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Spatial and temporal pattern of a Chetoneura shennonggongensis population and

their association with environmental factors

GU Yongzheng, LI Xuezhen, NIU Changying *
Key Laboratory of Utilization of Insect Resources and Sustainable Control of Pests in Hubei Province, College of Plant Science & Technology of Huazhong
Agricultural University, Wuhan 430070, China

Abstract; Chetoneura shennonggongensis ( Diptera: Keroplatidae) is a recently described new cave species. It is univoltine
(one generation per year) with an extended larval stage of up to 8 — 10 months. We studied the spatial and temporal
pattern of a larval population of C. shennonggongensis. Furthermore, we also investigated various environmental factors that
might explain the observed patterns. We used four different analytic methods to study the spatial pattern of the larval
population, including the diffusion coefficient method ( C value method) , the K value method, Average Congestion(M ")
and the IwaoM "™ = o + Bx model. All these methods suggest an aggregated distribution of the larvae in the cave. The
seasonal dynamics of C. shennonggongensis revealed highest number of larvae in spring and lowest numbers in summer, ie.
May to June. The pupal and adult stage last very short. In autumn the larvae begin to hatch and the number increases
continually. Finally, we carried out a correlation analysis between larval numbers and the seasonal changes of environmental
factors using a Pearson Correlation matrix. The results showed a significant correlation of the larval numbers with the relative
humidity and with the underground water pH of the cave, but no correlation with air temperature and the pH of infiltrating
water from the top of the cave. This suggests that relative humidity and underground water pH might be key factors

influencing the population distribution of C. shennonggongensis larvae.
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2005 4, ZEPEILVE T AEE WM RERAZZA R P, BR L4247 H -0 R E R A H
Chetoneura shennonggongensis Amorim & Niu''! | REWIFE T HA YR, %R 1a B4 1 18, gl K,
8—10 N H WEHAEE , — M 6—7d, R BAME ,5—7d, % B JE FE S I A TR 7 IO , 38 Ao Sk T M R 43 0 K
BERE BRI 2L, USR5, RO IFR X E B R B IE o MR E R A R BUR B N ANE IR
B, HA SRR AR . A SGED EFIN R G TR, WA S i A IS4l AP 2 (8] 2 A R/
WE A TUR, BTEWIRMAR B R A WSO A S FRRE, T RARE R A o B B S o A B O, AR
U F AR 3R B R R IR I 2, 2D R R G (LB e 2R
1 HARMWIARTE
1.1 b SAaEo

MAREMTILAETE R Z B R M RIET, & 212 2 BRI OETE 7T, 3k 644m,
117°14'56" E,28°42'46" N, {4 7000m,7% 2 300 4 m, H R 250m,

1.2 ftfR

R B £A B L ( Chetoneura shennonggongensis )
1.3 SExukte

i it F ) GPS SEALRGE A5 2 MAP60CS ; ZLAMI FEAY Sy B 1= LEICA 7X42BD 3 H B 5 = £ 5l iR
A5 AT A ERBEE LED SKLAT 5 6 10 B2 (0 T 5 SR 38 2B AL BORAR FRITAE A /) A2 7 1 MB-3342 BUIRIE FER 5 1R
TR B A 3 pH ESR AR =2 B0 A BRA B A 7= R 25 pH =400 .

1.4 SZEJ5

Gt 2a WEFSMAA R, B T EWIRE , MR E W A BB A R AR B R XA B 500m 13
P, BRI AR SO BRI B 3 7SR IR 11 2 500m F93R B, VR AR BIF 5 i TR 2 DX 08, B3 S00m 13 B 42 2E ) &1
53R 5 ASKE, R A BFFEERIRHS5 4 A B.C.D.E X, XI5 100m, i E XAJERX, HE 4 X
BX (AHRERABEDE) o BNRXAHET A 3m ARRREEA R, FAE REE, CRERAE,
T AE RN AR SE By 13m, AT DI B X3, 2007 451 H & 2007 £ 12 H, B2 M AREEL
W, VA B SO 7O IR R TR DA BCREE SRS 4D R
1.5 ik
1.5.1 4 da s (&) oA
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(2) KfH¥EE
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B, HARITF
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(4) IwaoM " = o +Bx [EHEERI G347

TE IwaoM ™ = o +px MBI, 2 M™ 5 2 AL EHKRES, T o # B RAWMHHN AR, Ha>0
B, A EIRG ] FEAS R AR 2 o =0 I, 20 A0 B EEAS 0 2 BN 2 o <O B, AR ) AH AR
Fro T BHIR/NZBRT FRFREBREMIEI . B> 1, BB ARES A ,B =1 NEEN L 1E.B <1 HWX 44,
TIARYE o 71 B WIRFIZLA , AT AR BERPBEA R 4 1 B(E B o
1.5.2 3REEHEFAHRME T

K SPSS SR HATHIRAE T, € BRI N ER X 5 Y Z LA R, P8’ Z A /Y
HHRKT5 T . HHT, H]5 Pearson AH 3K 7347 (Pearson correlation ) J& % i F) J7 ¥ , 2 B 251> B A] ) 255 HH 5
P, AR
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K, r RARKRE 2y 73502 2oy BIE %, oy 7002 oy W56 i ME 0 IHEA R

FHRRE r BUETERETE -1 F0 + 1 Z[E, X r>0 B, BN EEMI; M r <0 B AR, EFE Y
| r | <0.30f,x 5y 554HK;340.3< | r | <050, 5y REMHRL;240.5< | r | <0.88f,x 5y
BEMX; Y | r | =0.8 Bf,x 5y IRBEMRK
2 ZR5H5H
2.1 R =S ()44
2.1.1 JHRBESTER

BT CEEA BEE B A5 B p AR AL TR, 50T F € YRR P A E i A TR 4 R B (R A A B,
REMABFBAFAHREEZRRESERECEHES TG, ER AR NRDPATLUES, CERABRT

®1 #HRERAFDLYBRARAGREEER CEEINER

Table 1 The determination of aggregation indices of larvae of C. shennonggongensis in different months analyzed by C value
A2 B} [E] Investigation time

847 Indices

1 A January 3 H March 5 H May 7 H July 9 H September 11 A November
s? 1231.510 1001.670 68. 036 155.581 549.115 612.145
% 10.393 9.500 4.464 6.107 5.821 7.474
N 291 266 125 171 163 248
S 791. 683 791. 683 791. 683 791. 683 791. 683 791. 683
P 0.368 0.336 0.158 0.216 0.206 0.313
n 28 28 28 28 28 28
Cc 118.495 105.439 15.240 25.475 94.327 74.586
C 1y 95% A X I 0.412,2.458

95% confidence interval of C
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95% FA) B A5 IX 8] , 50T P RE MR B s A0 T 4l SRR ) 25 18] A i SRR B kA 7E 1 AR 3 Ay € fHEK
KU 1 A 60 3 A 4l B SRR BERR o
2.1.2 K{EZESTEER

AR E I A O R H By R BRI R 25 R & K HE i, R 20 WRHPAT LB, CEH KT O,
BT HIRE I o A TR B4l B 25 () A D SRR B A o BAREE Y K (B A/, W RERBR B AR, hiaR
2AT,9 Aah R W REEH R T HEILNAG. 1 A3 ARS A, (1) =2, WHITE EEFEMHR
B R R Al R R A SR AR R BR h B R AR B AT O SRR AR RS RIME SRR A9 A 1L A4,
(A) <2, GABATE T AR E i A B A0l BURR IR A SR A 2 B B BRBE AR IF S 1R AY o

®2 WHRERAFDLYBRARAGREEER K EEINER

Table 2 The determination of aggregation indices of larvae of C. shennonggongensis in different months analyzed by K value
A2 B} [E] Investigation time

847 Indices
1 A January 3 A March 5 A May 7 A July 9 A September 11 A November

§? 1231.510 1001. 670 68. 036 155.581 549.115 612. 145

% 10.393 9.500 4.464 6.107 5.821 7.475

N 28 28 28 28 28 28

K 0.088 0.091 0.314 0.250 0.062 0. 146

Cy 11.305 10.994 3.190 4.008 16.032 9.141

R 0. 500 0.312 0.164 8.70 x 10~ 1.75 x10~° 1.09 x10 2
(A) 7.631 4.768 2.497 1.328 3.00x10°* 0. 166

2.1.3 CFEHST TR
MIACE W A EBORN [RLA 0 AR PR AR U 52 G5 R 2P 3P B BE 5398« MO LLER, SR WK 3. HIRTT AN,
M™ 5¥50 x KA RRKRT 1, SOl A £ R B0l SRR A 25 [ 3 AR B SRR B 40 A o
%3 WRERAERYATEAHREEIFEORKES TSR

Table 3 The determination of aggregation indices of larvae of C. shennonggongensis in different months analyzed by mean crowding intensity
A2 B} [E] Investigation time

847 Indices
1 A January 3 H March 5 H May 7 H July 9 H September 11 A November
M* 1285.100 1046. 600 81.071 181.214 557.571 804. 429
% 10.393 9.500 4.464 6.107 5.822 7.475
N 291 266 125 171 163 248
Q 28 28 28 28 28 28

2.1.4  [EIHESHEER

PARE I A A A R AR BE SR A [ AT 45 R, LI 1o 48 Twao 1971 SRR BI M™ =a + B =
-787.055,3=198.314, M* = —787.055 +198. 314x, Ff LISEXIHIHE M~ 5% 2 WEIEKC R NE 1,

ARS8 A BEEE R /N BB T AR AL, BRAS B2 30358 53 B A S i, 2 Pk oA 1R 1Y 3R 2
BETETR .8 IR/ RSB T R R ERE ROl HARTIAT A8 = 198. 314 > 1 B4l iR REE 714
2.2 MREFIFERTFENIHE
2.2.1 MRERNUFERGEIE

ARIE TR IR E R AR B , FXHB R, MTUE 8K, RIEA UK, AT, R4 T
IR PR R o
2.2.2 HHEPEFHHE

MACE i A B R T RS S WA 2. BT, A R AE R F B S T HAME T, EHFR
RERT 4 TSR AU , 4l AR B PR, 2R 2S5 AMal 6 H 4y, 4l B8k B Sk s, 5 300 A0 s e S #8
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B, B A TG iR, 4 RAR T BT B TG XA KRB A I AL, i _E 4 i
B R XA BT S — ER SRR 2 K

x4 WHRERENEFHEIER

Table 4 The environmental index of Shennonggong Cave at all seasons

% X [\ T,/C AHXHEEE RH/ % BK pH /K pH
Name Region # H B &% £ H K &£ £F H B % £ H ¥ &
e A 16.5 19.8 18.8 16 96.5 98 97.6 96.4 6.7 6.8 6.4 6.5 6.2 6.5 6.4 6.3
Shennonggong B 16.7 19.5 18.5 16.5 97.6 98.8 97 9.6 6.6 6.7 6.5 6.4 6.5 6.4 6.2 6.3
cave C 16.8 19.6 17.9 17 96.8 97.9 97.3 96.4 6.6 6.8 6.6 6.5 6.6 6.7 6.3 6.5
D 16.7 18.8 17.5 16.7 96.8 98.597.6 9 6.7 6.7 6.8 6.6 6.5 6.6 6.4 6.5
E 17.4 17.5 17.8 17 96.8 98.4 97.7 95.8 6.5 6.9 6.8 6.7 6 6.5 6.2 6.6

IR T, : Air Temperature ; FX {2 RH : Relative humidity ;387K pH:pH of infiltrating water; 7K i pH:pH of flowing water; % : Spring ; & : Summer;
Fk : Autumn ; & ; Winter

1400 —
.
1200
1000 |- ¢ 350 -
*
" 800 . e
s i 5 250 |
g 600 |- . 3 200
B & 150 [
400 |- &
= 100 |
200 |- . s0 L
‘ 0 1 1 1 1 1 1
0 | | | | | | | 1 3 5 ‘7 9 11

H 4 Month

B2 #HRERAEEAHBEFVIHES

Bl FHEEE M SHE T HERXR Fig. 2 The Seasonal Dynamics of C. shennonggongensis in

Fig.1 The Regression Analysis between mean crowding intensity Shennonggong Cave

and mean value

2.3 4HBESHER TR TER
ARZEAZ I 75 4 BRI R R, RS,

x5 BMERTFSHRERAEDNYRMBHEAXKRER

Table 5 The matrix of Pearson Correlation between environmental index and the number of C. shennonggongensis larvae

#: Spring E Summer

%y %, %3 %4 x5 % % %3 %4 x5
EA 1. 0000 0.1691  0.9686** —0.5220 0.2402 % 1.0000  -0.0730 0.9029* -0.7328 -0.8259*
%) 0. 1691 1.0000 0.4072 -0.6880  0.9941** %y -0.0726 1.0000 -0. 4877 0.7301  -0.2080
X3 0.9686 ** 0.4072 1. 0000 -0.6730  0.4692 %3 0.9029* -0.4880 1.0000 -0.9526** -0.6690
x4 -0.5218 -0.6882 -0.6732 1.0000 -0.6667 %y -0.7328 0.7301 -0.9526** 1. 0000 0.4472
%5 0. 2402 0.9941 ** 0. 4692 -0.6670  1.0000 %5 -0.8259* —0.2080 -0.6694 0. 4472 1. 0000

Fk Autumn ¢ Winter

% %y %3 %4 %5 %y %y %3 %y %5
E2) 1. 0000 0.5869 -0.8324* -0.5196 -0.8324" % 1.0000 -0.3270 0.8217* -0.923**  -0.7930
%) 0. 5869 1.0000 -0.2231 -0.9755** -0. 2231 %y -0.3267 1.0000 -0.2206 0. 1943 0.8242*
%3 -0.8324* -0.2231 1. 0000 0.2548  1.0000 ** %3 0.8217* -0.2210 1.0000 -0.9733**  -0.6880
x4 -0.5196 -0.9755** 0.2548 1.0000  0.2548 %4 -0.9223** 0.1943 -0.9733**  1.0000 0.7071
X5 -0.8324* -0.2231 1.0000** 0.2548  1.0000 x5 -0.7927 0. 8242 0. 6882 0.7071 1. 0000

o+« PR BEEKR<0. 01; « AW BEMKE <0. 05; L HEE 2, I (C) 525 AR (% ) 594 : 387K pHjs : K pH
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H2R S W, %, 5 x, 7E—F P FE P AR BCA R I BB AR SCHE, JF BARKC RECRZ /N T 0.5, # 4 Pearson
fEBEARSC AT BEAE , B D4« SR «, BARE B R . %, 5 « AR 0]35 %] 0.01 F1 0. 05 B2 K
-, I HAHR R B EA KT 0. 8, VLB B OB &, SAHXHREE x, W BEAHC . x, 5 x5 ARG ERE RIS, #H B
#0.05 BE/KF, I HAHKXREHR T 0.8, KRB OB 2, 57K U A pH = BEARSK . B MR 7R X2 B LA
TKFRH pH RN 4y BURPRE A1 ) S SR PR R I 1
3 g

AR, MR E e A A AP R S ] 2 A W R E RS 1 HEl 6 A, Lrgh d g i
W2 g BEB W E I B A R ) BT AR B R P R R R R R T ] B
iR, MAEFESBEE, TYEIR, AN s ShmZeduin ik , 37 oM 5 BB B I SCHm % , BE T fk
B i A R A R AT A R R . BRLEG, IR B4l SRR R Y SR AR R B R A B AR W R SRR R 2%
HERIVERGIER . BEE 4 BB KRB —E R, F NS IR, RIS E AR BE, 2 7 Ahy, &
FRYERFTE— DAY RS R e 4l R A LI , IR B R B 2 ) R AENL, 4 e m &R 8 DL IR R
FRAFIE B 7 SR T, LM BE B W) LA RIS SR B A RS RS M R I E 7

FIH TwaoM ™ = o + Bx BB S3AT 4y BURPRE 25 (8] 20 A, 45t B > 1 BOS5IE, DT A I8 pe A B il £ T M 4
Tz H A A R o BRI P WAL o <0 MEEIR, 1 IwaoM ™ = + Bx BEIWHER AR, o Fl B N
BRAERE, IR o <O, UL MARIFEHEF o 022 B V598 A o <O SR B4 8] AH B HE e i 4R 1 2
AL g rE SEhR AR b, o TSR AR /N R, 5 AR BT B B B AS U LA I A2, T
HA S WATERRIR S Lo BB ITTh R & A B AFLE , DAEA o B SR AN 46
AR AECR B RAE B R R/ NE B —AIILE R, BT AR B o F1 B 1Y [ 5 {E R fif
BB AN EE AR A 22 B o AR SCHIZSIS IR X — WA, MR S T A DR I 4y SR R g SRR AU 43 A (B
AMAR R A B HE R S A B R G | HFAHE

FEA SR PR R -, 15 B AR BEFIIR 7 OK G pH 250 &)y BRI 37 R S 1 R

FARHBEEXS M E e A B A R R BRI AE T EZERRW . 1ERE R, A LS,
TRLBE XS PR B A TR SR 5 ML X S VR BEVE BB 8 . PRSI o AR A D4 ) R R
ARG WRE, T 22453 ARGV, BT LU BE B 25K L BB R, — AR B B R T 94% &)y sUhx LA
IEHW I 222k, R 2.2, i LIRSS W) , 1B A o i sh T e M B W LA &2 , A RHB R T 90% , %)
HRBEFF IR R K, 4045 , ISR P8 T o F T UL , AR BN U WA E 4 H i 404, 8 B E 2 A7 o
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