55 43 55 12 1 S & 7 i Vol.43,No.12
2023 4F 6 H ACTA ECOLOGICA SINICA Jun.,2023

DOI: 10.5846/stxb202203160637

TRCEE, S L KR, S AR TR M A B XL AR A Y % v AR A2, 2023,43(12) :5137-5149.
Dind C Q, Shi HJ, Gao Y, Zheng C, Wu Y F, Zhang Y.The buffering effect of topography induced microhabitat on regional temperature change.Acta
Ecologica Sinica,2023,43(12) :5137-5149.

M MAEEN XBnETHHNEFIER

TARFE LERH O RY R R, 2 AR K 8
1 PGALARAMRRHR R 2K LRSI ERT 712100

2 P EBEBKFITRK SRSV B 712100

3 hERAEBER, A5 100049

4 PHILRMBIHE R SRR e 712100

A W b b IR MR A, 1 R B E SR LR SR | X T A= W) 2 B B S AN (3P 8 B A B2 5 S, Bk
V945 2 FELL R GEEE AT DX, # SRR (R3] S5 A2 A7 8 Thutton HE 73 BE 10 SACR AR IR L . L& B BOHLTET 5 om A0 5 3
_E 150 om Ak AR St FEE 55 AR ) S A B AL AR A, AR B G T o SR PSS IRLRE A s v T B i T U S AR ok
VA A S B o Dl PR A8 A ) A o) A5, 5 SR TR 32 A% i of A ek i I S A B SR RO R P . 5 SRR 7 B B J)
o B IR R R ZE I 8 °C YA 5 R b M R FE 730 6.5 °C 5 6 °C FHIR =PI Be ALl T Fe R A Gz w2 23301 ol
3.5°C .3 C 4 °C, IR RSN T 5 i g e T 00 22 b/ FHT B 38 > BET 0 5 T80 B 35 00 I 9 39 3t | 3% i 7 e v A ] ) i RO v%
ZMMETTIA 4.5 °C,4 °C 4 °C ISR R KT 220 3.5 °C, HUUR WSt 53 51 e RGEEE R 3 CH 2 C, X TAFR
IR T P VR IR < BH3 (R ICIR R AREE vhid S v G o, 25 3 B 2 [ A7 6 3035 22 57 (P<0.05) 1354 55 BH3 A9 2 o {0 9 77 1
AR T BB, RIA I > P St > e g . I i B2 AR B 3> B30, L2 b 3t >V 3 > T iR, SRS AL T ol B Y 2
PRE ST, SRR TR A A N 2O AL A v Y R T Ry R o A AL AR TN 4 ik S A

SRR ML AR RS ERS s /AU AR 8 S

The buffering effect of topography induced microhabitat on regional temperature

change
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Abstract: To study the formation mechanism and characteristics of topography induced microhabitats is of great significance
for the restoration and conservation of biodiversity in loess hilly-gully region. Hourly temperatures were recorded by Ibutton
electronic temperature recorders at different slope position and aspects in Chenjiawa, Ansai County, Shaanxi Province. In
order to quantify the thermal buffering effect of microhabitat, the extreme temperature at 5 cm and 150 ¢m in different slope
positions was compared with the temperature at the zonal habitat (hill top). Average temperature, extreme high and extreme
low temperature were used to evaluate the non-synchronicity of topography induced microhabitat to regional temperature

change, and temperature variation was used to measure the climatic stability of the microhabitat. In the hottest two weeks,
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the maximum buffer capacity of hill bottom on shady slope was 6 °C, and the maximum buffer capacity of the middle and
upper slope was 4.5 °C and 3.5 °C , respectively. The maximum thermal buffering capacity of the three slope positions on the
sunny side from top to bottom was 3.5 C, 3 C and 4 °C, respectively. From the chart analysis, the buffer effect of shady
slope on extreme high temperature in summer was greater than sunny slope. On the sunny slope, the maximum buffer value
of microhabitat at hill bottom, middle slope and upper slope was 4.5 C, 4 C and 4 C in the coldest two weeks. On the
shady slope, the maximum buffer value of microhabitat at hill bottom, middle slope and upper slope could reach 3.5 °C,
3 °C and 2 °C. The buffering effect on extreme low temperature in winter was smaller on shady slope than sunny slope. There
were significant differences between different slope positions in both thermal buffering and cold buffering ( P<0.05), the
buffering effects of both shady slope and sunny slope showed a ladder from bottom to top as: hill bottom> middle slope>
upper slope. The daily temperature variation range of the sunny slope was larger than the shady slope, and upper slope>
middle slope > hill bottom. This study quantifies the thermal buffering capacity of microhabitats and emphasizes the
importance of microhabitats in regulating regional climate change, which can provide support for the prediction of future

climate change model.
Key Words: topography variation; microhabitat environment; microclimate ; habitat heterogeneity
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Fig.1 Location map of sample points in the study area
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Tablel Community composition in the study area

Yef 2 i K E s REVE ST

Slope positions Longitude/(°)  Latitude/(°)  Flevation/m  Coverage/% Dominant species

5 T00 Plakor 109.3025 36.8424 1162.33 30 EES IS S

-2 5ii b Shady-upper slope 109.3059 36.8412 1092.83 40 BT MG SR B
[1-74 3 b Shady -middle slope 109.3059 36.8420 1055.43 46 BRATEE FTH0 B0 pss ek R
-4 i b Shady-hill bottom 109.3061 36.8429 1012.53 65 BRFFE AR At
FH-Z2 55 b Sunny-upper slope 109.3032 36.8425 1135.83 35 HATE A MR
FH-74 3 i Sunny -middle slope 109.3031 36.8429 1087.83 40 BRATE TSR A e
FH-74 JiE #b Sunny-hill bottom 109.3057 36.8435 1040.23 60 AT 28 H R

2 HEBEEDYNEXTE
Table 2  Variables related to microhabitat buffering effect

AR Variables i Descriptions

H i Mean temperature —K 24 h (R EE

H f iR The highest temperature —K 24 h WA ER = IRE

H 52K The low temperature — K 24 h WHY AR IR

W =5 Ji Extreme heat o = B 15 95 AN A A E

oK IR Extreme low temperature BARRERS 5 N E A

H & B A5 I Diurnal Temperature Variation — RN ERE S RIURE 2 2

FrifE2% Standarddeviation LA By (B 5 FHOF 288088 227 5 SRS S B0 ~F O AR
ML AR 5 28 Coefficient of variable B2 5 H 0 LU AR
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Fig.4 Buffering effect of extreme high temperature at 5 cm in Fig.5 The buffering effect of extreme high temperature at 150

summer cm in summer
x3 BEWEEFEEERAENN
Table3 Analysis of variance of summer temperature index at different slope positions
o e B TR FHi3# Shady slope FH3% Sunny slope
Site Temperature Reference : : — : : — F P
indicators/C temperature i ¥ TG i ¥ TG
k5 em i e 42.44+8.71 38.54+6.58 37.67+7.25 35.52+6.02 41.57+£7.35 39.78+6.24  38.97+5.43 7.58 <0.001
The ground 5 cm H i A2 i 20.65+6.39  24.36+7.69 26.51+8.06 26.97+7.45 23.25+6.58 24.18+6.04 24.42+6.27 5.17 <0.001
R 25.03£3.75 23.28+3.42  23.17£3.15 23.04+3.28 24.87+3.36 24.73£3.46 23.66%3.25 4.36 <0.001
| 150em i e 33.86£6.27 31.73+5.35 31.67£5.02 31.57+5.02 33.59+5.42 33.10£5.49 31.96%5.67 2.28 <0.05
The ground 150 cm H IR A R 19.18£6.80  16.87+5.32  16.65+£5.17 16.34+5.54 18.29+5.46 17.25£5.22 17.11£5.43 3.52 <0.05
R 22.71+£3.24  22.18+3.25 22.07+3.13 21.99+3.11 22.46+3.35 22.41+3.31 22.07+3.05 0.54
R BN bR ifE2E

222 WomfkiE
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Table 4 Buffering degree of shady slope and sunny slope to extreme high temperature in the hottest two weeks

ZEWEE 5 cm

ZEE 150 em

Wi it HefE A HefE e
Reference uffer capacity/C Reference Buffer capacity/C

Aopect hate emperare/C R WE W tewpenwe/T BH 0 WK W

13 Jul-18 38 25 3 45 345 6 6.5 8

Shady slope Jul-19 38.5 2.5 3 3.5 34.5 2.5 2.5 3
Jul-20 41 2.5 2.5 2.5 37 2.5 3 4
Jul-21 38 35 3 2.5 35.5 2 2 35
Jul-22 36.5 1.5 2 35 31.5 2.5 1.5 1
Jul-23 39 -2 1 4 30.5 0 -2.5 -2
Jul-24 43 0 2.5 45 35 1.5 1 -0.5
Jul-25 47 0 2 5 40 1 1.5 1
Jul-26 48 1 1.5 6 41 1.5 2 3
Jul-27 48 1 2.5 5 41 1.5 2.5 3
Jul-28 48 1 3 45 40.5 0.5 1 1.5
Jul-29 46.5 35 0.5 45 41 4 5 6
Jul-30 49.5 2.5 4.5 5.5 40.5 -1 0 1.5
Jul-31 49 0 25 4.5 41 0 0.5 1.5

E6)3 Jul-18 38 -3 1.5 -2.5 34.5 2.5 2 3

Sunny slope Jul-19 38.5 -2 -3 -1 34.5 2 2 2
Jul-20 41 1.5 2 3.5 37 0 0.5 0
Jul-21 38 -2 -1.5 0.5 35.5 2.5 -0.5 1
Jul-22 36.5 2 1 2 31.5 -15 -1.5 -0.5
Jul-23 39 35 -1 4 30.5 -3 =25 2
Jul-24 43 -0.5 1.5 1 35 -2.5 -1.5 1.5
Jul-25 47 0.5 1.5 2.5 40 -0.5 2 2.5
Jul-26 48 0 1 | 41 2.5 2.5 1.5
Jul-27 48 0.5 1 0.5 41 35 3 1
Jul-28 48 0 0.5 1.5 40.5 3 0.5 3
Jul-29 46.5 1 -0.5 0 41 2.5 4 45
Jul-30 49.5 1.5 3 2.5 40.5 0 15 2.5
Jul-31 49 0 1 2 41 2 0 1.5

x5 BUNELFREERFTESN
Table 5 Analysis of variance of winter temperature index of each slope position

e i VA g‘*ﬁjﬁ FAY Shady slope FH3% Sunny slope

Site Temperature  Reference — \ ‘ — \ ‘ F P
indicators  temperature i beapi pa)/is i beapi pa)/io

L5 em POmMEEL  —11.5824.58 -11.53%4.57 -10.87+4.54 -10.7024.47 -10.51+4.82 -10.11x4.73 10.01+4.52 3.82 <0.05

The ground 5 cm HIREEARIR  22.37+7.31  19.45+439  18.73x6.45 15.61+4.28 12.86+5.31 11.05£¢4.35 9.82+5.04  48.5 <0.001

TR -5.61£3.82 —6.45+4.33 -5.47+3.67 -4.88+4.53 -3.89+4.52 -2.35:4.46 -2.07+4.27 4.68 <0.05
M I 150em WIGIE -11.2644.62 -11.0524.25 —10.73+4.55 -10.53+4.34 -10.50£4.28 -10.07+4.35 -9.92+4.37 4.25 <0.05
The ground 150 em  HIREASIR  18.38+5.88  17.94+5.86  16.26+4.47 16.03+4.38 15.21+4.66 14.03+4.32 13.44+434 115 <0.001
TR -3.85+4.38 -5.0244.75 -4.76+4.02 -4.37+4.25 -3.64+431 -3.35:4.86 -3.06x4.17 1.31
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Fig.6 Buffering effect of extreme low temperature at 5 cm in Fig.7 Buffering effect of extreme low temperature at 150 cm in
winter winter
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Table 6 Buffering degree of extreme low temperature on shady slope and sunny slope in the coldest two weeks

FEEE G 5 em HeflgL ZE 150 em
Wl HA Reforence Buffer capacity/C Reforence Buffer capacity/C
Aopect Date emperature/C g4 ik WiE tmpertwre/C g W R
571 1A 18H -17.5 -0.5 -2 0 -115 1 0 0.5
Shady slope 1A19H -18.5 0 15 1 -17 -0.5 2 2.5
1H20H -1 -0.5 -15 0.5 -16.5 0 -0.5 2
1A21H -13 0.5 0 1.5 -9.5 2 1 1.5
1A22H -17.5 0 -2.5 -1.5 -12 -1 -0.5 -1
1H23H -20.5 -0.5 -2 -1 -18 -2 2.5 2
1H224H -22.5 -0.5 2.5 -0.5 -20 -2.5 2 3.5
1H25H -21 -1 0 0 -18 1 1.5 2.5
1H2H -18 2 15 35 -15 1.5 3 2
1H27H -15.5 2 1.5 3 -14 -3 -2.5 -1.5
1H28H -12 -1 1.5 2.5 -9 2 -1 0.5
1H29H -13 -0.5 0 1.5 -9 1.5 2.5 2
1H30H -8 0 -1 -0.5 -8 2 1.5 1.5
1H31H -15 -0.5 -2 0 -15.5 1.5 2 0.5
PR3 1A 18H -175 0 -0.5 1.5 -11.5 L5 1.5 0.5
Sunny slope 1H19H -18.5 -2 -2.5 -2 =17 0 1 1.5
1H20H -11 1.5 2.5 2 -16.5 1 1 -0.5
1H21H -13 2 1.5 1.5 -9.5 0 1 15
1A2H -175 0 1 2.5 -12 0 0.5 1.5
1H23H -20.5 1.5 1 3 -18 1.5 1.5 2.5
1H24H -225 -0.5 -15 1.5 -20 2 25 2
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SRR BHE S om SRR I 150 em
Wil H Reforence Buffer capacity/C Reforence Buffer capacity/C

Aspect hate temperature/C 2 W WE tempewe/T W W

1H25H =21 -1.5 -1 3 -18 4 4 4.5

1726 H -18 25 3 35 -15 25 15 35

1H27H -15.5 2 35 4 -14 2 3.5 3

1H28H -12 -0.5 0 1 -9 L5 2 1.5

1H29H -13 2.5 4 35 -9 1 -0.5 1.5

130 -8 1 25 2 -8 0.5 1 0.5

1A3LH -15 -1.5 -1 1.5 -15.5 -0.5 0.5 -0.5

2.3 ﬁgib\fﬁ'@

H il B AR IR A F B N O, ARAT IR BUAE 12 A i) e BEAE 7 AR ), b 5 em 4815 150 cm
A A A 25 R 2R AR AR SR AR R Y R VTS em A HIREASIR R T 150 em &b, W EIH i #HLL T
DA B S em Sl E 150 em FHIE BA3RY H I 228 R 2 s O 2 b > 8 3> 1 i, ELARAIR T 60 T (14D 8,

’9),

40 -

v TR = R e WP AR

H iR B 28 i Daily temperature variation/°C
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Fig.8 Daily temperature variation at 5 cm above ground in each section of sunny slope and shady slope

ST S em AL HIREEARIR N 22.04 °C, MBS A R B =3 B A9 H R EEAR I 16.81 C (16.95 C |
17.82 C B FHi T/ T 5.23 °C \5.09 °C \4.22 °C, BEEEAL TR, H IR AR 08 2880, FH3E VA IS o 76 3%
525 5 em A HIRERIR S5 TS em AAHEE, 2501080 T 2.69 °C (1.98 €5 0.99 C, 5370 150 cm
Ab Y H R BEAS R A 19.34 °C, B3 5 P 3 2 R b 45 A BB B EE AR 0E 43 00 o 15.07 °C L 15.63 C |
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Fig.9 Daily temperature variation at 150 cm above ground in each section of sunny slope and shady slope
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Table7 Variation of daily temperature at different positions in each slope position

P H F¥H SR bR Y TR EEPRIEZE AR REL
L8 AR R TR AR R o Coefficient Standard Coefficient
) Standard . . .
Site Mean Mean deviation (5cm) of variable deviation of variable
1ation m

range( 5cm) range( 150cm) eviatio ¢ (5¢m) (150cm) (150 c¢m)
-2 it 3 Shady-upper slope 17.82 17.35 12.45 1.07 11.80 1.06
BH-78) 3 31 Shady -middle slope 16.95 15.63 11.85 1.02 11.46 1.01
[ -74 JiE s Shady-hill bottom 16.81 15.07 11.45 1.00 10.57 0.54
i T Plakor 22.04 19.34 13.47 1.32 13.31 1.30
BH- 2 5 b Sunny-upper slope 21.05 18.21 13.30 1.17 13.06 1.14
BH-74) 3 1 Sunny -middle slope 20.06 16.83 13.06 1.12 12.97 1.11
BH-74 JFE s Sunny-hill bottom 19.35 15.82 11.97 1.10 11.96 1.07
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2.4 PREPIE 5RO A SRS A

PEFRWFTE DAY 7 FPOLEDIRRPATE R 30 AT R ORI T RO S 3 A S (o AT
Pearson AHSCHE T, 20T 2, BRATES 55 1K W2 55 90 1) 2 35 A1 5C (P <0.05) , HLFHI S B3, T H 75 K
TR S 1] AR R A O (P<0.01) |, [RTRE D BHIBE > BASE . BRAT5 kW] -5 mR BR B S 3 (o HL 5 1 35 A
K(P<0.05) , B AL T, BRATE 55 5 LR AR B =2 080, AR, REAR R A0 S 3 a4 (3 8)

RS MBMRESHE A2 EEEXESHT

Table 8 Correlation analysis between dominant species frequency and slope direction and position

BAT s ik SES FLA IS ¥/ N (&R
Artemisia Lespedeza Bothriochloa  Periploca sepium Stipa bungeana Melilotus Lespedeza
sacrorum davurica ischaemum Bunge Trin officinalis bicolor Turcz
i (P BT) -0.910" -0.913" -0.946 " 0.243 -0.935"" -0.187 0.728
Slope ( sunny ,shady )
Behi (2 LF)
Slope position -0.371" -0.403 " -0.267 -0.594 -0.327 0.841" 0.000

(from top to bottom)

* ,FE 0.05 G (MR AHCME R, + + FE 0.01 G (XU ) , AHSCH: b

3 e

3.1 M BE R A A 1 2% v /E

Tk A T A K TS 2 52 M A 00 43 A 118 S B DR TR 2R B A R 08 0 20 T 78 152, 00 e 2 T ot 65 b, 22 1 A
SR Y A S 2 P B R A B SR I AE T, T R BRI G Y  iiAR gE e e
3 DX AN [ 395 ) A AR [ o7 B 00 A5 A 30— 4R A 2 L, DA RS s e i B8 5 W s B iR 22 57 R T 1X
ol B 1T AR AT 18 ) f A B 0T T 0 i 1 8 LA ARG (R 92 v VR, XX T AR HE B o0 A o3 A1 LA B i <
AL YRR R A R L, i T, KBRS em 405 150 em Ab#R R FAYE T B 2
e it v 1R 14 % R 0 DR B 5 10 X A< Ze i oty (EK TR 1) 2 e, I 98¢ B S DK B 38, B B 7 295 RUE I, 31 vl
X AR i A5 FEE A7 S O TR D T e R 5 R R B A B A A ROIR B T  XFE Jucker 55T BB ST 4G
R LABIE i F AR BB N ST T — AR AR IR AR I 45 7R 3 1) % /NSRBI A
A AU VA P BR A W R 2 2 vb S, 117 S om ARAYZE SRR T 150 em 4b, FEFREAEHE S em
WA — R FARZ NG TIZA Ve . AN &% 1 5 ZR A i a1 14 % i3S 2 1 4 Zopf o 1K L 1 %
OB 5 em &b (150 em AR TS5 PH T A9 22 v R 0 350 3R 30k V) JEC Hi > VA 3 Hb > % 5 b BV A [) — A 3k T
e AN TRI S A7 AR g A A ) 8 AT AR I 25 S IX SR B MR B 2% X, AR I 5 T T A A RS 40 ) 23 TR R
JE b TR 2504 W 9T 46 D5 1 A 78 A 2 R 33t A A A i A R 194 A= T 0 AR e 4l 412 380 40F 5 Y 1B
SER A 2R AR
3.2 MR RUE BRI R AR e

M52 5 em b AU (E DL M H IR EE AR B — L 150 em &b DRI IHG AT M 28 F /NS o ARG E |, BN b 36
YD RN X — S5 R GRS N SR 2 S [ W S A A B R JRAE R b b
NI e B AT U0 U, A5 3 R 0 % e R AR M — R T 150 em AR ROTREE TS B REA L, S em
b ) H R AR AR 0.5—5.5 °C, 150 cm M 1.5—4.5 °C , BIVUE B b 390 A 15 4 5L A L T DX A e B
FE o BEAN, A S RS T B3 > B 38, ) B it o 0 B 1) 8, R P s, R0 S e > V) 38 b > % b b, R BH 7
BUNRE L WB S A e AR AR 22 5 AR A mT LK A W A e 1) LA BN B i i o A= 355 ] R 4
FhBE AL SR RS () /N, 28 A AR A 1 BB S i 30k e 5 %/ A A8 A SR DA 5 1 8 T 355 i ) A A5 3]
(=l
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AT 5 TR B S 30 1 B AR OGRS R O AR R SO, ELE O B> B B AL R
W, BTG T WA RE S TR AT, T e A R F A0 B U T T 1 K, R LE A6 e 5 b 3R ) Bl e
R R AR R BB BIE, S alTeAE Y AR T BT A5 R A R ) O A B B S
B AIF] o X HERRIL T A R B DR AR AT B AN RIS, TR IE S A A e v B (M AN TR] B B D5 LA 2 22 S e A
EIREE . ASHIESE X LR Rl S ot o b DRIV 52 10 ST e W o, Rl 5 T 300l G, AT
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H PR AR RN 3 b Y P S D) b S BT 12 DXl N RUBE DI S5y Ao e ol A4 5 FO i

4 #ig

ARWFFE LI AR T Bl A3 (BT |, 3 L 5 em A0 150 em A XK iR AR 2 1 2% v VE T, X
T AN i v U 2 e 338> BE 3B 7 S5 R Sl b B3V i b e R 2% o BE 8 °C, VA3 5 2 b Ml % o
FE4X510 6.5 °C 5 6 °C 5 BHTH =3B 2 B N KRG M43 51 3.5 °C 3 C 4 °C . X T4 Bk
HIZE o, BRI > B3, 78 502 PO SR i B RIR G o 1T 36 4.5 °C L4 °C 4 C, AR i KT g2 ap 3.5 °C, Hik
ST VR 5 R B e RGP 3 C 5 2 C L, AR AR YE W, 5 A BEAE H 25 S i SRR e
PETE &, FLII3 i gt e M T RS AR TE 2 i BB Rt ZE AR R  RE b B 5 em<150 em,
PRI R8RSR | SRR = T B, ELBRA v 5 2 1 Bt o S B g TR 2 sl /> | e AR R 8 ¥
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