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Geographic Variation in the Shape and Allometry of the Brachypterous
Grasshopper Podisma sapporensis

Shin-ichi AKIMOTO, Youichi SAKURAI and Haruki TATSUTA

Systematic Entomology, Faculty of Agriculture, Hokkaido University.
Sapporo, 060 Japan

Abstract We examined morphological differentiation between seven popu-
lations of Podisma sapporensis with vestigial wings using multivariate mor-
phometrics. Factor analysis showed that the characters of functionless wings
constitute a factor independent of 11 characters that reflect the general size
factor. Discriminant analysis showed that 75%-98% of population members
were correctly classified into the original populations, and that wing length
contributed most to morphological differentiation between populations. Calcu-
lation of a shape discriminator (sheared principal component 2) further showed
that seven populations differed significantly from one another in shape even
if wing characters were not used in the calculation. These results suggest
that each population has its own peculiar genetic basis. This possibility was
corroborated by two other analyses. First, there were significant correlations
between size-adjusted male and female characters across seven populations.
Secondly, the allometric coefficients of wing length and hind femur length
to the general size differed significantly between populations. Geographic
variation in the allometry of hind legs that have critical functions suggests
that hind legs are subjected to different natural or sexual selection between
populations.

Key words: Multivariate morphometrics; geographic variation; shape;
allometry; Orthoptera.
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B Ex B TE Y, ROBEME LT, EAMOBECHEHEONE R H RBIROBL~ LB
READD L TEHTHDS.

ORI HECBEE LA > B HOBELBE I » T 5, Zofcd, KEMOMEER
LM T B, S EROBERE ST 5GBS CH 5 (Gourp & JornsTON, 1972),
I3 LIcBRD o, XF X SETERMBANAGGI TE: (REYMENT er al., 1984; EH,
1989) . &L RMBINL, 3bI, £ OWELY+1 ART & HIRETF (shape factor) wHEld5
B THLRAVWEhBZ &4 5 (RoALF & BOOKSTEIN, 1987), 4o Eodhiciy, REOFE
EZFOTWES EFFIR L WS ME TN TGS, COPT, £Yov A K AEEREOBET
Bl - BBl L ORBEHOFEYZTT CE YR Lot i bh b, HBEF - 5150 Tik
BESHOFELEIEXTERWLOD, § LEYOMEOFM b4 XAF OEF X Hattnic it
DB Z EMTENL, BREB-HERBFRIZL V£ OREHEENESIh L LETESE T
HH 5.

Wy e 7.3, & Podisma sapporensis Y, dtiEBE O X UMD BT EIC
HOMNBIFAED Sy 2 THDH., FOREP T, RAOL-HOBIEY T - o < Ffclow. R
fEORINES BEbAT, ThE T ESRTEHERIMSPERBCOVWTLAWE IR TEL L
57, HEICHBHERINABC LHFAEL TV SHEEND A, HrrAEoBO R 2 thiiey
REEMAED LR TR (NH, 1986; £, 1989). Li L, ThLISOFEC S CILBENEE
BB EIh TR LY, BECHTHRELThhTuiy, ENERA—R L THLA TR
WX ST, FEBROL ZAMBHERIFELRVDLEA S, Thed, LOHEEMIH
BITH T ER LT, HBENEROFENBLMEILBZDIESL M. 25 LICHWRE LB icHic
BUSFCREE LB ERABE NSV BRAAGT, LERoERAOM CHERMITIC L B
BEOHME LY T o7, & Db OWERTIE, BHEOER 42— vEZTOMDIHEOLER <
2 — vORWNCER Lic. AEOHIR, RATE#iErFiciuo Lnd, BUMciid Pk
BOREEAH S, & L OHERNE LT, BOBERMOTE L » SEFMTRELERE
R, TOEROFEEL 7 vFalETHITDZENTEBTHESS. TOMXTIL, Z51L
e FME RSB EFEC, UTOMEXHEONC T &%) X+, 1) JEFEIEMB THEE
BIL s TWBDM, FHRiE-TwB EFTRIE, EDL37 22— vEFRTOH, 2) S$TEE,1E
Te B HIED LB ORI ED X 5T EN EOBREFSE LTV 5 D, 3) 41 XEFOEHA
e d & OTFRIEMMTERCR /LB D0, 36T, 4) WHHOBEE (7= 4 Y —BE6R)
ERMTC—EN T e VW METH 5.

MHEERU AL

1. REHS

Fy He 7, ZE 1 AETIITEA L, TosmdtibicBESN T5, 1986 Fo
7 A9 Q) TR 11 yEIrCHREY T -, 20 5h, SEEMmT 10 B o
H2ABoht: 7 yFIZBREL, Bho 4 yFI 2w THABHO S OAR T 1. % { DHEM
T, BHRIEAREED L D Eh sictonic, MHEREBO DI iRT, SR RE Lic.
Boticpiig 80% =57 2 — AETEFICRTE Lic, AR E RIFCEE IR CHHIIEANT
fAE L, BLLcobiRBiAs LTHECHG.. &S ColERNOEARAIR 1 wRmEh T
B,
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Fig. 1. Collection sites for Podisma sapporensis (No. of male samples +No. of female
ones) and population means of the lengths of fore wings (represented as devia-
tions from the grand mean).
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Fig. 2. Measurements of 14 characters of Podisma sapporensis.

W, FHER OB T, RKIERXRIE L. —#e, RAER - BRAEXBIET 5581,
T DFH AT UL HEE &3/ &3, FHE O L5 7 Bk REAE & 7c 5 (BOOKSTEIN, 1991).
LaL, o B rFx -y 20 N6OHEC kv Tk, nich oRERGEE H—E2R4+0
T, REMCHRSEOFNThRIcEELLNRD.

3. #EtERtA

FTRTOFETRITE, JCEERFEHE v 2 — itk TREEHEEA SAS Szt 7r 75 4.2,
4 — > (SAS Institute, 1985, version 5 edition) % B~ Tfih 7.
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Table 1. Means and abbreviations of 14 characters in Podisma sapporensis
males collected from 7 localities in Hokkaido.

Character Abbr. N Mean+SD (mm)
Body length BL 141 18.45+1.598
Hind femur length HFL 141 10.67+0.643
Hind femur width HFW 141 2.32+0.199
Hind tibia length HTL 141 8.784+0.577
Fore femur length FFL 141 4.16+0.273
Fore femur width FFW 141 . 1.12+0.106
Mid femur length MFL 141 4.3340.258
Mid femur width MFW 141 1.214:0.117
Head length HL 141 2.47+0.188
Head width HW 141 3.38+0.172
Distance between eyes ED 141 0.79+0.077
Fore wing length WL 141 2.37+0.771
Fore wing width WwWWwW 141 0.90+0.170
Cercus length CL 141 0.90+0.073

EHETHR

I Ao T X COREER AN BICER L, HEREZR S HE, SEERE T
DOETATARTH B, F—iz, LU WBIEEY ScfG5 &, ERAMTHEDESLDE
DRE ZEBHEN MHRALCTH-Th, SBERFEECECHEIN TR 2ELRF>. Z5L
T ERM TOSE N M A ERINIBREEC L s TE LIS TH B, L, SEEHR
IO LR -T, FEECH L TFESELSMY L BEXEL &N TES. IR,
BILEh-ZEOSBIBERECEE SN, B, AL L7 -2 0%a, EBIUT
BO7we A Y —HENEUSLE, BEOHESHFI LI LUEEESFrLANS, AW LT,
RPERETS &, BESHOERS N LD ELILFEN S h 5BE4%\ (SokaL & ROHLF,
1981). Lichis T, MEZBEIERE,SOTheH L THEBTR/MVGCHISH /LS iFE L
WRERT L chT.

1 ZERZHA :

FEEFIC VT, HELIh SR EENERCIERD I 1B/ E WA LIS S
DI, HELIN-98 o8 (TEEEXIAFE) oFrhFhicst LT KOLMOGOROV-SMIRNOV
DIFMRELY#EA L. 0BT RCTEHBIMEETE 5B, ABULIhcEEOFES
% 7T EHOMT—TEBE T L » THEE L, FHEOTFHVRERBMTEEREYRLE
BETE, SEARBEOCSHOEAOTAL 7 v acEH IR ERE LT RS ES
), EHAOS RS & £ OGBS &FE 2\ TRz, EHFO2BERS L, £H
MIFHTER & EFRNTFEFHOMOEYERMADEAR THL Ltk - TRd s (R L E
AEH R BEHECIE SoKAL & RoHLF, 1981 #&8W). — 005 HMS ORE IXLETH &
Xy, FRECH LT, EANOELOE LERMBTOR LD E 0N BHEXHLACT S
LEMNTES,

FHERHERAICE D K HEOFER
TR BEIAHILCHERELE - Tk Y, & DO EENCE KO L A ORI #8882
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HAbh D ENE. BAEMOBENLBEAEEZTL T 2o b, 14 BEex LTRTFOH
(£33 ¥k Principal component analysis) #f7 7. - OHHTIE, ERTFELEE
I ERGE L, BB A Io@EMoR Tl L h RS VEREORE X » TRFRAYRE L.
BROBMBENWBETH - lcfcdr, BFEHOEEIITbIx >, BFMT CREHECH LT
R IGBETEEEL, COXBAT & OBRHEOEREI X » TUBBER - L Dr 0B @i+ 5.
CERTYEH T2 - & T, BFMIEREREO S EBNCRER I+ 5 EnTE
5. WEOEIHLOERIZBOMTTRIE L.

H 4 XEFRERIOBE LS

TR EOREVEBNCHAERZHHE L, COoBEREOE Y HL S s x b T s
foade, 54T (discriminant analysis) % Fusic. — 0k, #EFAEO<~5 2 € ADIR
HERCE S THIFIR A R, Zhic Uietio TEY v A E oMo ERCBT 5 ET
b, =7/ ADORERER RO BT, FFEHACM CBEMO S IR—EI KT IO R A
BRESR (& BE), BETHAHECHE T2 S e —Ea T ix By ie, HAEs
Kb DDA HIAY v T A BUHBRERS LabEsE, 204 vy 7ARnEL HA A
LHEELRANINDGE (Rrd 0B »4ETS, & LEER S BEEMOR T2 hE
Hxfs T, HHEM»H0OH v FARIE L F0EMcHFan s, ERB DS
DDREILHIEE, BHHMEIHEMTAHZ LT, LictioT, ELWHBAcZhiRem
FIFIRAmMD 2 & T, EREOMECEROBEY WS/ THI EMNTES, Ehic, =5 L1
ERADILEDREGE, EOWMEMNENLZTES LT 055 icbmic, IEEFHFI5H (canonical
discriminant analysis) %47 » 7=, ZOFETE, ERGOVCHELUT 5 H/ET, BRNOELDE
TR IO ORI T B Fifclc A (E#LE: canonical variates) % 14 BEA %
AEETH LW X TERT 5. &9 LEARKHT 2 EIBED B LicE e kns o &
T, REMOMEOHRICKH T 5 T TN OEOESELHD - EMNTE S,
¥4 XEFREEORMILE

S TOEYREFNAATR T, YO A4 X2 BT L LT EROD Rt A5 1
LA, IRET & LTE 2% M5 2 &A% h 1 (JOLICOEUR & MOSIMANN
1960; SHEA, 1985). La>L, &9 LAHEIRERSMENFET S EAEHEIRTE L (Mosi-
MANN, 1970; OXNARD, 1978; HUMPHRIES er al., 1981), MM CIERA T OEsikEF T KX
Wiz E, B ERDI A ABRT G T LS DIBRAT 284, SHIE2ER Rk
FARXHATHBUECOIMBPLE LD EADEIEERBEEN TR MIB). =5 Lkl
ST DORi% 1 5 T, WL OMDFELHG BT X 7225 (BURNABY, 1966, HUMPHRIES
et al., 1981; Somers, 1986; ROHLF & BOOKSTEIN, 1987; SUNDBERG, 1989; BoOKSTEIN, 1989),
ST TR, A AETO (A D AR (shearing) % BV TR D IGED i s b 4 KR 2B
ELt.

SOFETE, FNOYA KR UTH 2 B A =2 7 — 0% i > (HUMPHRIES ef al.,
1981, RoHLF & Bookstrin, 1987), HuMPHRIES ef al. (1981) 1= Lichs THTFril~xs L,
HIT AN C7e < il AT ARSI S o BIRD ¥y 360, B9 v Frest L £, E2
FF A2 7— (PCL, PC2) Rwn. ERHZ L D6 LS O FESBIIE T LTas, R
EBMInBOERS 72 7 — Ok it 545 (PCL,PC2). Rt O/l F — 2 %A VWIBE S
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L HEFTFHEI L ORELYAEL, ZORENSLDF— 2 hBELR I B—ESEITI T
SLUTERDGHHETS. COEIFERDIA7—(S), TbbBEAFE I TR A= 711, #
AoH 14 XRTFHREL, BEOBREFoOMBECIEE I, TEPC2, hHLHROY A X
RAFOEBrEmETHI-DIC, STXT5 PC2, OEBAYEHEL, BIREN a ks (S & PC
2, DFENFNOFE T ). ke, PC1L,—PC2, FTHELMET S S OHEEHEL KD B F-HIT,
kot EF A A TCERBITETT S

S=8,PC 1,48, PC2,+e

2T, BB RIRERFRE, e REETHSH. HEINAEEIRHFEEEH T, (PC1,PC2) =
27 —HIGET AR ARTEHELL-OL, BV KEFrE$+5 PC2 oBx H) %
KDL SEETS.

H=PC2—a(8,PC1+5,PC2)

Hix A+ 1 ARF L3 EBE R 3, HHoOBREFOELEDFRTERF LTS, &
T H 2 R&FIZLEE Sheared PC2 r 1.5, H offiiz, £FEC—TREI ST X - T
BT sz enTESD. HOfE, FEELICL - TEh i SAS e 2 J5 a5V THE LR

KT w77 XBENOEEAFIETHS.

TRA M) —REORMLEE |

A D AZ ] WEMBTOMMROEL>EY 1 EE HKHWHOT27ETHS. chexd LT, #
4 ZOFBREE L EOMEOESEY ERMCTHET 2 L4 EETHAH S, ZOHHOD
fosbie k447 (Analysis of covariance) # i\ 7c (¥ Cresei, 1988), RFAHHic &
5T, — A ARTFRE B LTV 5 & E AR IR IECHE S THl— AT 5% E
L, chiext+ 581 ERDS A2 7 -4 AxREFTHrERE LTHC L, S9HS I T
BEA R THRT Shic. H—K, FWHCOWT, v 1 Jexf+ 3 HEEORF Ry ER oM T
B> TOBNELIRESIN, M4 2« laDPEE RBULEINTB2DT, =D
BETRED B ETERABTO 7 v 4 b ) —FHOEOFESBE L Ih o kb, 7
aA Y —RHCEBENFELRVBAWTE, EIBMEE LT, tNTofEMAY it LT, B
B befby 4 Xiext 4 A GBEBERY Rotcobh, 4 XoLEEEiECR L CGRERE
RICIB - TR S h e EIPEHOERTIHER B L.

#4 KR TR O MR8

b LHIREAERA OIRENEEAFET 2 b, kW TRGREShicd 2IFE ORI,
M CERoM L BB TR H 5. Lr L, iy XERB RG22 HUE, ToEEC X
5T, HEDHAHWHOEMFHME L MO T HCITHEMEAE LT LE Y. £ THA XEFOEEY
B < fodie, Bkt LT Tt fc 0 L RO ST LT Thh, o FHEy 4 X
R LT S hic KIRE O TFBEY Rbte, 7 EROMTEEC DT, BEOFEHR L OFH
il & D % & o CHBI A J A~

% F

1. 1 TE@F
7 £FAD% 14 BHE K LT, KOLMOGOROV-SMIRNOV MiIEH 1T » 7ofER, &it 98 X

N
i
N)
\}'v‘
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Fig. 3. Relative proportion of between-population variance component and within-
population variance component.

B, BEE(79.6%) BERSHHLETCRL GV ENBELMT 570 (BEKHE P=0.05).
Lichio T, ERGMEZAHRC LICW 200 REEIL, &% L7 — 2 Lok e s
FTELEZBRD, HEOHCIBE, 14 BADOTRTieEWT 7 EHOB TEELEMNR LR
nic (BEKE P=0.05). - OFERITEST, BMESERS E AL BRES Y BB Z st
BLEMRTRLL (R3). BRSBTS 8RS ORI, Bk (WL) ©k\vTR
LRED T, COFRERE BERAMOTMECHNTERMCHEOREN L HKEVZEERL
Twa., chEeXd LT, BA (CL) :XUHEE HL) BN K E BRI RS 2R L.

2. WHERMEMICE T CHEDER

RF L 2, 3@k TLEOTEED 13% NHATEi ((2), BFIeEL UL, o2k
B (WL, WW) LB (CL) #B\T, FOEORTAREDIETEIR LA SOEY & 1.
BT 1z, 2he 1 JEESKEREYEDEEBINTLZEnD, HEREEOXE IERET
H5ETF, FTihebhb—fv1 XBETFEERTESD. —F, BE (WL) Rz o—fFv+ 1 KBTI L
TACHEEL, #iE (WW) LEA (CL) BThi L TidLA FHBE RS-z, BF 2K
BT, BO2WEORTFEMMBENE SR ETNRT TRERFOMEYR L., SO Enb, &
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Table 2. Factor loadings of the first, second and third factors calculated for
14 characters of Podisma sapporensis males.

Factor 1 Factor 2 ‘ Factor 3
BL 0.628 0.064 0.272
HFL 0.898 0.079 0.213
HFW 0.859 0.021 —0.031
HTL 0.883 0.044 ' 0.228
FFL 0.883 —0.027 0.109
FFW 0.821 —0,055 —0.274
MFL 0.896 0.015 0.149
MFW . 0.809 —0.002 —0.233
HL 0.369 0.299 —0.406
HW 0.822 0.087 —0.114
ED 0.784 —0.118 —0.128
WL —0.264 0.881 0.250
WW 0.043 0.948 —0.039
CL 0.089 —0.161 0.777
Contribution 51.1% 13.1% 8.6%

Table 3. Identification table for 7-population samples of Podisma sapporensis
males. Identification functions based on 14 characters. The numbers
and proportions (in parentheses) of correct identifications
are shown in the diagonal positions.

Group into which each individual was classified

Toyotaki  Fukui Ki‘g;rilo' Uryu Yuubari  Eniwa Obirayama
Toyotaki 12 (92.3) 0 0 0 0 1 0
Fukui 0 9 (90.0) O 0 1 0 0
Kaminokuni 0 0 13 86.7) O 1 0 1
Uryu 0 0 0 46 (97.9) 0 0 1
Yuubari | 1 1 0 14 (82.4) 0 0
Eniwa 0 2 1 0 1 12 (75.0) 0
Obirayama 2 0 0 ! 0 0 20 (87.0)

NHOZEHE—MY A AT L3 LA T, b, MRTEHCHBELTL B EE bR
. Ebie, BA(CL) X, BTF2LEEAFHBELTELY, WTFROEINC LB X gk
MULKIBE - Tuvie, BF31x, CoEf (CL) BARkELIEORTARMELY 2, B
BhaBFE2lELTV2EEZbND. ChLOFRRE, PEOEWFNIRERE —FKT 5.
AT L IFe B4 58, SEBEER /IR O A E Xcibh - Tuw a0t L, BT 2 KIEK
BT AR A Fic e WIEETH . T, HoRARKEOECAV-HR5DT, (il
JE &R OBRER iz TV 5.

3. 4 XEFREFORRIH S
7 EFORITHE— A TINCB T AR BRI 5 1D T (W, ARANE P=0.1),
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Table 4. Standardized canonical coefficients and their population means
for the first two canonical variables calculated from 7-population
samples of Podisma sapporensis males.

CAN 1 CAN 2
BL 0.226 —0.033
HFL 0.378 —0.914
HFW 0.468 0.301
HTL 0.035 1.582
FFL 0.073 —0.250
FFW 0.101 0.297
MFL —0.100 —0.365
MFW —0.006 0.566
HL —0.231 0.036
HW 0.134 —0.182
ED 0.354 0.527
WL —1.612 0.919
WW —0.283 ) 0.171
CL —0.111 —0.218
Contribution 54.5% 16.8%

Population means

Kamino-

Toyotaki Fukui Kuni Uryu Yuubari Eniwa Obirayama
CAN 1 0.156 3.321 0.374 —2.635 2.078 3.603 —0.433
CAN 2 1.742 —0.225 —0.316 —0.891 —0.539 —1.088 2.294

ST, = AT LS R—ES A b, ZEED 75% b 98% D voi-
MELLFRoERCHF S (EI). oFERE FEMAOHBE HLIDCEHE LD - T
BHDD, MM CHEEY Y OBEREFLTVAIEEZRLTNS,

EFEOILREA e ML BT EN EORBETS LT 500, B Ih A IEREARFRIC X »
TRENTWS (K4), FEZR1L2%8hE5E, 258D 1% sgiBahi. AWiZEs
D355 T, BE (WL pEABOSLRIFE LT, BHOBEOE G X% Kb X <HHH
T 55 1 FHEiY, FRWPHEE R ARTF Lo Er L - TERAXERIL, —7F, $2#
EECHEIBE (HFL) & SBIIEE (HTL) & OMMEr L - CEMXENT 2, FELR1 &2
x4 A HEFAOFHEAR AT I TW5, FEOLERLT >SS L, EEEBIBE
X LT A4 KBTI R E {, HHERE (HFL) »HE (HTL) o U-Cigsicia
W, RFEIER T, 3R (WL) ASERET R E <, EHIBRET (HFL) 2R R » 1.

4. 4 XEFHREEOEMLER

IHMETONWC @R (WL LEMMOMEOHRECRELIFF L TW5 EABLIRIL S 1.
Lich o T 14 WEEE ST T DAL #T2E, BROEVERED 2, HRBNEEA
a7 — (Sheared PC 2) 3 4REFMB CHRBELEXYELT TR THE. £ T, BOPEHLIIRE
Hic@E (WL, WW) LEA& (CL) %R, EH o 11 BHEESWT TAIDRAR] #1785
2. ERDHOW TR, 20O S bE LT L »T 63% 7, F2EWRHw L - T 10% 233
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Table 5. Coefficients of the first two principal components and sheared
principal component 2 in Podisma sapporensis males.

PC 1 PC 2 Sheared PC 2

BL 0.264 0.644 0.620
HFL 0.248 0.172 0.153
HFW 0.370 —0.063 —0.091
HTL 0.265 0.211 0.190
FFL 0.265 0.072 0.052
FFW 0.395 —0.462 —0.489
MFL 0.247 0.081 0.062
MFW 0.403 —0.489 —0.516
HL 0.149 0.092 0.081
HW 0.197 0.066 0.051
ED 0.389 0.176 0.146
Contribution 63.3% 9.99

Table 6. ANOVA table and DuNcaN’s multiple-range tests for sheared PC 2
scores from 7 populations of Podisma sapporensis males. Significant
differences between populations are indicated by different letters.

Source Df SS MS F P
Population 6 0.3274 0.05456 11.75 0.0001
Error 134 0.6221 0.00464
Total 140 0.9495

Population means

Yuubari Kaminokuni Uryu Fukui Obirayama Toyotaki Eniwa
0.09399 - 0.03938 0.00997 —0.02212 —0.02833 —0.03543 —0.08276
A B BC C C CD D

A

Mcxic (#S). WIRENEERCHTAHREE A7 B LEE, £ABTERE LT
BWIZERBRCISEETE, oo 11 BEMEAERIEAR TEESCRAL 3 2 AL »
7o (F6).

5. 74 M) —REOHMER

YA XBFEEZHHE 1 XD, BTG LIFERESOTHEI R, MEShT: 14
WED> L, i BL) LBfAE (CL) 37 r 4 MY -G bkrht. REIFRORT LT
il vz ks, FRBARIAKTS OEMTHEY 1 ARTF L BAELHEYEc/ch - fofoddb T
H5. HFzhic 12 BEDOS b, MREEHBERCS T m 2 bV —FREOEE RV 2E
TR ERA GET). BHEEESE HTL) i, 724 Y —GEEITEEKE P=0.05 ©
BETHL - 00, BOWEEHE~D EEMBETAELBEES R Shic, k1 <XHE
FreX LTI S gEd, 7 e 4 1) —RECEELEC e 5 7 10 TRET XTI\
THEBRTERI R » T 7z (P<0.05),
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Table 7. Tests for homogeneity of regression slopes between populations and cal-
culations of common slopes in Podisma sapporensis males. The regression
coefficient of each character on the general size factor was calculated for
each population, and the differences in coefficients between populations
were examined by ANCOVA., The general size factor was repre-
sented by scores of principal component 1 based on 11 characters
that are highly correlated with the first common factor.
Source DF SS F P Common slope
HFL PRIN 1% POPUL 6 0.009283 2.54 0.023 —
ERROR 127 0.077212
HFW PRIN 1« POPUL 6 0.007958 0.90 0.496 NS 0.358
ERROR 127 0.186907
HTL PRIN 1 «POPUL 6 0.011654 2.11 0.057 NS 0.269
ERROR 127 0.117119
FFL PRIN 1*POPUL 6 0.004273 0.70 0.650 NS 0.301
ERROR 127 0.129232
FFW PRIN 1+ POPUL 6 0.0135%6 1.14 0.340 NS 0.365
ERROR 127 0.251391
MFL PRIN 1% POPUL 6 0.004858 0.93 0.478 NS 0.293
ERROR 127 0.110878
MEW PRIN 1= POPUL 6 0.009889 0.86 0.525 NS 0.389
ERROR 127 0.242794
HL PRIN 1 « POPUL 6 0.014979 0.60 0.730 NS 0.207
ERROR 127 0.528629
HW PRIN 1 x POPUL 6 0.005081 0.93 0.477 NS 0.199
ERROR 127 0.115898
ED PRIN 1 « POPUL 6 0.019522 1.10 0.363 NS 0.316
ERROR 127 0.374120
WL PRIN 1% POPUL 6 0.489505 2.28 0.040 -—
ERROR 127 4.540336
WW  PRIN 1 « POPUL 6 0.070661 0.77 0.599 NS 0.391
ERROR 127 1,954905

PRIN 1=principal component 1 scores (general size factor).

POPUL =populations.
PRIN | « POPUL=interaction between PC 1 scores and populations.

NS=No significance.

6. ¥4 XEAFREEOMHERIIRE
HEOMBFE2IOEH MO FR & OIOMEL, 7o 4 b)Y —EROMELFAETH -1 10 2

Bz TH~BR,

ZD9b 6 MICEWT, FERHENRGIEIRA (E8). BE (WL)

& IS (HFL) @ouCid, WA ENRE FR 10700 o 1o 1o IR (B 0 B e 5 A3 & di -~
HHIRETEIL r=0.864 (P<0.02) &, ThZXhEEIcHER

7o. WRE r=90.992 (£<0.001),

B 22Xt ChbOFERE, BeBhi EROIENGEH OV { 2ohhifE UER oM 48

NDZEFRTRLTUL S,

WD NHT AR LT,

z
ML ORI R 0 3t MIPERERBI TR KX
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Table 8. Correlation between population means of a size-adjusted male character
and those of the corresponding size-adjusted female one across 7 populations
of Podisma sapporensis. Values of each character were adjusted using
ANCOVA for the grand mean of the general size along
the common regression slope.

N r P
HFW 7 0.960 0.001
HTL 7 0.924 0.003
FFL 7 0.835 0.019
FFW 7 0.822 0.023
MFL 7 0.695 0.083 NS
MEW 7 0.440 0.323 NS
HL 7 0.941 0.002
HW 7 0.474 0.283 NS
ED 7 0.750 0.052 NS
wWwW 7 0.957 0.001

NS=No significance.
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RRERSWTS, SERMRATYHGRE, i LSRR OB ML A R C L nTE B L0 5
CETHB. PHmBFA ARTORERRBE T, FBELR LB ETH T b,
EHECHRBIARCER LTy, &5 LM (bE, SEMGREMEE,ASME LT 5
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Fig. 4. Comparison of regression of log-transformed hind femur length on log-trans-
formed general size factor (PRIN 1) between the Kaminokuni and the Ywuubari
populations.
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