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Diversity and species composition of moths in different forests types at different

stages of restoration on Xiaoxing’an Mountain, Northeast China

WEN Rongrong, MA Ling”, LIU Zheqiang, JIAO Yue, GU Wei, MAN Ziyuan, LIU Xueying
School of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; We determined moth community structure and diversity in different forest types, including both restoration areas
and primeval forests, in the Xiaoxing’an Mountains. We systematically investigated the moth communities in four typical
forest types ( natural mixed conifer-hardwood forest, planted and secondary growth forest, natural hardwood forest, and
virgin Korean pine [ Pinus koraiensis ] forest) in the Liangshui Natural Reserve. We collected 56,079 specimens of 598
species, belonging to 28 families of Lepidoptera. Noctuidae, Geometridae, Pyralidae, Notodontidae, and Tortricidae were
the dominant families, and Pleuroptya ruralis ( Scopoli) , Ghoria gigantea ( Oberthiir) , Cosmia unicolor ( Staudinger) ,
Hydrillodes funeralis Warren, and Yponomeuta evonymellus (Linnaeus) were the dominant species. Xiaoxing’an Mountains
and Changbai Mountains had similar forest habitats and accordingly, the dominant moth groups were similar. Noctuidae,
Geometridae, Pyralidae and Notodontidae were the dominant families in both of these mountains, and all 27 families of
moths found in Changbai Mountains, except Oecophoridae, were collected during our survey. Furthermore, we collected
more than 100 individuals for most of the dominant species in the Changbai Mountains, including Hypomecis punctinalis
conferenda ( Butler) , Deileptenia ribeata ( Clerck) , Clostera albosigma curtuloides Erschoff, Tethea ampliata ( Butler) ,
Diarsia canescens (Butler) , and Anaplectoides virens (Butler). The Changbai Mountains, however, was host to the largest

number of individuals of Geometridae and there were differences in the dominant species between the two places. The
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species-abundance analysis for moth communities depicted a curve in accordance with the log-normal hypothesis and
goodness of fit was strong (R*> 0.9240). We used common indices of diversity for the moth community. The individual
number was IT > T > IIT > IV, the diversity index and the evenness index were IV > III > II > I, and the dominant
concentration index was I > III > II > IV. The diversity index was significantly correlated with the dominant concentration
index (r=-0.7—-0.974, p < 0.05), but it was not significantly correlated with the evenness index (r=0.173-0.471, p
> 0.05). Polar ordination and community similarity analysis indicated that the moth community structure of all forest
restoration areas differed little from that of the primeval forest area. We concluded that the environmental conditions the
moths depend on in the Xiaoxing’an Mountains are stable and that the ecological and environmental quality has been well
preserved. There were, however, differences in the insect community structure and natural environment between different
forest restoration areas and the primeval forest. Compared with the primeval forest, the restoration areas had more individuals
and more dominant species. Therefore, it is necessary to focus on pest monitoring of Pleuroptya ruralis ( Scopoli), Ghoria
gigantea ( Oberthiir) , Cosmia unicolor (Staudinger) , Hydrillodes funeralis Warren, Yponomeuta evonymellus ( Linnaeus) .
The natural mixed conifer—hardwood stands had the greatest abundance of dominant species (i.e., lowest evenness) and the

lowest diversity of the moth communities surveyed, which might be a consequence of the low diversity of vegetation.

Key Words; moth; community; diversity; species abundance; community similarity; Liangshui Natural Reserve
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Table 1 Insect communities in different areas in Liangshui Reserve

Fhk | I | I\ A3t Total

Species S N S N S N S N S R N R
WLk B} Thyatiridae 6 100 8 233 7 681 6 206 8 1.3 1220 2.2
FIEAL Bombycidae 1 12 1 32 1 28 1 18 1 0.2 90 0.2
B Ethmiidae 0 0 0 0 0 0 1 1 1 0.2 1 0.0
H5%BL Yponomeutidae 3 147 3 2856 3 175 2 46 3 0.5 3224 5.7
JUIRL Geometridae 83 1065 93 1512 85 1523 99 1751 121 20.2 5851 10.4
HA} Limacodidae 3 12 4 39 5 39 3 27 5 0.8 117 0.2
KAIEF} Saturniidae 4 40 5 66 4 86 3 43 5 0.8 235 0.4
JTIREL Arctiidae 14 1432 16 721 18 988 13 580 18 3.0 3721 6.6
FI%AL Lymantriidae 15 621 15 428 14 680 15 294 18 3.0 2023 3.6
8B} Drepanidae 4 323 4 206 5 176 5 70 5 0.8 775 1.4
AL Ypsolophidae 0 0 0 0 2 4 1 3 2 0.3 7 0.0
FetfiRl Agaristidae 0 0 1 8 1 6 1 1 1 0.2 15 0.0
26 AL Stathmopodidae 0 0 1 1 0 0 0 0 1 0.2 1 0.0
BIRFL Tortricidae 20 176 28 303 18 180 26 380 40 6.7 1039 1.9
FH AL Lasiocampidae 9 62 8 67 8 99 9 47 10 1.7 275 0.5
Jo IRl Nolidae 1 1 2 3 2 9 3 20 4 0.7 33 0.1
B 5URFEL Brahmaeidae 1 4 1 7 1 15 1 2 1 0.2 28 0.0
2 1R} Gelechiidae 1 1 1 11 0 0 2 7 3 0.5 19 0.0
YEIRA} Pyralidae 32 4888 40 4049 38 4105 34 1368 54 9.0 14410 25.7
REEF} Cossidae 0 0 1 1 2 7 1 1 2 0.3 9 0.0
#HH%F} Coleophoridae 1 13 1 25 1 5 1 16 1 0.2 59 0.1
IR} Psychidae 1 2 0 0 1 2 0 0 1 0.2 4 0.0
KB} Sphingidae 16 106 18 114 16 208 12 103 19 3.2 531 0.9
1A} Thyrididae 0 0 0 0 0 0 1 1 1 0.2 1 0.0
WAL Noctuidae 165 5929 165 6080 170 4870 124 3767 226 37.8 20646 36.8
FEEL Prerophoridae 0 0 1 1 1 1 1 2 1 0.2 4 0.0
KA AL Adelidae 0 0 0 0 0 0 1 1 1 0.2 1 0.0
FH%FF Notodontidae 32 473 34 560 35 543 27 164 45 7.5 1740 3.1
A Total 412 15047 451 17323 438 14430 393 8919 598 100 56079 100

S: P Species; N MAEL Individuals, R: HIXF Z & Relative abundance
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Table 2 Dominance index of the dominant moth species in different areas in Liangshui Reserve

EFEE 850 Dominance index

P4 Species I i 1 v 23 Total
FEM B Pleuroptya ruralis (Scopoli) 0.2499 0.1460 0.2029 0.0586 0.1753
SLBBHTE M Ghoria gigantea (Oberthiir) 0.0750 0.0266 0.0369 0.7170 0.0450
— B, Cosmia unicolor (Staudinger) 0.0429 0.0636 0.0090 1.6587 0.0448
BAZ R Hydrillodes funeralis Warren 0.0463 0.0378 0.0153 1.3971 0.0438
HiZ: 8% Yponomeuta evonymellus (Linnaeus) 0.0069 0.1226 0.0087 0.046 0.0427
CHARPI I, Hermonassa arenosa (Butler) 0.0155 0.0315 0.0550 2.7250 0.0301
FIBEYER IR Cosmia restituta Walker 0.0106 0.0354 0.0094 3.2385 0.0225
KLU B Amphipyra monolitha Guenée 0.0371 0.0110 0.0209 0.2295 0.0204
PEREML Lymantria dispar (Linnaeus) 0.0173 0.0106 0.0256 1.2469 0.0164
F& KL Tethea ampliata (Butler) 0.0019 0.0063 0.0389 1.2673 0.0148
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Table 3 Characteristic indices of insect community diversity in different areas

X3 MNLNEE SRR o) BEHR R PRFAEE PSR B
Areas Individual number Diversity index Evenness index Dominant concentration index
I 15407 3.9191 0.6506 0.0780
I 17323 4.1386 0.6769 0.0497
1 14430 4.3966 0.7229 0.0520
v 8919 4.6177 0.7730 0.0264
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Fig.1 The curve of species abundance of the moths in different areas in Liangshui Reserve
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Table 4 Index of community similarity of the months in different areas
XI5 Areas I I I v X35 Areas I I I v
- 0.6764 0.6621 0.5470 I - 0.5739
I - 0.6667 0.6034 v -

2.6 AR B DRI E ARV B HE P
SR AR HE R A B AT A AH SR, X 25 IX USRI VS EA T HERE . NI 2 O HEFP &5 2R AT LI
L3 MRS DX (] S ETS O R | T 5 LR LLARARIX S B A, Hovh, AR R A 52 DX I 5 sty

http ; //www.ecologica.cn



15 1 [IZRTR  AF /NG Z2 I FRARIK S SYIAN ) R DX O A S0 S 2 A 7

ZIAMPRIX S8 2 (A1 A 5 22 S e K, N R AR AR AR DI 5 i e P DX 28 S e/ N
45 —
40 |- !

HATAT XS UK A SRR DX R GE A K I, B
AN IR R B K e, UK HAR TR
IX 0L A 28 FF 598 i, U E0R JUREI N ~ @ v
s i D ISR LA, LU SRR 3 R R 15 |
SLASMHP U SR A 5 I — (0 SRR | B 2Rk A 10 -
LIS R /N L i DAL RN TR AR DX UG R A T .
REROFI S X T T IR, L X A e 0 ®, m w
PO F5 B 2 T AR BE Sy 42 30, Jo S i 28 Ko &
Az, X IR BRI R4 MRS R K B2 KR R SRR HE T
EEE*E@‘T%E&E tt@Jﬁ&f%w*ﬁ% , ﬁﬁ%}(*ﬁ‘ﬁf?&%% Fig.2 Polar ordination of month communities
H 2 FEPE RN EE 1 52 4 P 2 S B RRRAE 285 2R G2 % 1R
F A TR RE A TER AR /NG U b DRI 1 L DX R MR A ST, 3 ELA I P £ M R A 5B
DX AL ~F AN RT3 0 A RRI N AR DX T AR MR AR A 288 2 s i S R A S i 1 R B R e fb
P AR B B Y 2R 2 A B N R L ST AN i RS AR S AR 2 xR
P LU R P £ RAARIR 2 2H AT T 45 R AR, A LR AR B 62 27 B BREUBERISb  EA S286 TR AT 3RS
It H VIO R SRR SRR TR SRR, K L XA A it RO Hypomecis
punctinalis conferenda (Butler) WA MK Deileptenia ribeata ( Clerck) J8 55 S Clostera albosigma curtuloides
Erschoff FiYHE 80K Tethea ampliata ( Butler) JKA % Diarsia canescens (Butler) | %4k ZH B MK Anaplectoides
virens (Butler) SF7EASIEG T EIAG A5, HAMAEH X T 100, (HK L3 DX LR RS B P A i i
R AT A BN L 1l DX e S AR R oA o5 0 19 i e 28 B B g DA AN [) , AN 2 b iR 4 2l
AL SR I S PSRRI Hermonassa arenosa (Butler) 781K 11 SRS LS PR IE AT $2 Je . BRAR/NS 22
by DRI 1 L DX T2 ZERRARSS BRI, L2 3 i AR AR 28 3 L A9 LA BB AR 1 A ] i 5 e S S
Xof T b B 58 2% A1 14 0 3 17 3 o 1 TP b SIS A — S Y 2 5

X PO DX A TR - 22 BE A AT 43R T, /N D622 U 1l IX I 2 - 22 B O R LU 2422 3 W BROE 28 40 A (R, A &
ARG R REVE 22 )8 T IR B8 2 (F i IR = 6 100 A1 SRR ST BEIE ) L LT A 1 36 I i S -
ZIEHAT AT, K- HL NG YEAT B X BOE 28 73Ai (EE , BR80T AT T 3 b A s AR 0 7 i 422 30T 4
PEASALARSE  SUR UL, A SR H 2 . By ARSE WFSE S AL L X R R S5 X BOE S A B R %
HCRREVR PREE R A, PO DX RS HORE 7 o K0 25 A B RUDL 50 B 8 s, X B UK AR IR X 253 2
SRR LB ARG B CR AR, S5 AR DR AR S X G DR ) PR BE 2% 1 5 Z i At Ay B
HFFE SRR E

Xof AN X SR Z2 R A3 BT e IR, 2% ARARMR S DX e 21 A4 B B8 1 B il i T D s PR DX Il 3 Pl 8 ol T )5ty
MDA R 5 | B IS N TR I 28 G R A2 2%, W] LA RO il AR AR 0 K A o SRR ARIX B2 FE
PEFR BT i, L3R PR RO B IR R S X — i3 . KRR IR TR SR I I 2 A (34050 B e HoAth,
DI A 2 T ELOG 3 fin B . PRI e i s PR 8 PR P R DL S48 el By 1 O i R
GEARIX I IV Py Fh Z2 A 5 2R W) Rl ORI MBSO D45 — 2 (H A AR BRI AR DG AN B IR, R 2RI
EIRRR T R RO R BT S BE S B B ZRE RIS AN R 2E TR AR R — L
B R LA ARy T U 5 B OBV 35 50 R AR 4R A — B, U B TEVA S R e 5 0 SO SRR ST DT LR
PIXEZHEE S S A — B B SR8, AV MR S S B EA -8 B

3 FwErtig

http ; //www.ecologica.cn



8 S % 36 &

Simpson L 3L FPEHE KR E — 25, UL BIDLHA Pl i 20 X VR AR PR oA — R M52

EL OB R B I 4 R T L 0L S e DX ) R A 1 D6 R0 MR T DX S0 2 A 1 B HE )T
A LA R DR LA MR At XSS B K 0 T /N 22 e M IX A A W DK O DX 3 5 S PR 4 A7 A 5 A 35
2e 5 (HAS DCBCZ T A AR LR R A KT 0.5, 4 DX 2 ] BRI 4l M 25 S AR BETR AR E B . R AR I
I RMR A2 DX 3885 L T AR PR DX Sl 2 T 8 K, U B 3 22 ) 21 R 9 2 S de A, X T B R Ry D B 4T P AR
MRATHSRI LSRR 2 i 2 AR 5 el ) A 2 B 9 I AR X3 2 AR, LA i g R B
IRV MR B T — & A

Zia RS R MR Z B8 A R HUE B MAE S R G R A 2 R A E 2 G, SRR
A LME R8s Py Aok e A A2 T AT . SOk, UK B AR X, Zad 22455 PR PR PP it , &5 X I
B RN R, BB S5 TR , A IO B BRI 2 1, AR O BRI S AR 3 (B AR BRI
S DXy B SRR v S R A ) SRIRIE S I AR AR Z [ MR OR AT A 22 57 IR 25 R G 2 BRI PR O e AR
KA, 5 AR L , 20K 2 DX DA P26 22 BLRC Di e, DRI R 0] 746 I P M | — 0 S 3 0 25
A FARY AT A%, 5 1E B AR RIREH TR SR DX SR T AR AR DX S 36T -5 A X3, A 5 2 i
B — SR ERI D W, PR RR, SE A R IS B, AR A5 A AR AR B, SN R R R
L RE GRS S ATTE U L e S R ik e

£ 3L HR ( References)

[ 1] Akutsu K, Khen C V, Toda M J. Assessment of higher insect taxa as bioindicators for different logging-disturbance regimes in lowland tropical rain
forest in Sabah, Malaysia. Ecological Research, 2007, 22(4) ; 542-550.
I ARARG, VA, RRAUME. Bnt BRI R, 1999 805-806.
1 s, SE, X1V, B3, AR, 5K BUK ARG XOR R P SR SRR, ARdubolokaz244ie, 2014, (1) 131-135.
[4] BEE, RAME, BN, INDCLIE ARSI SR ERDISE. BRLE, 2003, 23(3) : 316-322.
] EERE, BEE. DEIEHUK BRI X 13 B VR RIE S AR TS, RN B ARFLARR, 2010, 42(3) : 139- 144,
1 XS, ShFy, BRI, KR, EALNE, U, W TUR, SRSl NI BRI WA TS R AR R SRS SR B A N A
%, 2015, 26(2) : 555-562.
] OB SRR, B AR RIS U, R BREHORSCHER B A PR AL, 1990.
[ 8] XUZS, XM, thBet, I8N 7R 8 5 ) AN R A SEAR M RV )T 2 BE M A AR R 91l AR 52441, 2010, 30(24) @ 6935-6942.
] Preston F W. The commonnes, and rarity, of species. Ecology, 1948, 29. 254-283.
] GuoX G, WuD, Meng X Y, Dong W G, Qian T J. Species abundance distribution of ectoparasitic gamasid mites on Raitus flavipectus. Journal of
Pathogen Biology, 2006, 1(1): 15-19.
[11] May R M. Patterns of species abundance and diversity //Cody M L, Diamond J M, eds. Ecology and Evolution of Communities. Cambridge:
Harvard University Press, 1975 81-120.
[12]  RE, BRI, TR R R RN, 432508, 2008, 27(12) : 2215-2221.
[13] Jaccard P. Distribution de la flore alpine: dans le bassin des dranses et dans quelques régions voisines. Bulletin de la Société Vaudoise des Sciences
Naturelles, 1901, 37(140) : 241-272.
[14] L, IVER. BMESRET TR RS9 RIS BULSUE. £, 2014, 34(5) : 1061-1071.
[15] %, REMS, FhG, sk, S RGEARMEH SR EDRG. F EFMRIL, 2012, 31(5): 7-12.
[16] Usher M B, Keiller S W J. The macrolepidoptera of farm woodlands: determinants of diversity and community structure. Biodiversity &
Conservation, 1998, 7(6) : 725-748.
[17] LepsJ, Novotn  V, Basset Y. Habitat and successional status of plants in relation to the communities of their leaf-chewing herbivores in Papua
New Guinea. Journal of Ecology, 2001, 89(2) . 186-199.
[18] B, sk&FEW, BFHE, TR, EEA. KA ML R B B E M 2 RS, WS 3R L Y224, 2008, 14
(5): 630-634.
[19] #PRE, w3chE, XEL. KAl e SRedE. RIuMOl RS540, 2008, 36(3) : 60-62.
[20] E, WAk, sbi, I KL= EEREIE SR SRR R, AR50, 2012, 31(5) : 1214-1220.
[21] XL, dRE, mOCh. KE il B AR XA i 2R, ZRAEMOl =241, 2007, 35(10) : 51-53.

http ; //www.ecologica.cn



15 1 [IZRTR  AF /NG Z2 I FRARIK S SYIAN ) R DX O A S0 S 2 A 9

[22]
[23]
[24]
[25]
[26]

[27]

JOV, ZEJRE. R o R 2 R LA, RS, 2006, 26(3) @ 629-637.

AR, AR, BEA, ka7, SR SIVGACI b IXAT TR S RRIE. AR 24, 2010, 30(15) « 4234-4240.

¥y, B, TOBE, SEA IR, whgl, RES. FR R E R A KEhAs. AR, 2011, 31(5) . 1371-1377.

BUEDL, WWE, ATEMR, MR, St s e R B R REE 45 S AR, RO, 1988, 11(6) : 24-28.

BARSC, A, B, s, s Wvg Dl B KR E SRR XN TR AL B Bk R e 2 R, N R B R, 2014, 51(5)
1310-1319.

WA, D, EARRE, JKE, T, KW R SO A R . RS, 2013, 33(14) ; 4387-4397.

http ; //www.ecologica.cn



