
82 Plant Protection Quarterly VoI.6(2) 1991 

Distribution of skeleton weed (Chondrilla jllncea L) 

biotypes in Victoria 

Rosamond C. H. Shepherd, Keith Turnbull Research lnstitute, PO Box 48, 
Franksto n, Victoria 3199, Australia. 

Summary 
A survey of three regions in Victoria, the 
Wimmera, Mallee and Goulbum Valley, 
was carried oul during the summers of 
1982 and 1986 to determine the presence 
and density of the three biotypes of 
Skeleton Weed, designated Form A, 
Form B and Form C by Hull and Groves 
(1973l. 

The biotypes were identified visually 
in 1982 and some plants were verified 
later using polyacrylamide gel electro­
phoresis of leaf andlor stem material. 
All mate rial was identified using 
electrophoresis in 1986. Three distinct 
biotypes, narrow-leaved or form A, 
broad-leaved or form C and intermedi­
ate-leaved or form B (Hull and Groves 
1973) were identified or confirmed using 
electrophoretic methods. These three 
biotypes are referred to as types rath er 
than forms, which is used here to refer 
to the morphological variations or forms 
of the plant. Three morphological forms 
of narrow·leaved plants and two mor· 
phological forms of broad·leaved plants 
were observed in the field and con· 
firmed as narrow· or broad·leaved 
plants using e lect rophoretic methods . 
Narrow- and broad·leaved plants were 
found in a ll regions surveyed. The inter· 
mediate-l eaved plant was present only 
in low numbers and limited in distribu· 
tion to the central Mallee and one site in 
the western Mallee in 1986. Only in five 
s ites, mainly in the central Mallee, were 
all three biotypes found . Narrow·leaved 
plants remained Ihe predominant 
biotype and s ignificant differences in 
plant dens ity were found within are· 
gion, between yea rs and be tween re· 
gions. Broad- leaved plants were com­
monly found in the Mallee, with s ignifi­
ca nlly more plants present in the eastern 
than western sect ion during 1986. 

Introduction 
Skeleton w~ed, CJwlldril1n jlll1cen L. , is s till 
a serious w~ed in sume cropping areas of 
Victoria, pa rticula rly the Ma llee and no rth 
Wimmera regions o f the no rth-west <lnd 
cen tral-w~st o f the state, and in the 
Goulburn Va ll ~y . It is an apomictic peren­
ni<11 herbaceous weed of Europea n o rigin 
that clln ve ry occaSiona ll y reproduce 
St:!x u<1lly (P. Ch<lrboudez persona l COI11-

munications). Skl::deton weed is thought to 
h"ve been intruduced into Austr"lia w ith 
vine stock prio r to 1910 (Wells 1971), and 
is now presen t throughout the wheat belt 

of south-eas tern Australia (McVean 1966, 
Hull and Groves 1973) and a lso in West­
ern Australia (Cullen and Groves 1977, 
Panetta 1984). 

In eastern Austr"lia C. jUllcen exists as 
three bio types or forms, the narrow­
leaved o r fo rm A, the broad- leaved or 
form C and the inte rmediate-leaved o r 
form B (Hull and Groves 1973) . All three 
bio types, deSignated forms by Hull and 
Groves (1973), can be distinguished visu­
ally using leaf shapes and the angle of the 
latera l branches to the main flowering 
stem (Hull and Groves 1973) . 

Until the initiation of the biologica l con­
trol program for skeleton weed in Aus­
tra lia in 1966, the existence and distribu­
tion of each biotype was unknown. One 
broad-leaved plant was fo und nea r 
O uyen, north-western Victoria, in 1968 
(Hull and Groves 1973) . This plant was 
well outside the then known distribution 
o f broad-leaved plants, which was central 
New South Wa les (Hull and Groves 1973). 
Elsewhere in the Mallee large and 
broader- leaved plants were observed oc­
caSiona lly but these plants were not con­
sidered to be a sepnrate plant biotype (T. 
Dona ldson personal communicatio n). 
When seed of these plants were g rown in 
the glasshouse they resembled morpho­
logically the narrow- leaved plants (R. 
Groves personnl communication). After 
the re leases o f biological contro l agents in 
the ea rly 1970s broad- and intermediate­
leaved p lants began to be found in north­
western Victori" and in the South A ustral­
ian Mallee (Gu rdon e/ nl. 1981), but thei r 
distribution in northern Victoria was not 
su rveyed in detail in the 1980 survey. Nar­
row-leaved plants were considered the 
main biotype present in Victoria at the 
time. 

As two bio logic,, 1 contro l agen ts, the 
rust fungus, PI/ceil/in chOJld,ill illn Bubak & 
Syd., and the mi te, Aceria dlOlld,iIIillae (C. 
Can .), only Ilttack narrow-leaved plants 
(Gurdon e/ nl. 1981), these agents can be 
used fo r identification purposes. A third 
bio logical control agent, the midge, 
Cys tipJwrn sch lll i ,tt; (Rubsaamon), a ttacks 
all biotypes and is no t a usefu l diagnostic 
tool. Because vislI.:l1 Ille.:lns o f identifica­
ti on a re not "Iw.,ys accurllte, especially 
for fi eld III a te ria l, a starch gel e lec tro­
phoretic method w.,s developed to iden­
tify 14 enzym~s of C. jllllC(fI (Burdon ( t nl . 
1980). No diffe-rences were found be­
J~een thl:! three billtypes for 6 o f the en-

zymes but major differences were found 
for some enzymes us ing three different 
buffer systems. Esterase, alcohol 
dehydrogenase and phosphatase were 
identified from seeds germinated for up 
to 96 hr and these systems were used to 
identify the thr .. biotypes or forms of 
skeleton weed (Burdon et nl. 1980) . 
Panetta (1984) also used starch gel 
electrophoresis to identify C. juncen 
biotypes in Western Australia. A poly­
acrylamide gel e lectrophoretic method 
was developed to give improved resolu­
tion of the esterase isozyme in the closely 
related plant fo rms (Reinganum 1986). 
This method did no t rely on seed germi­
nation as had the earlier method, it used 
rosette and stem leaves, stems or root ma­
terial. Polyacrylamide gel elec trophoresis 
can be used throughout the year, when­
ever g reen plant material is available, 
whereas starch gel elec trophoresis uses 
seeds only. 

A survey was carried o ut in the sum­
mer of 1982 and repeated in 1986 to deter­
mine the relative abundance and distribu­
tio n o f the bio types in Victoria and 
whether they changed with time. 

Materials and m e thods 

Distributioll alld abulldallce of C. jUllcea 
in both years the major no rth-south and 
east-west roads of the MaBee and north­
ern Wimmera, and the northern sec tion of 
the Goulburn Valley were sampled for C. 
i .mcen (Figu re 1). Padd ocks abutting these 
roads and occaSionally roadsides were 
surveyed . Sites were approximate ly 10 
km apart. At l:!<1ch s ite, counts of each 
plant biotype were made in 10 x 1 m2 

quadrats along a transect, each quadrat 
was]O m apart. A to tal of 1]7 sites was 
examined, 90 in the Mallee-Wimmera re­
g ion and 27 in the Goulburn Valley. In the 
Mall .. , 60 sites were in stubble paddocks, 
13 in fallow p"ddocks, two in pasture, 
three in legume crops and 12 on 
roadsides. In the Goulburn Valley, 10 
were in stubble paddocks, seven in fal­
low, five in pasture and five on roadsides. 
The same paddocks were examined in 
both su rveys. 

All data were transferred to square root 
(density) and ana I yzed using General Lin­
ear Models, type III SS and tested for sig­
nificance (P = 0.05) and interaction (Little 
1981). Re- transformed data show the ac­
tual mean number of plants present per 
01' in a ll areas (Tables 1-3). 

Ideutijicatioll of C. jllllcea 
Field identifications depend on lea f shape 
and branch angles (Hull and Groves 
1973). In 1982 seed o r root stock o f uni­
den tifiable pbnts were collec ted and re­
turned to the laboratory. These were 
grown in the g lllsshouse, w ith s tanda rd 
seed of the three biotypes supplied by the 
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Figure 1, Major road systems in Victoria which were surveyed for the presence of CIIOlld,illll jlmcell L. and the 
di stribution of each biotype in 1986. Numbers indicate towns :-1. Mildura; 2. Robinvale; 3. Ouyen; 4. Murrayville; 
5. Hopetoun; 6. Nhill; 7. Sea Lake; 8. Wycheproof; 9. Swan Hill; 10. Cobram; 11. Yarrawonga; 12. Shepparton. 
Towns 1-5 and 7-9 are in the Mallee; 6 in the Wimmera; 10-12 in the Goulburn Vall ey. 
Distribution of biotypes:- n arrow-leaved plants on ly ( ); broad-leaved plants only ( ); narrow- and broad-leaved 
plants ( ); narrow- and intermediate-leaved plants ( ); all biotypes ( ) (1986). 

Commonwea lth Scientific Lndustrial and Research O rganization 
(CSlRO), Ca nberra . The lea f and plant shapes of fi eld collected 
and glasshouse grown material were compared. 

Plants not positively identi fied in the fi eld and plants collected 
in 1986 w ere tested for esterases using polyacrylamide ge l 
electrophoresis in the presence of Triton-X (Reinganul11 1986). 
This method allows the three biotypes to be distinguished by the 
presence of one or more bands in the lower portion of the gel. 
These bands were compared to bands obta ined from the CSIRO 
plants. 

A 25 mg sample of actively growing leaf or stem ti ssue was 
oTOlmd and ex tracted in ca rbon tetra chlo ride and Tris-He l 
buffer. Fifteen plants w ere iden tified per gel. Each gel was run at 
15 rnA for approximately 3 hrs and the gels stained in 0.1% Fast 
Blue RR for 10 m ins to develop the esterase bands. The clearest 
bands were obtained using 12% gels (Figure 2) . Field material 
morphologically different fro m the three standa rd bio types 
were tested to determine w hether they were new biotypes or 
unusual morphological forms. 

Results 

A/nil/dance alld dislrili,,1 iOIl of C. jIIIlcea 
The ] 982 survey ind icated that narrow-leaved plan ts were the 
commonest biotype present in the three regions studied, w ith 
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Figure 2. Banding of standard CllOlld,i ll ll jlmcell L., A. 
Narrow-leaved plants (Form A), B. Intermediate-leaved 
plants (Form B), C. Broad-leaved plants (Form C). 
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the highest average density of 23.2 plants 
m·2 found at Yarrawonga in the Coulhurn 
Valley. Broad-leaved plants were com­
monly found in the Mallee, with a 
maximum average density of 16.8 plants 
m,2 at Piangil, and infrequently found in 
the Wimmera, where the maximum aver­
age density was 1.1 plants mo2at Horsham; 
in the Coulburn Valley the maximum av­
erage density was 2.3 plants m ,2 at 
Numurkah. Intermediate-leaved plants 
were found only occasionally in the 
Mallee and not in the Wimmera o r the 
Coulburn Valley (Table I) . 

The 1986 survey indicated that narrow­
leaved plants were sti ll the dom inant 
biotype present, with the highest average 
density of 14.7 p lants m ·l found at 
Meringur in the Mallee. The maximum 
average density of broa d-leaved plants 
was 12.3 p lants m ,2 at Robinva le in the 
Mallee (Table 1). There were significant 
differences in density for narrow-leaved. 
plants between the yea rs and between the 
regions and in broad·leaved. plants be· 
tween regions but no t between years 
(Table 2) . 

Narrow·leaved. and broad-leaved 
plants were frequently observed in the 
same paddock, however narrow· leaved 
plants only were found in paddocks in the 
Wimmera, western Mallee and Goulburn 
Valley during 1982. By 1986 some broad­
leaved plan ts were found in the western 
Mallee and the Coulburn Valley. Broad­
leaved plants only were occasionally 
found in the eastern Mallee; the number 
of these plants increased between surveys, 
especia ll y in the Red Cliffs and St. Arnaud 
areas. In the years between surveys, inter­
med iate· leaved p lants spread into the 
Cou lburn Valley and the western Mallee, 
near Meringur and were found in the cen· 
tral Mallee; however they were present 
only in very small numbers and no sig­
nificant differences were found between 
year, region and yea r x region (Table 2) . 
All biotypes were found at five sites, four 
in the central Mallee and one in the west· 
ern Mallee, near Meringur. 

There was no interaction between the 
year and region for C. jflUcea density (a ll 
biotypes), (P>0.05) . However the 
Coulburn Valley and Mallee had signifi -

cantly higher densities in 1982 than the 
Wimmera (P<0.05), and the Coulb urn 
Valley than the Mallee, and the Mallee 
than the Wimmera for 1986 (P<0.05). For 
narrow· leaved plants there was no inter­
ac tion between region and year, but it was 
only in 1982 that differences in density 
between the Coulburn Valley and Mallee 
or Wimmera were significant (P<O.05). 
With broad-leaved plants, there was no 
interaction between regions and year, and 
in both years densities in the Mallee were 
significantl y higher (P<0.05) than in the 
Coulburn Valley or Wimmera (Table 2). 

The mean density for each biotype in 
the Mallee was analyzed according to 10· 
cation, east or west of the Sunraysia High­
way between Guyen and Mi ldura (Figure 
3). For narrow·leaved plants there were 
significant differences between year and 
loca tion (P<0.05) and no interaction be­
tween year and location. Between 1982 
and 1986 the means east of the highway 
fen from 4.4 m·l to 2.6 m·l and west of the 
highway from 7.1 m·l to 4.6 m·l . Broad­
leaved plants showed significant differ­
ences for loca tion only (P<0.05), and no 

Table 1. The m ean and standard deviation' of C. jlllleea plants m·' recorded during the s urveys of 1982 and 1986 
grouped according to districts within the three regions, Mallee, Wimmera and Goulbum Valley. 

District Narrow-leaved Plants Intermediate·leaved Plants Broad-leaved Plan ts Total 
1982 1986 1982 1986 1982 1986 1982 1986 

MALLEE 
Birch ip 14.2 6.6 0.2 0.5 14.2 7.3 
Boort 5.4 ± 3.6 4.5 ± 3.5 0.2 ±0.4 5.4 4.7 
Lake -Boga 8.0 ± 2.0 3.1 ± 2.8 0.02 ± 0.04 0.1 ± 0.2 0.08 ± 0.08 4.1 ±5.8 8.2 7.3 
Manangatang 5.4 ± 7.4 0.5 ± 0.4 3.6 ± 4.4 9.5 ±7.9 9.0 10.0 
Meringur 23.0 14.7 0.22 3.0 14.9 
Murrayville 13.2 ± 9.0 5.5 ± 1.2 0.1 ± 0.1 3.6 ± 3.4 0.6 ± l.l 15.8 6.2 
Duyen 9.0 ± 8.6 6.4 ± 6.1 0.02 ± 0.04 0.1 ± 0.3 7.6 ± 7.8 5.4 ±8.1 16.6 11.9 
Piangil 0.3 ± 0.4 1.0 ± 0.9 16.8 ± 2.9 10.7 ±3.2 17.2 11.7 
Rainbow 9.5 ± 8.2 3.7 ± 2.5 0.2 ±0.5 9.5 3.9 
Red Cl iffs 1 9.8 1.9 6.8 2.9 16.6 4.8 
Red Cliffs 2 4.6 ± 1.3 2.9 ± 1.1 0.9 ± 0.8 5.9 ±5.2 5.5 8.8 
Robinvale 0.6 ± 0.7 1.8 ± 2.0 15.5 ± 4.5 12 .3 ±6.0 16.1 14.1 
Sea t..,ke 5.2 ± 3.1 7.5 ± 3.9 4.5 ± 5.2 0.7 ±0.5 9.7 8.2 
Speed 5.8 ± 4.2 4.7 ± 3.0 2.9 ± 7.5 1.9 ±3.6 8.7 6.6 
Swan Hill 5.7 ± 6.9 6.4 ± 9.2 0.3 ± 0.6 8.0 ± 5.3 4.5 ±7.4 13.7 11.2 
Under boo I 6.4 ± 4.1 2.6 ± 1.4 0.05 ± 0.1 4.5 ± 3.4 3.3 ± 2.1 10.9 6.0 

WIMMERA 
Warracknabeal 7.5 ± 5.0 3.1 ± 1.1 0.05 ± 0.07 7.6 3.1 
Werrimull 5.4 ± 1.3 5.7 ± 2.0 0.9 ± 0.3 0.2 ±0.2 6.3 5.9 
Wycheproof 16.6 ± 2.4 4.7 ± 6.9 0.4 ±0.6 16.6 5.1 
Dimbuola 3.9 ± 5.5 1.5 ± 1.3 3.9 1.5 
Horsham 14.2 ± 2.1 4.8 ± 5.2 1.1 ± 2.0 0.5 ± 1.1 15.3 5.3 
Nh ill 17.1 ± 26.1 12.6 ± 20.2 0.03 ± 0.06 0.03 ±0.06 17.1 12.6 
Wou1l1Ed.111B 10.0 ± 9.1 5.4 ± 3.5 2.5 ± 2.7 1.1 ± 1.8 12.5 6.5 

CDULBURN VALLEY 
Nathalia 20.6 ± 12.1 2.7 ± 1.2 0.7 ± 1.3 0.2 ±O.4 21.3 2.9 
NUJl1l1rkah 16.8 ± 16.1 2.5 ± 1.6 2.3 ± 5.2 0.6 ± 1.3 19.1 3.1 
Wangaratt'1 10.6 5.1 10.6 5.1 
Ya rrawonga 23.2 ± 18.6 2.5 ± 1.5 0.03 ± 0.08 009 ± 0.2 23.3 2.5 

It. From transformed data . 8 Gaps indicate 0 rate r than not dettmnined. 
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Table 2. The mean number m" and standard deviation" of C. jllncea plants 
in each regions, the Mallee, Wimmera and Goulburn Valley, and their 
statistical comparisons. 

Year Region All Forms Narrow 
-leaved 
Plants 

Intermediate 
-leaved 
Plants 

Broad 
-leaved 
Plants 

1982 Mallee 
Wimmera 
Goulburn Valley 

1986 Mallee 
Wimm era 
Goulburn Valley 

Statistical Compa risons 

18.7 
9.0 

20.3 

14 .9 
5.1 
7.6 

± 1.6 
± 3.0 
± 3.3 

± 0.1 
± 0.2 
± 0.2 

1982 Goulburn Valley: Mallee 
Goulburn Valley: Wimmera 
Mallee:Wimmera 

NS 
P<0.05 
P<0.05 

1986 Goulburn Valley:Mallee 
Goulburn Valley:Wimmera 
Mallee;Wimmera 

P<0.05 
NS 

P<0.05 

/\.3 
8.8 

17.5 

4.0 
4.0 
6.0 

± 0.1 
± 0.2 
± 0.2 

± 0.1 
± 0.2 
± 0.2 

P<0.05 
P<O.OS 

NS 

NS 
NS 
NS 

0.03± 0.05 
o 
o 

O.OS± 0.14 
0.03± 0.06 
0.03± 0.06 

NS 
NS 
NS 

NS 
NS 
NS 

3.9 ± 0.1 
0.04± 0.2 
0.2 ± 0.2 

3.7 
0.2 
0.2 

± 0.9 
± 0.2 
± 0.2 

P<O.OS 
NS 

P<O.OS 

P<O.OS 
NS 

P<0.05 

• Converted from square root (density), General Linear Models Procedure. 

interaction between year and location. In 
1982 there was no significant difference 
be tween the mean number o f plants m·2 

(3.9 m·l for east and 2.6 m·l for west), but 
for 1986 the difference between the mea ns 
(4.3 m·l and 2.0 m·l respectively) was sig­
nificant (P<O.1O) (Table 3) . 

branch angles at 90° to the main stem . 
Other narrow-leaved plants are also vig­
orous in growth and have lower branches 
at angles of 60° to the main stem and top 
branches at 90". These plants were desig­
nated AC plants. All forms occurred 
throughout the skeleton weed areas and 
were not restricted to one site, one soi l 

Biotypes of C. j lll/cea type or one crop type. 
Morphologically there seems to be several Two morphotypes of broad-leaved 
variants or morpho types o f narrow and bio types were present; large and vigorous 
broad-leaved plants. The rust fungu s, P. plants with numerous stem leaves and 

Valley) or as a fain t band below the fifth 
or seventh band . Electrophoresis of all 
morphologica l types showed, basically, 
typical A banding. Vigorously growing 
types of narrow-leaved plants frequently 
had an eighth band, whereas AC plants 
had only seven bands. Plants from Rain­
bow, near the southern limit o f Mallee 
distribution, seemed to have slightly dif­
ferent banding from that of o ther narrow­
leaved plants; the bands were at a slightly 
different position and were not shadows. 
One plant showed a combination of band­
ing, with bands I to 4 and 6 to 7 of nar­
row-leaved plants and bands 3 to 4 of 
broad-leaved plants. This plant was col­
lected. as a broad-leaved plant not as a 
narrow- or immed iate-leaved plant. 

Typically broad-leaved biotypes have 
five bands, three light plus two heavy 
bands (Figure 2); however so me plants 
had four bands only. ElectrophoreticaHy, 
the different morphotypes were not read­
ily distinguishable, although the bands in 
position 3 and 4 were more commonly 
found in the vigorous type than in the 
other plants. At eight si tes in the Mallee, 
broad-leaved plants with more than the 
norm al num ber of flowers per branch 
were collected . The banding of these 
plants appeared different from standard 
broad-leaved plants. Bands I, 2, 4 and 5 
were present as well as a band in position 
7 of narrow-leaved plants. All bands were 
of equal intensity, with no heavy banding. 

Interm ediate -leaved plants had no 
bands be low band 4 o f narrow-leaved 
plants and band 2 of broad-leaved plants 
(Figure 2). 

cltondriflinfl , attacks all morpho types of less vigorous plants with few stem leaves. Discussion 
narrow-leaved plants although not all of Again, these types did not seem to be re- Despite the introduction of biologica l con-
them are equa lly susceptible to the fun- lated to different soil, si te o r crop types. trol agents, C. jUll cea is still considered a 
gus (Shepherd and Bruzzese unpublished Results of the elec trophoresis showed. serious weed in Victorian cropping areas. 
data) . Some narrow-leaved. plants ha ve that narrow-leaved plants exhibit seven Many farmers consider that it is increas-
characteristics described by Hull and bands, six light and one darker band (Fig- ing and the aim of the original survey was 
Groves (1973), 'normal' narrow-leaved ure 2). Variations in the number of bands to estimate the distribution and density of 
plants which do not have an upri ght in these plants were occasionally found, each biotype and then to determine 
growth habit, while o ther plants grow as as either two to four faint bands present whether plant densities had changed over 
tall, sturdy and upright as broad-leaved well above the no rmal bands (plants col- time. Distribution o f skele ton weed and its 
plants; they are vigorous in growth with lected from three sites in the Goulburn biotypes is probably wider than th is sur-

Table 3. The mean and standard deviation' for narrow-leaved and broad-leaved C. j.mcea p lants m-' recorded east 
and wes t of the Su nraysia high way between Duyen and Mildura" in north-western Victoria 

1982 
1986 

A 

Narrow-leaved Plants 

East West Significance East 

4.4 ± 0.4 7.1 ± 0.5 Year P<O.OS 0.9 ± 0.6 
2.6 ± 0.4 4.6 ± 0.5 Location P<O.OS 4.3 ± 0.6 

Year & Location NS 

1982 East West NS NS 
1982 East 1986 East NS NS 
1982 West 1986 West NS NS 
1986 East West NS P<O.JO 

Converted from square root (densi ty), General Linear Model Procedure. 
Sites I and 3 (Figure I). 

Broad-leaved Plants 

West Significance 

2.6 ± 0.7 Year NS 
2.0 ± 0.7 Loca tion 1'<0.05 

Yea r & Location NS 
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vey indicates, as the 1986 portion only re­
counted the 1982 s ites and a imed to find 
changes in density rather than increases 
in dis tribution . 

Significant differences in densities were 
fo und between a II regions and between 
years fo r narrow-leaved plants hut not for 
broad-leaved plants. Altho ugh distribu­
tion changes be tween 1982 and 1986 were 
no t monito red, reports by Land Manage­
ment Officers of the Department of Con­
serva tion and Envi ronment and personal 
observations indicated that there had 
been an increase in range since 1982, espe­
cially o f broad-leaved and intermed iate­
leaved plants. Dec reases in na rrow­
leaved plants were no t as great as ex­
pected after 10 years of biological control, 
ma ybe beca use susceptible plants have 
di s.1 ppeared and the plants left are not as 
suscep ti ble to Puceillin, and because the 
mites are not wide-spread across the 
Mallee, they are only common in areas 
where the plant is re latively undisturbed . 
Better seasons have been experienced 
since the drought yea rs o f 1983, and have 
p ro bably contributed to this increased 
distribution. 

It appea rs that broad-leaved plants are 
sp reading west fro m New South Wales 
across Victoria and into the South Aus­
tra lian MaJlee, as the heaviest infestations 
of these plants (Table 1) were fo und in 
Piang il and Ro binva le, ad jacent to the 
Murray Ri ver and therefore near to New 
South Wales. Farmers in Victo ria , espe­
cia ll y a lo ng the Murray River, consider 
their plants originated in New So uth 
Wales. Few broad-leaved plants were 
fou nd in western Victoria, Meringur 0.02 
01 .1, Murrayville 0.6 m·2, Nhill 0.02 m-2 and 
Ra inbow 0.2 m·l , and significantly mo re 
(P<0.05) were fo und in the east than in 
western Victoria . It is assumed that this 
biotype o riginated in the C. j UlIcen areasof 
centra l New South Wales and has sp read 
from there (Hull and C roves 1973). 

The presence o f three basic bio types 
was confirm ed using polyac rylamide 

electrophoresis, despite the existence of 
several morphotypes o f narrow- and 
broad-leaved biotypes in Vieloria . Al­
though it appeared that there were detect­
able differences the method used, the 
identification of esterase on ly, was not 
suffic ient ly sensitive to distinguish be­
tween the mo rpho types. Samples of C. 
jllllcen were therefo re sent to CSIRO, 
Mo ntpellier, France for confi rmation of 
the biotype band ing of the morphotypes, 
using polyacryla mide gel elec trophoresis 
of 22 enzyme systems (P. Chabnudez per­
sona l co mmunica tion). These analyses 
confirmed that there was a different nar­
row-leaved C. jUlIan present near Rain­
bow, fJossibly the result of sexual repro­
duction U. Cullen persona l communica­
tion). Whether these p lants have a differ­
ent genetic constitution because they area 
marginal population influenced by envi­
ronm ent or whether they are a d ifferent 
biotype is unclear. Morphologically they 
were no t as distinct as their electro­
phore tic pattern showed. The electro­
pho resis ca rried o ut in France also 
showed that the in termediate-leaved 
biotype was p robably mo re widely dis­
tribu ted in the Mallee than was originally 
thought U. Cullen persona l communica­
tion), thus efforts to find effective biologi­
ca l control <'1gents for all plant biotypes is 
necess<'1 ry. 

It is possible that there are definite mor­
pho logical fo rms of C. j ltllcea present in 
Victo ria . Some mo rpho types, grown in 
the g lassho use from fie ld collec ted root 
stock to observe whether morphological 
variation was maint.1ined, did show this 
was not just an environm ental phenom­
enon. However, these mo rpho logica l 
Va ria tions were no t as distinct as in the 
field. Thus th~se plants wou ld appear to 
be stable mo rphological va riations rather 
than environmenta liy induced variants. It 
therefo re does appear that there is genetic 
variation within bio types, confirmed by 
the isuzyme d.:lta , but w hether these are 
the resu lt of infregui::'n t sexua l reproduc­
tion is no t known. 
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