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Abstract: In some cloud forest systems, fog water intercepted by the canopy plays a significant role in ecohydrological
processes, while its importance on groundwater systems remains poorly understood. In this study, a cloud forest system in
the lower reaches of the Chishui River was selected as an example to explore the contribution of fog interception to the local
groundwater system using isotope hydrology methods. From March 2021 to February 2022, samples of rainwater, fog water,
and spring water in the Jinshagou catchment of the Chishui Cyathea Reserve were collected and analyzed for *H and "0
isotopes. Using long time-series data, temporal variation rules and causes of isotopic composition in rainwater, fog
interception, and groundwater were revealed, based on which an isotope mixing model was established to quantify fog
interception’s proportion in groundwater. Results showed that 8*H, 80, and d-excess values of rainwater exhibited obvious
seasonal fluctuations, indicating the seasonal alternation of water vapor sources. Compared to other southwestern regions,

the rainwater of the study area was characterized by higher d-excess values especially during the dry season, indicating a
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more significant component of terrestrial recirculated water vapor source. Fog interception water was more enriched in
heavier isotopes than rainwater, but they had a similar seasonal variation pattern, suggesting their similar water vapor
source. Due to the relatively higher condensation temperature of fog, however, the d-excess of fog water was slightly lower
than that of rainwater. No seasonal isotopic variation was observed in spring water, suggesting that groundwater has a long
residence time and is a long—term mixture of atmospheric water recharge. The averaged isotopic values of groundwater were
higher than the weighted mean of annual rainwater, proving the joint recharge from both rainwater and fog water. The isotope
mixing model estimated that the proportion of fog water in the groundwater of the Chishui Cyathea Reserve was 25.5%—
28.1%, corresponding to a water input of 367—419 mm. Compared with previous studies, this study further considers the
seasonal changes of water isotopes, thus reducing uncertainties in the quantitative results. In summary, fog interception has
a significant water contribution to the groundwater system in the study area, and its ecohydrological effect is important for

sustaining the local Cyathea population.

Key Words: Chishui River; fog water; groundwater; stable isotope; d-excess; Cyathea
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Fig.1 Location of study area and sampling sites

1.2 FESCRERS T

LU DX KR TR 28 2 A7 A — 5 I R R ARRUNE , o T R ] R S BRI 5 DX 358 P ) e 1 0, T) 6 A5 119 328
LA R SR PETEAE T X N B - TR AR B A FE (4K 820 m) o M 2021 4FE 3 A 22 2022 4E 2 A X4
VRV SR IX IR REIK KR R KA T T A 1A (52 JB) IFRFEERAEE BB i I R LU K M e
K FHPRHERE 7K BEAR ISR R K T T 10 SRR 7K RN BRI /K 25 T 5 T 100 mL 2R i S s SE Re oK R AR I

http ; //www.ecologica.cn



10820 xR 44 %

IKEES 64 A R IHMBLBEDS  FEREACRFE s B X MO R B8 55 /K AT o0 T kil S5 TR G, Hfe A I i
AT H TR TR 18 R R FEE K T FE ] Sml R FURREM RS A B TE 025K, ARk &
TLHTIIEE | AR RAT S5 KRR R 50 A, BRAI, FEAT T BRI A — &b DA A B v AR 3 H A0 SR K 2 2 b
i B B E R KR TR, B R 1 RAHZ SR K 100 mL 38 Z AT R4 LR T KRR 52 4

FIT A R Sl SR AR G A VKRR TE 4°C 550 N ARAE , I S8 22 )i 2 b BR B 2 5 TR 2% Be 43 il ik o0 58
BRI 2 AR5, T AR 2 LGR 7K [R5 22 43 BT { ( 3518 Los Gatos Research 23], -5 T-LWIA Model 912-
0050) , I 5 25 F LAAH XS T VSMOW ( 4Et gAFR - 918 7K ) AR 4328 22 8 (4R, 87 H A1 8" O Iyl i
431K £1%0 F1+0.1%o.
1.3 [ RIS

F 5% X IR K [l 28 4R TG R 5 PEAR AL, ML R Ak A KRAUK AB G I Z AR A (5 SCRRHE 4
M) o BTt ARBFSE R —Sim e iR SRR )5 127 B b K Ak B /K RN 35 /K K SR A i oG UM R FH R
K BEIK R 2R A A4 -2, R AN 53 K RIS K AE i T K g sk Lo i), BRIk

8¢ =fibr + [pbp (1)
L=fy +fp (2)
Bara(1) (2) 1%
Sfr =08, =8,)/(8; = 6;)
So=1-J;
N, fo o BRSO KR T K B TTRR L1 (5 SCLA% 3R ) | 8, B 7K B[R 28 2H A, BUA AR A i
S-S, 6, 25K B[RV 4L, A AR ol B S (AR R 5 2200 S5 AOK AR AR AR ) | 6, K 1 )
PR AU, A AR FEK B ISP E (AR R AR )

2 4R

SRAFEIAMRI I RE 7K 557K Hi T 7K [ 28 4 ok Bt B[] A A8 AR A Bl an 18] 2 B . SRR A ] SR K &4 1072
mm , 4 4F Z R K FAFFEKRTE 20 mm LUT, #3d 50 mm (FEKFEEE R 408 7—9 A, Bk IR 2 4%
AR FIEE R, 82 H A 8" 0 {H 43 BITE - 104.5%0—33.3%0 1 — 14.76%0—2.40%c30 1l N AE AL, ITASCE S48 ( +hrifE
2 SD) 43510 (—44.5£36.3) %ol (=7.71£4.24) %o, FEZK TR E R R AR R KL AR R E RN,

SKREBIA 27 60% 149 %5 4 kA= AE 2021 4 11 1 —2022 4 2 IR ZE1, 24E5 K 82H F1 8" 0 (E7E
~102.3%0—22.8%0H1~14.56%0—0.90%3t5 FEl N AE AL, , - BIE (AR UEZE SD) 7351 (=15.9+30.4 ) %ol ( —4.40+3.49) %o,
B = TR KR 24, 5 [RIETBE B K AR B, KB435 7K 8°H Al 8" O {EAHXTBE & , R BH /K h E [l R
TR EME %, SFKERL, ZEK 87H M 80 [l R EMKFR L HEFENIENERIERE,

T 7K 82H 1 80 {8 1E~39.4%0c——31.2%cH1~7.33%c——5.78%c30. 1 N , F- 241 M ( +hR#EZE SD) 2331 M
(=37.2£1.9) %ol ( —6.78+0.33) %o, SFEIK G57KAA L, —4F b 7K [ 2L Shidv )N, TR i 25 ARk

R i S ST 1 R IR AT DL 82 H R 80 (B 40l 158 A S B BUE T LA 25 Rk 1 Bt
N Al RS B RFFE XL R 7K B 25K i L S 25.59%—28.1%

F1 WMTKPEHEETKkREHILE[HELR

Table 1 Estimated proportion of fog water in the groundwater

[ {37 3R 4 g HF K/ %o WK/ o 55K/ oo FIKFIMRLL A/ %
Isotopic composition Groundwater Precipitation Fog water Fog water proportion
8’ H -37.2 -44.5 -15.9 25.5
3'%0 -6.78 -1.71 ~4.40 28.1
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Fig.2 Isotopic composition of rainwater, fog water and groundwater during the sampling period
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Fig.3 Seasonal variations of 3H, 30 and d-excess in rainwater and fog water
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Table 2 Study cases of groundwater recharge by fog interception using stable isotopes

O KL/ %o WK IR/ %o WK LR o T KFHRE %
ILRE Fog water isotope Precipitation isotope Groundwater isotope Fog water
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i E SR RS PR IX (AR BESY)
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China (this study)
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b R TR RS T B IR T KRS K IR A AR AL B T ITREE R A HERE . 0, B TR KR
1A AE BETF R = T 2 A NG, ARSI S BE B 1 SRA S A5 DX b, FLVR 0 S K DCOF- Bk, e %
BRI AR 22 b X R K 35 K TR 28 2RI 00 5 LU, AR S X B K L 35 K R T K )28 2047 T R ] —
AERIFFLRAE T 58 T W 25 TR R A A 2 AR Ak, 78 TR 57 2R VR A B o AT P S Y (AR Ry s oc BU AL,
B2 T KK AR AR, (BT R KR8 T 45 R A AR R 1k

S UK KA T A KRB X, W25 [ R AR, 44 52 KBl OGPk P A S i 3 Ao
FEEVA ENTAL K AT ML K I A BEE 5, S EOZ M IX W ARTEIR B E R ) BT B IR A
fAGESR R K T 357K 1 BT 30% , 3 35 /K X2 X 3R 7K 2R 48 A9 STk AN T Zms i, 55 K ik A i
TEKZEZ R SLA M2 L2 iSRG E IR, BRI, FK T — SR A | %
JEEE K AR, AR T2 X A ) 2 WO R B 55 K R 2 R B S5 KA b FE K IR
WA, 25 10 R A N T 23 SR IR, A BRRAIR T MO I 2 R R e 2R IS VR 0 TR R R g
AR B XA T 5 LAY K T BURD AR AR, 257K Bk — A 25 7K SRR ] R 2 1% 1 X AR A8 15
DA T R TG () SR R 2R

4 it
AHFFEAE TR WSS AP XN R 4 VIR BE 7K DX 3 e oS 241 TR 3 BT 1) 25 7K Bk Rt R /K TR RE T
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A AR SRAE L TFOKAE 87 H 1 80 A AL T A , X B /K RN S5 K 1 [ 67 28 4H R ZK YRR IR AR AE 3251 7
TRV, i — 20 i T A S5 KO L R K i sk, R EEES IR .

(1) /KGR IRH SAFAEZT 22 5 BEK ) 8°H 8" 0 d-excess [HE MR, iZ X 1) d-excess {H
IRV H A i, LR 1 A G i X 2 PR A R K A 15 T 38 R A i R R R KV A, e A A
BRI,

(2) 557K W EE [ 3R H s F IR IR K, JE AR AE 5 B K AR AL A 25 1 PR AR fL R, T2 155 7K TR 7K 1R 7K 9
FAIL, Z5 /K1) d-excess {ELAHXT T B A IRARR , 5 2 I PR R 25 7K I Il Hsf %) 68 235 T B8 48 15 , 3K — g Wi 7 L %
LN E LS LT

(3) BT — A BHFERFERF IR A5 2, ARk RO L4 DX A BA 25 7K 6 b T 7K R G i 7K a2 s ik BH I, [ 457 R IR
AR EAS R MR K KB H ] G 25.5%—28.1% , WIFSEIX 7K Fe i A2 367—419 mm , 557K % T4
FEZ AR DX KBRS B AT IO 22 3 3
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