S & ¥ it ® W

HI5%E 1
201945 1 H

S 7 S A T L
CLIMATE CHANGE RESEARCH

www.climatechange.cn

Vol. 15 No. 1
January 2019

doi:10.12006/j.issn.1673-1719.2018.083

T X S e Sh i A AL i oe. [J]. S (RRFsEit /g | 2019, 15 (1): 62-73

Guo FY, Qi D J, Zhou B, et al. Influence of climate change on the variation of animal phenophase in Qingdao area [J]. Climate Change Research,
2019, 15 (1): 62-73

B hiXSEEEHNDIEEL

B RSO B 52

R ARE LR ORT,
Bl

| FHTREA, &5 266003;
2 EETFTARREGHIEBAS LT S, &8 266003,
S RMTASRA, &8 266300

B . ATH X R AT, 5 T EREh P i (R E R P Z FIHIARSG R &R . 1986—2016

T X WERR ARG I LA/ MBI Zh 2 1L, R ARG S 2 e B R e B TR AT AR (L 3, SRR 4R
ne A AR DL 4 RS PR 4ans 12 5 2 B AT, IFRUES MR, 2R RR RN, T i
XA B E IR S, B IR P2 XG5 52 5B 2 ek v B, T P AR A B AR R /. L RS A oK
bkt 4 FhEh IR R R, BRI 4 Fhah A2 ns SIS AR A] BR 1A 4 R 0L B K e An g I HEIR 5 RIS i
HO P 30 S A W S O MR R, AR S O AR A A A AN B s IR R o/ A R TR G 246 ST ) i i A [ Rl
Wirges, (HASEE AN YRHER AR FRYIRER . 2R RE TR EEHRE T3, s
Xt Bl B (LR 2 51, B 2 (8] ECp BER 2956 AR AE — e R BE_ B e fE A RN

K. UREL; Pfeeft; il s, [[REG

E]

onf

SR RN R, H 20 g 70 F£RLCE,
AECTEIIE B E T E . IPCC 4 Hk TG R 4
fe i, 1880—2012 4E &R RIEE T & T
0.85 (0.65 ~ 1.06) C, =2 W EHE AN, K.
WHE, IKREERZ D T Rl T AR A AL, =L
AR SE & Atk A T
KA, AERIGIE R A N 2T I 1 B ™ 12 1
WEE M2 —, WA RFEMANLAGTIHEL
FEAE T IR AN, 1909—2011 48 F [ A2

IS HHEA: 2018-05-30; fEEHHEE: 2018-08-22

T b X P R A R T W P, HLBR AR
TR i 9 PR S AR v R S Y K A A A
NS EE

ZREEREE R E LN, BNt
KO ZENISE, BIARWER L, ENIMFR
FE AR AR AR R A2 T, B 2R e Wi A,
FRZ Wyl R Y, g B W R A W e 30142 i e
JE AR 2 B R 4 5 B, X b ik e A 5 5
P& T M w8 R I R 23 (Rl R, (H RN X oA
TRV, et E2 X
AL RN, Medeiros 28 7 I\ kW fe A pE 7k 2 1]

FETE . RSSO S (HRM201601); SREh#g X RHE D R QIB 4 (QYXM201614); EK HAFIFIRETH (41741013); #HE)

ARG EHEFIFL (2016qdgxq16)

EER . #6dE, %, TR, guofeiyan0l@163.com; E44 (lfEMEH ), &, TN, 13573899816@126.com



www.climatechange.cn

134 e, 5.

T X AR AT Zh P 1 45 AL B RE WA 52 63

A AN, FEAL R A 4o HE 4 9 A 1 s R
HEK, i £E P BRI — ey RN 4 A R
a BV He Y, 1983—2009 45 1A 52 1 25 5 K M4
Yol Sk 28T %, D2 w R4, |
FHE. JUMREFFRER AR BIER, LA
L i XA o e = A W ) DX A 2 AN Rl .
18 7 2 DO BE e 4 ) 1983—2014 4R Hh [ P 5 o 0
FIE dp 1 X 35 28 0 28 4 fi )R O 2 35 4 T R 5L
AT d R4 d, FREEFNAZRI Wl R (- 38
R 3 dAn6d, E4EE% " s AR YR
W) Jo7 A 2 B 1 5 )RR O BE AR AE 22 5, IR e e
AL S ECT YRRl B AN I RL X g fe A T
ACEL R ATHE 1 #Fpia) 75K 300 1 [R] 2 A v B BB
H 5% &, BRI — ety Fh i A= 1752 2R

RN HR L, Rk, &—
KGR AT E A A, Kok A A
Bl A R, IR T o B R A Kk
B R R A S MOT Y EE LD A Ay
T EAE R Y, B R R B S
BEdh R T RBMEARXR, SHEAMESHY
K, Itk ERAREE SR B L AR,
FHBe s PHE AR IE Y 5 2 AT kiR
I 1) v 2 B R e g R L X O R B2 1Y
WFRE R B, E2EREENE T, W55, tkE.
K HEWEIR ) 4 8 1 24 S 4 i 4, L4 A e BE D
AR B[R] 22 A6 5 422 3 SR P AR A1 DU AR Bz, Bt
A3 H G Fn 6 H iy B2 S % W 46 08 11 .
FHIRNR RIS R A 440 R
g 5 S IRA AR R &, Hd 11 A
St R 2 T B i 40 0 ) R

5 286 e PR B 1 e AR B B80R%, & H
T AT R B LDV R AR S R G I B
Gy Z—. SARASHEE O B B IR AT VT, R
W fig 2, B S e I i) ST, 7R b R S X,
B R TR S RN VY 5 AL RS 4 o A b 3 S AR fh iy
Wi Joz A0 AR A e, HLA S AN ] fi 2 SR A i 2 AN
RARE B 7 PRk T S i ) 5 S A D
KA1 ~ 5 A HHIRMBEE T = b B % P,
fE E AL X, i e O 45 B 1 5 R B R

B = 0°CHIRRERREZHY ™, R T i
B T W 0ok AR T e S R A 5—
10 4% A FH SR K% 5—10 AR EH S, H
Wk 6. 9 H H BB ™ i 20 4B ITE bk
T EEAANS I AR R S, fand ] SR B,
SRZNS [R] fR D K, 3 H A 10 H il A2 520
O A e ] B ) AR AR A, AR
L EREAEAHRK LR M, BESH, ERE
TACRE ST, PR S an 75 i 4 e Bt A
— E IR, 1990—1999 4F 2 [ 21 £ T de: 1 L
(I 1] b 1900—1912 4R 42 7. T k% 10 dP,
E AL 2—4 A FE¥ R 3 A F ¥ feom <im
HE 5 M) T B 4 M RN A 24008 i) B B0 2 B R A S
% [26]o

T BHAL I ZRE B RSB, AR, rEdIG # i,
A EAL G IR T R AR, E BRI RE
BT, HEMWX S AR R A T e P,
Xt 24 h Zh 4 (g e 917 AR K 2 . A SR H
H & XA I BT R, s AT 5 X
M. BEAk. B, X EE A LRAE, [F
it 0 M S A ) e, 1 | 240 18 1R A £ S, ] o 390017
ACRRAE, UL 4R 2h i P o 09 28 AL RRAE,  Mifa
KPS . ST RP I RIE AL E 2
e S, AT & T RF LA [ B 3 2h i P 1
WA B R R, Ao BIERARR (I
WAFNRRER ) PIMG S (). RS (K#HE)
SR AT 0 Loy A BF o . Wi FNR b2 R H
AR E B, KM & K BRI R %
K, A SCWFFE S5 AS A% 2 4 W 1 R 52 R BE A 4
BRI B B UE, OAIE S A A R R
P, EHlERREED, RRlAE™
01 el A e A PRV R A

1 HRBIEFFHZE

1.1 WAREE

WARA T &M d AL L AR B VE s, &
B XA PR, AR RN, VRN, SR
AL BEAL S T IR PR AR AE 3 LR Bl e, R



24
5

S & E &

e

64

B A

www.climatechange.cn

2019 4F

o T 5 DX DA B P i A8 AU AR B A B AR e
AR TCUATE By I T B =10 T i S 0 7% o e e
H & X A A (AR . AR PRI R B
SRPEAF RN, EBILAR A E BRI 1961—
2016 A£G MMEEEFCL B 1986—2016 4E sh ¥4y
MR, SN T KR R E K RS
LA, HAETT BRI E— ol T4
Mk, A 198641 A 1 HIFBEARRLIRN
N WS R Fik | K 4 FhEh4wis s
AR B AT C e . I T 3 AR R LR
R AR (ol SRR TEY P o f
MHELE , LT 4 Frahimraans | 4a 0, g
S0, AENS GG WA — AR B — R B R R
PPy, SR — Rk LB ey, 4
NG 2 WA AR R fE IR WT R AR R L A
Y. BRI RS — ok LB S Y, il
BRI BRI F S B 1 RE K% /fnd E S
RIRiEATE — FRIRAT

1.2 BHRAGE

WEMERAFH, WEHHIH A1 A
1 H 2 scbs B 5 (d). ~FE4a08 N g
Wk 2 A I (E,  AR4a S 1 (] R 8] 2 &2 47

B, 2%EHI5% P RN, Rk
PET5 B TR R B AT A . T R
(1 2 BRI R /N RIS MEARR & , o Bl itk
B AR T . SR ATAH 23 BT ik i 9T e
s sh 4 o 5912 FL R SN

2 FEUMEXSETLFHUPIRTLISIE
S
2.1 FEMRSETIFEDHT

T8 N b X 4 AR 2R A 12.6 C, 5—
10 AF¥HmAEA Y 15C, Hd6—9 A
PRI 20°C (B 1a), fEXHIRIM &M (B
1b), Rt KIERY., §HaFFHK
WA 3.6 mis, HrpFEZE3—5 QRGEERE K, Y
JAGH A 4.3 m/s, T 84 4E H IREECh 2437 h,
Horp 3—6 AN 8—10 H b4 4E H I £ 5 2 i
ANBFEE, o 5 A B RERHGEH 251 h,

MABI B EAEL (R 1) SRE, 1961—
2016 4E 3 B Hh X AR P 3 UR R BLUA B35 135 #
P, KA LM =4 0.33 C /10a, @it T 0.01
M PR I s AP B K R TR 1961—2016 4
] 2= TR (—11.48 mm/10a), {HAME T T3

F @)

1 2 3 4 5 6 7 8 9 10 11 124

Bk & /mm

®

0
1 2 3 4 5 6 7 8 9 10 11 12

(©

1 2 3 4 5 6 7 8 9 10 11 124

R/

3
m

250 1

200

150

100

50

0
1 2 3 4 5 6 7 8 9 10 11 124

Bl 1 BRI 1961—2016 438 A ¥l (a), Mok (b). Kk (c). H % (d)
Fig. 1 The monthly mean temperature (a), precipitation (b), wind speed (c), and sunshine duration (d) in Jiaozhou during 1961—2016
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Table 1 Linear tendency rates of climate factors in Jiaozhou during 1961—2016
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Fig. 2 The characteristics of the first, last and interval song days of the Cryptotympana atrata (2), cricket (b), frog (¢) and Hirundo rustica (d)
in Qingdao during 1986—2016
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Fig. 3 The variation and tendencies of the first, last and interval song days of the Cryptotympana atrata and cricket
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Fig. 5 The variation and tendencies of the first, last and interval song days of the Hirundo rustica
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Table 2 Correlation coefficients between meteorological factors
and phenological phases of the Cryptotympana atrata
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Table 3 Correlation coefficients between meteorological factors
and phenological phases of the cricket
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Table 4 Correlation coefficients between meteorological factors

and phenological phases of the frog

# 5 FEARRE TSR DI R 5L
Table 5 Correlation coefficients between meteorological factors
and phenological phases of the Hirundo rustica
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Influence of climate change on the variation of animal phenophase

in Qingdao area
GUO Fei-Yan"?, QI Dong-Ju*?, ZHOU Bin>?, XUE Yun-Chuan"*

1 Qingdao Meteorology Bureau, Qingdao 266003, China; 2 Qingdao Engineering Technology Research Center for
Meteorological Disaster Prevention, Qingdao 266003, China; 3 Jiaozhou Meteorology Bureau, Qingdao 266300, China

Abstract: Based on the meteorological and animal phonological observations in Qingdao, the characteristics of
climate and phonological changes and their relations were investigated. From 1986 to 2016, the first song days
of animals in Qingdao respectively exhibit smoothly fluctuations for Cryptotympana atratas, first delaying and
then advancing trend for crickets, and distinct delaying trend for Hirundo rusticas and frogs. All their last song
days display a significant advancing trend, and their first-last song intervals have a remarkable shortening trend.
Under the influence of global warming, the temperature rises significantly, the precipitation changes a little, but
the annual sunshine durations and wind speed both present a trend of dramatic decrease during 1961—2016 in
Qingdao. The decrease for sunshine durations affects phenophase the most for the four animals, which is beneficial
to advancing the last song days and shortening the first-last song intervals for all, and delaying the first song days
for Hirundo rusticas. The phenophase for crickets and frogs responds notably to the temperature rising, but not
for Cryptotympana atratas and Hirundo rusticas. The decreasing wind speed helps advancing the last song days
and shortening the first-last song intervals for Cryptotympana atratas and Hirundo rusticas, but is conducive to
delaying the last song days and extending the first-last song intervals for frogs. Hence, the phenophase variation
occurs in conjunction with several climate factors. Except for the influence from climate change, the inter-
restriction of food chain among animals also plays a role in causing the phenophase variation.

Keywords: Climate change; Phenophase variation; First song; Last song; First-last song intervals



