertebrate guides to Indo-Pacific coral

reefs have been produced (e.g., Colin & Arneson 1995), but while often evincing beautiful

illustrations suffer from incorrect names and are not comprehensive for any one locality.

Hence, the primary goal of this project is to produce an illustrated guide to the echinoderms in

the habitats surrounding the main islands of Chuuk, its lagoon and outer barrier reefs. We will first

collect and identify an exhaustive sampling of the islands' echinoderms and then produce a

published volume providing illustrations and accounts of the taxonomy, biology and distribution of

each species.

The proposed survey would also form part of our U.S. National Science Foundation-sponsored

efforts, in collaboration with other holothuroid taxonomists worldwide, to document the global

diversity of holothuroids inhabiting coral reefs. Thus, from 30 June to 9 July 2013, we surveyed

the holothuroids and other echinoderms around the islands of Chuuk. In sum, during this period, we

• surveyed 11 reef sites around the island for their echinoderm fauna,

• assembled a preliminary checklist of the island’ echinoderms,

• collected and preserved voucher specimens of each species,

• photographed vouchers or representative specimens of each species,
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At least three other types of work products also should be anticipated, with various timelines to

completion:

• A final report documenting our surveys and collections.

• An illustrated field guide to the island’ holothuroid fauna, primarily as a tool for marine resource

personnel.

• Peer-reviewed scientific publications, to include, minimally, the first comprehensive faunistic

treatment of the island’ echinoderms and the formal taxonomic description any species new to

science.

The following report provides a provisional checklist to the island’ echinoderms, then discusses

the scientific significance of these findings. The term “rovisional”indicates that the checklist consists

of identifications of specimens made in the field. Hence, a few of the designations will, in all

likelihood, change, or in instances where a species could not be immediately assigned, even

provisionally, species’identities will be clarified after full laboratory examination. Still, most species

designations provided here are trustworthy and thus, on whole, the list is useful for scientific and

public discussion of Chuuk’ echinoderms, particularly holothuroids, now under harvesting pressure.

Indeed, as far as we know, this is the first attempt at a comprehensive compilation of Chuuk’

echinoderms.
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METHODS

Site selection

Sites were selected around the islands and barrier reef for the presumed high density and

species richness of holothuroids. GPS coordinates of each site were recorded. Most major

shallow-water marine habitats were investigated, including reef flats, forereef slopes to 25 m depth,

seagrass beds, channels and areas adjacent to mangroves. Given the time constraints, we eschewed

mangrove channels, rivermouths, steep drop-offs and elsewhere with little accumulation of

well-sorted sediment, since such areas, while in some cases having a possibly rich echinoderm fauna

(e.g., crinoids in the case of drop-offs), were likely to have few holothuroids, the focus of the

survey.

Biodiversity inventory

Divers recorded all species of echinoderms that they observed at each site to a maximum of 25

m in depth. Collected specimens, or representatives thereof, from nearly all species were

photographed in situ. One or two voucher specimens of each species were collected, photographed

against a black background and preserved in 95% ethanol.

Figure 1. Chuuk, showing concentration of survey sites around the island of Weno. Sites are

numbered according to Appendix 2. Map from http://http:/elblogdealquimias.blogspot.com/



- 135 -

Before preservation, holothuroids were first relaxed in seawater laced with magnesium chloride or

chilled to near freezing. No special methods were used to assess infaunal species; divers fanned

sediment to uncover such forms or combed the sediment’ surface for the tests of burrowing

echinoids. Divers looked through rubble and in crevices to find cryptic forms. Night snorkels and

dives were used extensively as most coral-reef invertebrates, including echinoderms, are nocturnally

active and exposed.

RESULTS

In a total of six days of surveying, 11 sites were visited around Weno island and the northwest

barrier reef. In the subsection below, Stock survey, we outline the species composition and ecology

of commercially valuable species. In the second and final subsection, Biodiversity inventory, we

report on the species composition and ecology of other holothuroids and echinoderms.

Stock survey

Several commercially valuable species of holothuroids occurred in Chuuk’ waters. The most

valuable species seen in moderate abundance were Holothuria (Halodeima) atra (trade name: lolly

fish) and Stichopus chloronotus (green fish). Both of these occurred on the reef flats around the

island.

Holothuria (Microthele) whitmaei, the black teat fish occurred much less frequently (only a few

animals were observed during the entire survey) on mid- to outer reef flats islandwide. In other

parts of Micronesia, this species also is found on the forereef slope to a maximum depth of about

23 m. In older literature, this species goes by the name of H. (M.) nobilis, a name now reserved

for a closely related species from the western Indian Ocean.
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D
C

The sand fish (Holothuria (Metriatyla)

scabra) (Figure 2A) was not found

during this survey, but has been found

previously in seagrass beds adjacent to

mangroves (SWK).

Animals were usually quite large and

were usually found on sand bottoms,

though individuals were still occasionally

seen on forereef slopes on rubble or

amongst corals.

Other commercial species, however,

occurred at low densities. These included

Bohadschia argus (spotted fish) (Figure

2B) and Bohadschia vitiensis (brown

sandfish). The redfish (Thelenota anax)

(Figure 2C) was also quite rare,

occurring on the outer reef slops

Stichopus hermannii (curry fish) (Figure

2D) was very rare, as were most other

species in this genus.

Figure 2. Some commercially valuable

species of holothuroids found on Chuuk.

A) Holothuria (Metriatyla) scabra. B)

Bohadschia argus. C) Thelenota ananas.

D) Stichopus herrmanni.

A

B

C

D
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In sum, Chuuk appears to have several commercially important species of holothuroids that could

be harvested in large numbers. How much of these resources can be sustainably harvested is,

however, a separate question and should be addressed in a separate study.

Biodiversity inventory

A total of 88 provisional taxonomic units attributable to species of echinoderms were identified

from Chuuk’ waters, 63 of them during this survey: 34 holothuroids, five echinoids (sea urchins),

14 asteroids (sea stars), seven ophiuroids (brittle stars) and three crinoids (sea lilies). (See Appendix

1 for species list). The high number of holothuroids is probably due to an outsized collection effort

for these species on our part, rather than a true representation of their proportional richness in the

island’ echinoderm fauna.

Several unexpected finds were made. The first was an unusual species from the subgenus

Metriatyla, H. (M.) albiventer, not known from elsewhere in Micronesia. At least five (15%) of the

holothuroids are in all probability new to science and formally undescribed. Two were forms

usually ascribed to Holothuria (Thymiosycia) impatiens (Figure 3A). The second group, all

unidentified species from the family Synaptidae (Figure 3B), was seen in seagrass and algae at

several sites. These appear closest to the genera Synaptula or Polyplectana No potential new

specimens were members of the other classes of echinoderms.
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DISCUSSION

Prospects for a Sustainable Beche-de-mer Fishery

Chuuk has very few commercially valuable species of holothuroids. We observed populations of

some desirable commercial species, occurring at most of the sites we visited around the island.

While most of these species are not the most valuable varieties or remain in great abundance, they,

nevertheless, constitute an important and valuable resource for the island.

A

B

Figure 3. Some undescribed species of holothuroids found on Chuuk. A) Holothuria (Thymiosycia)

sp. cf. impatiens and B) an unidentified synaptid, cf.Synaptula sp.

B

A
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Chuuk’ Diverse Echinoderm Fauna

Chuuk now has at least 88 species of echinoderms recorded from its waters, including at least

42 species of holothuroids. These counts are likely large underestimates. Yet, the most interesting

results from the survey were the new species discovered, all of them holothuroids. At least four

species encountered appear to be unknown to science. With the possible exception of the unusual

small synaptids, none appear to be restricted to Chuuk. While uncommon enough to have long

avoided formal taxonomic treatment, most of these species have nevertheless been observed at other

localities in the tropical western Pacific by us and others (Kerr et al. 2006, 2007; G. Paulay,

personal communication).

In sum, Chuuk’ biodiversity is both rich and under-explored. The present survey is one of the

most complete marine surveys of the island’ reefs and indicates that the Chuukese marine fauna is

unique and of considerable scientific merit. Surveys of other groups of marine organisms on Chuuk

will undoubtedly reveal a comparable number of interesting discoveries, many of them species new

to science.
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Appendix 1. Provisional Checklist of Shallow-water Echinoderms from Chuuk, Central Caroline

Islands, Micronesia. FLMNH and KSORC indicate locations of vouchers from previous surveys

overseen by us (SWK and AKM). Quoted descriptors following the scientific names are informal

names used by the authors until a proper name can be designated. Vouchers are housed at KSORC,

the University of Guam Invertebrate Collection (UGI), and the Florida Museum of Natural History

(FMNH)

Species
Survey

This study FLMNH KSORC

HOLOTHUROIDEA

Actinopyga mauritiana X X

Actinopyga cf. palauensis X

Afrocucumis africana X X X

Bohadschia argus X X X

Bohadschia argus X B. vitiensis X

Bohadschia kellokeri X

Bohadschia ocellata X X X

Bohadschia vitiensis X X X

Chiridota sp. X X

Euapta godeffroyi X X

Euapta tahitiensis X X

Holothuria (Acanthotrapezia) coluber X X X

Holothuria (Cystipus) rigida X

Holothuria (Halodeima) atra X X X

Holothuria (Halodeima) edulis X X X

Holothuria (Lessonothuria) lineata X X

Holothuria (Mertensiothuria) hilla X X X

Holothuria (Mertensiothuria) leucospilota X X X

Holothuria (Metriatyla) albiventer X

Holothuria (Metriatyla) scabra X

Holothuria (Microthele) fuscopunctata X X

Holothuria (Microthele) whitmaei X

Holothuria (Platyperona) difficilis X X X

Holothuria (Semperothuria) flavomaculata X
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Appendix 1. Continued

Species
Survey

This study FLMNH KSORC

HOLOTHUROIDEA

Holothuria (Semperothuria) roseomaculata X X

Holothuria (Stauropora) fuscocinerea X X

Holothuria (Stauropora) pervicax X X

Holothuria (Theelothuria) turriscelsa X

Holothuria (Thymiosycia) impatiens "ESU2" X

Holothuria (Thymiosycia) impatien "ESU3"? X X X

Holothuria (Thymiosycia) impatiens"ESU4" X

Labidodemas sp(p) X X

Opheodesoma grisea X X X

Pearsonothuria graeffei X X X

Polyplectana sp. X X X

Stichopus chloronotus X X X

Stichopus herrmanni X X X

Stichopus horrens X X X

Stichopus vastus X X X

Synapta maculata X X X

Synaptidae gen. sp(p) X X X

Thelenota ananas X

Thelenota anax X X

ASTEROIDEA

Acanthaster planci X

Asteropsis carinifera X

Choriaster granulatus X X

Culcita novaguineae X X

Echinaster callosus X

Echinaster luzonicus X X X

Fromia milleporella X X X

Fromia monilis X X

Fromia nodosa X X

Fromia sp. X

Gomophia cf. egyptiaca X X

Leiaster speciosus X

Linckia guildingii X X
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Appendix 1. Continued

Species
Survey

This study FLMNH KSORC

ASTEROIDEA

Linckia laevigata X X X

Linckia mulitfora X X X

Mithrodia clavigera X

Ophidiaster granifer X

Ophidiaster duncani X X

CRINOIDEA

Cenometra bella X

Colobometra perspinosa X

Comasterid spp X X

Oxycomathnus bennetti X X

Phanogenia sp X X

X

ECHINOIDEA X

Clypeaster sp X

Echinometra mathaei X

Echinoneus cyclostomus X

Echinostrephus aciculatus X

Eucidaris metularia X

Diadema savygnii X X X

Echinothrix diadema X X

Maretia planulata X X

Mespilia globosus X

Metalia spatangus X X

Paraselenia gratiosa X X

OPHIUROIDEA

Ophiarachnella gorgonia X

Ophiocoma dentata X X

Ophiocoma scolopendrina X X

Ophiocoma erinaceous "red feet" X X

Ophiocoma sp X

Ophiolepis suberba X X
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Appendix 1. Continued

Species
Survey

This study FLMNH KSORC

OPHIUROIDEA

Ophiomyxa australis X X

Ophionereis sp. X

Ophiothela danae X

Ophiotylos leucus X

Ophiuroid spp. X X

Macrophiothrix sp. X X

Appendix 2. Locality data. Numbers in the first column correspond to those in Figure 1. Station

Locality Habitat Depth range (m) Latitude Longitude

Station Location Habitat
Depth

range (m)
Latitude Longitude

1 CHUK-01
Osakura, fronting

KSORC
reef flat, sea grass, reef moat 0 1 7.47795 151.90176

2 CHUK-02 Benedict Pt. "1" fringing reef slope 7 25 7.45097 151.90668

3 CHUK-03 Benedict Pt. "1" reef flat 0 1 7.27170 151.54334

4 CHUK-04 Shark Island reef flat and fringing reef 0 1 7.43020 151.93134

5 CHUK-05 Fannuk barrier reef fore slope 15 22 7.51598 151.97145

6 CHUK-06 Fannuk reef flat 0 1 7.51969 151.96843

7 CHUK-07 Fannuk barrier reef fore slope 15 22 7.51598 151.97145

8 CHUK-08 Alanelimo reef flat 0 1 7.42558 151.99356

9 CHUK-09 Founumwo silty bottom 2 12 7.27891 151.534262

10 CHUK-10 Osakura fringing reef slope 1 7 7.47795 151.90176

11 CHUK-11 West of Osakura night dive, fringing reef slope 2 20 7.28497 151.53523
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