1ERIREZ S
FFEESZRSGNA -

Marine Ecosystem Response and

AN/ N2 T
RAE Em
a Arctic Rapid Change ###4

i W




AL PR i3

J

R AL 5

2 55

H 3

Marine Ecosystem Response and Arctic

Rapid Change

S TR

I8 1% & J& at

2016 4 - Jbat



EHEMm&E (CIP) HiF

AE R PR AR (5 P A S R GER B RO TS . —IEaT: IR AL, 2016. 12
ISBN 978-7-5027-9638-9

[.OJb- . OA M. QI8 oKk-Fl 2= % L -0 QIR - - B R -0 5%
IV. (DP941.62 (@20Q178.53

Hh [ A [ 45 1 CIP Rdfa%y (2016) 2 303535 %5

TiftdndE: @ & K
o AT EI] A% 5
1519 2 % 2t HRET

hitp : //www. oceanpress. com. ¢n

U BT GE X NP3 8 %5 Hf%: 100081

AU AP ENR T A BROTAE 2 A EDRI B A E 4
2016 4E 12 A4 1 it 2016 4F 12 H &5 1 R E[
A< : 889 mmx1194 mm 1/16  E[lgk. 33.5

TR 870 T 2 : 190.00 5T

KATHD: 62132549  [RMgEE. 68038093 Lty 62113110
EERE P, FKHEIRATHERIR %

M



Fr

PCILAAE, e s R D5 K, AR S B — RIURA, e, Fih, kS
FAE) 55 22 R AN AR AT AR, AN O 62455 38 [ 7 P A o i 45 2 T A S ™ A A 3 R i
i EHAS AR A ARG . BRI . WUE TR, T B IR i BT IR T S A A A T IR %
Wi BFFEAEWE, ERARME AU UKD R AL | K R 1l LA B NS T Bh AR A R
MO TR, PRI A A S b 22 R e OB A A7 O T AR IR, T Y — RS A 25 ) Rl
AE2 &I BIGTEAEMIN A T EFRK .

FEl AU AR A8 A B HE T fity A (9 A A5 AR GEMR S, v 55 DY AL B Bl 2 5 4T 2010 4F 7—9
HIFIE T LA AUt vk bRt A2 A AL RGP A 25 AR G Xt T K DR A AR Wi 1™ Oy AL
CROTEBEE . BEUN S A DUBR 52 T A7 Tl %5 54T 55, a0 S2 Bl T R IEHKEE A C i ) it 3]k
JERROT P A B R, R EEEEZ . NEZ e, BISNREMERZ L G
Zi, Yl TR E T KA A S, D EFRR A b E AT SR A [ Y )

AR B EERBE NG BITRART T, FRERFE X A GRSE— IR, JFie 17—t
AR BFFERWT, ISR A 1 J2 K A% O TR S A2 A TR T v 2 7K 3 1 AR A it vk isia By 3
B AN B R, XA R AR TR AL — DN EAE S i TR e )
DA B i B AU AR 7, 3802010 4R BL T AU DR S R R R Ge » T Bt AL R T K
bR AR, ACUKIE RILAR AT X 5 FR b 7 A7 . AR R ADRESF . AR B A A
SNV 2SR - NG LA (R 5 S o K B A G e | 3 SR 7R B W TS B
PEASH A T IR R, AR RS BN . AL LR S eAh, i
ORI SENU RN T (A A SN | /¢ 153 SO SSS B URAWINEZ S5 R (i) S TR SO L i
M/ HEHCR S RA R 2 ) 2 5 . X— R UCR E S Hbne ARWIR R 3%, K
KRR AR EFER =7 AR

AL TR AL AT URAC R = 5 AT FE R, [T ARtk 22 {k
LRSS RGN AT TSGR, IRl T IR X AE AR R B K,
JE T EPRE . WEEAL F AR, AENE N A 5 T AL S S B S SR I 4 s oA BAROK
Fe [ X AL B A 7 RESEIRATH BE R, Ay SRR 2 A JR R SIS A) IR A8 1) iR

T

2015412 A 11 H



][

]

o ] 56 DU R AL AR R 27 2% B8 T [ 7 [E Pl A (IPY ) 300 () 2 49 S it 1y 8 > A A
PRGN AL, b E IPY JHR 0 AR . % S FEIE LA AR i vk B
ARG SRR S RGEMA R ESE R R, B PR H bR . OAUHRME vk Bk A8t L -
R A AR v R PR AR AT LRI 5 A% 0, T TR 508 K K BT Rl A AR S B G KA 98 KRN
VTR L AR , B ZE UK TS B fL I LR, O T I vk A8 fb it R AR s @b ik it
PEA S RGN UKD AR A (R0 157 B DA 42 BR A A 38 Ak A B 08 vk s A8 4k R 75 5, DA
HBERGWNA HIR, FRASREZARILGAHE, 19851 vKAR 1k % VI H 56 i 1 7
B REEMFIDIREAAL, WA PE AR S RG], At B R B R
GE M BRSRERL AR . R oe i bk B AR, FRESE R B FE RN EBENEA 4
T (DAC R I ok PRH AR A 7 S LRI 5T 5 @b B 3 £ B 7 TRE 2% A A 4 s R Ak 2
TEAWFTY s QAU 51 VKR AE ™= 1 0F 5 s @0 i P A PR Ay 2 S R B AR 1k
5t

R EEEH 2010 4E 7 A 1 HAFGR, 9 H 20 HaR (a3 i E AR ar s o isk, h
) 82 d, EA7HE 12 600 n mile, kA EZKEER . HEM. PEB2ER . PESSLRHLL KL
i b B R BT EAESEA Y 116 47, iR R Ak AEE . AR, L.
R AFEW 5 MRHER, it 1210 ASITARKREE . L5 T 135 A ulfi i
SN W 0 W8 7 Y 27 i e U1 S R 00117 o o 1 W e =/ U D <
o T8 1 B AL SGE I AR T— RPN R . — RSB T AR R
PR B O g i 3R AU S R 4 0 S 5l A IX Sk g b 4L BT 2 300 n mile,
ARPGREES 1100 n mile, JUEZ)", NEZ 4, BAFNERMEGZ 2, GE2Z mEER
EAeE g EAG AN, CRFEES T —RIFERE, §REALSEEFH 3742 m
IKTRSE I 24 h RS0 P22 W 5 1 YCORE T 3 25 5 3l 08 e 380 6 UK v 46 B 1) TR0 °F- i
FERTRIEIER . DRIg R, R TRk S0, e aRibay . W RSB, BT
AW TS 5 T R GORMRORE S, RN TR RIS H . S RIBTEES RS
FCEIRAE 88°26'N | 3 000 m /KR FLA 2 EWRAE, M R & B, FHie A e Bk i L X
B 87°21'N — Z5 K4 18 em BYALES MG A WIFE s B IKFE 88°24' N 1 45 #th [X 3R 15 /K IR
3997 m AR PIAEREE , FRRKAREE 4. 4 my DU B IRAEAUAR S B A B T UK IR, &5t
T AR ER S AR AL, PEAT T ARSI, SR T K& oK g vk ke i, IRk
2.3 m K AAE R A UKGES . FOR IR [ T 2008 A U 25 A IR R 48 (kK
i 1300 m, ORI JE] B Ak 1A DL B R OK . KRR ) . N CH T MR
88°26'N, JHAI 1 v i iAg s AL VKPR b B 48 5

AL 25 LA 2 DU A UAR B 27 78 B AR AS 1 5 — T BBy 56 A, K B0 85408 Fn g sk %



P Ak L5 T/ A R B B

FHRZE G, KT8 AL A T 1 B R AT A &, 2280 2% RSO B S5 i
FEMES T, TR T ACHHEFE IR DO A (b 70 b7 R A 25 R GEme B AR E 7S, 3R T — &
FIBE TSR AR A . DFTEAS SRR, I i & b 2 KO IR AE 2003—2011 4 i)
KA T WAL, AR IR T o 2 K A Ak AR DK O R i 50D A L ) 169 R G
ARSI TRAE A — DT A 5 W ORI Z SRR, T R 1) U G 3
VA B A5t ) S AU AR 1, S8 2010 4 5 =AU UK PEROF- T B DX EE 9 ar— I OB A T T
e B AR s DX ) BRSO S T 0 AU e ok o SR P DX, B T o AL B R . (4
ACH A HEEAEN, B ATFOKDOE R G 2 A7 AR R Z AR 2, 3 P2 & S 0 5 T
EREMXIBOCHR, AU PR T DX B0 2 e BEALAIR, R R B R, R TR
S A UK/ SR AR . i BE G AU vk R P 2 A, JE ke B HL AR A v X 1) 8 FR 48 70 A
PEVIRAREHY . AR BRGSO . PR BRI AR A X 5
BTSN IR S Y S e cr AT S 71 Py (20 L S AN A 0P/ TE = i N
N % s S SR 7/ 22 & 3 (1503 S Sroe e R 1 S0 A S 7 N i SR/ 4 N L N o (2 B
FIE RO HE T E w3 7y 3. eAh, i 4 W AP AL oK PE PE AR R PR AR IR . RIZ DR
FRAE, DA A AN VKR i Sl U AL SF N A BT 5, AR /R 1 e B it st
LA L, WA RBRE M BRI T SEIMIRAR 1. ok X
f1% PR o i A5 ] PR T B K v R e i 3 R K A /AL B BT TR, AT Rl RE R I
KPR EYRGESIAE R, B0 “FHER B RIS AL, T vk B e (9 W e/ HE RS
HARKI 2 w25, TR, IRIZ/KH T2 2 DR B el B Bk & P, 3
H b 5 4t TR =K

P AU PR AR A B AR e BRAE (b R S A 5, BB [ AU B fC i 52 5 SR LAl (R K
FIHCA FE S0 8 P O . 1O T RATT S 5 AU R A 07 19 AR R B, AR SR APk b
Hpp ok, HIE, iR HER PR KR T, HEERIT Ry, WfERE, &
AR e Bl B AR HEBR T ME, IR ToE 077, 85 0 4 7K Ba AL AR A Bl 1 20 i ik
BRI ARG R RS e R . WA ERMER KR AL FH W IE R T X HHER
SRHIPRE A (@ G T 2 ST RN E I IS G UM (8 = & A (AP NG B8
, dErktREAE T 25 R 7Y R R AR Y — e TS R, O AR A R
BERNE o

AP 10 5, mRMOE, MOEILATFMRSA S . 55 |5 el kb A48 0 &
HEBRGEWNT BARIOE, ORI, R, RE. RATHEGISEM. B2 & Ik
HEPEK AT Z A R K—H A AR A A ™ i SR AT SER, SRS ANGA . LA, B
SCHL, BPEF, PR WAL, Eey. E4ER. &R XIEWT, SREEE. 53 & LMk
UK PO A LU B s B gehs, SES A : W, B, 2
o A4 5 " JLokPE O ARSI AR SOL FUZ ATt AR S ISR . 5 S
IO BRI AN PR R AL IS th R AR I GER, SIS . SARE ., &
B EMERE . PR TR, . 5 6 & AL L2 E S R G KA H
MBIESEHT, SRS HANGA . Mo, Bl K5, M. Em. 306k, &
So 557 CUBGEEIRZEAEY RS REMRL” WM ILRMRFILGER, SIS K



NG B, ARFIL L, ARoRME . EdlfE, ER%F, RER, FW, KA, B8 &
CACBDURRIE S R B AL B DESER, SMEEAGA: ETE, X%
. B, 9 E IR TR E A R R A RET s . AR, R
WEBES H ek, o6 10 8 “JURMEKIRREE" h 805 IR E I Sih .

HUACR LA H R GH AR — R R, BERZKEE RO HER, £
RSN R LR " MR SER S5 T ey . FEAR L F MARZ bR, FE5 4 T A
R A BRI TR ML R T MM 5 37 20 B!

ABERE R HERAAERRR, BOFRE RPN E.

RO
2015 4 12 H 20 H



Introduction

The 4" Chinese National Arctic Research Expedition is the second cruise of two arctic research
expeditions organized and implemented by China in the International Polar Year (IPY) and it is also
an important component of China’s IPY plan. With the theme, the study on marine ecosystem respon-
ding to the rapid change of arctic sea ice, the research and expedition have two scientific goals:
(1) Rapid change mechanism of the arctic sea ice. Namely, focus on the research on rapid change
mechanism of arctic sea ice while conducting the observations of atmosphere, sea ice and oceano-
graphic processes related to meltdown mechanism of large scale of sea ice for the sea ice forecasting in
the future; (2) Response of arctic marine ecosystem to the rapid change of sea ice. Namely, conduc-
ting comprehensive multidisciplinary surveys in the Arctic sea and studying the structure and
functional changes in marine ecosystem coupled with sea ice variations in order to illuminate the
mechanism controlling the arctic marine ecosystem for scientifically forecasting and managing the
arctic ecosystem. To achieve the goals, the projects of 4" Chinese National Arctic Research Expedition
mainly covers 4 aspects: a. the process and mechanism of rapid arctic sea ice change; b. biogeochem-
ical cycle on the arctic carbon flux and biogenic elements; ¢. primary productivity in arctic sea and
sea ice; d. changes of arctic marine communities and paleoecological environments.

The expedition lasted 82 days from July 01, 2010 to September 20, 2010 and the voyage covers
12 600 miles and ended fruitfully at the pier of Chinese Polar Research Center. Altogether, 121 par-
ticipants jointed in the expedition, among them 115 from the State Oceanic Administration ( SOA) ,
Ministry of Education, Chinese Academy of Sciences, China Meteorological Administration, China
Central Television, Xinhua News Agency and media from local government, 5 scientists from countries
of the United States, France, Finland and Estonia, and 1 scientist from the Biodiversity Research
Center, Academia Sinaica, Taipei. The survey has completed oceanographic observations at 135 sta-
tions, conducted a comprehensive sea ice air observation at 1 long—term ice station and 8 short—term
ice stations, besides 1 station in the North Pole. The expedition had finished the observations at both
stations and areas more than it was planned and have made a series of breakthrough in the history of
Chinese arctic expedition. At First, the expedition fulfilled the investigation in the North Pole without
the help of other country in cruise of 2 300 miles latitudinally and of 1 100 miles longitudinally. The
areas and the scientific fields studied, and the data and samples obtained are all far exceeded what it
had performed in the history of China arctic expedition. Secondary, a series of progresses and develop-
ments has made in the expedition. For example, it is the first time we finished a 24 h oceanographic
observation at a 3 742 m depth station in the Bering Sea basin. Again, it is the first time we extended
the observations in abyssal plain in the high latitude Arctic Ocean, where data and samples from Al-

pha Ridge and Makarov Basin were obtained including the fields of marine hydrology, marine geo-



BIR I e i A 1 5 i VY /1 A5 5 i

chemistry, marine atmosphere sciences, marine biology, marine geology and etc. and thus filling the
data gaps in these areas. Thirdly, a vertical and stratified sampling has successfully conducted in ma-
rine ecosystem of 3 000 m depth near latitude 88°26" N, where a specimen of Polar cod ( Boreogadus
saida) , in length 18 ¢m, has ever been collected so far in 87°21" N and where a longest sediment
core in length 4.4 m at the depth of 3 997 m in 88°24" N were obtained. Fourthly, an ice buoy was
developed and a XCTD was launched for the first time at the North Pole, along with ecology observa-
tions and a large number of sea ice sample collected, including a 2. 3 m ice core. Fifthly, it had re-
covered successfully a long term submersible marine mooring system for integrated observations that
deployed in 2008. The system had more than 1 300 m water depth and 1 year records of data from the
deep polar sea. The last, the arrival of “Snow Dragon” breaker in 88°26" N has created a new record
in the history of Chinese marine navigation in the northernmost Arctic Ocean.

Based on the first—hand data obtained during the 4" Chinese National Arctic Research Expedition
and the literature data, combined with the data from general survey, key profiles and multi—parame-
ters in the multi—disciplinary studies, the responds of marine ecosystem to rapid environmental chan-
ges in the Arctic were studied and resulted in a series of achievements and knowledge. The results
shows that the mid—water depth in the Canada Basin had changed significantly from 2003 to 2011 due
to the strengthened vorticity of surface stress stemmed from mid—water density fluctuation and sea ice
loss, and thus it is an important signal of climate change in the Arctic. The results from the sea ice
observations show that low sea ice concentration area and the phenomenon of crossing pole melting ap-
peared in areas from Chukchi - Beaufort coast in the Pacific Arctic to the Arctic Center in summer
2010 were due to large—scale of cyclone activity and strong summer arctic dipole. Secondly, there are
always thermal inversion layer and humidity inversion layer exits in the surface layer of entire sea—ice
field, even in vicinity of the North Pole. The height of boundary layer is logarithmically related to
thermal inversion strength and in the vicinity of North Pole the layer is low but with strong thermal in-
version, exhibiting a very strong ice—air interactions. It was found that simultaneously nutrient distri-
butions, biological pump structure, greenhouse gases, carbon cycling and other processes are also un-
dergoing dramatically changes with rapid change arctic sea ice.

Physicochemical environment change, in particular sea ice melting, influences the abundance
and species composition of biological taxa, hereby, changes biological characteristics and ecological
habitats of certain species. On the whole, species miniaturization and northward extending of habitats
become evident as a respond mode. Moreover, the studies on the suspension particles and overlying
deposits in the Bering Sea and the Western Arctic and the changes of paleo—oceanography and paleo—
climate from the Bering Sea to the Arctic Ocean not only indicates environmental change of the Arctic
sea area in the past and modern times, but also bring in profound knowledge of the role of Arctic in
global changes. Methane flux in sea ice covered area may result from the rise of methane in seawater
along the tiny pore of sea ice or from microbial activities in the sea ice or possibly the combinations of
both. Tt is found that sea ice is of great spatial differential for methane absorption/emission. The bot-
tom water contains more methane than surface water due to the effects of sediment release or methane

hydrates.



Introduction

Due to rapid change of the Arctic and the significant feedback in global change, arctic issues are
drawing much attention from countries in the world and around the Arctic. We, the workers who enga-
ges in arctic scientific expedition, are facing with greater demands and challenges of knowledge. How-
ever, regardless the hardships in the world of ice and snow during the expedition, Chinese Arctic Ex-
pedition should overcome all obstacles in revealing various processes, driving forces and causal rela-
tionships covered by the mysterious veil of Arctic. Embodied the expedition results, particularly the
results of the 4" arctic expedition, this monograph reveals that the rapid change of arctic sea ice in the
Arctic has given rise the change of physical and biogeochemical processes and produced climatic and
environmental effects following the global change.

The editors of this book are Yu Xingguang, Lin Longshan and Bian Lingen. The book is
composes 10 Chapters. Chapter 1, Rapid Change of Arctic Sea Ice and Ecosystem Response, is writ-
ten and compiled by Yu Xingguang, Lin Longshan, Tang Senming, Wu Jun and Wu Risheng.
Chapter 2, Change of Arctic Water Masses and the Ice — Sea Interaction Process, is compiled by Shi
Jiuxin with participant writers of Shi Jiuxin, Zhong Wenli, Zhao Jinping, Chen Min, Pan Hong, Tong
Jinlu, Wang Weibo, Shu Qi, Liu Guoxin and Guo Guijun. Chapter 3, Mechanism and Physical Char-
acterization of the Rapid Change of Arctic Sea Ice, is compiled by Lei Ruibo with participant writers
of Lei Ruibo, Zhao Jinping and Li Tao. Chapter 4, Atmospheric Boundary Layer of the Arctic is writ-
ten and compiled by Bian Lingen. Chapter 5, Research on the Arctic Greenhouse Gases, Nutrient
Carbon Cycling and Ocean Acidification, is compiled by Gao Zhongyong with participant writers of
Gao Zhongyong, Li Hongliang, Zhuang Yanpei, Chen Min, Men Wu and Zhan Liyang. Chapter 6,
Response of the Arctic Upper Ocean Ecosystem to Climate Change, is compiled by He Jianfeng with
participant writers of He Jianfeng, Kang Jianhua, Zhang Fang, Lin Ling, Wang Yu, Zhang Guangtao
and Xu Zhigiang. Chapter 7, Change of the Arctic Bottom Ocean Biotic Ecosystem, is compiled by
Lin Longshan and Lin Heshan with participant writers of Lin Longshan, Lin Heshan, Lin Rongcheng,
Wang Jianjia, Wang Jianjun, Song Puqing, Li Yuan and Zhang Ran. Chapter 8, Sedimentary Char-
acteristics and Paleoclimate & Paleoenvironment Evolution of the Arctic, is compiled by Wang
Weiguo with participant writers of Wang Weiguo, Liu Yanguang and Wang Rujian. Chapter 9, Distri-
bution Characteristics of Greenhouse Gases in the Atmosphere and Pollutants in the Arctic, is written
and compiled by Xie Zhouqing, Bian Lingen and Kang Hui. Chapter 10, Meteorological Support of
the Aretic Air, is written and compiled by Huang Yongyong.

Quite a lot of achievements in the 4" Arctic research expedition are obtained under the leadership
and attention of the State Oceanic Administration (SOA) as well as the joint efforts of all participants
and the crew of “Snow Dragon”. Sincere thanks to the crew of “Snow Dragon™, experts and leaders
who guides this expedition on the occasion of publication.

It should have faults during the compilation of this book and any criticism and correction are wel-
come from the readers of you.

YU Xingguang
20, Dec. 2015
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