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Abstract. ln the fl ea beetle spec ies Phy /lotreta tetrastigma two colour m01-phs (2 8 and 4S) ex ist 
in western Europe. We test whether these form s are genetica lly di ffe rentiated using two techniques : 
Polyacrylam ide gel electrophores is (PAGE) of allozyme loc i and Jsoe lectric Focusing (1 EF) of gene­
ral proteins. PAGE revea ls that bath fonns are not geneti ca ll y iso lated and IEF did not show any di f­
ferences in banding patterns between them. Bath forms are consiclerecl to in te rbreecl and to belong to 
the same gene pool. 
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INTRODUCTION 

Co lour polymorphi sm is known in many differe nt groups of animais (e.g. BOOTH, 
1990; CORDERO, 1990 ; BACKELJ AU et al. 1992; HOLLOWAY, 1993) . Var iation in co.lour can 
be due to host plant choice, season , temperature cluring development and/or caD be genet­
ica ll y determinee!. Undoubtedl y, the best studied cases are ofspecies ofLepidoptera (e.g. 
COOK et al. , 1990 ; KlNGSO LV ER & WI ERNASZ, 199 1 ; SM ITH et al. , 1993 ; PAU LSE!(I, 1994) 
and these have aroused rnuch in te rest concerning the adapti ve va lue, heritab ility and phe­
notypic plasticity of their di fferent colorations. 

Although more li mitee! in number, severa! geneti c tudies on beetle species considered 
co lour polymorphi sm. LIEB HERR (1983) showecl that in the ground beetl Agonum deco­
rum Say, 1823 the red-green co l our po lyrn orphi sm and hi rsute-glab rous tational poly­
morph ism are determ ined by un lin~ ed, autosoma l di all e lic loci. HA TUL et al. ( 1987) 
fa i led to detect genetic di ffer nees a sociated with col our polymorphi m in the weevi 1 
Diaprepes abbre viatus (L. , 1764) . 

1 n cbrysomel id beetles the a mount of olour variation i oJlen very large, but the num­
ber of stud ies on the phenomenon remains rather limi ted. ln chrysome li d sy tematic 
colour characteri stics hàve been u ecl to di stingui sh belween clirferent species (BROWN, 
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1956; MoHR, 1966; OOGUET, 1986, 1994 ), but in many cases (and often in the very same 
studies), the systematic value of colour characteristics is questioned (BROWN, 1956; 

DOGUET, 1986) as a considerable amount of variation in col our pattern is fou nd within a 

single species, and sometimes even within a single population. ln sorne cases ecological 
differences are detected which can be helpfull in making systematic decisions (BROWN, 

1 956), but in most cases they do not allow authors to conclude whether different col our 
fonns are genetically isolated, and thus represent biological species, or not. In severa! 
instances a more profound study revealed that systematic differences based on coloration 
were incorrect. 

· Probably the first study on the genetics of colour polymorphism in chrysomelids was 
the work of THOMAS (1964) on the cassid beetles of the genus Aspidomorpha Hope, 1840. 
He discovered th at three former species (A. adhaerens (Weber, 1801 ), A. testudinaria 
(Montrouzier, 1855) and A. phy llis (Boheman, 1862)) were in fact col our morphs of a sin­

g le species . FUJIYAMA & ARIMOTO (1988) found random mating between two colour forms 
of Chrysolina aurichalcea (Mannerheim). VASCONCELLOS-N ETO (1988) studied the gene­
tics of Chely mo1pha cribraria (Fabricius, 1775) and found that the elytral colour is 
expressed by three different alleles of a single gene, whereas pronotum colour is a quan­
titative character un der polygenic control. BoiTEAU et al. ( 1994) studied the geneti cs of a 
beige elytral mutant of the Colorado potato beetle Leptinotarsa decemlineata Say, 1824 
and found that inheritance was control led by two dominant genes . BOITEAU ( 1994) di s­
eusses the genetics of severa! mutations (white body, pearleye, black body and beige ely­
tra) of L. decemlineata and discovered that the beige mutant has lower fitness . Lu & 
LOGAN (1994) showed that larval colour variation in L. decemlineata is controlled by two 
epistatic loci. Y ERDYCK et al. (1 996) did not fi nd genetic isolation between two col our 

forms of Phy llotreta cruciferae (Goeze, 1777). 

He re we study Phy llotreta tetrastigma (Comolli , 183 7), one of the larger spec ies 
within the genus Phy llotreta (Coleoptera : Chrysomelidae), widely di stributed through­
out Europe and Western Asia. The species is closely related to P dila tata Thomson, 
1866 and Pjlexuosa (Jlliger, 1794), from w hich it is di sting ui shed by minor differences 
in the e lytral colour pattern (DOGUET, 1986, 1994). P tetrastigma is a monoph ago us 
species (NI ELSEN, 1978b) feeding only on Cardamine sp. It is a lmost exc lusive ly fo und 
on large bittercress, Cardamine am ara (N iELSEN, 1978a; NI ELSEN, 1978b ), tbough we 
fou nd one population feeding on Cardamine jlexuosa. Thi s spec ies is monophagous in 
the fie ld , but in laboratory conditions it w ill a lso feed on otber cruciferous plants 

(NIELSEN, 1978b). 

Within P tetrastigma, two types of e lytra l co lour pattern can be distingu ished. ype 

2B has a yellow band (which is narrowed in the middle) on each elytron. Type 4S has two 
ye llow spots on each e lytron . Variation with in each type is considerab le and few speci­

mens are intermediate. In most places both forms can be found , which means that they are 
sympa tric, even the seri es of syntypes con tains spec imens of both forms (YERDYCK et al., 
1995). YERDYCK et al. (i n press) d id not find rnorphological differences between them. 
T hi s study aims to test fo r genetic iso lation b_etween the two co lour forms of 
P tetrastigma, and to examine severa! aspects of populat ion genetics in the species . 
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MATERIAL AND METHODS 

Populations studied 

Six populations of P tetrastigma, in which both fonns were present were sampled in 
Western Europe in the period 1990 to 1994 (Table 1 ). Ali animais were collected from the 
leaves of their host plant using an aspirator. In ali cases the host plant was Cardamine 
amara, except in the Udenhout (NL) population where the animais fed on Cardaminejle­
xuosa. Ali habitats sampled were characterised as wet and shady places in woods. Animais 
were transported alive to the laboratory or immediate!y frozen in liquid nitrogen. They 
were stored at -80°C until sample preparation . 

TABLE 1 

Populations and numbers afP. tetrastigma studied, 
numeric contribution ofbothforms (4S-2B) in each population 

Locality Country Lon, Lat 
No 

4S 2B % 4'S %2B 
of specimens 

Celles sur Plaine France 48/57'N, 6/57'E 127 20 107 15.7 84.3 
Chimay Belgium 50/3 'N, 4/19'E 119 14 105 11.8 88.2 
Geisenfeld German y 48/41 'N, II /37'E 84 6 78 7.1 92.9 

Stenholts Vang Den mark 55/57'N, 12/2 1 'E 64 14 50 21.9 78.1 

Udenhout Netherlands 51/37'N, 5/9'E 77 13 64 16.9 83 .1 

Zoersel Belgium 51/16'N, 4/42'E 220 72 148 32.7 67.3 

Total 691 139 552 20. 1 79.9 

Electrophoretic analysis 

For sample preparation the abdomens of the animais were removed and single 
abdomens were homogenized in 25fll sucrose so lution (20% w/v). Crude hornogenates 
were centTifuged at 4°C for 45 minutes at 15 ,000 rpm (27 .200 g) and were stored at -80°C 
until electrophoresis. 

Nine enzyme systems coding for ten different loci were screened : acon itase (ACON, 

E.C. 4.2.1.3), a -amylase (AMY, E.C. 3.2.1.1), a-glycerophosphate dehydrogenase (GPD, 
E.C. 1.1.1.8), aspartate aminotransferase (AAT, E.C. 2.6. 1.1 ), isocitric dehydrogenase (JCD , 
E.C. 1.1.1.42), mala te dehydrogenase (MDH, E.C. I.l. 1 .3 7), mannose phosphate isomerase 
(MP-1 and MP-2, E.C. 5.3.1.8 [2 loci]), peptidase (Leu-Aia) (PEP, E.C. 3.4.-.-) and phos­
phoglucomutase (PGM, E.C. 5.4.2.2.). Staining recipes were adapted from HAR.RJS & 
HOPKJNSON (1976). The buffer systems used were a Tris/Cit:ric Acid (TC) system pH 8.0 
(0.1M) [for ACON, AMY, GPD, JCD, MP-1, MP-2 and PGMJ and a Tris/Borie Acid/EDTA 
(TBE) system pH 8.9 (0. 1 M) [for AAT, MDH and PEP]. For each sample Sfll of supernatant 
was app li ed to 6% polyacrylamide gels. Vertical polyacry lamide gel electr.opboresis 
(PAGE) was performed with Hoefer Mighty Small System li, nmning gets for 15 minutes 
at 25 Vo lts, theo 15 minutes at 50 Volts and finally for l or 3 hou rs at 150 Vo lts (for TC and 
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TBE buffer respectively). Alleles were designated alphabetically according to decreasing 
mobility, the fastest allele (the most anodal one) being A. 

Hardy-Weinberg equilibrium 

The six geographie populations ( 4S and 28 combinee!) were tested for deviations from 
Hardy-Weinberg (HW) equilibrium using exact probabilities (SWOFFORD & SELANDER, 
1989), ( corrected for multiple comparisons using, sequentially rejective Bonferroni test). 
The same was clone for the 4S and 28 form within each locality. 

Population differentiation 

Hierarchical F-statistics (WRIGHT, 1965, 1978) were used to analyse genetic differen­
tiation at two different levels. ln our hierarchy F refers to form, L to locality and T to total. 
In this study we have six populations, and within each population we have two fonns: 4S 
and 28. In this way differentiation among forms within localities is described by FFL' and 
so on. We also perfonned contingency table analyses of heterogeneity among fonns (for 
each population) and among populations, and calculated fixation indices F and coeffi­
cients of heterozygote deviation D. 

Genetic distances, Clustering 
and Multivariate Analysis 

There has been much discussion on which clustering method is the best, and in hi s 
overview BUTH (1984) concluded that for closely relatee! species there are difficulties in 
obtaining a correct topology with most methods. Here the two most predominantly used 
genetic distances , (NEI (1978) unbiased genetic distances and Modifiee! Rogers distances 
(WRIGHT, 1978)) were calculated between populations. 8oth were used for the construc­
tion of UPGMA clenclrograms, but only Rogers distance coule! be usee! for construction of 
a Wagner tree with miclpoint rooting. A multivariate analysis of the allele frequencies was 
performed using the correspondence analysis (CA option) of the prog~·am CANOCO 
(V3.2) (TER BRAA K, 1988), and the population scores on the two first canonical axes are 
plottecl. 

lsoelectric Focusing 

A second evaluation of genetic differentiation was performed using Tsoelectric 
Focusing (TEF) of genera l proteins. Thi s was clone with PhastSystem from Pharmacia 
LKB. Using a 8/1 sample app li cator, 1 :1 of sample was app lied to an IEF gel with pH 
range 4-6.5. Sampl es of both fonns were chosen ranclomly from specimens of the six pop­
ulations. The program running cond itions are as in VERDYCI< et al. (1992) . After a run of 
500 Vh the proteins have movecl to the ir isoelectric point and are visualized by means of 
sil ver sta ining accord ing to the PhastSystem TEF sil ver sta ining program performed with 
PhastSystem developing unit. Ge ls were air dr ied and maintained in standard 4x4 cm 
slides for storage and further manipulation. 



• 
GENETICS OF PHYLLOTRETA TETRASTIGMA 123 

Gels were projected on a slide viewer for visual interpretation. As only adjacent lanes 

were compared (the same lane not being used twice), each gel (8 lanes) gave 4 compa­
risons. Counts were made for the nu rn ber of bands visible in both lanes and for the num­
ber of bands unique for lane one and lane two respectively. Lanes of bad quality were 
excluded from analysis and parts of lanes that were not clearly interpretable were not used. 

The mean number of bands for the two fonns was compared using a Mann-Whitney 
U test. We calculated three different s imilarity measures. The similarity S" as defined by 
FERGUSON (1980) and used in similar studies of BACKELJAU ( 1985) and VERDYCK et a/. 
( 1992, 1996) is defined as the number of bands of common mobility divided by the max­
imum number of bands for an individua l. T he Jaccard (S,) and Dice (Sn) indices, as defined 
in SNEATH & SOKAL (1973), take into account both the specimens sampled (thus avoiding 
strong influences of individuals with an extremely high number of bands). Bands in cam­
mon in both individuals are g iven more weight in Sn. 

Three groups of similarities (between two 4S fonns (4S4S), between two 28 forms 
(2828) and between 4S and 28 forms (4S28 ) are calculated (4S4S and 2B28 = intrafonn 
similarities, 4S28 = interform simi larit ies)). Fifteen comparisons were used for each 
group. The three different similarities were compared using ANOVA. To avoid interde­
pendance of the comparisons, individuals were never used twice. 

RESULTS 

Populations studied 

ln total we screened 69 1 animais (139 of the 4S form and 552 of the 28 form) 
(Table 1 ). ln a li s ix populations studied the 4S form is Jess abundant compared to the 2B 
form. The proportion of the 4S form varies from 7. 1 to 32.7 % (mean ± st.dev. : I 7.7 ± 8.9), 
the proportion of the 28 form varies from 67.3 to 92.9 % (mean ± st.dev.: 8 1.5 ± 10.6). In 
many studies coloration types are known to vary geographica ll y (e.g. ABBAS, 1988; 
BURKE, 1989 ; SILFVERBERG, 199 1, 1994). Here we a l ways fi nd dominance of tbe same 
form. Of course a study on geographie variation should inc lude many more populations. 
As P tetrastigma has only one generation each year, and the adults are on ly active during 
a short period in which their host plants are abundant, seasonal variation can be excluded. 

Electrophoretic analysis 

A il loci screened, with in total 25 alle les, are polymorphie (Table 2). Three loci (AAT, 
MP-2 and PGM) are polymorphie at alllocali ties, aco is polymorphie at four, MP-1 and 
AMY at three and JCD at two locali ties. The remaining loci (MDf-1, PEP and GPD) are 
only po lymorphie in one locali ty. None of the populations is polymorphie for a il l 0 loci. 
The highest percentage of loc i polymorphie is found in Chimay (80%), the lowest in 
Celles sur Plaine and Stenholts Vang (both 40 % ). An example of an a llozyme profi le is 
shown in Fig. 1. 

No di agnostic loci for the colour form were found Five a lle lcs (MDH-B , PEP-B , 
GPD-8 , MP-1-A and MP-2-A) were only found in the 28 form, one a lle le (AAT-0) was 
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only found in the 4S form. But ali of these alleles had very low frequencies (<0.005, 
except for MP-1-A with 0.012), and can be considered rare alleles. 

TABLE 2 

Alle le frequencies for 10 allozyme loci in six populations of P. tetrastigma 

Locus A/leie 
Celles 

Chimay Geisenfeld 
Stenho/ts 

Udenhout Zoersel 
sur Plaine Vang 

AAT n 61 46 40 39 40 81 
A 0.516 0.467 0.563 0.397 0.675 0.543 
8 0.451 0.500 0.425 0.577 0.287 0.457 
c 0.025 0.033 0.013 0.026 0.038 0.000 
0 0.008 0:000 0.000 0.000 0.000 0.000 

MDH n 63 46 40 39 40 88 
A 1.000 1.000 1.000 1.000 1.000 0.994 
8 0.000 0.000 0.000 0.000 0.000 0.006 

PEP n 47 41 40 24 14 56 
A 1.000 0.988 1.000 1.000 1.000 1.000 
B 0.000 0.012 0.000 0.000 0.000 0.000 

ACON n 41 50 40 38 44 90 
A 0.098 0.110 0.025 0.000 0.000 0.006 
B 0.902 0.890 0.975 1.000 1.000 0.994 

GPD Il 46 46 33 34 23 46 
A 1.000 1.000 1.000 1.000 1.000 0.989 
8 0.000 0.000 0.000 0.000 0.000 0.011 

MP-1 Il 52 55 35 26 35 54 
A 0.000 0.036 0.014 0.000 0.014 0.000 
B 1.000 0.964 0.986 1.000 0.986 1.000 

MP-2 Il 45 51 43 25 27 48 
A 0.000 0.010 0.000 0.000 0.000 0.000 
B 0.878 0.990 0.965 0.840 0.889 0. 865 
c 0.1 22 0.000 0.035 0.160 0. 111 0.135 

/ CD Il 50 48 39 24 46 100 
A 1.000 0990 1.000 0.979 1.000 1.000 
8 0.000 0.010 0.000 0.02 1 0.000 0.000 

AMY Il 44 55 36 Il 4 1 83 
A 1.000 0.99 1 1.000 1 000 0.976 0.988 
B 0.000 0.009 0.000 0.000 0.024 0.01 2 

PGM Il 59 49 36 18 37 93 

A 0.025 0.051 0.056 0.000 0. 176 0.0Y9 
B 0.593 0.724 0.625 0.694 0.257 0.667 

c 0.356 0.214 0.278 0.306 0.446 0.247 

0 0.025 0.010 0.042 0.000 0. 122 0.027 

H 0.145 0.!32 0.119 0. 127 0.144 0. 130 
e-.:p 

H 
ob> 

0.1 2 1 0. 11 4 0.1 03 0.1 24 0.104 0.099 

1-1 expected heterozygosity assuming Hardy-Weinberg equilibrium ; H .. , : observed heterozygosity 
C-: f'l 
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- AAT-C 

- AAT-B 

- AAT-A 

- A CON-B 

- A CON-A 

- MP-1-B 

- MP-2-C 

- MP-2-B 

- AMY-B 

- AMY-A 

- PGM-D 
- PGM-C 
- PGM-B 
-PGM-A 

Fig. 1. - Example of al lel ic variation in the mo t variable loci : from top to bottom : 
AA T, ACON, MP- 1 and MP-2, AMY, PGM (alleles are indicated) 
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Hardy-Weinberg equilibrium 

The analysis for the six localities (the two forms mixed) shows only two deviations 
from Hardy-Weinberg equi librium : MP-2 for Celles sur Plaine and Zoersel (exact prol;>a-
bilities1 sequential Bonferroni corrected, p< 0.05) (Table 3). 8 oth significant deviations 
from Hardy-Weinberg equil ibrium are caused by heterozygote deficiencies (Table 3). 

TABLE 3 

Signiflcance test using exact probabilities (sequential Bo1?{erroni corrected}, 
fixation index F and coefficient for heterozygote deflciency D of al/azyme loci 

Locus 
Celles sur 

Chimay Geise!ifeld 
Stenholts 

Udenhout Zoersel 
Plaine Vang 

AAT n.s. n.s. n.s. n.s. n.s. n.s. 
F=-0.208 F=O. I80 F=0.055 F=-0.210 F=0.022 F=0.055 
0 =0. 198 0 =-0.189 0 =-0. 167 0 =0.195 0 =-0.035 0 =-0.06 1 

MDH n.s. 
F=-0.006 
0 =0.000 

PEP n.s. 
F=-0.012 
0 =0.000 

ACON n.s. n.s. n.s. n.s. 
F=0.446 F=0.285 F= l.OOO F=-0.006 

0=-0.453 0=-0.292 D=-1.000 0=0.000 
GPD n.s. 

F=-0.0 11 
0 =0.000 

MP-1 n.s. n.s. n.s. 
F=-0.038 F=-0.014 F=-0.0 14 
0 =0.028 0 = 0.000 0 =0.000 

MP-2 p<0.05 n.s. ll .S. n.s. n.s. p<0.05 
F=0.689 F=-0.0 10 F=0.655 F=0.702 F=0.625 F=0.733 

0 =-0.693 0=0.000 0 =-0.659 0 =-0.708 0 =-0.632 0 =-0.736 
!CD n.s. n.s. 

F=-0.01 1 F=-0.021 
0 =0.000 0 =0 000 

A MY n.s. n.s. n.s. 
F=-0.009 E= I.OOO F=-0.012 
0 =0.000 0 =-1.000 0 =0.006 

PGM n.s. n.s. n . . n.s. n.s. n. 

F=0.2 18 F=0.043 F=0.052 F=-0.178 F=0.294 F=0.2 10 
0 =-0.225 D=-0.053 0 =-0.065 0 =0.145 D=-0.304 0 =-0.2 15 

The analysis for all localities divided in two fonns reveals similar resuJts. We fi nd signifi­
cant deviations from Hardy-Weinberg equilibriw11 for MP-2 at the same local ities. Both devi­
ations are found in the 28 form (in Celles sur Plaine the 4S form is not polymorphjc). 
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Population differentiation 

Table 4 shows the variance components and hierarchical F-statistics combined across loci 
for the different levels. For this multilocus estimate the variance was smaller among fonns 
within localities than among localities within the total population, and FFL is smaller than FLT. 

TABLE 4 

Variance components and F-statislics combinee/ across al/azyme loci 

x y variance component F XY 

fonn (F) locality (L) 0.01410 0.011 
form (F) total (T) 0.03295 0.026 
locality (L) total (T) 0.01885 0.0 15 

Contingency chi-square analysis of allele frequency differences (sequential Bonferroni 
corrected) between populations do not show significant heterogeneity in any of the local­
ities (not for any locus, nor for ali loci combined) between both forms ( 4S-28) (p=0.05). 

Chi-square analysis (for both fonns combined) gives sign ificant differentiation 
between loca lities at 5 loci (ACON, MP-2 and PGM) (p<0.05). Three out of 7 other loci 
(MDH, PEP and GPD) are on ly polymorphie in one locality (table not shown). 

Genetic distances, Clustering 
and Multivariate Analysis 

NEI ( 1978) unbiased genetic distance and Modified Rogers distance (WRIGHT, 1978) 
were calculated (table 5). The first one varied between 0.000 and 0.024 (mean = 0.007), 
the second one between 0.036 and 0.1 48 (mean = 0.078). Three dendrograms were con­
structed. The population of Udenhout a l ways branched off first, wh ile the position of the 
other populations changed in the different dendrograms. Only the Wagner tree based on 
Rogers modified distance is shown in Fig. 2. 

TA BLE 5 

Matrix of genetic distances of allozyme data: above diagonal : NE! (1978) unbiased 
genetic distance, below diagonal Roger · modifiee/ distance (WRIGHT, 1978) 

Population /. 2. 3. 4. 5. 6. 

1. Celles sur Plaine 0.003 0.000 0.002 O.àl l 0.00 1 

2. Chimay 0.06 1 0.001 0.003 0.024 0.003 
3. Geisenfe ld 0.043 0.049 0.003 0.0 11 0.000 
4. Stenholts Yang 0.058 0.070 0.069 0.022 0.00 1 
5. Udenhout 0. 106 0.148 0. 107 0. 146 0.0 15 
6. Zoersel 0.043 0.060 0.036 0.049 0.118 
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Dis t ance from roo t 

. 00 . 01 .03 ... • 04 . 05 .07 .OB 

Chimay 
Geisenfe1d 

Stenholts Vang 
Zoersel 

Udenhout 

. 00 .01 . 03 .04 . 05 . 07 .OB 

Fig. 2. - Wagner tree based on Mocli fied Rogers distance (WRIGHT, 1978), 
Cophenetic correlation = .98 1, rooted at midpoint of longest pa th 

In the correspondence analysis, the cumulative percentage of the variance explained 
by the canonical axes is 52.7 for CA 1 and 79.1 for CA2. The populations scores plotted 
for CA 1 and CA2 (Fig. 3) show a clear separation of the Udenhout population from the 
other populations accord ing to the first ax is. This ax is is strongly corre lated with the a lle le 
frequencies of PGM~B, PGM-D, AAT-8, PGM-A, GOT-A and PGM-C. Accord ing to the 
second axis the Chimay population is more or Jess clearly separated from the other popu­
lations, although d ifferences here are Jess marked. This axis is strongly corre lated with the 
alleles MP2-8 , lv!P2-C, MPJ-A and MP/ -8. 

2,0 

1,5 

1.0 

0,5 

~ o.o 
0 

-0.5 

-1.0 

-1,5 

-2,0 
-1.5 

• Chimay 

Geisenfeld 

• 
• 

Celles sur Plaine 

• 
Stenholts Vang 

-1.0 -0.5 

• Zoersel 

0,0 0,5 

CA1 

1,0 1,5 

Fig. 3. - Bi plot of the population core on 
the first two canonical axes of the CA analy i 

Isoelectric Focusing 

Udenhout 

2,0 2,5 

An example of a gel is shown in Fig. 4. The average numb r of band for b th f< 1111 

was calculated (4S: mean ± st. dev.: 47.69 ± 6.06 ; 28 : mean ± t. dev. : 45. 13 ± 6.02). 

• 
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8 etween both forms no significant difference in the number of bands was detected (Mann­
Whitney U test ; p < 0.05). 

28 4S 28 4S 28 4S 28 4S 

Fig. 4. - IEF pattern : forms from left to right : 28 ,4S,28,4S,28 ,4S,28 ,4S 

Similari ties S, SJ and SD are given in table 6. Differences between the three types of 
comparisons (DO, DL and LL) were not significant (ANOVA, df = 2,42; p>O. I ). 

TABLE 6 

Basic s /alislica/ daia on IEF prote in polymorphisms for sirni/aritie. 
S" S.l' S0 .for the three types of comparisons 

camp. sim il. Mean st. dev. # comparisons 

4S4S S" 0.879 0.030 15 

SJ 0.822 0.050 15 

s" 0.902 0.030 15 

4S28 s, 0.870 0.037 15 
s, 0.806 0.054 15 

SD 0.892 0.033 15 

2828 s,. 0.87 1 0.030 15 
s, 0.8 18 0.047 15 

s" 0899 0.028 15 
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DISCUSSION 

P. tetrastigma is a genetically very variable species showing high heterozygosity 
values and being polymorphie at ali ten loci studied. VERDYCK et al. (1996) studied 
another Phyllotreta species (P. cruciferae) and found that it was only variable at five of 
these loci (AAT, MDH, GPD, AMY and PGM) ofwhich only the AAT locus showed varia­
tion in ali populations. 

Ge!letic population structuring has been studied in severa! other chrysomelid species 
and KNOLL et al. (1996) give an overview of severa! studies with special emphasis on 
Alpine populations. ln hierarchical studies F sT values have been compared at different 
micro-and macrogeographic scales (between trees, localities a few kilometers apart and 
localities sometimes 500 km apart). In Plagiodera versicolora FsT values between 0.006 
and 0.098 were found between trees within localities (McCAULEY et al., 1988), while in 
Chrysomela aeneicollis , large F sT values were found (for severa! loci) at the same leve! 
(RANK, 1992). Our FFL value of0.01l fits in this spectrum. Between localities F LT values 
varied from 0.003 to 0.057 in P. versicolora (McCAULEY et al., 1988), from 0.010 to 0.135 
in Ch1ysomela aeneicollis (RANK 1992), from 0.0 Il and 0.053 in Ph ra tora vitellinae 
(Linnaeus, 1758) and from 0.066 and 0.094 in Oreina cacaliae (Schrank, 1785) (KNOLL et 
al., 1996). The F LT value of 0.015 for P. tetrastigma is (although not exceptional) rather 
low for populations at such geographie scale. Apparently there is an important amount of 
gene flow between these geographically sometimes very distant populations, Jeading to lit­
tle genetic differentiation at a large geographie scale. Although the resolving power of 
band sharing with IEF is limited and the allozymes tested provide only a limited sample 
of the genome, we suspect that important genetic differentiation would have been detected 
using these techniques. A promising future strategy to further explore this question would 
be assessment of variability in microsatellite DNA. ln that case it would be interesting to 
obtain more populations from a large geographie range. 

The clear separation of the Udenhout population in the Wagner tree is possibly due to 
the fact th at this was the only population feeding on Cardamine jlexuosa. This result iodi­
cates that the formation of host plant races can lead to genetic separation and speciation, 
an evolutionary pathway finding support in severa! other insect groups. The best studied 
case is probably that of the sibling species in the Rhagoletis fruit flies (FEDER et al., 1988, 
1989, 1990a, 1990b ; MCPHERON et al. , 1988 ; BERLOCHER et al., 1993). GOYER et al. 
( 1995) a Iso demonstrated host-associated genetic differentiation in the fruittree leafroller 
Archips argyrospila, suggesting formation of sibling species by means of different hosts 
and GULDEMOND ( I990a, 1990b) discussed host plant sh i ft, host race formation and speci­

ation in the aphid genus O yptomyzus. 

The lEF results demonstrated that both forms do not differ sign ificantly in the number 
of bands, and inter- and intraform similarities do not show any significant diff~rences , 

indicating lack of general protein pattern differences in both forms . 

VERDYCK et al. (1996) did not find evidence for geneti c isolation between the colour 
fonTIS in P. cruciferae. For P. tetrastigma results of allozymes and JEF lead to a simi lar 
conclusion. As neither allozyme nor lEF results indicate genetic differentiation between 
the 4S and 2B form of P. tetrastigma, both fonTis are considered interbreeding and be long-

• 
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ing to the same populations. Colour differences in P. tetrastigma are without systematic 
value, and again confirm the conclusion of VERDYCK et al. (1996) that a profound study 
of colour variation in chrysomelid species is necessary before systematic conclusions can 
be drawn. 
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