49 3 Vol.49, No.3

2018 5 OCEANOLOGIA ET LIMNOLOGIA SINICA May, 2018
%
1,2,3 4 5 1,2,3 1,2,3 1,2,3
5 5 6 7 1,2,3
(1. 266100; 2. 266100; 3.
266200; 4.
573199; 5. 266100; 6.
266100; 7. 100018)
(16°31'30"N, 111°46'05"E) s
300.89m, ,
, 2017 3
11 ( 1), wo(
1 ) ,
, 41 ) 14 ; N 15 (
) 7 ; 124 ¢ ) 20 ]
(Oithona attenuata) s
(0. rigida) (Scolecithricella longispinosa)
, 60—90m, 20—40m ,
)
90m , 80—90m 90—150m
Q958 doi: 10.11693/hyhz20171200328
s (Canganella et al, 2007; Seymour et al, 2007; Iliffe et
al, 2009)
(Fichez, 1991; Iliffe et al, 2009; (Liffe et al, 2009; Becking et al, 2011; Bishop
Martin et al, 2012), et al, 2015)
x e 2201762038

, HILD17-01 R , E-mail: changchen92@foxmail.com
: , , E-mail: hongjuc@ouc.edu.cn
:2017-12-28, :2018-03-13



3 : 595

2017 3
R , 90m (DO) R
0( ,2018) ,
, , Ve
’ 1
; (D 11
(Harmelin et al, 1985; Chevaldonné et al, 2003) ( 160pum, 0.08m?) ,
, 0.8—1.0m/s 2017 3 17 11:30—13:00(
(Yager, 1981; ) 3 17 21:00—23:00( ) 6
Fosshagen et al, 1988; Yager et al, 1996; Lejeusne et al, (0—10 10—20 20—40 40—60 60—90  90—150m)
2006; Boxshall et al, 2012) Iliffe  Kornicker 20 V] (16°31.205'N, 111°45.538'E)
80 2017 3 18  14:50—15:00( ) 3 18
: 21:00—21:10( ) 2
s , 3 22 18:10 — 18:30( )
, R (16°32.040'N, 111°47.953'E)
(Iliffe, 2002; Kornicker et al, 2007; Iliffe et al, (200m— )
2009) 5%
20°

19°

16°

IR

17°

.. 16°30100"

16°
FEDBS
15° " Mm@ =
16°25'00" =
111°32'30" 111°37'30" 111°42'30" 111°47'30"

14°
110° 111° 112° 113° 114° 115° 116° 117° E

1
Fig.1 Map of sampling location



596 49
(Abundance) )CTD
(ind./m%) , 270m(  2)
Margalef (D) - 150m , 150m
(H') Pielou ) (Shannon
et al, 1949; Margalef, 1958; Pielou, 1975
. ’ 2 GR
, 2.1
(K-dominance curve) 2017 3
(Lambshead et al, 1983) )
PRIMER V6.1 (Cluster) 80—100m ,
(Multidimensional scaling, MDS) 30—70m (DO)
SBE 19 plus ( ) JFE- , 90m 0,
Advantech ASTD 102 ( 2
HE BES (mg/L)
328 332 336 340 344 348 0 2 4 6 8
ob— 1 . : L ob—o
[ a L b
50_— 50__
100_— 100}—
g _f g [
1 150 - o 150 -
200_— 200_—
250_— 250__
- BE (°C) - BE (FTU)
12 16 20 24 28 32 ) 0.4 0.8 1.2 1.6 2.0
300~ soo———+F—+—++ L+
1020 1022 1024 1026 1028 0 03 06 09 12 15
BE (kg/m®) t+4&a (uglL)

2 2017 3

Fig.2 Profiles of multiple parameters of the water column in the Yongle blue hole, March 2017

2.2
41 ( ),
14 55 S
( )15 7, 17
( )
( )24, 20
17 ( ) ,

60%,
2.3
64.8 —

2852.5ind./m’, 791.7ind./m>,

60—90m ; 2852.5ind./m’,
20—40m ,
b 4—10 ,

20—40m , ¥



597

R RARBABKEIZRENIMHEARRFRE

Tab.1 The composition of zooplankton community of the Yongle blue hole

(ind./m%)
0 0 0 0 2 0 0 0 0 3.2
3 3 1 1 16 0.4 0.5 1.7 0.8 12.7
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1 1 0 0 1 1.6 1.7 0 0 0.1
1 2 0 1 4 0.6 0.9 0 0.8 0.3
0 0 0 0 3 0 0 0 0 0.4
1 1 0 0 0 <0.1 0.7 0 0 0
1 1 0 0 1 0.1 1.0 0 0 0.2
0 0 0 2 0 0 0 0 1.6 0
2 1 1 1 11 4.0 3.1 50.0 25.0 23.9
1 1 1 1 15 33 5.1 75.0 50.0 124.1
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Tab.2 Diversity indices of zooplankton in the Yongle blue hole and adjacent waters
S H D J
10—0m 20 1.65 2.19 0.38
20—10m 20 2.37 2.43 0.55
40—20m 31 3.74 4.00 0.75
60—40m 24 1.90 2.45 0.41
90—60m 23 1.54 2.28 0.34
150—90m 25 2.72 3.37 0.59
10—0m 26 3.66 3.28 0.78
20—10m 22 3.17 2.48 0.71
40—20m 25 1.08 2.09 0.23
60—40m 25 1.82 2.51 0.39
90—60m 17 1.29 1.68 0.31
150—90m 17 2.36 2.66 0.58
B 13 0.68 0.98 0.18
B 18 0.58 1.44 0.14
144 4.83 21.84 0.67
®3 MBS MMEXMFEHNYFEERFME MR EEZMRE

Tab.3 The community composition and dominant or main species of zooplankton in some coral reefs in the South China Sea

72 19 s
Pavocalanus crassirostris
2004 , 49.5%, o : ’
Cirripedia nauplius 2008
, 20.9%
96 17 s . .
5004 57,59 Acartia shuzheni ,
’ o Oikopleura longicauda 2011
, 15.0%
66 10 R Lucifer larvae Polychaeta
2006 R 38.1%, larvae Sagitta enflata S. 2011 ’
s 22.4% neglecta
114 24 ,
2012 30.4% S. robusta ,
’ e Macrura larvae 2015
, 17.4%
48 14 s
0,
2017 , 45.2%, bl
, 22.6%
% (2003) , B
> ) iﬁé I
( ) 55 11 2.25
; % 22, 293 ;K s
( ) 144 B 33.4 (2015)
> y“% s
v : "



600

49

R (Griffin et al,
—~ 2009)
X
g R 80—100m
R 2
& (2
104
= : pEcE ,  60m
Bk o9l v L ARE
20 - M é%{é‘a“% , 90—150m
PR
ol R , 90—150m
1 10 100 1000 ( o),
[HES 5
90m 3)
5 K- , , 80m
Fig.5 K-dominance curves of total zooplankton in the Yongle
blue hole and adjacent waters 4
a #@E40—60m
o e
2@’ 60—90m
X8 40—60m
87 20—40m
X8 10—20m
W88 0—10m
M 4|7 X3@E20—40m
2@ B90—150m
W81 90—150m
| #2388 10—20m
' #5@B0—10m
 E— ]
(S =
INIESR
0 20 40 60 80 100
FBOUE
TN JENFs 007 || 1BLE (%)
b T T T T T T T . ,@Efo‘zr)m\ f%*ﬁﬂ& ‘\\\\ — 20
- \\l %ﬂEIOﬂDm l\\ /%ﬁﬁﬁ\‘ —_—- 40
‘,‘4?90’150'“ \\ L) / \\ L I 60
{n) N RN
) ﬂa%@@r@gowﬁzﬂpzol@m =

\ /

halg %/WQWJZOTH‘“

\ 26’ @ B 60- gem - /
\ I/H‘TQG %gkﬁom /

-

e
~.

I
\
\

6 Cluster (a) MDS (b)
Fig.6 Results of the Cluster(a) and MDS analysis(b)



3 601
90m
) , (2) 5
9 . R ;
20—40m s ,
, (3)
s s 90m
B 151 Z WA I REAR Y R T IR B i R

(D)
, ; (2
(Mann et al, 1991)

(Wielen et al, 2005; Lipp et al, 2008)
(Orsi et al, 2012) ,
(Bernhard, 1993) ,

B E}

>

(Vopel et al, 1998; Grego et al, 2013)

Danovaro  (2010)
4 LR
ey
41  ( ) 14 )
55
60%,

03138 5 # ALK I 7 )| BA A i 28 & idA2 P
BT B EFHRNE, HmAF. Dk, GRS
BB, fEsb— T B,

, 2018.

s s

http://engine.scichina.com/doi/10.1360/N972017-01329

, , , 2003.
,22(6): 1—8
, , , 2008.
,39(2): 131—138
, , , 2011.
. , 19(6): 685—695
, , , 2015,

,35(4): 1014—1021

, 2011.

. , 19(6): 696—701

Becking L E, Renema W, Santodomingo N K ef al, 2011.
Recently discovered landlocked basins in Indonesia reveal

s 5

high habitat diversity in anchialine systems. Hydrobiologia,
677(1): 89—105

Bernhard J M, 1993. Experimental and field evidence of
Antarctic foraminiferal tolerance to anoxia and hydrogen
sulfide. Marine Micropaleontology, 20(3—4): 203—213

Bishop R E, Humphreys W F, Cukrov N et a/, 2015. ‘Anchialine’
redefined as a subterranean estuary in a crevicular or
cavernous geological setting. Journal of Crustacean Biology,
35(4): 511—514

Boxshall G A, Jaume D, 2012. Centropages orsinii Giesbrecht,
1889 (Copepoda, Calanoida, Centropagidae) from an
anchialine cave in Vanuatu. Zoosystema, 34(2): 377—387

Canganella F, Bianconi G, Kato C et al, 2007. Microbial ecology
of submerged marine caves and holes characterized by high
levels of hydrogen sulphide. Reviews in Environmental Science
and Bio/Technology, 6(1—3): 61—70

Chevaldonné P, Lejeusne C, 2003. Regional warming-induced
species shift in north-west Mediterranean marine caves.
Ecology Letters, 6(4): 371—379

Danovaro R, Dell'Anno A, Pusceddu A et al, 2010. The first
metazoa living in permanently anoxic conditions. BMC



602

49

Biology, 8: 30
Fichez R, 1991. Benthic oxygen uptake and carbon cycling under

aphotic and resource-limiting conditions in a submarine cave.

Marine Biology, 110(1): 137-143

Fosshagen A, Iliffe T M, 1988. A new genus of Platycopioida
(Copepoda) from a marine cave on Bermuda. Hydrobiologia,
167—168(1): 357—361

Grego M, Riedel B, Stachowitsch M et al, 2013. Meiofauna
winners and losers of coastal hypoxia: case study
harpacticoid copepods. Biogeosciences Discussions, 10(7):
12385—12416

Griffin J N, Jenkins S R, Gamfeldt L er al, 2009. Spatial
heterogeneity increases the importance of species richness
for an ecosystem process. Oikos, 118(9): 1335—1342

Harmelin J G, Vacelet J, Vasseur P, 1985. Les grottes
sous-marines obscures: un milieu extréme et un remarquable
biotope refuge. Téthys, 11(3—4): 214—229

Iliffe T M, 2002. Conservation of anchialine cave biodiversity. In:

Martin J B, Wicks C M, Sasowsky I D eds. Hydrogeology
and Biology of Post-Paleozoic Carbonate Aquifers. Karst
Waters Institute, Charles Town: 99—102

Nliffe T M, Kornicker L S, 2009. Worldwide diving discoveries of
living fossil animals from the depths of anchialine and
marine caves. In: Lang M A, Macintyre 1 G, Riitzler K eds.
Proceedings of the Smithsonian Marine Science Symposium.
Washington:
269—280

Kornicker L S, Iliffe T M, Harrison-Nelson E, 2007. Ostracoda
(Myodocopa) from anchialine caves and ocean blue holes.
Zootaxa, 1565: 1—151

Lambshead P J D, Platt H M, Shaw K M, 1983. The detection of
differences among assemblages of marine benthic species

Smithsonian Institution Scholarly Press,

based on an assessment of dominance and diversity. Journal
of Natural History, 17(6): 859—874

Lejeusne C, Chevaldonné P, 2006. Brooding crustaceans in a
highly fragmented habitat: the genetic structure of
Mediterranean marine cave-dwelling mysid populations.

Molecular Ecology, 15(13): 4123—4140

Lipp J S, Morono Y, Inagaki F et al, 2008. Significant
contribution of Archaea to extant biomass in marine
subsurface sediments. Nature, 454(7207): 991—994

Mann K H, Lazier J R N, 1991. Dynamics of Marine Ecosystems:
Biological-Physical Interactions in the Oceans. Boston:
Blackwell Scientific Publications

Margalef D R, 1958. Information theory in ecology. General
Systems, 3: 36—71

Martin J B, Gulley J, Spellman P, 2012. Tidal pumping of water
between Bahamian blue holes, aquifers, and the ocean.
Journal of Hydrology, 416—417: 28—38

Orsi W, Edgcomb V, Faria J ef al, 2012. Class Cariacotrichea, a
novel ciliate taxon from the anoxic Cariaco Basin,
Venezuela. International Journal of Systematic and
Evolutionary Microbiology, 62(Pt 6): 1425—1433

Pielou E C, 1975. Ecological Diversity. New York: John Wiley
and Sons

Seymour J R, Humphreys W F, Mitchell J G, 2007. Stratification
of the microbial community inhabiting an anchialine
sinkhole. Aquatic Microbial Ecology, 50: 11—24

Shannon C E, Weaver W, 1949. The Mathematical Theory of
Communication. Urbana: University of Illinois Press, 1

Van Der Wielen P W J J, Bolhuis H, Borin S et al/, 2005. The
enigma of prokaryotic life in deep hypersaline anoxic basins.
Science, 307(5706): 121—123

Vopel K, Dehmlow J, Johansson M et al, 1998. Effects of anoxia
and sulphide on populations of Cletocamptus confluens
(Copepoda, Harpacticoida). Marine Ecology Progress, 175:
121—128

Yager J, 1981. Remipedia, a new class of crustacea from a marine
cave in the Bahamas. Journal of Crustacean Biology, 1(3):
328—333

Yager J, Humphreys W F, 1996. Lasionectes exleyi, sp, nov., the
first remipede crustacean recorded from Australia and the
Indian Ocean, with a key to the world species. Invertebrate
Taxonomy, 10(1): 171—187



3 : 603

ZOOPLANKTON COMMUNITY COMPOSITION AND DIEL VERTICAL
DISTRIBUTION IN THE YONGLE BLUE HOLE, XISHA ISLANDS,
SOUTH CHINA SEA

CHEN Chang"*? FU Liang*, BI Nai-Shuang’, GE Ru-Ping'*°, LIU Guang-Xing"?*’, ZHUANG
Yun-Yun"*?,  YANG Zuo-Sheng’, FAN De-Jiang’, YAO Peng®, LIU Rui-Zhi’, CHEN Hong-Ju"*"?

(1. Key Laboratory of Ministry of Education for Marine Environment and Ecology, Ocean University of China, Qingdao 266100, China;
2.College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 3. Laboratory of Marine
Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266200, China;

4. Sansha Trackline Institute of Coral Reef Environment Protection, Sansha 573199, China; 5. Key Laboratory of Submarine
Geosciences and Prospecting Technique, Ocean University of China, Ministry of Education, Qingdao 266100, China; 6. Key Laboratory
of Marine Chemistry Theory and Technology, Ocean University of China, Ministry of Education, Qingdao 266100, China; 7. Chinese
Research Academy of Environmental Sciences, State Environmental Protection Key Laboratory of Estuarine and Coastal Environment,
Beijing 100018, China)

Abstract The Yongle blue hole (Yongle Longdong in Chinese, 16°31'30"N, 111°46'05"E) is the world’s deepest blue
hole (300.89m,) with special hydrological, geological, chemical, and other environmental characteristics, including anoxic
layer and other peculiar features. To obtain the information of the zooplankton composition and distribution in this special
habitat, an integrated survey of the hole and its adjacent lagoons was conducted in March (spring) 2017. Samples were
collected at daytime and nighttime with 160pm mesh net by vertical towing in six layers (0—10, 10—20, 20—40, 40—60,
60—90, and 90—120m) in the hole, and additional two bottom-to-surface (daytime and nighttime) and 0—200m in outer
reef slope in the lagoon. The samples were analyzed in terms of species composition, abundance, dominant species,
biodiversity, and vertical distribution. 41 species (including undetermined) and 14 groups of planktonic larvae were
identified in the hole, 15 species (including undetermined) and 7 groups in the lagoon, 124 species and 20 groups in outer
reef slope. Species composition in Yongle blue hole and lagoon were similar to a certain extent but quite different in
biodiversity indices. At outer reef slope, species composition within the hole differed greatly from those areas beyond the
hole, indicating different communities. Oithona attenuata was dominated, followed by O. rigida and Scolecithricella
longispinosa at both daytime and nighttime. The zooplankton showed a diel vertical distributional difference, maximum
abundance was found in 60—90m layer at daytime, and in 20—40m layer at nighttime. The high spatial heterogeneity
could be the cause of the higher biodiversity in the blue hole. The diel vertical migration (DVM) might be hindered by the
strong thermocline at 80—90m, thus mainly occurred in layers above 90m. Relatively high abundance of Copepods were
discovered in the anoxic waters of 90—150m layer.

Key words Yongle blue hole; zooplankton; community structure; diel vertical migration (DVM); anoxic

waters



