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(1. FrmAOl KRR F B, AMWAFEY RN S22 E S mE, BEARST 830052; 2. 1 EFHFRHHRAES S BT,
TEE SN S E RS A, BE KRS 8300115 3. T EBIEBEHTIRE A A S AT TR AT, 28RS 830011
4. PEPEABERYE, d5 100049; 5. T SR KA YI E2E2EBE, 7 5 266109 )

WE. NI LS AT X B A B 88 47 Tulipa sinkiangensis 54y B U AEVER R, BEHS &R 55 T A 3
Bk B KM bIX | mE b R AR EBE 3 D IREERREE, SREUREL TRy A2 85 7 R AT I 30 4 5 4
B ZHnprsT , AR R i3t 316 3k, SRJE 17 B 23 J& 36 Fr, JLEHFh ly BIEMET: FF M8 Gonia picea, ANIF]
SRALMEE T YR T B RO L, (R BEE T L S AR A e A 0 B e MR, B IR B TRt s, A
SRR (2.719; 0.941), KEIZLIK M (1.299 £0.311; 0.553 =0.076) , KWL X FE B 4410 X 2 6]
YIRS AR, s ISR X T [ SR AR B DL RS Ak X R 1 SR AR BE 2 [ W Al 2 B3 Sy h AR AN AR, [RIRE &
W, BRI SHER R I 2Rt B BB RN (P =0.047), BFFRERY, KE3 LG TR IS AN TR
P, SRR SRR B — A AR
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Effect of afforestation on the diversity of pollinators associated with Tulipa
sinkiangensis

LIU He-Jia'*, ZHANG Xin’**, MA De-Ying'*, LV Zhao-Zhi>’" (1. Key Laboratory of the Pest
Monitoring and Safety Control of Crops and Forests, College of Agronomy, Xinjiang Agricultural
University, Urumqi 830052, China; 2. State Key Laboratory of Desert and Oasis Ecology, Xinjiang
Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqgi 830011, China; 3. The
Specimen Museum of Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi
830011, China; 4. University of Chinese Academy of Sciences, Beijing 100049, China; 5. College of
Plant and Health, Qingdao Agricultural University, Qingdao 266109, China)

Abstract; In order to study the effect of afforestation on the diversity of pollinator insects associated with
Tulipa sinkiangensis. Three afforestation gradients ( Long-term afforestation; Short-term afforestation ;
Natural habitat) were set up in Yamalike Mountain of Urumchi, transects and quadrats were used to collect
and investigate pollinator insects among three afforestation gradients in Yamalike Mountain during the

florescence of T. sinkiangensis. As a result, a total of 316 species of pollinator insects were collected and
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identified, which belong to 23 genera and 17 families. The dominant species is Gonia picea. The results

showed that species richness were similar among three gradients, but Shannon-Wiener index and Pielou

index decrease as the afforestation progress advances. The natural habitats showed the highest pollinator

diversity and evenness (2.719; 0.941), while the long-term afforestation areas showed the lowest

(1.299 £0.311; 0.553 £0.076). Pollinator species composition showed low similarity at different

afforestation gradients, with long-term afforestation areas being extremely dissimilar to short-term

afforestation areas, and moderate dissimilarity among other gradients. A significant negative effect of tree

diameter at breast height on the diversity of pollinators was detected by GLM analysis, which indicated the

advance of afforestation process was the most influential factors. Future afforestation projects should

consider ecological heterogeneity, avoid monoculture afforestation pattern.

Key words: Afforestation; Tulipa sinkiangensis; pollinators; species richness
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PRS- FIARES 1 (SR ESCAE, 2008) ; HIEAL
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SRIEME R B AT WA o £, LIZERL, B, R
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2005) . ik 2017 4, HELLZRILETAGA 1 766 ha,
1.2 #HithigERIAERE

T WG AS [ 2 Ak 2k R X AT 4 A5 4
BRI, EMEILRE T 3 DB,
WG ARESR (R, REZM AR E B
X)), EAsRIEIX (LR S5 ATk, B4
PREEHR Ay A SRR A X ) . K Igk b IX (&
SHERUEANT S0, B fraer X)),
RIS 3 A 2 000 m (AR AR S EE
B, BRI E 3 R, BAAFZLEK 200 m,
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1.3.2 AR e A L p B e A

(1) BHEEA 1R, THEHAHM10:00 -
16:00 47, BWEAMRSMINE—H , fARHLIL
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1998; JE58, 1999; ZHehn, 2000; ®HZIHE, 2012),
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Ve AAIC <2 FORCRJEAT R RIP- 2 5 X A% 0y
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2 GRE5HMH
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FhRFNBEAK
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Table 1 Occurrence of Tulipa sinkiangensis in Yamalike Mountain

HIRAR 4 A LR T EL AR 4 7 o EE S
Occurrence plots of T. sinkiangensis Cover of T. sinkiangensis Seed setting rate
H R4 5% Natural habitat 9 0.053 £0. 024 0. 693 +0. 136
FHIEEALIX Short-term afforestation 8 0.050 0. 015 0.322 +0. 106
KHIGALIX Long-term afforestation 3 0.030 +0. 030 0.499 +0.216
*2 BEBRRLFENRSENEEETRANENE R HImE
Table 2 Occurrence rate of top five pollinators of Tulipa sinkiangensis in Yamalike Mountain
IR Oceurrence rate LRALBRIE Afforestation gradients
H AR A A Kgfe X
PIFh Species Natural habitat Short-term afforestation Long-term afforestation
PR TS A MR Gonia picea 0.125 £0. 125 0.583 0. 083 1. 000 =0. 00
S W% Andrena chrysopyga 0. 250 +0. 000 0. 167 +0. 083 0.417 +0. 083
YRR F I g8 Sphaerophoria 0.375 0. 125 0. 00 0. 083 0. 083
Z %% Andrena gravida 0.125 £0. 125 0. 167 £0. 083 0.250 0. 144
S Pieris rapae 0.125 £0. 125 0. 583 +0. 083 0. 333 +0. 083

2.2 BUARFUBETHEMEEEHERS
B
2.2.1 YRR

SRR B A A by B SR W F AR BOE 3 b

PEEREEE R 2090009 20 20, 19, F 6 BEFEEUHL,

2.2.2 Shannon-Wiener ZEVEFEEL
ANRIREEREEE T, BEAE T 1l S AL R R A HE U

HHHRE AL by B L 2 FEVERE B T R, A
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Tulipa sinkiangensis in Yamalike Mountain

&tk 46 B T Shannon-Wiener 22 FE1E 38 50 B &k 1
HATE—E M ER, HARKB R EFEKFE (F=
6.30, P=0.058) (WKE2),
2.2.3 Pielou Y2 FEHREL
ANFPREREE T, b5 T LU AL R A 4
Bl e i R IS R AR TR, A~
[FIZR AL B6 BE T Pielou B 5] EEAREAFE L & 22 5
(F=10.23, P=0.026), 2Z50MrEnrE&Bst
XE5EMGIXFFEREES (=551, P=
0.038, Tukey test) . 5 H AR Z A F7E— & &
ERZEFHEAEE (q=4.98, P=0.052, Tukey

AL X 5 AR AR5 Z ) 22 5 AN 3%

test) ,
(q=1.09, P=0.739, Tukey test) (LKl 2),

3. 3.
o= B 2 P FEJ B Shannon index. |70

1 1957 245 %4 Pielou index
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Fig.2  Shannon and Pielou index of pollinator of Tulipa sinkiangensis

under different afforestation gradients in Yamalike Mountain

2.2.4 YR Jaccard FHRITE R EL
TR 4 A 10 A% A L H W 4 B e A R 4k
JETRAHAUE RBCRAG, K BSR4k XORn JE A 21k
ﬁZ@meU;ﬁ%%%ﬁﬁaﬁiﬁu&@
WAL R H AR A B Z R R EAAL (23) .

x3 HEERLUARFZUBETHEMESEERHMER Jaccard HEIEFRE

Table 3 Jaccard similarity coefficient of pollinators of Tulipa sinkiangensis under different afforestation

gradients in Yamalike Mountain

AL 22 %% Similarity coefficient

SALHE -
. : KIZRALIX FLZRALIX HARA
Afforestation gradients
Long-term afforestation Short-term afforestation Natural habitat
K sl X Long-term afforestation - 0.212 0. 258
BN LEAL X Short-term afforestation 0.212 - 0. 444
H #Rk 4= 5% Natural habitat 0. 258 0. 444 _

T Jaccard FHAITE B EL CM 0. 00 ~0. 25 MHAAHEL, CoN0.25 ~0.50 NAPEERAERL, CoNO0.50 ~0.75 HHEAEML, Coh
0.75 ~1.00 W} A# AR, Note: Jaccard similarity coefficient Cg 0. 00 ~0. 25 was extremely dissimilar, C0.25 ~0. 50 was moderate

dissimilarity, Cq 0.50 ~0. 75 was moderate similarity, and Cg0.75 ~1. 00 was extremely similar.

2.3 HLUFEMEEEMERSHEENTEZD
A
Rk 2 AL LA, FER T Pearson AHICHE R
ﬁﬁTOSMI?(yﬂﬁ%ﬁ%mE\ﬁﬂﬁ
o XPLRY R M FEMERIE I K CRrsEfl 4 7

W, EAMYY A, EEMEYEEE, BR
Wae) sEBL A BT, U R D Ao R T A A
(AAIC <2), Z5JULFE 4, Hrp Bl A 4
(*ijiﬂ/@’fl + ﬁ/}ﬁ;’i 5 E%{q&) °

R A M A2 6T i St S 4 A A% 0 RS L7 2
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WER DGR (P =0.047), &R 4 585
G, BTSN 4 A i KL R RE AR W) ) B PR R A
MR IEIRCR, SR ESE%,

SEAR e Ay i L . A Y AR RO R R R 2 AR Y
MR TR (£5),

x4 HENEEENERSHFERESHR

Table 4 Model analysis of the pollinators diversity of Tulipa sinkiangensis

R R B Coefficient estimates

o - e AmEEE
R T R T T S A VI UL
Models  Tree DBH  Nectar richness index o " 1 TudiPe Herbal plant AIC ANIC  Weight

sinkiangensis species richness
4 -0.403 0.272 - - 4.5 0.00 0. 285
6 -0.420 - 0.252 - 5.4 0. 88 0.183
8 -0.382 0.185 0. 130 - 5.4 0. 90 0.182
12 -0.402 0.275 - 0. 008 6.5 1.99 0. 105
1 - - - - 16.5 11.97 0. 001
H. “ -7 FRASSHAH SRR T, Note; “ - meant factors not included in the corresponding models.

x5 HEMEEEMEHRSHEERIMEFSR
Table 5 Effect of factors on the pollinators diversity of

Tulipa sinkiangensis

M K Tmpact factors z{H P
A 42 Tree DBH 1.985 0. 047
IR TR

1.019 0. 308

Nectar richness index

TR 4 7 ot 2

Cover of Tulipa sinkiangensis

0.752 0. 452

TP EL

Herbal plant species richness

0. 040 0. 968

3 &S

YiFp Z e R E I RIS AL VR B s
AR E B bR (EAk RS, 2017), EBER
R AR B RN TR E 853 H
AR AL by B O RE VR A . BEVE SRRk (5K
ST, 2016) , BIFSE & PREIE L2 32 o L A0 A,
A AR B B A 2% L) B 2 R R R (R Ha A
2008) , [AIESBFGE R B, AR SE R, R
WIZ TR R, e Y Z B P47 T L 4
Frig Ko (XEse, 2003) . FELLREE 52 L4k
PERER I, AESEAR L, S E AR R R £

FEVEL AL, B E AT T8 SRR 4 7 14 B B e 24
PERAIT 838, AXHE SEVD T - Ba] AN P v hi A 45
(2013) WSS EUR 47 Tulipa iliensis (L4 R 1R
A & B SE Ky W Pieris rapae, K F| ¥ Apis
mellifera ., =F WK W% 8¢ Aglais urticae ., 7~ i &t f£ 1
Halictus sexnotatulus 4 P& B HE, HpZK %
YO AR 4 7 R ARy R R, ARAESE Atk
DUBTSRAR 4 A 1y B B AR B H L B A | 8%
MH . EEE ., A, 17 B 23 JE 36 i, H
H AR A A AL X AR A AR
PR 2 W BRI RT3 Gonia picea, TIRESEMH T
KIALRAL XA N RARHE Y 5 . PR AR HY
B HACOE R T F R, R R
SRR TR W VTR (M5, 2014) o 8 R
4 7 o B2 AL D R AR HORT UG, B i 4 7
A A A T A AR AR S B P B AT ALK
SRR A I b, R A AR AR R R B A s Y
BN A5 S AR R M SRk DORT SR AR 46 A &5
SR T RIS X, ATREE th TR s X2
2830 5 AR E DL ARl i X, AR TR BT AR
TR I A D o 25, 4 1 AR 4r AR Ltk
A% oy 2 T PN A A AR 4 A AR
TERIISRALIX | T A AL IX DL e 3 AR AR 3R I
3APREEHE R, A by B HL b R R R RO AL,
EAZH) B He ) b 2 AR AL 2 BT AN () RUE 22 1]
AR, Horp K A X I S E X 2
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B AR AN AL, S 2 Ak DT B AR A B D) K S
ZRALDCRT B AR A2 BE 22 1] g vp SR AR, Ul B RE L
i L A s ) 114 4 26 %of T B S 4 A% A L TR A
P2 A 5 R AR BT AR 4 A 4 Dy LA e A
M), BATTHIE ., i, EOURRR AL (M)
I, 2006) . MiFEE N TEALm R, AT 4
g SR ST AR R Z R (£ YHER
S, 2019), fEAFEOCH TR LR 1S Al
YIREE O E N, ATAR R RAFRK4r . RIS
AT — S AR A K (S e5F, 2020),
R R VA U A T A, HAR Ry B Ui )
LA BEZ 2Bk (Biesmeijer et al. , 2006) ,

ARERACES BT, 7 He 22 0 P 45 BB 7 1 2
feitfeset, 2P BREMMEE, 5 hET
P L7 (IDH) ( Connell, 1978; #k /v % %,
2017) TP REPERE B A TR e S Y
FERATE . T RE A R B AR 4 7 2 2 AR AR
FLATAE Y, ARAT T AR e 55 19 T 5 IX 5 B AR B
HUTHRE 8558, TS fh 1 A 1) 4 2 f 15 3 35 4t
T DG ISR IS (2055, 2009), RlA] 25
MEEREIN (25, 2004), JEA B0 R T
JIHAE 09 A B 1 B e IR, TCVE & DR R, HAE
VOB L Ry B UV AR ARG, A 5T R W Al bk
R L HE 7 TE k38 3 1 AR AR B v i AR ) 2 R
JKF- (Hua et al. , 2016) , X FEHERMSE, &
SFERBCRE A ARG 2. b 38 2 5 Ok A S me B Ol s A0,
YL I 48 14 88 AN T LA R A ot A 72 i ol 1 it
K (Fahrig et al. , 2015) . #fE 1L 2 A TR BCAY Fh
FEA S5 R A X B — | 2 YR X T B, 5 Ll 2k
WU R R N TR A AR B, S ECHE L AE Y
ZAEVERRAR, 50y B H 2 R PR 4 4R AR AR K-
WAFFINN, PR BAGE BT AR T4,
IEAEH T &b iX — Ay THE 35 (Nordin
et al. , 2009) , WILAMIELIE S “ PR THE
Y e E XS,

ANRVERARHE BE T, 15 45 B bE A e 1L g4k
HERERIE N, BEHTREES. 2l TR
HAEAEL SR R IE T 27 8 Gonia picea, FEAIRT K
HAZRAL D 0 £ 0y B HO X B B2 T AR 40 AL X
SRA I R B T AR AR, AR M T AR, HiER
TR AR 2%, R U B AR F AL Ry B L)
MR, 5 ST AR

GLM 43 Hrah R W n Wil & e R i £
FEPE RS2 S 4 DA TR Em, HhE R F 5

SEG . BTHRAR A A A AL L RS AR W) W RO B 8t
R AL b B H 2 R 7 A IE T R, AR AR i A2
XA R = A S R, ELAR A i A 2 15 R
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