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Fog interception and its relation to soil water in the tropical seasonal rain forest of

Xishnangbanna, Southwest China

LIU Wen-Jie', LI Peng-Ju'"*, LI Hong-Mei', ZHANG Yi-Ping', DUAN Wen-Ping' (1. Xishuangbanna Tropical Botanical Garden ,
CAS, Menglun, Yunnan 666303, China ;2. Graduate School of the Chinese Academy of Sciences, CAS, Beijing 100039, China) . Acta Ecologica Sinica ,2006,26
(1):9~15.

Abstract; Intercepted fog water (fog drip) by forest canopy, rainwater, shallow soil water and groundwater were collected during
January 2002 and December 2003 for stable isotopic analysis at a tropical seasonal rain forest site in Xishuangbanna, Southwest
China. The object of the study is to determine whether the fog interception has influence on soil water and groundwater. Bottle-
funnel collectors were used to determine daily amount of intercepted fog water during fog-only events in the rain forest, and fog drip
samples were coliected monthly interval. Rainwater samples were collected monthly interval on an event basis, by using a collector
consisting of a stainless steel funnel mounted on the top of a 72 m high meteorological tower. Rainwater sample was also collected
at each rain event when rainfall exceeded 10 mm at the weather station. Shallow soil samples were obtained randomly within the
forest site from cores collected to a depth of 20 ¢m beneath the canopy on each sampling day. Groundwater was collected monthly
from the hand-dug wells located in the forest. The stable hydrogen (3D) and oxygen isotope composition (&'® Q) of fog drip,
rainwater, shallow soil water and groundwater was determined from an isotope ratio mass spectrometer. The results indicated that

the fog drip water was thought to contain water that has been evaporated and recycled terrestrial meteoric water ( evaporation of
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nearby surface waters and canopy interception) . The rain was isotopically more depleted. The fog drip was consistently more
enriched than the rain during both the dry season and rainy season. The shallow soil water commonly had composition between the
fog drip and rain, suggesting that the shallow soil water is a mixture of the two waters. However, the soil water collected in dry
season appeared to contain more fog drip water than that collected in rainy season. The detection of fog drip water in the shallow
soil indicates that fog drip may in dry season be an important factor in growth and survivability of understory species and seedlings.
Therefore, neglect of the contribution from horizontal precipitation (fog drip) will make calculations of the water balance inaccurate
in the forest. The groundwaters in both seasons were characterized by an isotopic composition similar to that of rain. The stable
isotopic compositions of groundwater collected during both seasons also showed little seasonal varations, indicating that the
groundwater has a constant and homogeneous source. These waters mainly located on the LMWL (Local Meteoric Water Line) and
plotted in the rain isotopic field, suggesting that they were not affected by evaporation during infiltration in the recharge area and
were recharged by rainwater. The groundwaters also displayed less fluctuation in isotopic compositions than the rain and fog drip,
indicating a long residence time for these groundwaters. These variations in isotopic compositions of groundwater are probably the
result of local recharge events since groundwater is believed to be recharged only by rainwater. Comparison of the 5" 0 of
groundwater with rainwater indicated that the seasonal response of groundwater lags behind the seasonal change in rainwater
because the groundwater has a greater residence time than soil water. For example, the rainwater reached its greatest 880 value in
April 2003 when the 3" Q) value of groundwater was still near their minimum values for the year, and reached its lowest 30 value
in the September when the groundwater was near their maximum. This isotopic pattern suggests fog drip water does not play a
significant role as a source of recharge for the groundwater. This groundwater was thought to be recharged solely by rainwater. Our
results also demonstrate the importance of understanding the impacts of climate factors, and have important implications for
ecologists and hydrologists interested in fog-inundated ecosystems and the plants which inhabit them,

Further detailed studies which should cover the entire water cycle and water use by plants in this ecosystem are warranted to
investigate the importance of the fog drip to the forest. The Xishuangbanna area is suitable for these studies since dense fog almost
occurs every day and little rainfall falls during dry season ( November to April) .

Key words: radiation fog; fog interception; groundwater; soil water; stable isotopes; tropical seasonal rain forest
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HTFRIEMREZNEERFRAZTREENENNE, A SERTEPRERAELL, TR e A8
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W R, 7EE e WALTRFI N FI 48 JE WAL R Point Reyes - B M HFMRN , BAKE S 5 T LK R T KK
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MBI L KB EE AR K TR
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MTAZLZHEHFHR., THEERFTIHES X BHESELFEEH. FW, B 758 60 18T IR0
R RERRNEFNERES —~EWEM. TARRMHEZVHAAEREE KO REN Y 248
KB B IA 89.4 mmo AT, A 6 A 205 T MM SRLAR B 10 2 /Kot + 0k R K BB W 3 o B o S SC A
F12002 4F 1 A % 2003 4F 12 ATEHRFETHARARENER B FK K JRZ 5K R H#T K B8 E 1R
R (3D #1 8"0) BTRE, B 55 78 UK G4 #A0HF 2547 9 ARAR S 2R B 38 /K 3+ 39 /K B B2 i), Sy HE R AR B0 K 4 R
SRR MR AM R RESE,

1 A AR R B ERE,

TR s 1 7E F I A 2 2R A T 50 I 44 TG UL I A0 A Y 2 1 TR MRS o R0 A St (A AR TET AR 28 3 ke ) PR (21°
56'N,101°15'E) , #4K 750 m, ML A5 T ARG - 0 XA R 2549 150 mo AR BRW I HEER SR, —
FHRETERFBEEFRAL~-BE2 AMAMTFREG~4 AM)AWEG-~10 A 24", FHRR
21.7°C A RE 0.7 m/s, SFEHHXT 1B JE 86 % , A PEFI & 1600 ~ 1700 mm(10a F-34) , KA F 5 83% ~87%,
FE513% ~17%.

WA T MR ET AR, AR ERES. T, FAZERET 2R3 R . LERB M ABZRER
( Pometia tomentosa) T 5 AZ ( Terminalia myriocarpa) ; % 2 % WA A = B & 8 ( Barringtonia macrostachya ) , KM
H BB ( Gironniera subaequalis ) . L1 & ( Mitrephora maingayi) %5 ; T EWFh £ B H Y A ( Saprosma ternatum ) kMt
8 ( Morinda angustifolia ) . E M4 76 ( Mussaenda sp. )% , B 9% 25 M BR4F 36 I SRR 1,

2 MRAE

AR ETTHMAR TSR 0.7 m HALKFRHZEE 8 M1 0.8 m WEER-F, FKF k04 &H
1000 ml ) 3R R SE MO 7% B K. BRI A 503 ml ABKBEBAMERLEET 1 mm HHREHEESE K.
TEWLI B [E] , 4 B E4F 9:00 ~ 10: 00 M IE T K45 1k ¥4 0 ) T 58 AR I 78 5 K ik 2. T R 2 2 1T 8 i
% B KK BRI YR B TR M R LR 8:00 AL FRIRER , WA M AKRENE KPR ARUEERE
EEMEAD WEREREA 1R(2002 4 1 4 ~2003 4F 12 A) 18 2002 4F 8.9 F {4 #1 2003 4 7.8.9 A ##
BHEWRERNF K,

TR 7K K B S R A SR Y 2 3 W AR PR R k38 (72 m) TRURE 9 W B PR AR R M T /K A S B AR T R R AT R
B HFRE L UOWMY B AR KKEE, WY, FEBEZ AT RIAR Skm 4 B Z 0N 354 B R E B REKE KT 10 mm
() BT T K K RE o SR 4 I 6 2 4 0K T B SR 1T MR T Ak B B, AL B R AR RO B IR

TBESRALHE ER TR 20 em BEEMIERe M EHER L FRIRE4M, 5H )1
Ko T KKHE N B Mt T K QL0 H A RE 3 T AR H KBRS, BARE 1K,

MRS 75 B K K b F KK RE R 100m] BRDEH I SE 560 = FE KN KRR, BE TKRAAS
FEET MU R R P BRI, SR KRR TR KA P9 o ZEXRI A B 4E N, A 3 bR T 23 M RE R
FRKAE 22 AR TR I K KRR .92 SRR BT AKKEE 24 TR LK FIHE T K KFE

Bt kKBRS RS RO R R A S B RTE 3 #E352% Bp ER SR 22 N 2 B 0 i e 3t R 1 2 3
F AR E M A A2 & S8 B Y (Finnigan MAT-252, 8 ) #47. S (R EHFAMUEW L RERLMEN T
VSMOW ( Vienna Standard Mean Ocean Water) il T 43 %R (%0) 44 '), L 6D #1 "0 A+ I E R K EA A £ 2%0
£ 0.2%0,

3 &8
3.1 WKA 8*0 # 8D Afk

TERI 38 16] (2002 4F 1 H ~ 2003 4F 12 A), Rk oD F1 8" 0 A4 EH K, KA ,8"0 r T - 16.6% 55
+2.7%0 218 ,3D 4 F - 120%0 5 +23.7%2 [ (B 1), M X LR K KBER 8D A1 0" 0 HE LA X KK
7Kk £ (Local meteoric water line, LMWL) {1 1 Ff %, L 5B % .8D =7.963"0 + 8.67 (R* =0.97;n=92), 5
TAEA/WMO™ 4R 5 R BT IE 60 17K BE 3 10 48 1) X 3 RSk 28 (8D = 7.926%0 + 9.20) th e, AT T M


http://www.cqvip.com

D 000 http://www.cqvip.com]

12 O E W 26 %

F M RAARBRRAR, R KK KL IMWL R AR, K, MEHBXRSKE IMWL ) 6D =
7.858"0+7.21 (R*=0.96;n=83), FHEMM K K /KL LMWL 7 5D = 8.158" 0+ 13.79 (R* =0.97;n =9),
&M, HMEK P 5D M 8°0 KX RFRRE/NT 8, BEE/NT 10; THRKH 8D #1870 KX R AT
8, BT AT 10, EAMACEHHTK 8°0 5ABKR(P,,) MAFHLBRHMRITRER, "0 5A K
KE(E2)EREENAMAERXREOG 0= -0.029x P, -3.9: R =0.52;n=23),8"0 5AFPHRBRAL
EMEX(R =0.19;n=23),

40

§ 20 | A -
e 0| op y=-0.029x-39
g a0l s LMWL ;‘g 248 a8 R=052
2 g 40 | St o4
60 % §' 6
HE8 gl = 7.96518 - 8r
& & 8D =7.966!80 + 8.67 = .10l
2 _
W -E -100 R2=097 & §0_12 B
4120 + &k Eg-mﬁ
_140 | ) | i i 1 1 1 | 1 1 | M _16 L
18 -16-14 -12-10 -8 -6 -4 2 0 2 4 6 a8 . : . . ;
2 [F]4i ¥E 5180 Oxygen isotope ratio (%o ) 0 100 200 300 400 500
¥ & Rainfall (mm/month)
B AR 2 AR AR AL IX K oD i 80 B3 K (2002 ~
2003 47 M2 PEIUR SR ST AR T A AT 80 1A Mk
Fig.1 8D versus 3'® O relationship of rainwater samples collected at the EEES
tropical forest site in Xishuangbanna, SW China during 2002 ~ 2003 Fig.2  Relationship between 8™ O of rainwater ( monthly means) and
LMWL 35 314 B # [X K5 7K 28 The local meteoric water regmssim' line  monthly rainfall collected at the tropical forest site in Xishuangbanna, SW
(LMWL) drawn through these data is also shown China during 2002 ~ 2003

3.2 HEBEEK. LBKMHETKE S0 D EHKHRXER

B3 EWKEAMAER 50 M oD XAZHEE, ULBFETHMAREHEEE K RE LK T K
PO MDD XARBAE, AIEH MEBEZT KR EERALREAYNHAENT TEUAAMHNE, L+, F
KB 8D 4L K — 30%0 ~ 27%0,8" 0 BIEAL N - 6.2%0 ~ 1.9%0, KNG H BN 8D =7.648"0 + 14.32( R* = 0.82;
n=20);F/KE 8D 4N ~ 94%0 ~ — 45%0,8"° 0 BIAEAL K — 13.2%0 ~ — 6.8%0, T /K BT BB JLE 250 f
Fi R KK LMWL LA L, T FIZK R 2 28K T 7K B R BRI K84 2048 F IMWL 28 | RIEe]
BB EHOKST R BRI A T E KWK ZE, H 8D AR ~ 70%0 ~ ~ 9%0,3° 0 BZE 4L K
= 10.3%0 ~ — 2.6%o; T 3 T 7K Xt B #4389 73 A5 X ULF 5 T K AR R) , 3 oD 284K - 89%0 ~ — 49%0,8° 0 BY
TR ~12.2%0 ~ —7.6%0. Gt R, T KB EHRERESTW AN EERMUREREBENE
F(p>0.05),

E4BTEOI~BE4HATWEG~10 AWK AEHEEF K RZE LK b FKE 80 1 8D
REBAE, THEE RETEANBEAHSHAREETEHEFERETE KNS HRIR(E 4a2), MW
FMEFIEFRKMHEXE(E 4b) . W, FK MERBEZTKIRE LEAK T KR E®ERMLRMEY
KFTHEHMHENE, XP AEREFKMRZLEREAE VAR, ANETEL, 5ST3HE, WEKHE
HBEBKMBREERMEETHERR /D, ST ANEEXERLEN S WENTFRE 25,

4 iFig
4.1 WAMEKWBEERCE

B3N, ZKEWMKRAFHEARMEEERMEMEIOMID, XMEHS=ABK(FERANE)H
KERERET & H R BE X, R 5% A8 MK ATREEART S, HIMFEHEDRE
PRI R, . B K EWHAKREHERRE 80 f1spc >4,

HTFERILKNEFELMERILGEEER, LA ERLTFRERBANE ALK ., Bk, 84 TF
(M ~FE4A0), FHREITRXSHN FEWHE L. RN, ETEIMHERN HEORIRAT, BT
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R WBIE S R, S ELFE R K b9, %

M 23:00 ~ 24:00 :REENK A LA 11:00 - 12:00, 3% 40_3%?3"@, _

R BREKGARKETEOSEKAERRNE  ZE |« Rk Comtwae

BRI A KR ko U Bk R 5%‘ T LMWL
A ERFBHMREAT KRS EEMBRA 25 o

¥, SHEML, B TERN R RARERET e "5 o

REEIAT (TR AR S MGRA S b 7= ), B, 4R 48 el
Merk R 2 b R B AR R, Bk B B B e e ey 42 0 246

K FEHALE 5180 Oxygen isotope ratio (%o )

8180 *ﬂ sD ﬁ[lz. 1310 *Eﬁgﬂd& 8180 *ﬂ sD ?ﬂﬁ‘l}‘jﬁé&
(8D =7.645"0 + 14.32) L SR M KK SKL IMWL g3 s S mafs i A I H 050 71 3D REA A
(3D =7.965"0 +8.67) ¥AT ,ME K ARFE (AR d-excess, IT -+ AR F A8y 50 F1 8D X K B¢ 5 B
Hm)14.32 BHEBEBETEH., XIHH,EK i1 i) 7K ¥ K Fig.3  Stable isotopic compositions of rain (monthly means), fog drip,
%Kﬁ;‘é E [Ziﬁﬁ Eﬁo *Eﬁi—t—ﬁ: 1 2002 ~ 2003 iﬁgﬂ( shallow soil water and groundwater samples collected at the tropical forest site
*ﬂﬁg‘]‘7k B@ﬂﬁﬁﬁw »ﬁﬂ:F@??k*ﬂmK%ﬂﬁﬁi@ shown along with the LMWL

[26]
KF 10(£BASKE MWL MBE"™ ), ETFEE5M 4 MK Rain + M -LI0K Shallow soil water
(3~4 AW)2513K% 18 #1 16, XM, TEHMPEK o ®KFogdrip = HFK Groumdwater

EERRBOTRIMWKSBAE KR, Ao, FEW - §§ @
KER 80 BB R KBEBFHELRAKME T8 2

ERMBEMMEBRERKNERER) BRI EEKK
RERTEMHEINIWEMTNERELRESHE "0
Ewwﬁ%ﬁgg‘/l\ﬁﬁ[u]o 7140 1 ] 1 1 1 L 1 1 1 1 1 | J
~22-20-18-16-14-12-10-8 -6 -4 2 0 2 4 6

TZERMWERA AR KK LMWL, 53 51 8 .

1
-
o

HFRALESD (%
Hydrogen i
|
g

. 40 i ®)
8D =8.155"0 +13.79 # 6D = 7.855"0 + 7.21, MEK R E :g) i
K& LMWL B # 2L T 5 TAEA/WMO 7E 7R 7 I 1 78 ﬁé ;gg
B R SRR LMWL ABLRME™ X &0, WEEAW 2§ wf
MR M — MKk LMWL 9 EE 84, K W B oo |

] ] L Il Il 1 Il L 1 | | Il

TEME, KRKL IMWLHFHEKRT S, X—HERZ A 015161412108 6 4 2 0 2 4 6
ph T I L 05 I B0 AR BF 02 2 K 2RI K o R S 550 Oxygen isotope fatio (e
HAKFORBEFE™ T, A—HE, THETTEWN m, sessmmn TS )M 6) AR NRES 5°0
KRB LM REREA R, JAEA HBTFEEF 5100 BBk R+ A RMT Al 50 F1 oD X RBAHE
PR E— MR KRk LMWL A3 K F 8 Fig4  Stable isotopic compositions of rain (monthly means), fog drip,
BT, K B AT 35 B4 8 1 oD 1 8% O (& MI%% & shallow soil water and groundwater samples collected in (a) dry season and
Bg ﬁ % /ﬁi {Eo (b) rainy season, each shown along with the LMWL
4.2 THOK WTKEFEKHER

B3 AME 40 B, RE LSRR BRI R RBSKTS S FRRKL IMWL | HENTH
KAMTAKZE, ATFHAEREMERERFENAFTA, B, RETRNBRSBERAATRBESRBURE L
BAMBEXRCERERTRANER, Z—FE, MERTHRHBEUSBHELZSBAEMN BERS
FHAEMBREERALESELLUPERTEY, TF,%E LHKNEESEHERMEER FRAKMELEK
B K, IR H kK A BRI, FUBKHO K AN T, XS5CH BN REHHAE
A FEILFEAHER AEFRAREREETEHRE, BENBKNF/NE—8, HRE AR, BE T i
FEMAKRT 0, BMRE L HKEEERENREET K HEERRNREHER IR E, o AR F (B
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T4 ABHMR)TNS , BEAKRETEOMENY EEMKSMENE, CAHEFAMERAUETHF DA/
BIHE,

W2, %2 T K R e v P A& X B R th R A F B KWK Z I8, B E SR T mKR 276 K (E
4b). BB E T K AT B3R A KRN, KR A AR e YR AL &K 7T BB R i TR KA 8 B 2R )Z T3 AT
HEEBEERFN. B2, B TREDEK O E 6 A2 05N BUR 2 T RKE LMWL b, i A 2
7& & %% (Evaporation line) 475  EMRA BRHEMERBEEMEML. I TRIAER RELHEKPEE
EKEESFEML, LB, MUERA™ , KENRSOAERBEE K EE M IETZE, WAT KA
HEFEREEK 8.4 mm, HFTEL 86%, XHH ZMEKETENATTIAENER., RELEFLS
KX — %5 Al FAE B Ingraham 251 7E N FI48JE T Point Reyes 225 B9 H AR A &3, 1S5 BB R,
PETHEEREERK T EK. M Ingraham ZHFF 5T HI B, Dawson %t Ik FRAK A BF 58 F W™, 5 4k 5 K4 48
e, AR g RN BE R R R R A B 2 K, IF 5 HRAR 0B E 5K, B AT SR R BARE R CER R AR
A, AR GE AW W B RAR A .

WTFAMBEERMEERNENTZRAEN(E 4), BUHRT KA —BCREWKERRN ., HTFKH
BEERAEMMNBSEESFTFRKE IMWL FAHRAKN 6K, UM KRS T RARE
ROBERMGZR, BHKSH AR BWK, R, STKMIF KM, T KMEE R ARG SR B8/
MMl (B 4), A T K th BB M s et 1e], B ah F 8ok 5 K MK AR, T
KATRKMBEEERME O EMH AR, MTKK 0 FWELBEHE TR FW A4, H0, K
i 80 {E £ 2003 4F 4 HikB| B A, Wi T K 8" 0 (Hukod 52 b FRARME ; AR 8" 0 {H7E 9 H A E &
ANABH TR K 8% 0 (UL BB K H, B TR T F K AR E B I8 0 2 0 57 S 78 T K B 20 76 X
B3 E 4), BB E AN T AKBE TR 725 AL A 0 RARA , Aravena " L Z B T K S5 K B
AL R PR L B E, T Ingraham 25 2 A48 B WAL M AR BT R0, s F KA T ERAT
K ABRE PR 7% % K TTER .

5 #ig

@47 T XUAR 44 45 7 5 T AR P 2a(2002 ~ 2003) BT 7K AR e 16 76 10 2 7K L 7R 2 + 088K v T K O
EHERME S"OMD R, FTHE1~BHE4 ABRMTEG~10 A EKHBEXEFRNCEEAR S TR
K,yAAZEKPEERBEEFNELKRBRZ KBS EENS TEKMEKZE, LRELEE
KAMFKEBERTFEREITBKEEESHNEK TERE LB KEERAF KRN KEHENEKEAT
A AR AE R MAEFNEERRRF; PR FH T KR EERGEESTHAHRE R ELT,
RTINS F KM ANABE BUER, K A M 5UUR B TR K o

UBTR T F K3 KL TR, i B AR TN ZERBET B RE PRI MY
XA KR (FAK FIK ARGE K TR MR R, ANITBRE KSR ETRARESREMNE
TEMEBRMEBMETREM.
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