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Abstract

The damselfly Mnais tenuis adults in Taiwan are reported to possess intra-sexual polymorphism in
wing color. Male adults have two wing-color forms, but female adults have been indicated with doubt to
have one to three wing-color forms. Therefore, this study was aimed to quantitatively examine wing-color
polymorphisms of Mnais tenuis and to determine the differences in morphological features of adults
between the teneral stage and mature stage. A total of 286 Mnais tenuis adult individuals were collected in
northern Taiwan from March to April 2012. The features of these individuals, such as wing transparency,
wing area, and body size, were measured, and the discrete distribution of wing-color morphs was
examined according to wing transparency. A total of three morphs were identified from the discrete
distribution where the males can be classified as the “orange-winged form” or “clear-winged form”, while
the females classified as a single “clear-winged form”. Furthermore, the analysis of variance (ANOVA)
was used to compare these features among the three morphs, and Mann-Whitney U test between teneral
stage and mature stage. The results indicate that the wing area and body size of clear-winged males were
significantly lower than those of both orange-winged males and clear-winged females (p < 0.001). But
there was no significant difference in wing transparency between clear-winged males and females (p >
0.05). The mature adults were heavier than teneral adults for all three morphs (p < 0.001). However, the
significant differences in wing transparency and wing area were found only between mature and teneral
orange-winged males (p < 0.001).
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Bt - fERSEIUE A S A 3L -
DRI - SR s H B aaiE (a2 RIMEIRSE > B &
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1984) o FR{ETESSL » £ 43 AT /> o Bl 34 B 55 3
(Lieftinck et al. 1984 ;: Hamalainen 2004 ; T
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##£7% (Shuangxi) ~ 1% (Pingxi) ~ YE#£ (Pinglin)
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Table 1. Locations of the sampling sites and sample information

Site Location Collection date Number of specimen (life stage, sex and individual)
Shimen 25.26° N, 121.58° E 2012/03/22, 2012/04/12 12 (matured7, teneral 32, matureQ2, teneral 1)
Wanli 25.17° N, 121.62° E 2012/03/23, 2012/04/12 99 (matured 76, teneral 36, mature 216, teneral @ 1)
Shuangxi  25.08°N, 121.85°E 2012/03/29 16 (matured3, tenerald'3, mature®5, teneral @ 5)
Pingxi 25.03°N, 121.73°E 2012/04/11 49 (matured42, teneral 30, mature @7, teneral 9 0)
Pinglin 24.94° N, 121.68°E 2012/03/28 72 (mature38, tenerald 11, mature @ 11, teneral 212)
Toucheng 24.94°N, 121.87°E 2012/03/29 38 (matured31, tenerald'3, mature 94, tenera{0)
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Fig. 1. The sampling sites of Mnais tenuis in
northern Taiwan.
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Fig. 2. Detecting area of left forewing for
relative transparency (open square).
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(Z) ZERPAAE HiE (wing area)

FERT A A &2 Ll Epson Stylus
Photo RX630 i fifi &5 fiff fifi A TR 1R - A1 ]
Tsview 6.0 & {5 FHRKASG B HFE o
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SR R S HENE (mature male adults) B i 2 A
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52 o A AARARAIAEHEE - DU T A A e
fifit (Lieftinck et al. 1984 5 5RK&yE 1997 : VE
2000 ; Hamalainen 2004 ; £ 2007 ; ¥ 2011) »
WHPIB R -
(=) BRCEAHALE ~ S B AT i

LB K158 B2 8073 # (analysis of variance,
ANOVA ) & I ~ MR 2% 2 e AU A S 3
FHELEARE ~ B i B Rz S IR 22 58 > 47
IS RES 5% KUE - F DR NI
FLHIES (least significant difference test, LSD)3t
TTRCETELE o BEAIAE TS 5 SPSS 13.0 ©
(=) WAL BB R AR T2 g

RS )M C R A et Bt /) o K] I
R#faT 5 2 2 -E5 T2 U HIBE (Mann-Whitney
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Sy ATl EE AR o 45 EMENE(EEE ) AT 76-86%
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S 1 8 5 2 R AR 8 (Mayr and Ashlock
1991) » ANHFSE Ha T WA ELAS A o e {5 B
M - 2EH7T BRI 1997 5 1
2000 # 2011) > AIHFCIHE B — 0 Al »
YT P 28 TP 4% (34-56%) Y b A (1 7 ik
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Fig. 3. The histogram of relative transparency for
mature male and female wings.
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IS H B S 3 HIATE (pterostigma) ~ 3#
Ak (wing vein) LA Bz H S I Ffr /62 (22 £ 320 2= (wing
cell) TR o IS AE ~ ANRELA = & B HEH
o FEF e M I TR S = o SATERA
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A AT (1 o WU RIS HE F5 25 1 €5 (Oguma
1913 : gk yE 1997 5 7£ 2000 5 F 2007 : &
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AEH » —HBROE SRR K o Firl L
6 F RIS MIK(Oguma 1913 : £ 2007) » 1
= BB IR - HRER (B T RERS BEA 1 ]
B < 3688 2 75 R b 08 B IR 1 20 F 1 o8 (i
JeiE 1997 5 ¥E 2000 ;5 £ 2007 ;s # 2011) 0 A
REfeiT o N B == — F BAOASIR o K52l
BELE AR (AR - #% Tsview 6.0 52 {5 FHER
HE¥T 6 E{ERS M AL R » = AR
1 91.1+1.1% - ANR(E(G 8.9+1.1% » EAHHIE
AR BTRR - SR IBA = FF L o

JBIAAS A A SN 2 BRI 5 > SE R
il R fE B Y B L A o 1 B 1 (Mendelian
inheritance) (Mayr and Ashlock 1991) ° 41
Tsubaki (2003)# & /2 fi> H A% H 3 6 8T B i
BERE TR ~ ST — TR o ERETS TR B R
Z Mnais costalis JlI » H A s E SR —
FE IR (locus) — #HEH FE K (allele) » & (B B XI 5
SR PR A TP IR0 LA © ER S T A S
Eil Mnais costalis Jii& 5L A #H[RA AR > AT
REMEHGEENE -

= ~ BRAUILE ~ MR R R LR

R 2 EITER O R IR U R L ~ 5B
AU e B S e S EE IR ~ s
T RGBS - OASAAEWIE I S - fd

A S0 408 € 25 R

RUBHENE RS 41.9+3.6% » B MR HHEIE 77 82.7£1.9%
» SERIMERA S 82.1+1.5% o #EBE K] -8 FL U
537 (one-way ANOVA)fEF » TEAHEHE AR
3R B 7 B (F=5362.5, p<0.001) ° %/)\§l
& 72 BGS (LSD)R T ELB G L » AE 7R T
B3R HEREE (P<0.001) » BICRE A fffie Bl 75
R (P<0.001) » A FEH HE 2R« [H
J 375 420 U Py i up L 0 P (p=0.336) FlIJ 48 3
FERL(ER 3) T Z o TEHEEIAK I - B
7 PR AR Y SRR ] B Rl — R > SHELERARY
BTN ~ WESERRAAE R — BT S B o

TESABR A - o 3B A bl B NS T
f#H (2.41£0.16cm?) » 1A [ (2.72+0.16cm?)
B AU HE A (2.7620.18cm?) R IR (36 2 |5
E57) o FE B IK] 88 BB BTG SR 0 SRS AHENE
AR 3% FII5A 72 5 (F=81.5, p<0.001) ° /)
S 72 S BE RIS EE RS SR » (B A I R
B 5 0 7R e AR L (p<0.001) B Bl 375 3 7 jfk it
FHE (p<0.001) » TE A HIFA b8 A I K B 72
S5 FEAT e B 57 U R IR R (p=0.165) HIl 41
g 2R (R 3) o (EiSHZE b B MR E
1(34.0+5.8mg) » & AR LHENE (49.8+7.4mg) Hil 35
Y MW (51.2411.6mQ) B (FE 2 B ER
1) o FS B[R] - 88 BB BTG SR - st E
HH 3 7% 5L (F=83.1, p<0.001) ° f/ N 7% F il
B S S LS SR - 375 PR Ty A iy B R S A e
W& FH . (p<0.001) Bk Bl & 4 AU M W AH Eb
(p<0.001) » TERERZEE FETHIEREIE 225 s 1
S L T i S S0 R 0 P (p=0.313) FIJ 48 B 2
FERL(ER 3) o K E AU HEIERE AR N 0 K
SRR [0 T AT W T BB K o

AR S 7 S T e A A e | > R ST e
R AR R R o th Rt BHIY) Mnais /&
) L I SR = Tant - WO es 2 ih s sl
PEIF I (territorial)2E 5E 5RIE (mating strategy) B[l
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A A5 B STt B 28 1% Sl ) 4% S L T e B
AU (Watanabe and Taguchi 1990 ; Watanabe
1991 : Tsubaki et al. 1997) o FH A {1 eI 2
PRI R TE R R S H b HOE A A T
% {8 (Plaistow and Tsubaki 2000) » [A] [ 1
W AR 2 PR L SR (9380 E (5 % (honest
signal)(Hooper et al. 2006) ° .2 » #&%/|\1)35
AT Jife oA S A SHERE 35k 14 (non-territorial) 2E 5 TR
W > BNk A ARSI AR S A S L T 0l A 3 0
33 R PR UM T 3CHC > £ /i 3827 (sneaker)
%2 hid 77 28 (Watanabe and Taguchi 1990 ; Watanabe
1991 ; Tsubaki et al. 1997) °

FH 7 Mnais J&8 Sl G — i St EL A S Al
375 R NS > R A € R B LA QSR AN Rl Ik
A B A S A A i SRS 5 L FE T (Watanabe
and Taguchi 1990 ; Tsubaki et al. 1997) o Afff 52
B PR o B TR R T ) B e £ S 7 LS S R
EwE > BRI AT - 18etE B E ¢ 718
1265 5 )5« 3BE3EE 5 AR« 288 14%E 5 PRMA ¢
27812048 5 GEYK : 208164 (B SRS WIL
JB RS AR ) o P 25 PR AR B ) TR (0 1 L
1ol 72 B K > R UAUAE 11% %2 86%(H] » B
1E14%7E89%IH] o HI S HRER B E R 122 2K
o BRI RS - 2R IRIRY R E RS -

2R 2. YA B YA RS e ~ ST [ L S e 2 SMBAHBHE WL ~ A S i fg

HRHZE (n=FR i3 s AP E AR R 2 )

Table 2. Wing relative transparency, wing area, and dry weight of the orange-winged male, clear-winged

male, and clear-winged female in teneral and mature stages (n=sample size, meanzstandard deviation)

Stage Wing-color formandsex n  Transparency (%)  Wing area (cm?) Dry weight (mg)

Mature  Orange-winged male 144 419+ 3.6 2.72+0.16 498+74
Clear-winged male 53 82.7+1.9 2.41+0.16 34.0+£5.8
Clear-winged female 45 82.1+15 2.76+0.18 51.2+11.6

Teneral  Orange-winged male 13 62.6+ 4.2 2.61+0.20 20.2+ 438
Clear-winged male 12 826+1.1 2.32+0.15 171+ 4.8
Clear-winged female 19 81.4+23 2.68+£0.20 194+6.1

3 3. R/ NEE RS CH L BCHE A BLEVY - RS SR 2 A R (P28 p (H)

Table 3. Pair-wise comparisons for wing relative transparency, wing area, and dry weight based on least

significant difference (LSD) test (mean difference with p-value)

Pair-wise comparison

Transparency Wing area Dry weight

Mature orange-winged male versus mature clear-winged male

-40.8 (p<0.001) 31.1 (p<0.001) 15.8 (p<0.001)

Mature orange-winged male versus mature clear-winged female -40.2 (p<0.001) -3.9 (p=0.165) -1.4 (p=0.313)

Mature clear-winged male versus mature clear-winged female

0.6 (p=0.336)  -35.3 (p<0.001) -17.2 (p<0.001)
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Y9 ~ 1L BASE R AR S E L

7% 2 BRSNS ~ E Y e B R
BB RSB (F 2 BT8R 5 ) S L RA (3% 2
N ITERGY e BiSA AT E AL ~ /e i A [
THELRERZ B - BUHELEE M S - iy
L HATHENE RS 62.6£4.2% - FEHHRY Rk AU LA
41.9+3.6% * #% Mann-Whitney U test > —#&E
HIEH B 22 5 (0<0.001) (3£ 4) » HIke iy i
S B RE R I B I (8] 4. A, D) © tHIX
> FEE BRI M b BT (82.6+ 1. 190) Bil ji 24
A (82.7+1.9%) ] (p=0.732) » LUK E HAIY)
M AL HA M W8 (81.4+2.3%) B R 2 HA ME W
(82.1+1.5%)[H1(p=0.314) » ML FE A T L5 ML QE %
FEFR(R 4) 0 Bl ZAVEIZ A 2 B BCERA
HRRE (& 4. B, E; C, F) ° Hooper et al. (1999)F!| ]
[ 3B 8¢ Mnais costalis FIMEA (G55 H » S527
1o S AU e S == HLA (554 1l BEAY) (precursor) Y
HERE > (EZE AU SRR I RE o [RTLEY > ARSI
SR R A 58 S R B (0 R MR R

B > 2 o 3BT R CE AV LT B i 2T 5
BEFH M E 2E -

TEMBm RS L o 1A W) A b 1 e
(2.61£0.20cm?) B % U 7l Bl BT e 018 (2. 72+
0.16cm?)f] HL A J 72 52 (p=0.038) (3 4) ° {HTE
B AR A A e (2.32+0.15cm?) Bid 535 A Y
Fl B 1R (2.41+0.16m %) [ (p=0.140) » LI K%

A S0 408 € 25 R

AT )74 b 1 WIS (2.68+£0.200m?) B 37 A A 5§
S JE 1 (2.762£0.18cm?) [ (p=0.183) %5 it FH &
FER(F 4) o WS Z o HERRAHR B I
BHEOMMCIE K > (BTEM AT L AR
8 B JH 3 7% B - Matsubara et al. (2005)# &
Calopteryx atrata ¥ LfEwe » 15[ 4 fin B
E% (age class) » ¥ % A fH O MEBH E A5 AR
(p=0.1980) ° AHfFFTH » 37 Y e B 375 S AU
i iR S B2 1 i A BH A8 (L Bl Matsubara et all.
(2005) 38 —Ey - {EL Y b e 2 HA A 85 9
PHCIHEREWOR » I B2 & B W) L AR 2
R A > afEE— DT -
TERS sz 8 & > 1R W) AL HA ffe i
(20.2+4.8mg) Bl 1 3 1 1 24 4] B W (49.8+7.4
mg) ] (p < 0.001) » & W W) A 1t HA Kff 8
(17.1+4.8 mg) B 37 B AU BY 24 HA I 4% (34.0£5.8
mg)[Hl (p <0.001) » LA k% 3 B0 41 b HA fe i

mg)fHl(p<0.001) » HHIFHEIE AR GEK 4) °
652 » BCAMRRE AU SEW ~ 575 H ffE Al Bl
37 AU SRR BRI AL AN
25~ 2.0 Bl 2.6 {5 o B3 T E B LI IEERK
RHVATEAE > I EEA AL ~ IG5 ~ b
7 5 (EHERERE(L1L - heE TR A M 2B
14 =5 M9 1 R 4R (Plaistow and Tsubaki 2000 ;
Matsubara et al. 2005) °

4. 2-HFE U HIBRACH LLBCHEATEREWIRE ~ S ImTE S REaZ B2 72 B (U 82 p fiE)

Table 4. Pair-wise comparisons for wing relative transparency, wing area, and dry weight based on

Mann-Whitney U test (U score with p value)

Pair-wise comparison Transparency ~ Wing area Dry weight
Mature orange-winged male versus teneral orange-winged male 4 (p<0.001) 611 (p=0.038) 4 (p<0.001)
Mature clear-winged male versus teneral clear-winged male 297 (p=0.732) 230 (p=0.140) 12 (p<0.001)
Mature clear-winged female versus teneral clear-winged female 358 (p=0.314) 336 (p=0.183) 9.5 (p<0.001)
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Fig. 4. Left forewing of Mnais tenuis. A: mature orange-winged male; B: mature clear-winged male; C:

mature clear-winged female; D: teneral orange-winged male; E: teneral clear-winged male; F: teneral

clear-winged female.

FESRE AR R AR b 2 L4511 (2.0 %)
BITE RIS (2.5 15) B LB HRIMENE 2.6 )
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BERREE 2= 5 B CIAG & A E e i
W BB CH R o (HAERVIINERZE o B
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