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Fig.2 Variations in proportion of different source fatty acids with sediment depth in four cores



640

(0—9.9%),
2.3

1 (x

(61.7%)

(MUFAs
(SCFAs

(43.5%—84.2%),
(11.6%—54.7%),

50

55%—T71%
3 51%)
A5(59.4%),
PUFAs),
LCFAs),

B

2(y

( 11-me C]g;o

>

(is0C;s.0)
2

; A9 ;

; 20%),
A10

(PUFAs),

Al
(55.2%)

10-me Cig)

(anteisoCjs.),

1o SCFAs [ianiva
a. A1ugfy
e L CFAs Wl
o MUFAs
¢ PUFAs 82
* BrFA 182 o016:1
S o280 ©029:0 o1we D18107
. 8 1w
< 027:0 30:0 s 1287 7197
S 020 » ’ 20:4w6:}-_,81§1
s 150 ‘:.14 *:\241.1;;9 i-16:0 3171
a-15:!
- ol 025:0% 140 ) 016:0 20109
~ ) *i-15:0 0180 D22:10§ i-17:0
K .23.0 P
= 240 3-17:0
H *10-me-16:0
0 17:0 o201,
0210 11-me-18:0
® 220
© 200 o16:1
o221
_1h
1 L ’
-1 0 1
FRID1 (46.6%)
1t C. A5E51ﬁ
® 500 310 320
0280 29:017:1
024:109
70 17:1(:)7':'1%‘:}2%1 .
1
N 20 1;’” o 18107
c\o ® 26:0 18:1w9
~ ° 250 022:1w9
g ® 240 2
<ol o 230 18:107
9] 014:q
N ® 220 210 *Igmetoo
. -15,
{Eg 020:0 i-15:0 015:% -R
H] o180 0221 »3'17‘%-17!'0160
B017:011.me-18:0
16:1
016:0
1t
1 L !
-1 0 1

ERD1 (36.7%)

3

(MUFAs)

FA-Index
Al

-1.0—1.6

FA-Index

3.1
3.1.1

(SCFAs  LCFAs)

-1.1—2.5 ,
FA-Index

, AS A10
-1.1—1.8 -1.1—2.0 ,

4 ,
A9

(43.5%—84.2%),

(R=0.95),

(Daneri et al, 2000)

1} R b. AU
150 @182
14:0 0% i-14:0 *i-15:0
150
0130 o1 X°
: ®i62 18222663
— 0120 22208 182
Q 30: ' °
S 00 @29:0 2211 24:109
= o160 20503 ®  *i160
(=3 o5 : o201
N 26:0 B0:109
o 26:0 20:4u6 g o
~ OF 27088210 o170 22169 o g 0
: : : 1
5N 230 @ 250 ¥ o 216107
= 240’220 17:1° 047907
M =]
H 0200 18107
* 11-me-18:0
018:0 * 10-me-16:0
*.170
1t
L L L
-1 0 1
FHD1(51.0%)
s d. A10i5{i
i-14:0
©30:0 015:00140
290 @161
® 280 O3, .
260 150 *'%2160
®27.0 2150% ¥ 150
= °17.0 ;109120 ® 20503
BN 0250 © 204“’6'1?:2161
© 0240 0160 oS82
~ 220 2603 w179 o 161
- 8 16:107
: 0f .00‘230 032:0 17w 17:1
P 21:0 200 310 11-me-18:0
R 0180 ' 918107
& : * 050109
|.|.| 10-me-16:0
a17:00 201018109
-
o221 722
o 22109
L
L L L
-1 0 1

ERD (37.6%)

Fig.3 Factor loadings of individual fatty acids identified by PCA for the first two principal components

-1.1—-2.5



3 641
BRRERTEEL EANERIEE
0—2 -1 0 1 2 3 4 -2 -1 0 1 2 3 4
a. A1Ua11 b. AQusfi
5¢ 5¢
€
K
™ 10+ 10+
16+ 15t
20 20
-2 -1 0 1 2 3 4 -2 -1 0 1 2 3 4
0 T . T T T 0 T . T T
c. A5I5{iL d. A1015{17
7r 7r
£ 14+ 14+
S
oy
B o4 21L
28} 28}
35 35
4 (FA-index)
Fig.4 Depth profiles of FA-Index in sediment cores from the Atacama Trench
(AD) (AS) , Al Al A9 A9
[(8.6£2.9) ng/g dws] AS 4050 m, Al (2560 m),
[(3.3+£1.8) nug/g dws] (1) A9 (D, A9
Al R [342 g C/(mz'a)] Al [449 g
449 g C/(m*a), A5 C/(m*a)], A10

[341 g C/(m*a)](Behrenfeld er al, 1997;
Xu et al, 2020) (2) A5
7000 m, , Al
2560 m,

>

(Wakeham et al,
1993; Wakeham et al, 1997),

Al AS ,
(A9 A10) ,
(6.6£4.9) (6.9£1.9) pg/g dws

[306 g C/(m*a)](Behrenfeld et al, 1997; Xu et al,
2020)

(P > 0.05) Al
A5 ,
63.2%+7.2% A9

61.0%+6.9%

58.9%+11.1% Al0

64.0%=+11.5%

E >

(Glud et al, 2013) Danovaro

(2003) (7800 m)



52

642
(1000—1500 m) , o —22%0 —20%
( C/N 4—10; C3
) shkc —27%0  —25%o,
(Wakeham et al, C/N 20 (Meyers, 1997) Quade (2007)
1993), ,
C3 C4 )
oPC -26.5% -21.6% ~24.1%o
, ( 4 , oBC  —22.8%o
) (Ichino et al, 2015; Kioka —21.0%o0, C/N 6.8—11.1 ,
et al,2019) , ,
4 , ,
( 2 Al (A1: 30.3%+7.9%; A9:
A5 A9 Al0 , 30.8%+13.4%) (AS: 38.6%+12.3%;
80% ~60%, 69% ~50%, 81% A10: 33.5%=£7.6%), (P >
<60% 64% 53% 0.05)
, (Sun et al, 1997) , )
(Sun et al, 1997) ,
: : ( 2,
Danovaro  (2002) 3.1.3
4 5
(0.5+0.4) pg/g dws,
2020 ,Xu (2020) 4.9%+2.3%
(GDGTs) 20% ( , 2016;
, , 2018),
GDGTs
GDGTs , BIT ,
0.1 (Xu et al, 2020) GDGTs ,
3.1.2 ,
, 2500 m (Inagaki et al, 2015),
[(3.1x1.1) pg/g dws] [(6.3+£3.5) ng/g
dws] s
3.2
, , (A1 A9),
¢ D,

(6C) (C/N)



3 : 643

5 , s A9 10 cm
(Camacho-Ibar et al, 2003), ,
0—2cm s
ASERER (ug/g dws) DBSARER (Hg/g dws)
0 5 0 15 20 25 30 O 5 10 15 20 25 30
a. A1T5(T b, AU
R*=0.64 R=0.52
5 5t
€
C
10 10}
SN
15 15}
—0— RASAHE
20 20 =
0 15 20 25 30 O 5 10 15 20 25 30
c. ABIIS{T d. A10lEfL
R=0.43 RP=0.26
7t 7t
T 14¢ 14}
s
5
21 21}
28+ 28}
—m— RAEANER
I D/—\ /‘
35 35 LiEehz

5
Fig.5 Variations of total fatty acid contents with sediment depth in four cores from the Atacama Trench

6000 m (A5 Al10), ,
13 ” , l4C ,
(De La Rocha et al, 2007) AS ,
AlO ) - b} 5
s s (Nittrouer
( ) et al, 1994; Turnewitsch et al, 2014) )
Von Huene (1989) Volker (2008)
(*c) , ,

, e Bao (2018) ,



644 52
, FA-Index,
2011 “311 6 ,
) 100 FA-Index
(Kioka et al, 2019) , , ,
FA-Index ,
33
, FA-Index
s s FA-Index
60 60
a R =0.64 b R?=0.66
P <0.001 P <0.001
50
9 *
] S 401
£ E
& g a0l
& iz
= =
@ @ 20f+
# K-
W B
10F
. 00 . . | *A10
-2 -1 0 1 2 3
SAHBRIEEL PERRERTERN
6 (LCFAs, a) (MUFAs, b)
Fig.6 Linear correlations of FA-index with the molar fractional abundance of LCFAs (a) and MUFAs (b)
4a, 4¢ s Al FA-Index A9 ,
A5 , Al R Al0 (9.8 pg/g dws) ,
, Al (21.5 pgl/g
, dws),
Al FA-Index A5 , A9
R Al , Al0 FA-Index ,A10
s FA-Index A9 ,
4d
, V7 , ,A10 FA-Index 5—10 cm
(Ichino et al, 2015) s
4c ) A5 , FA-Index ( ) )
A9 (26.2 ngl/g ,
dws) Al10 (15.1 pg/g dws), 4b, 4d ,
, A9 FA-Index A10 ,



645

(1) b

() )

3)

(FA-Index)

Buff AR E K5 HAE ARV SONNE)261 Atk
8 A R A LR A F R AR LA TR0 8,
A Bt - £ K% 49 Ronnie Glud #2£4% 4 Anni
Glud %+ EATK EE . S B foid it £2 P 49 F
EH .

> > , 2016.

, 36(4): 13—18

, , , 2018,
. , 43(S2): 162—178

, , , 2018,
43(11): 4027—4035

, , , 2006.

, 36(3):

381—385

, , , 2007.

,27(2): 41—49
Behrenfeld M J, Falkowski, P G, 1997. Photosynthetic rates
derived from satellite-based chlorophyll concentration.

Limnology Oceanography, 42(1): 1—20

Budge S M, Iverson S J, Koopman H N, 2006. Studying trophic
ecology in marine ecosystems using fatty acids: A primer on
analysis and interpretation. Marine Mammal Science, 22(4):
759—801

Camacho-Ibar V F, Aveytua-Alcazar L, Carriquiry J D, 2003.
Fatty acid reactivities in sediment cores from the northern
Gulf of California. Organic Geochemistry, 34(3): 425—439

Canuel E A, Martens C S, 1996. Reactivity of recently deposited
organic matter: Degradation of lipid compounds near the
sediment-water interface. Geochimica et Cosmochimica
Acta, 60(10): 1793—1806

Daneri G, Dellarossa V, Quifiones R ef al, 2000. Primary
production and community respiration in the Humboldt
Current System off Chile and associated oceanic areas.
Marine Ecology Progress Series, 197: 41—49

Danovaro R, Croce N D, Dell’Anno A et al, 2003. A depocenter
of organic matter at 7800 m depth in the SE Pacific Ocean.
Deep Sea Research Part I: Oceanographic Research Papers,
50(12): 1411—1420

Danovaro R, Gambi C, Croce N D, 2002. Meiofauna hotspot in
the Atacama Trench, eastern South Pacific Ocean. Deep Sea
Research Part I: Oceanographic Research Papers, 49(5):
843—857

De Carvalho C C C R, Caramujo M J, 2018. The various roles of
fatty acids. Molecules, 23(10): 2583

De La Rocha C L, Passow U, 2007. Factors influencing the
sinking of POC and the efficiency of the biological carbon
pump. Deep Sea Research Part II: Topical Studies in
Oceanography, 54(5—7): 639—658

Diefendorf A F, Freimuth E J, 2017. Extracting the most from
terrestrial plant-derived n-alkyl lipids and their carbon
isotopes from the sedimentary record: a review. Organic
Geochemistry, 103: 1—21

Escribano R, Pérez C S, 2010. Variability in fatty acids of two
marine copepods upon changing food supply in the coastal
upwelling zone off Chile: importance of the picoplankton
and nanoplankton fractions. Journal of the Marine
Biological Association of the United Kingdom, 90(2):
301—313

Espinosa L F, Pantoja S, Pinto L A et al, 2009. Water column
distribution of phospholipid-derived fatty acids of marine
microorganisms in the Humboldt Current system off
northern Chile. Deep Sea Research Part II: Topical Studies
in Oceanography, 56(16): 1063—1072

Glud R N, Wenzhofer F, Middelboe M et al, 2013. High rates of
microbial carbon turnover in sediments in the deepest
oceanic trench on Earth. Nature Geoscience, 6(4): 284—288

Gutiérrez M H, Pantoja S, Lange C B, 2012. Biogeochemical
significance of fatty acid distribution in the coastal
upwelling ecosystem off Concepcion (36°S): Chile. Organic
Geochemistry, 49: 56—67

Houston J, 2006. Variability of precipitation in the Atacama
Desert: its causes and hydrological impact. International
Journal of Climatology, 26(15): 2181—2198

Hu J F, Zhang H B, Peng P A, 2006. Fatty acid composition of



646

52

surface sediments in the subtropical Pearl River estuary and
adjacent shelf, Southern China. Estuarine, Coastal and Shelf
Science, 66(1—2): 346—356

Ichino M C, Clark M R, Drazen J C et al, 2015. The distribution
of benthic biomass in hadal trenches: a modelling approach
to investigate the effect of vertical and lateral organic matter
transport to the seafloor. Deep Sea Research Part I:
Oceanographic Research Papers, 100: 21—33

Inagaki F, Hinrichs K U, Kubo Y et al, 2015. Exploring deep
microbial life in coal-bearing sediment down to ~2.5 km
below the ocean floor. Science, 349(6246): 420—424

Itoh M, Kawamura K, Kitahashi T et al, 2011. Bathymetric
patterns of meiofaunal abundance and biomass associated
with the Kuril and Ryukyu trenches, western North Pacific
Ocean. Deep Sea Research Part I: Oceanographic Research
Papers, 58(1): 86—97

Jamieson A, 2015. The Hadal Zone: Life in the Deepest Oceans.
Cambridge, USA: Cambridge University Press

Jamieson A J, Fujii T, Mayor D J ef al, 2010. Hadal trenches: the
ecology of the deepest places on Earth. Trends in Ecology &
Evolution, 25(3): 190—197

Kaneda T, 1991. Iso- and anteiso-fatty acids in bacteria:
biosynthesis, function, and taxonomic
Microbiological Reviews, 55(2): 288—302

Kelly J R, Scheibling R E, 2012. Fatty acids as dietary tracers in
benthic food webs. Marine Ecology Progress Series, 446:
1—22

Kioka A, Schwestermann T, Moernaut J ef al, 2019. Megathrust
earthquake drives drastic organic carbon supply to the hadal
trench. Scientific Reports, 9(1): 1553

Li D, Zhao J, Yao P et al, 2020. Spatial heterogeneity of organic

significance.

carbon cycling in sediments of the northern Yap Trench:
Implications for organic carbon burial. Marine Chemistry,
223: 103813

Loh A N, Canuel E A, Bauer J E, 2008. Potential source and
diagenetic signatures of oceanic dissolved and particulate
organic matter as distinguished by lipid biomarker
distributions. Marine Chemistry, 112(3—4): 189—202

P A, 1997

paleoceanographic, paleolimnologic,

Meyers Organic geochemical proxies of

and paleoclimatic
processes. Organic Geochemistry, 27(5—6): 213—250

Mrozik A, Nowak A, Piotrowska-Seget Z, 2014. Microbial
diversity in waters, sediments and microbial mats evaluated
using fatty acid-based methods. International Journal of
Environmental Science and Technology, 11(5): 1487—1496

Niggemann J, Schubert C J, 2006. Fatty acid biogeochemistry of
sediments from the Chilean coastal upwelling region:
Sources and diagenetic changes. Organic Geochemistry,
37(5): 626—647

Nittrouer C A, Wright L D, 1994. Transport of particles across
continental shelves. Reviews of Geophysics, 32(1): 85—113

Parrish C C, 2013. Lipids in marine ecosystems. ISRN
Oceanography, 2013: 604045

Pruski A M, Buscail R, Bourgeois S et al, 2015. Biogeochemistry

of fatty acids in a river-dominated Mediterranean ecosystem

(Rhone River prodelta, Gulf of Lions, France): Origins and
diagenesis. Organic Geochemistry, 83—84: 227—240
Quade J, Rech J A, Latorre C et al, 2007. Soils at the hyperarid
margin: the isotopic composition of soil carbonate from the
Atacama Desert, Northern Chile.
Cosmochimica Acta, 71(15): 3772—3795
Bao R, Strasser M, McNichol A P er al, 2018.Tectonically-
triggered sediment and carbon export to the Hadal zone.

Geochimica et

Nature communications, 9(1): 121—418

Seguel C G, Mudge S M, Salgado C et al, 2001. Tracing sewage
in the marine environment: altered signatures in Concepcion
Bay, Chile. Water Research, 35(17): 4166—4174

Stewart H A, Jamieson A J, 2018. Habitat heterogeneity of hadal
trenches: Considerations and implications for future studies.
Progress in Oceanography, 161: 47—65

Sun M Y, Wakeham S G, Lee C, 1997. Rates and mechanisms of
fatty acid degradation in oxic and anoxic coastal marine
sediments of Long Island Sound, New York, USA.
Geochimica et Cosmochimica Acta, 61(2): 341—355

Turnewitsch R, Falahat S, Stehlikova J et al, 2014. Recent
sediment dynamics in hadal trenches: Evidence for the
influence of higher-frequency (tidal, near-inertial) fluid
dynamics. Deep Sea Research Part I: Oceanographic
Research Papers, 90: 125—138

Volker D, Reichel T, Wiedicke M et al, 2008. Turbidites
deposited on Southern Central Chilean seamounts: Evidence
for energetic turbidity currents. Marine Geology, 251(1—2):
15—31

Volkman J K, 2007. Lipid markers for marine organic matter. In:
Volkman J K ed. Marine Organic Matter: Biomarkers,
Isotopes and DNA. Berlin, Heidelberg: Springer, 27—70

Von Huene R, Bourgois J, Miller J et al, 1989. A large
tsunamogenic landslide and debris flow along the Peru
Trench. Journal Research, 94(B2):
1703—1714

Wakeham S G, Amann R, Freeman K H et al, 2007. Microbial
ecology of the stratified water column of the Black Sea as

of  Geophysical

revealed by a comprehensive biomarker study. Organic
Geochemistry, 38(12): 2070—2097

Wakeham S G, Hedges J I, Lee C ef al, 1997. Compositions and
transport of lipid biomarkers through the water column and
surficial sediments of the equatorial Pacific Ocean. Deep
Sea Research Part II: Topical Studies in Oceanography,
44(9—10): 2131—2162

Wakeham S G, Lee C, 1993. Production, transport, and alteration
of particulate organic matter in the marine water column. In:
Engel M H, Macko S A eds. Organic Geochemistry:
Principles and Applications. Boston: Springer, 145—169

XuY P, Ge H M, Fang J S, 2018. Biogeochemistry of hadal
trenches: recent developments and future perspectives. Deep
Sea Research Part II: Topical Studies in Oceanography, 155:
19—26

Xu'Y P, Jia Z H, Xiao W J et al, 2020. Glycerol dialkyl glycerol
tetraethers in surface sediments from three Pacific trenches:
distribution, source and environmental implications. Organic



3 : 647

Geochemistry, 147: 104079 Arctic Ocean sediments: a multivariate analysis of lipid
Yunker M B, Belicka L L, Harvey H R et a/, 2005. Tracing the biomarkers. Deep Sea Research Part II: Topical Studies in
inputs and fate of marine and terrigenous organic matter in Oceanography, 52(24—26): 3478—3508

COMPARISON OF FATTY ACIDS IN SEDIMENTS FROM HADAL AND NON-HADAL
SITES OF THE ATACAMA TRENCH

XIANG Yu, WANG Ya-Song, XIAO Wen-Jie, HAN Lu-Lu, XU Yun-Ping

(Shanghai Engineering Research Center of Hadal Science & Technology, College of Marine Sciences, Shanghai Ocean University,
Shanghai 201306, China)

Abstract  The hadal trenches, as the deepest ocean realm, are one of the least explored habitats on the Earth. The input,
abundance and bioavailability of organic matter play a key role in sustaining hadal ecosystem and hadal biogeochemical
cycle. In this study, fatty acid (FA) biomarkers were used to investigate four sediment cores (15—35 cm long) from the
Atacama Trench region (2560—7770 m) water depth), and FA concentration, source and distribution between hadal sites
(A5, A10) and non-hadal sites (A1, A9) were compared. A total of 50 FA compounds were identified, including terrestrially
derived long chain saturated FAs, marine plankton derived short chain saturated FAs, monounsaturated FAs and
polyunsaturated FAs, and bacteria derived branched FAs. The concentration of total FAs was the highest at the non-hadal
site A1 [(13.4+2.9) pg/g dws], and the lowest at the hadal site A5 [(5.442.2) pg/g dws], which was likely related to primary
productivity and water depth at each site. The fractional abundance of marine derived FAs (61.6%+9.2%) is higher than
that of terrestrial FAs (33.6%+10.7%) and bacterial FAs (4.9%+2.3%) at all sites, suggesting the predominance of marine
organic carbon in the Atacama Trench region. In addition, downward profiles were shown with an increasing trend of
terrestrial FAs at the expense of marine derived FAs in all cores, suggesting the selected degradation of short chain and
unsaturated FAs from long chain and saturated FAs. In addition, the concentrations of total FAs at the non-hadal sites
substantially decrease with increasing sediment depth, presenting a typical early diagenesis of organic matter under steady
depositional conditions. However, such a trend was not observed at the hadal sites, suggesting that disturbed depositional
conditions were likely due to earthquake-induced turbidity current that contributed to efficient transport of organic carbon
from non-hadal to hadal environments and burial in the deepest ocean.
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