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it (e.g. Falkowskietal., 2002) k@ > d *tf 282 A L engfd > B % 5 17 45
FALA L pHE ORI G ER R EREEOY LB IRES L
il UM e LA S S R R S R UE LA =Y LRI A S A =L
DA mﬁi%l ~BE AR S g TRk Aid 2R S B3R (Fig. 1.1; Steffen et al., 2004 ) » 12 g,
o mﬁi%J »E G ;e % £ H BE (Fig. 1.2; Seitzinger et al., 2002) - = £
HRT OB BIRS AARNME A LR T o s A R Tr g A F -
Pk 2 a0k M@ @54 (IPCC, 2007 ) > 7§ igdt ¢h 4 &30 % S AKX g
R AR kBT A4 A R REY 2 W2 F & (catastrophic and irreversible
shifts) (Fig. 1.3) (Scheffer et al., 2001; Rudnick and Davis, 2003; Mantua, 2004;

Hsieh et al., 2005; Anderson et al., 2008 ) -

Flot TR F GRBEASER DT EY SR EA SR BRI Z
PR S ARSI AER TR OF LM 2 A AR S IAY
4B Rkt o 5 #2000 0 AR%E IGBP/SCOR ez (Fig. 1.4)

BITAEC AR REA Y+ A K &34 40 IMBER( Integrated Marine
Biogeochemistry and Ecosystem Research) -~ SOLAS (Surface Ocean and Lower
Atmospheric Study ) % o A FE &3 F 1 4F A 2 SR EF LI E 2 BB LKA WE

i SOLAS 2 IMBER 3+ 4 chs it 4 o
12 kg ahd & 4
Lid 2024 Ty e s (05x10°km?) BB + ehiflspid - d 30 &L %
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A SRR AR AR B IE B ik PR YR

x4 34 Z4 (Chen, 2000; Gong et al., 2003; Chen et al., 2004 ) > i {7 & ;& £

(33

FEAMA L RRETRE G E 34 (Zheng et al., 2003; Gao and Wang,
2008)° f § CREANERE S R o P E ARt F o F RN A FE &
%% (Chen and Wang, 1999; Liu et al., 2000; Yool and Fasham, 2001; Chen et al.,
2003)° ¥ - g o KA EE M S TERI A FEESFT (T ER) B3
g% 3% 2~ (Fig. 1.5; Duce etal., 1991; Gao etal., 2001 ) > # # =~ 12 % = Bi‘mﬁ%]g

i § 5% % (Fig. 1.6; Uematsu et al., 2003) - 28 L /& = A T HF + % > T h

RHFHEPIGRTH L AEFTaER A XFFANTR B REROELHE
¥ B 20C 1+ (Gongetal,2003) p 04 5 & 7 k2 it B Ppcanis ERE

BRI IEF (dok im0k s A RIS AR SR Ak S ARRE RN E B 0K

ii):%ﬁiﬂ,ﬁ&1£ﬂ+%%$i@mﬁ@(wi%mi,Uﬂ%u%
TAHER ) @ PR AT PR R RS S EEE S ERAF A

gpF s %3 (Liuetal., 2003) -

I I 5 ST HER %S 7 e (Albritton et al., 2001 ) » & 22 &
pEADE AP A ;F'I%,‘mﬁ;?]g FrBapFag A o1 ¥2pP. ¢RESd P L

L4y £ 3 (Fig. 1.7; Zhou et al., 2008) % /5 % 4 % %1+ 2 & (Huh and Chen,
1999) 5 b2 v o ¥ RE L Z WA HHRELTE I Z 5 okA B PP F
(www.nsbd.gov.cn) » f % 38¥ i ' K5 d & ;‘J.ﬁia?] N ! ﬁﬂ’kf&ﬁﬁ%lﬁf& %3

Hippa e i kR R Ak SeniE e 5 B ahi=# (Chen, 2000; Gong et al.,

i

i %18
Bl e Ay B B 1T 4 R 2 Pl R F RS Ak Sy

S

2006; Jiao et al., 2007; Chen et al., 2008 ) = 14 * &5 &5+ L /& £ 7|

Xy

oM G LA FE L LA A H A FE W R L R
SESET AR TR R A SRR T (6 B

BRI A AEE PREHLRA B8 KAy 23 2 IR
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5 S S G ER
13 A a R PpRplEFmy AR 2 5 8 & ox

LiaLPEpEFEy KL SHEfE  F AT 1999 & 10 Y & N W
FHAEE M RRL A F AW TN AE (2000 & )8 1 i E 182 4 A B B
e F o P E TR EEL P AP e o % - ¥ (2000.8-2003.7) @ 5 =57
AREEFEMB IR LIFNF (FIEL % - ERT - -THRR -EREZE);
B R2002F 10 P OFEFIHELT TR REF G RS R P ERRL
R% 4@ 22003 # 8% 1 2006 7 * ®{7iEfe» pf %+ 10 mf -7
PR LENE (FE %D BRI CTRFCERAE M E o REE
BEUA 3/ fikeL)e %28 p 2006 & 8 P BAFE L 0 LG 16
&Ptﬁ@?%ﬁy,ﬁpﬁﬁbaE@%<§%h\%i‘gwi‘gﬁw\
BRA -MEF - ERR - EHT PG WA IP A R B

HEF BT BB FZPPFIERESA ARV FESY A A

Table 11> T35& x & @23t FEMe G 7 91505 (7 g4+ AT 24 5% )
2008 # 8 " R EEEFE A AL FFLREFELT £ LAME g2 i
AmMp HETEEI 20340 PoFk: o HFD S (20068 35 ) 47
FRERESREENRT 158 SClwme derg & v E Ry B avhe eid 0 £

357 56 K (Table12) 4 4t L5z 4 £ 107 ¢+ (Table1.3) -

BIFAT T S R4 NS 25 > 7 3 5 2 %R 2 RpA M arhiL o
Glde FIREIZRAFEI S S -HET L E ERYLAFBPFEIAHL
4 v MR R d /80 e A e 8 (Fig. 1.8; Gong et al., 2006 ) ~ # I A& & £
A Eit F a2 - (Fig. 1.9; Chen et al., 2007 ) ~ % 3L 8 fwmre ¥ jEr = K7
(Fig. 1.10; Chung et al., 2008a,b) ~ # i £ 4 # (7 5 hoir ERFE R R DR

F] (Fig. 1.11; Anderson et al., 2008 ) ~ 4% =77 7 & & i- F 2 ¢ @ (¥ 2009 & 77
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(Fig. L1220+ R4 € 7423 ¢ 4 LV R RO FA il 2 1 dpif Rl R BB

(Fig.113) %% » R B S R2 5B ARSI §nfhret o

WAL AT Ak G0 SR ISR LR R g % F AT 0 BT
PR T A A pE o B 2 FE AP E RN SR F R RGN
B Rl 2 e B AR V- B TAE LS8
BEL o D FATRT Y et ¥ ook o AEEAT R AN Y AT BLIE(T KA A B

FlerpLip]» A - BB F SR AB TN ERDF LR KRR R - %=

3

BEEFIENGI S ¢ BPUARET 4 BAF- JLahls s PR 2 7
B - B2 0 ph B BLIP St 0 & Bt S8R FT - B L Bt R R e A i Y
15-17 + (Fig. 1.14; /477 - 55 =07 Fap A e b 'U15 A o 4o A B 3BT £ 3
fe bAp AR ) FEBFT D B SR ARR] > R s BT R R R UL
Ay A B b 18 A (Fig. 1.14) R ix BIRAE L34 @ % B g 450 (R
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Table 1.1 % = #p B &3+ %

B+ f 2ER

2l 4

P

H YA

LERRAFLELORECS: F AR 57 2 {128 4 {8 A dk
H > AEAML 95.8-96.7 96.8-97.7 97.8-98.7
&% N ol N &% N
R A () ]3,725,000 1,362,000 1,362,000
E ®AE(5)]1,111,000 1,111,000 1,111,000
E R T 2,033,000 1,834,000 *16,682,000
B d 1,053,000 926,000
BERE I px 1,012,000 1,069,000 1,292,000
R 1,406,000 1,406,000 1,406,000
M2 T 1,109,000 1,762,000 1,812,000
2o 1,942,000 1,780,000 1,780,000
je e 42 858,000 1,141,000 1,198,000
5o opme e 2R [1,696,000 1,576,000 1,576,000
< g [ ——
FH 1,118,000 772,000
R ik & 2,064,000 1,559,000 1,559,000
. e ¥ 458 1,325,000 1,440,000 1,555,000
A E WE R 2,443,000 1,251,000
= 1,206,000
o AR X & 1,500,000 1,500,000 1,500,000
- BB v 1,664,000 2,082,000 1,671,000
FFRPE A AE PR R AT
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Figure 1.1 2 25 %5 ok % s g 10 3k % sienk i (after Steffen et al.,

2004 )
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Figure 1.2 /@ ""i& »~ ja i3 4% & % § 5P| B (after Seitzinger et al., 2002 )
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Ecosystem state

Ecosystem state

Figure 1.3 3 % 4
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A ghift Fs
| T - v Forward
Fﬂ{\«\ v shift
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C010-10

G % ko2 v i F ot % B (after Scheffer et al., 2001 ) -




Figure 1.4 % % - & IGBP % H B /4 i 5 & 1A% 5 5 4 M 5 ]

IGBP: International Geosphere-Biosphere Programme

SOLAS: The Surface Ocean - Lower Atmosphere Study

GLOBEC: Global Ocean Ecosystem Dynamics

LOICZ: Land-Ocean Interactions in the Coastal Zone

IMBER: Integrated Marine Biogeochemistry and Ecosystem Research
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Sapporo

B observed
600 I calculated

L vy

l14-Mar 9-May 4-Jul 29-Aug 24-0Oct 19-Dec 13-Feb
1994

Figure 1.6 p A Sapporo & *+ (43°N, 141 °E) § |2 ) A-3f#w" : £ (insoluble
particle flux; mg m? week™) (after Uematsu et al., 2003 )
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Trapped behind the world's biggest dam lies the
food supply for an entire ecosystem

Three Gorges dam
threatens vast fishery

CHINA™S Three Gorgesdam
fon't fully operutional yet, bt
it 1s already threatening one of
the world s higgesi sherles
In thee East China Sea. Adrop
i ther ameunt of fresh water
and sediment reaching the sea
in 1o blame,

The dam, which s the largest
in the world, sits aboul 2000
Eflametres upstream of the
mouthof the Yangtze river, which
emmipties into the E2st China Sea
The dam's mammoth reservoir

w6 | HewScertin | 15 Rebruary il

before and after the dam’s
comtruction. Areas ofhigh (O,
abgarption correspond Lo high
levels of phvtoplankion, which
eveniually translates intoa rich
fishery as the pliyloplankton
are eaten and thedr nutrients
move upihe food chain. The
reséarchers found that by August
20073 the 14,000 squant-
kilormetre “high-proshectivity
eone” surrounding the meuth

" was partially filled for the first of the Yangtze river had shrunk
thme In June 2003 by about 86 per cent, down 1o
Gwrr-Ching Gong and 16,000 sepunre kilometres.

colleagues at the Nathonal Talwan This 1s prabahly beeawe of o
Oean University in Keslung, rduetion in the amount of fresh
Taiwas, have been monbtoring the  water lnwing out of the Yangtze,
ecosystem of the East ChinaSea says Gang. Thaugh the Chinese
since1gal Withintwomenthsel  governiment has promised not Lo
the reservolr's first filling they decrease the total annual Mow

dedected a massivedecling inthe  (nta the sea, U water may not be

phyteplankion that Forms the

base of the food chatn. “The levels of phyloplanklon
Tl teaim Imhcasured amund the mouth uﬂhg
am id

E‘I’ng d:g;fj;mdm ® Yanglze were down by

photosynithesising phytoplankion 86 percent after e months"

A dealh sertince faf 123 9y

released at the right tima.
Phytoplankion need fresh water
in the summer flood s¢ason 1o
malntaln high produscrivity.
Unfortunately, that's when
farmers nead the inost water far
irrigation. "They may 1y L
release more fresh water during
the Fall season to compeniate
for this whule year,” Gong says,
“but it cannat stimulate high
productivity, sa there's no use fon
it then”

The tearn aleo found that
sesflment boads at the river mouth
have decreased by about §5 per
cent stnce before the reservolr was
filled_ Alsn, the mtla of silicates o
nitrates in the waler reaching the
seen has dropped from 1.5 k0 1998
to 0.4 in 2004 This has caused a
shift in the dominant species of
phyvtoplankton from silicacedus
diatoms - 2 hallmark of a healthy
ecoayatem - to flageliate species,
Gong says.

This bodes i for fisheries.
Flagellates can kil fish by

WA, BT T . L0

Figure 1.8 & jx = w + i $ti4 ¥ TR enF (¥ B NewScientist fe:k4F # 7 48 ) -
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The: nonber of dead 20nes o d theworld is doubling every deade

Type: 0 dmud
Eplsdirpeiodc
el nl
& Unknown

“There’s just
nothing.
You just
see dead
organisms
on the
seafloor”

B0 | Meve S dentist| G0 eoeruber 2006

nothing” she says, “therearelotsof fish at the
surface butonce you get down into that layer
you don’t sse any fish any more, you just sss
some dead organisms on the bottom:™

Dead zones persist and spread until
something happens to breakthe coffin seals
and bring oxygensted waterto the bottom,
such as strong winds or storms. This is why
manydead zones dissipate over the winter
onlyto reappear in the surmrmer.

For mary, the devastation wrought by dead
zonesls enough to justify cleaning up ouract
Ineconomicterms, though, proving that
cutting polhution is worth the cost can be
challenging While some shellfish or lobster
fisheres have at times been completely
destroyed, other dead zones kave increased
certain catches for atime by concentrating
shrimp or fish into smaller areas. Improving
fishing technology can also mask declining
mumbers of andmals. If dead zones are allowed
to persist, however, many valiabile bottom-
dwelling crestures, including sorme specles of
fish, dizappear. Fishermen alsohave totravel
fartherand farther around thedead zone to
get to sultable fishing grounds.

Inthe Chesapeake, for instance, the striped
basg, or rocksh, is an important part of the
catch. Asthe dead zone expand s in the
surnmer, the large fish head forthe
oxygenated mouth of the bay making it far
too costly for mast boats to reach them. But
the watermen do still eatch some fish and
sometimes also switch to other activities, such
ascrabbing Most, though not all, of the
“dead” water tsbelowthe depth of the crab

Figure 1.9 A /P 28 Fdx ik § a2 - (

o) -

C010-15

A where known 1 - 100 kn®
101 - 10y
w1- 100 Cr
=10, 00 D

SOLNE. [ME

traps. However, winds can blow across the bay
plling water on one side. The welght of this
water squeszes 3 “ burp” of by poocle water aut
theother side into shal lower areas (see
Diagram, dght). When it happens, watermen
find theirtraps filled with dead crabg,
meaning daysof work wasted and inoome lost.
“¥our' Il have one good day and the next day
the dead water gotcha ™ smys Plerce.

Road to recovery

While the dead zone in the Chesapeake has
bean studied for decades, inother locatlons
such asthe East China Sea, details are only just
emerging, though low oxygen was first
decumented there in1981. In 2009, Chung-Chi
Chen, a marneecologist at theMational
Taiwan Mormal Undversity in Talped, and his
team chanced upon a dead zone, probabily
seagonal, that encompassed anound 12, 000
square kilometres. * It has definitely hurt the
area, which tsa major fishing ground,” Chen
gays. For now, the problemn does not appear to
be on the Chinese government's st of
concerns, he says.

It the amount of nutrents is reduced
enough, ecosystems can recover to some
extent, though completely restoring them
ey be impossible. One ofthe greatest dead
ZTone recovery stores was not somuch a
trumph of politcal will as a serendipitous
benefit of the fall of comroamism.

Like the Baltic, the enclossd Black 5ea is
prone ta low cerygen. The deeper reaches of
thie sea have for at least the last Booo yeams

wwen. new s ientist.on

# B NewScientist sz zx4F #
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1) Mortality from fishing
2) Tracking of environment
3) Unstable population dynamics

a Size distribution Maturation
U o
— ¢ S
e R
> Sizesage T Size /age
f — -] - X
- Ecological
g cologica
FIShmngreco\fgery
b

Possible evolutionary reversibility

No evidence
Weak evidence
Strong evidence

Abundance

Time

Increased variability

Potentially irreversible
increased variability

Figure 1.11 Why fishing magnifies fluctuations in fish abundance? (after Anderson et
al., 2008; Stenseth and Rouyer, 2008; Nature 17 April 2008,

NEWS&VIEWS)
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21 L (Bin) MEF TSP BRAA2E CHR2 25 505
e 2 B

3 IR

RaEPppleEmy 301997 £ 12 0 3 1998 & 10 ¢ AF (L i1z W+ @
ZA ) FRHEEBRLAEPER e T s b gip (Fig. 2.1.1) > d »tpo p 3ng

Pl m " (Bm)mr 25 (Fh SBh ~ LT EE) $20k 3 i

* E’T”"E?.“:}KT s Hok v v B M 44”"4@" % ‘}E#pgg‘ﬁmfﬂ?q_% i o ja KR R D
FHEMEPLT 3E720C (12-31C2 ) k- ?%(ﬁ{%,L X )PFZ R A

(¥ %2 10Ct (Fig.212) A KB AR™F AP FHEgiv 3§ &
17 10psu (25-35psu 2. ¥ ) > b — % & pra %q} FIEFTEERIFRAPIT
(Fig. 2.1.3); Bk pe 2 K2 FPE ot PP T 1 > WA 2 > 3 F
FEFLIFORLAFERT A A AT RREPREA P T LA @
R AR o V- 25 > BEMAP A ENT AR (MARBLN) B
gAY PRESE S (Fig 214) 2B S BRI BRI - LER
RS RRER AN S NG REROF R PR Kk
%oﬁﬁéﬂ%%ﬁ%iﬁﬂ&%i%“’i?JJF%&%WW%E%i%%
e (MBRF RPN RRFEROOBR L FRPFERNT

Fok) R T e

tirdl @ik e & 4+48 (grazing food chain) T il # 4 & 4 (primary

production) = & > d X PR Rprd] > 2ERFA A NRAET X P T
AL 5 (Fig 215) 54 d A AA Gt Y5 o848 @

4 A4 B g2 £ 757k Bl(microbial loop )& # w2 A 4 (bacterial
production) = 6 - PFZ R RIEAH L 4 hRipin s B] X PEL FRE D
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w4 &4 (Fig. 2.1.6; Shiahetal., 2003)» £ /£ & * FFwpFd £ FEE S F
vl Ti- HEE T Y L9732 DOCo A& Hd A#A A4 riE i (Fig.
217)° ¥ -2 > AR X EF BAF A A4 R TP d R K
2% B ¥ £ eng 2 (Gong et al., 1996; Wong et al., 1998) > % 7 By i fei% -k 48
FEEE L et AR R DA SRR AR kY R B R
M 02uM BF > SR ER §CF MR BER N e m 3 (Fig. 21.8) T a#
PTG 3 Renfa) o U s PR OE A R iR L% % - & (Fig. 21.9) - d 7
3 2SR AREd Rz r é‘\,qmjx’?z\-xpﬁr%rz%g A TP RS -
GE f onds 4 R S fé@4 AF BT A e RES SR G R
Bl eiE g o

e 3 2 ERFEPSES  TUFRLAEP LG 2EBF AL A4 DF
&0 B4 AR APFRIIP kR (S<BL) R FHEP (Gongetal, 2003) > §

AR EALEF 2 ERFREORD TR FFAIREDI LA S L

[

hgd o HL A e RSP E o5 BT E LK RO R e

|
%

42 4pR A g PR AR Figure 2110 TR R R R By AW
SEEA#HL A DI Fo RV ACKBIUFE R B 2 A4 Rl
VR R AP 3 2 A e FY g2 %4 (Gongetal,

2006) 5 & A # A &4 F AR enipil o )j"«d‘:“ OB B S R T e R e
# % (Fig. 2.1.11; Chen et al.,, 2008) » & ¥ 4 4 jpk B mF 2 £ 5 (Fig.
2.1.12; Shiah et al., 2006 ) £ pc/m¥l* B cr#ic® (Fig. 2.1.13)» 5 £ iz b A -k en
Wk R, o B R it UK B A s P SR AT K 2R end
AR S i PAPHM c BEL AR AL B BEPHICGAEOR T L& f £ i1

UEIE S SR 2 ek S ah i I PR S LR

\F‘b
ﬁm
™

2009 # it NiE S0 E P WA kA AP F AR A F i I A
K
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BRI B5% N A R RO EFE S A E SR Y FERR
Hec % (Gong et al., 2006; Jaio et al., 2007 ) » Tk iz v AR 2 R &K FR S A

B R AR~ 3 oseg ey 4 (Yanetal, 2008) -

3

3y

[£5cd

G

G A PR R RBE AR EL R TR (R
ck

(‘r‘:p
a4

w4

BEEB) guey o Ea FESFE (trophic level ) shsgds & £ 8 pF 8 3% (trophic
cascades ) ER A EF et > WERF iz oy > d W@ L a4 0
Ay B f#iE s 7 'L (Rice,2001) - 3 &3yt 0 mi - PR EFFY
AP HRLRIER O RGO EFE IR ELRTF LA R BT LR

B R AES S (d EEoREE e ) S TEH RS R
Fp o ¥ehp 2008 & 87 ATHARBEANE T 9T I E o A ‘%Tﬁﬁ?fﬁﬁt
13 5 G o K 2008 & § X ik g R AT 0 ABAL 31 5 Y £ Mk T
Aok d 5 T R Y e & PF & J Bottom up control sf$25 > B A 4 3t 31-33.5
¥ B & @iaokae o 2§ Bottomupcontrol s 2 B A B AR <2335 Y A B
/4 -k42 s 2r % 38 Top down control eni25 (Fig. 2.1.14) » i menafegit 2 & 4

oAb F Gl ko 5 I A RIEH BT LF O TR o

ERAAFEFSHEEREFF NI &G G 0 At e w2007 £ 7 P 2

2008 = 17 » = &~ wldx & 7] 12,588 & 2 2313 k hiF fa 4 0 A 90 #L 176 taxa >
cd HEAPRERET (Fig2l15) RFH M7 %A 5 4 B Ay

e A (ST4-6-18-19a) @ v 3 (ST.19-20)~ 54 /a et @ 3 (ST.2 ~
3-31+34) 2 ¥ > A F FRIA L 2 BaEHE > MBS HIPAKEEZ 2p
HE 2R ZE&HBEF A% G 2B % F 4 & F Engraulis japonicus ~ Auxis
spp. ~ Gobiidae sp.1 ~ Sciaenidae -~ Bregmaceros spp. % (Fig.2.1.16)> @ * £ p] 4
Valamagil sp. ~ Gonostoma gracile ~ SCORPAENIDAE ~ Diaphus B & A % - 1345
2006 # § & (OR2-1360) 4~ # 3 4 % &1 > Gobiidae ~ Bregmaceros spp. »
Leiognathidae ~ Trichiurus lepturus ~ Setipinna tenuifilis ~ Saurida spp. ~ Sciaenidae -

C010-23



Clupeidae ~ Cynoglossus spp.# Callionymidae % f&#5 £ 6~35m @ ¢f @ 3 &2 % >
i 4p B > @ Auth and Brodeur (2006)F7 3 % % 4p &1 > * S HeniEfa g i & E 0 F
> 100m R kB E g P 2 0wk K T B50m en® R g o d s E TR (Kimand
Sugimoto, 2002 ; Sassa et al., 2006) % ;7 "''-k;x » &0 % & (Olivar and Sabates,
1997 ; Rios-Jara, 1998 ) > % ¢ R EF fa g enm F 5 F)pb LA g g ~ T LA
B AR LiP v MR FAERIRE kA SR SRR TR F LA

[E3 8 M e 7O R

Nid e TR 2 R A (T Ria a4 5 2 f4F > Yan et al, 2005)
j,'ﬁ,gf,/?[‘ﬁ,};ﬂi“’v g )J-% )’i»—’\ 2008«&%%151‘1‘]‘;“&3}:}’5/4 }%#’;’ﬁﬁﬁjﬁ*ﬁt\ ,
fi%é P 24Pk 3,935 & (71 species; 43 families) » 4= ~ 478 % B > &

ARG g R e G PELR S AT S He AL LE L RTHREI 2R
Ao L PR RHET LR (FiQg2117); 8- H k2 2 4 L RBFF A
o h BT RRAF LV EAF R RIF - A KBIRRB 2 AR kL
AERAIFTr Aok PFF 4 S HRMEE XKL KBS £ P D

i ApRE -

V-5 BARY VEEISBOLE RITECEEEEHL L L AP
Fod wHFP AL AEH2Z FRlia 30 EREZET F BAGERS LR
Lo AR BT R B R HEROE A e R0 e 37 & k2 DNA
4 &iEBTIUDNA L GiEBT s B FHEE S I RiTL P AE TS
BN e hra B R A e A P SR T A F 2 #7484 (Hebert et al., 2003;
Savolainen et al., 2005) > & * DNA A 7| k&7 A g > F Ak FRE > £
RIPELFFPREFCHLL LE LAFTRET 2 A" e ZiEfR 12
iR AR R EE A A RIRRE AR H o e H R A AT R FE - B st |1 T
FE o ¢ Pt ey P oo ERERFCHKEFRY DNA 4 &5 > #
TAPEGREZAAAF TR T AP B F AP B FRd B S R
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i T g S F o F R TR o - g BT kb § VR ALTE
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2001; Thomas et al., 2004 ) - 4345 e 3 2 R Fhgm > FR LB T - - §
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(e.g. Gao et al,, 2001) > H ¥ x % = E%mﬁ%]w i # 5% (eg. Uematsu et al.,
2003)c ¥ - 2 G o "MEFABEA I EEFNE IEFTLD FAFOEFIRLT
I B % 31,?] Fy 100 B (mineral dust) z_ b » A H B33 L8 chpip v
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Bk Rl A MPMERTEER Y587 ug mP o ARk R L 1.8 g

m3> 5§ (NH;N) kB % 2.3 ugm™® (Nakamura et al., 2005) o
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2008JGRa,MCb; Chen and Chen, 2008) 1345 & & A ¥ % # 3 P A T R TR
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e et i ~ £ 4 2 55.6 Gmol yrts i A R B AR - A B - SpE
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B e PR G RF A IEY D3R R FA G REARAE 2°C 1L (Tsaietal,
2008) FL RPN 2R AR EHEERS T FE 3 mg mP v (Fig. 2.3.3;
Chang et al., 2008a) » % 2.8 2 =B L 2 > ehopesl - 7§ 800 ehd GIALEIR T
(Wuetal,2008); ¥ *b» B34 X A X TR PLEHE > 20 » BL S HEP
A gk g Bl 0 3 RF ok ae ¥ kA (Fig. 2.34; Chang et al,
2008b) > i OB A RE 2 FR AL RERD T RE Y AR OERE H
Rid by s s g4 W Bk A L el R G R EE SR
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GG EE A 0 ¥ - 3 G oA S e T T R Y o B R Aot s de e JE
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E%2 a@spft B £7 4 #4372 B eng it (27-51 mg m? ~ 4.7-10.3 gC
M?) o SEfF WRLALE § Kk ¢ oy 1 £ (POC flux) » { F % i #4T 4 8 en%
i (28.8-91.0mgC m?d?) > Tiomd v £& 8 115181 (Fig.236)> A4
B F] 0 iR 2] R XTI R B R Aot Mt kR RV Y A BARE
27 ek o i MR GEZ LR R E N (Hung et al., 2008 ) - i
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7 L AR o Figure 2.3.7 T E A3+ F 32 2006 # ) A R PR o A ERHR Y 4 P4
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AEREHAIFFEY (B8 &) ot @2 2P0k E (37 189 ) 5 W AR
FAPE A A F 2 RBA T AR (30 19 p )5 Ft 2t A

Prenn 33 (Clade) 7 ¢ & 4 7] %60 (Fig. 2.3.8) #mh Fiv fig (74 479 o
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