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Biology 2nd host specificity of the Chondrilla root moth Bradyrrhoa
gilveolella (Treitschke) (Lepidoptera, Phycitidae)

L. A. CarescHE and A. J. WAPSHERE
CSIRO Biological Control Unit, 335 Avenne Abbé Paul Parguel, 34000-Montpellicr, France

Abstract

The biology and ecclogy of Bradyrrhoa gilveoleila (Treitschke), recently
introduced into Australia as a possible biological control’ agent for the
composite Chondriila juncea, is described for Greece and compared with
its known biology in southern Russia. The moth occurs from eastern
Furope to southern Russia. In Greece it has two full and possibiy a partial
third generation each year. lts larvae live in cases below the scil surface
and feed on the rootstocks of Chondrilla spp., destroying the thinnest
plants. Heavy larval infestations on Chondrilla occur erratically in eastern
Greeee, being dependent on sites on sandy or very friable soils that are
only occasionally disiurbed; populations in hotter southern Gresce appear
to be less stable than those in the cooler northern regions. The larvae are
heavily aitacked by the fungus Beauverie bassiana as well as by Bracon
sp., Copidosoma sp, and Syzeuctus sp, (Hymenoptera) and by the Tachinid
Germaria graesca (Br, & Bere.); these cause a total larval and pupal mor-
tality of up to 80%.. Host specificity studies, during which the roots of
various wild and cultivated composites and 62 cultivated plants wer
exposed ic the moth larvae, showed that only Chondrille and the closely
related genus Tara en were attacked. A ficld survev showed that
Taraxacum was not a host under natural conditions. All forms of C.
juncea were equally readily attacked by B. gilveolelia larvae.
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Infreduction

T

The biolcgy of Bradyrrhoa gilveolella (Treitschke), a Phycitid moth whose larva
feeds on the rootstock of species of Chondrilla {Compositae, Cichoriaceas). wag o
in detail in southern Russia in the late 1920s and early 1930s when the cas
duced by the larvae on Chondrilla were investigated as a source of rubber (Sakharev,
1930; Korulina & Rudakova, 1932; Dirsh, 1933). The present investigation was
prompted by the possibility that this moth could cerve as a bioclogical control agent for
C. juncea, skeleton weed, an important weed of wheat cultivations in south-easterr
Australia. Most of the field observations were made during an ecoiogical investiga-
tion of C. juncea and its associated organisins in eastern Greece, where climates are
sinilar to those regions of Australia where skeleton weed infestations occur. The host
specificity of the moth and its safety as a hiological control agent were damonstrated
by testing the larvae against a wide variety of plant species under laboratory conditions
in Montpellier, France, and Thessaloniki, Greece. A brief account of the biological
contrcl poiendal of B. gilveolella has already been published (Wapshere, 1973q).
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Taxonomy and description

The gen

s Bradyrrhiica Zeller comupri

seen ¢ollected 1

twenty species, almost all of
it bave 1d in ia Minor and Russi:
Armenia. B. g ; crived by Treitschke in 1832 and a compiet
description of all stages of the moth was given by Kozulina & Rudakova (1932). The
adult moths, male and female, are 11-13 mm long with a wing span of 25-28 mm
and creamy bulf in colour. The anterior wing is traversaed by three brown bands; at
rest the wings are tightly folded to the body. The larva has a finely stippled integument
with few setae. The crochets of the prolegs, except for the last pair, are arranged in a
biordinal uniserial circle. The tridentate mandible has an anterior cutting lobe. Hatch-
lings are 1-2 mm long, with brown heads. Initially the body is pink but later it
becomes ivory-cream in colour. Final stage larvae are 20-26 mm long, with the head
capsule 1'6-2-6 mm wide and the pronotal shicld 2:6-2'8 mm wide. The obtect pupa
is 11-14 mm long and 3 mm in width. The light brown tegument is finely foveolate,
but has a smooth appearance. The eggs are prolate spherotds 0:65-0-80 mm long and
0-45 mm in diameter, with a reticulated chorion, and are creamy white in colour
when laid.

Host-plants

The host-plants of only two species of Bradyrrhoa are known, both being Cichori-
aceae, B. Ivrarelia Chrétien has been recorded on Andryala Iyrata (L'Homme, 1935)
and B. gilveolella has only been recorded on Chondrilla spp. under field conditions.
In southern Russia B. gilveciella occurs on C. juncea, C. juncea form intvbacea (= C.
latijoliay, C. brevirostris, C. ambigua, C. kossinskyi (= C. pauciflora), C. kusnezovii
and C. mujuniciumensis (Sekharov, 1930; Kozuling & R wdakova, 1932 Dirsh, 1933).
During this study it was observed on C. juncea, C. juncea form acantholepis (= C.
acantholepis) and C. ramo na in Greece.

Of these species of Chondrilla, C. latifolia, C. acantholepis, C. brevirosiris and C.
ramosissima are closely related to C. juncea. The other species belong to other sections
of the genus.

Geographic distribution
B. gitveolella had been recorded before 1948 in scuthern Russia from Kazakstan
and the Ca 15 to the Uk: 3 5 hed been o d
Bulgaria, Yugosiavian Macedonia, Turkev zn e
Latiin, 1951; Amsel, 1932; Kiimesch. 1568: P escu-Gorj, 1960), During this study
the insect was nd, in addition, thr cutceastern snainiand Greece from the
northern Pe ssus 1o the Yugoslavian-Bulgarian border, and in northern and
central ITran, . baidjan (Tabriz) and Karadj, respectively,

During the five y of C. fimcea throushout the Medilerrane
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icily (Rebel, 1931; Mariani, 1939;

the msect was pever fo the plant in Portyesl Spain, il 1
fraly. The insect does not occur in the western Mediterrancan region, although

the record from Sicily, if correct, may indicate that adult moths may occasionally
arrive from the East.

Biology

This account of the general biology of B. gilveolella combines the observations of
Kozulina & Rudakova (1932) and those made during this study. That part of its
biology which is peculiar to Greece will be deseribed later.

The whole of the larval and pupal development takes place beneath the soil within
a cgse attached vertically or obliquely downwards to the rootstock of Chondrilla on
which the larva feeds (Plate IV). The adult moths emerge at night or at dawn from
the case, and during the day rest immobile, gripping the Chondrilla stems. They fly
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at dusk and, in southern Russia, feed at the flowers of Matricaria sp. and Heliotropium
sp. Adults have lived up to 15 days in the presence of C. juncea only and with a
source of sugared water. Females at emergence contain oocytes in all stages of develop-
ment and maturation recurs throughout their life. Commencing 2-8 days after
emergence the eggs are laid in groups at frequent intervals. The number of eggs laid
per female varies divecily with size, and 280 is the maximum recorded (Kozulina &
Rudakova, 1932). The Russian authors suggest that under natural conditions the eggs
“are Jaid on the soil around the plants of Chondrilla. However, in inscctary cages they
are found on the walls and cage supports and on Chondrilia stems. The hatchling
descends by a silk thread from the support or stem to the soil and moves across the
soil surface until it encounters a Chondrilla plant, After briefly nibbling the base of
the stem, then the collar region, it attaches to the rootstock 5-10 mm below the soil
surface and commences to feed vertically upwards and downwards alternately. The
larvae feed irregularly on the cortex of the rootstock as far as the central cylinder,
cutting the lactiferous vessels. The latex is ingesled but not assimilated as it is later
ejected in frass peilets or regurgitated (Sakharov, 1930).

Immediately after fixing to the rootstock the larva commences to spin its case
which increases in widih end length as the larva grows and extends its attack along
the lehgth of the rootstock. At first, the case is loosely spun in silk, but later it
hecomes considerably reinforced to form a thick waterproof tube consisting of a silk
sheath the exterior of which is covered with coagulated latex, tiny picces of root

Ay
bark, frass pellets and soil pariicles. The case is 30-60 mm long and 3-7 mm wide
o . E
s erving as host.
akova & Kozu-

% content depending on the species of Chondrilla s
as fous s from . brevirosiris (Rud
lily moves up and down inside the tube.
A 3l oy 1 1 -

o 3]

a In cas

S 3

chimneyv of silk @ on the
silk bolh above and below rerculum, and
chamber. The adult ultimately emerg a th himmney.

The duration of the o the imssctary at temperatures
20°C and 29°C was as follows: egg arva 43-60 days; and pupa 7—
Development from egg to adult therefore takes 60-75 days.

3

Eecology of B. gilveolella in Greece

There are considerable diferences between the environment of E. gilveolella in
southern Russia studied by the Russian authors and that in Greecs which forms the

basis of this studwv,
Climatically (Table I) the southern Russian areas are extremely continental in
2.4 winter months of low to very low sub-zero temperaturss, but
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craine (S50 mm). In Greece the climate is typically Mediterranean wit
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than 300 mm rainfall, There are occasional
frosts in winter in northern Greec . thev are rare in southern Greece .

The main hosts of E. gilveoizila @ are the thin-rooted C. juncea and C.
acantholepis. C. ramosissima which inhabits dry, stony hillsides is a subsidiary host
of less importance. The principal hosts of B, oiiveolella in southern Russia are the
thicker-rooted species, C. ambigua (Sakharov, 1930). C. brevirostris, C. kossinskyi and
C. mujuniumensis. The latter three species support many more larvae than C. juncea
when growing together (Kozulina & Rudakova, 1932).

Tn southern Russia the Chondrilla plants occurring on stable sands and well drained
clay-sands supported the highest densities of B. gilveolella larvac; infestations were
relatively lower on unstable sands and dures and where strong vegetative cover had
developed (Kozulina & Rudakova, 1932). This was also the case in Greece, particularly
where a close carpet of the grass Cynodon dactylon occurred,




TABLE 1. Maximum and minimam temperatures {"C), and rainfall, of areas where Bradyrrhoa gilveolella occurs in southern Russia
and Greece

Southern Russia Greece
— 2 A - r —A
Kiey Astrakhan Ashkhabad Kazalinsk Athens Thessaloniki
(Ukraine) (Karakuiv) (Kazakhstan) (Southern Greece) (MNorthern Greece)
Temperature e —— A A A — —*. ~ = 4 a
Jan w—2+8 -89 — 10 33 -39 —89 —150 12-2 56 9-4 28
Feb —1:1 — 78 —7'8 83 06 —6'1 —150 128 61 11-1 2-8
March 33 —33 —A4-4 12°8 39 17 —83 156 78 150 Gl
April 111 2-¢ +4 211 94 14-4 —2-8 194 11-1 189 94
May 2006 00 128 22-8 156 24-4 11-1 250 156 239 144
June 250 12:8 Ny 33-3 194 360 16-1 294 19-4 289 183
July 256 14-4 2946 3641 217 322 183 322 22:2 322 21
Aug 24-4 133 153 350 194 29-4 16°1 32:2 22:2 317 206
Sept 194 8§49 1147 3040 i4-4 233 9-4 294 189 278 172
Oct 11-7 39 44 22:2 76 139 1-7 233 15-6 22-8 133
Nov 33 —1-7 — i1 139 3-3 2-8 —50 17-8 11-1 161 89
Dec --1-1 — O i —506 83 00 —44 —9-4 139 7-8 11-1 44
Avcrage 117 33 2 50 2101 94 12-8 17 217 139 206 117
Rainfall 550 mm, most rait i 160 mm, arid: lide 222 mm, arid; rainin 122 mm, very dry, 401 ram, dry summer, 482 mim, dry summer,
suinraer., rain throughowt year.  winter. most rain o winter, wet winfer. wet winter,

Data from Meteorological Oftice, 1967, Tabies of temperatuie, relative humidity and precipitation for the world. Pt 3. Europe.—2nd edn, London, H.M. Stationery
Office.
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Stablc soils of pure sand similar to those of scuthern Russia are restricted to very
small patches throughout mainland Greece, Chondriila juncea and its various forms
being found on a wide variety of friable and well drained soils, including sands,
sandy clays, pebbly, stony calcareous, schistic and granitic soils and even more clayey
soils, provided they are friable or develop cracks during the dry summer. Infestations
of B. gilveolella are less dense on the less sandy soils and the insect is rare or absent
on Chondrilla plants in wet low-lying soils even when friabie. The distribution of B.
_gilveolella is therefore more restricted by its habits and soil conditions than that of
its main Chondrilia hosts in Greece.

In general, B. gilveolelia is scarcet in southern Greece than in the north. Its dis-
tribution in Greece is very erratic, due to the lack of suitable soils, and to the fact
that nearly all the friable soils on the plains and sub-mountain regions are under
continuous wheat cultivation. Even so, the insect was frequently absent or occurred
on only 1-10% of the plants in seemingly suitable undisturbed situations. At only a
few sandy sites, dunes, embankments and road verges was the infestation level above
50%. In cultivated sands or claycy-sands where Chondrilla reappears each year in the
crop, up to 20% of the plants become infested by B. gilveolella by late summer, the
populations being only slightly lower than those in uncultivated situations, but these
infestations are destroved by subsequent ploughing. The highest infestations of B.
eilveolella occurred on recently abandened sites having a hieh density of small, pooriy
growing Chondrilla plants. The denslty ol D, gitvesizila declines rapialy 23 the time
sinee ahandonment of culiivation increases, even though Chondrille planis ate stili
present in apprecinble numbers, until on long abandoned sites {even on sandy soils)
only a very small percentage of plants are infested by the moth larvee. In such sites
the soil has either become compacted by the passage of grazing animals or there is a
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In northern Greece the annual cvcle is essentially similar, with moths of the over-
wintering generation emerging in May and June and those of the summer generalion
emerging from the eud of Auvgust to carly October. The larvae of the winter gengration
remain quiescent from December to March, Due to the shorter winter in Gresce the
distinction between the two main generations is less marked, and throughout most of
the vear larvae of all sizes and at ali stages of development are found togets

gt similar batclss of ten larvae of 10-18 mm collected carly in Marcch in
field in nerthern Greece and piaced in glass containers with Chondrilia 1o0ts
were kept respectively at 5. 10, 13 and 20-22°C, in 70-80% r.h. Bealow t0°C the larvae
remained quizscent, They fed actively only at temperatures above 15°C and develeped
normally between 20 and 22°C. The optimum temperature for developmant was larer
found to be 24°C. The larvae would readily recommence feeding every time the temp-
erature rose above the 15°C limit and they were able to survive for at least six weeks
on cut sections of Chondrilla rootstock at daily temperatures between 10 and 20°C
witliout apparent harm.

In northern Greece from 15 December to Ist April soil temperatures at a depth
of 5 cm are usually below 10°C, rarely rising above 15°C and then only for a few
hours (Abazoglou, 1968: Xyriazopoulos, 1946-1958; Livadas, 1959-1965). There,
during the winter, the larvae would remain fully quiescent. Soil temperatures rise
sharply from April to August when the monthly average at 5 ¢m scil depth under
grass is 15-32°C, and in the warmer parts of northern Greece it is possible for 5.

cther.
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gilveolella moths emerging at the end of April or in early May to give rise in late
Ji '}.‘—La'h Avgust 1o new sd‘lhs which would then produce a second swsmmer genera-
ate s P ogenare would reach the adult stoge
overwinter in an advanced larval stage. Howe
very few pupae zvailable to initiate such a cycle.
The annua! cycle in southern Greece js similar to. that in the north except that
mergence of the overwintering generation commences slightly earlier (late April to
rh May) and a partial additional summer generation can occur. At most sites the
numbers of larvae in the spring were very small, and larvae and Pupae of the summer
generation were again scarce before late August, Nevertheless, in November a heavy
popuiation of larvae at all stages was observed to enter thernatlon at many sites in
south-castern Greece, By the following spring the population of larvae had declined
to very low 1 vels. These evenis were observed closely during two successive seasons
at Thebes, a typical scuthern Gr"ek site (Table II).
LLven in northern Greece (2., Nikomidinon) (Table II), there was some evidence
of a progressive reduction in Jarval population through winter, into early summer,

ST

ver, there arte Lauah}

Tasre 1. Winter disappearance of Bradyrrhoa gilveolella larvae in Greece

% infestation of Chondrilla
by living larvae*
A

On all plants On older,
ing seediings established p! ants

N

Thebes (southern Greece) abandoned wheat field, calcareous sandy-clay
31,69

69 431

0 0
0-5 11

0 0

{northern Greece) long abandoned field, coarse sand-loam.

7.x1,69 10:6 183
28.1i1.70 23 34
11.vi.70 1-8 1-8
6.viii.70 85 85

*Results based on the examination of 50-300 plants, the numbers depending on presence of seedlings and
sea501,

TasLE HI. Survey of Bradyrrhoa gilveolella in northern Greece during winter

% Chondrilla No. larvae per
infested with  infested plant

Place i DatP Jarval cocoons (mean)

: ; i 15 1-0

a i 50 1-3

s rOn—INTgrits ; 60 04

= e 60 06

ehias Paraskevi (Nigrita) W 80 10

Tpanomi g ur 50 0-5
Clympias Sandy seit from granite and

schist 17.3i.72 50 1-6

Iraklia Sand embankment 23.1.72 50 1-6
Nikomidinon Old watermelon field; sandy

clay 7172 25 1-0
Kalindra-Muries Road cutting; schistcus sand-

stone 17.ii1.72 30 05

Katerini Sand embankiment 2210172 30 1-0
Larissa-Trikalla Road cutting; stratified sandy

loam 23,4072 50 1-0

Kalambaka Sandy loam embankment 24.ii1.72 50 0-5

Micri-Prespa Lake Canal bank; sand 4.iv.72 40 0-9

Near Olinthos Road cutting; coarse sand .
from granite and schist rocks  19.iv.72 30 0-8
Athyra-Evropos Road-cutting; sandy clay 26.iv.72 25 0-8
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though the population had returced more or less to its original auturmmn level by August
(Table 11). At the even colder northern sites nearer the Bulgarian border at Paradisos
(near Xanthi) and Iraklea, a large population of advanced larvae and pupae of the
overwintering generation was found, ' 3

A detailed survey from the northern border of the country to Tarissa and Trikala,
carried out from October 1971 to Mayv 1973, showed that B. gilveolella larvae were
present at 16 separate sites during the winter in this region with 15-18Y% Chondrilla
plants infested at mesan leveis of 0-4—1+6 larvae per plant (Table TII). All 2000 larvae
collected during this period looked healthy and none showed any external sign of
parasitisation or fungal disease: o dead larvae were found, even among those collected
from wet soil after several rainy days. Thus on unploughed sites a considerable popu-
lation of B. gilveoleliz overwinters in northern Greece.

These observations, sammarised in Table IV, indicate a strong relation between
winter climate and the stability of B. gilveolella populations. Populations are stable in
the cooler parts of northern Greece and are highly unstable in the hotier parts of
southern Greece.

TarLe IV. Winter decline of larval populations of Bradyrrhoa gilveolella
and climate in Greece

Average dajly maxis
mmlmum 1
rainiali, Dece

. =t -
Decline of larval Temper
Regions of populations of e
Greek mainland B. gilveolella Cilimatic sites Maximum Minimum

Southein Marked 130

(for Thebes 137

Central and northern Less markad Larissa 11-2

hessaloniki 10:6

Noith-castern Xantai 86
e 67 —0-

iative burnidity and precipitations for the

Parasites and pathogens

B. gilveolella is parasitis

Tachinid fiv (Table Vi The Hymenoptera, an Ichn nmonid, Syzenctus sn., a Braconid

Bracosn so., and a polvembryoenic tHd, i are pars £

A Tachinid, Germaria gracca (Br. & 1 : nac), infests the larvae and

emerges Trom the moth pupae. This is the first host rzcord for.this species. A Chaleid.
eltochalci _was also bred from Bradyrrica gilveolella pupae, but

it appears 1o be 2 parasite of the Tachinid.

Copidosoma sp. i3 the most common parasite, and up to 30% of the moth larvae
of the winter zeneration were parasiiised in northern Greece. Syzewcrus sp. occurred
in up to 1054 of the host larvae but Eracon sp. was less important. The Tachinid G,
graeca was widespread but generally at a low rate of parasitisation (5%). However, at
occasional sites in northern Greece up to 27% of the winter gereration of moth pupae
were parasitised by it. There is a good synchronisation between the parasites and
Bradyirhoa gilveoleila, the parasites hibernating in the host and emerging during the
same period as the moths. Sometimes Syzewcsus sp. pupates in the pupa of B. gilveolella.

Tn southern Russia (Kozulina & Rudakova, 1932) an Tchneumonid, cited as Syzewe-
tus maculaiorius () (without authority), a Braconid, Chelonus sp. and an Encyrtid,




TasLE V. Combired effect of parasizes on Bradyrrhoa gilveolella in Greece

Larva! parasites Pupal parasites
e .. N .8 v — o =y
No. larvae Rate of - [ No. pupae Raie of
Place Date examined parasitisalion iz 2 examined parasitisalion by
0 <] 29 S I i 34 Y
#o 5 S 2 r] P Tachinids
by < 2 S § 2 (o0
= = (=) 3 =] n
§ sz 3
E Y is}
Y Q .3 &
Paradisos (Xanthi) 7 22 50 + -+
N 23 47 + -+
! al 70 - } + 26 23
Irakleia (Serrai) 10, I Z -+ -
1 16 25 i -t +
7.x 51 14 - + 3 100
16. 3R’ 13 + +
lasmos (Serrai) 9.v 22 19 - -
Sidirokastron i9 21 !
Thebes 4 75
i, 74) $2 1 + G0 43
Vari (Attiki) 16.viii, 70 1% RY + 29 3
4.Xi,7C 7 0 2 10

Kalivia (Attiki) -~ 4.%0.70 )7 i8 + 2 166

8L1
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Encyrtus sp., were recorded as larval parasites and an undetermined Tachinid and
Ichneumonid were reared from pupae. Thus the parasile complex of B. gilveolella in
Greece is similar to that of southern Russia.

Two entomophagous fungi, Cordyceps sp. and Beauveria bassiana, also attack the
larvae of Bradvrrhica gilveolella in Greece (Table V). Cordyceps sp. was of minor
importance. On the other hand, Beauveria bassiana was the most important biological
factor reducing the larval populations of Bradyrrhoa gilveolella. The larvae present all
the classic symptoms of fungal infestation and are readily infected. The pupae are
rarely attacked. During “in vitro’ rearing of B. gilveolella larvae in Greece, the fungus
was most damaging at or above 20°C; below 10°C symptoms did not develop. In
northern Greece in winter there is very little indication of the disease, but it develops
rapidly among the surviving larvae in spring and in those of the summer generation.

Table V shows that the combination of parasitic Hymenoptera and fungal discases
can cause a 50-70% reduction in the larval population and the Tachinid can destroy
20409 of the remainin pupae. The hiﬂhest rates of parisitisation and disease, equal
to mortalities in each generation of 60-809%, are found in clder, more stable sites suth
as Paradises, which serve as population reservoirs for the moth.

Damage to C. juncea
A larva of B. ¢ilver della feeding on the vertical rootstock of C. juncea will cut out

a cortical seciion of the roowstock 2-4 cm long aad as far as the central cylinder in
depth, cutting into the cortical vessels an inter uO\'\ of nutrients, The
larvae also destrov the reges "Uion huds if thev oc edi ng area. Th fecdi
also reduces o a certain exiern oxcmmmmg resa :

Gcnmmi\, in Graece, t ﬂ" 1 -2 lar rvae per

e}

Heawv m!nt tio by [;‘. /wo/ﬂ la uuulu thus
; ~ivc1y to stands comprising a few t‘ncl root ed phms tnat would stili be

i

Ve Balst ',_f' the

Host specificily

eding on (“/'zmvlri"'a
city and s::‘eg

of Cichoriaceae and

As alreadv noted, B, gilveolslla has only been recorded a
spp. under rmtuml cor‘dum ver, to .demoenstrate its
biological conirol agent B. e was tested against a series
composites rcl:uc(! @ C!m i (a8

& - e x . .

]
[
Cin

piant quarantine ;m*h:)r\fl“*
families (lsted in Table VI
are other mzmbers of the Lrsp- ':;l , the Il’lOSt imporis

fettuce, Lactuca saiiva,

The testing method was as follows: larvae of medium to large size (8-20 mm) were
collected from Chondrilla planis in Greece, extracted from their larval cases and
placed close either to the roots of growing plants or near root portions of the test
plants.

In the test using living plants 3-6 living larvae were placed on each of four plants
of each of a test group of 2-3 plant species and on four C. juncea control plants at
ambient temperature (18°C night, 26°C day). If the plant species were acceptable as
food, the rcots were attacked after a short time by the larvae, which commenced
feeding and constructing a2 new case. Otherwise 'the root was not attacked and the
larvae moved rapidly away. After 15 days the top parts of the roots of the test plants
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TaBLE VI. Plant species tested for specificity ¢f Bradyrrhoa gilveolella

Compositas

orag
ciioriaceae
Ciepidinae

Scorzonerinae
Cichorinae
Tubiflorae
Heliantheae

Heleniae
Antbemidae

Calenduleae

Cynareae
Chenopoediaceae
Convolvulaceae
Cruciferae

Cucurbitaceae

Gramineae

andaceae
umincsae

Jug
Teg

Liliaceae

Linaceae

Oleaceae
Pinaceac
Rosaccae

Rutaceae

Lactuca sariva
Taraxacum officinale
Sonchus arvensis

S. oleracens
Scorzoncra hispanica
Cichoriun endivia

Helianthis annuns
H, tuberosus
Dahlia sp.

Zinnia sp.
Tageres =p.

Charysanthemumn indicum

C. lewcantliemum
Calendila sp.
Carthawmus tinctorius
Cyriara scolymus
Beta vulgaris
Ipomoea bataias
Brassica oleracea
B, rapa

Cucurbita maxima
Cucuimis sativus
C. melo

Citrufius vulgaris
Triricum spp.
Hordeum vulgare
Avena sativa

Secale cercale
Oryza sativa

a0

111 perel
Phalaris tuberosa
Juglans regia
Piswm caiivum

us vulgaris

Olzg ciroraea
Pinus radiara
Melus svivestris
Pyrus communis
Prinus domestica
P, persica

P. armeniaca

P. cerasus

P. amygdalus
Cydonia vulgaris
Fragaria vesca
Rosa spp.

Citrus sinensis
C. limonia

C. paradisi

Lettuce
Dandelion
Corn sow-thistle

Endive

Sunflower
Jerusalern artichoke

Safflower
Artichoke
Beet

Sweet potato
Cabbage
Turnip
Pempkin
Cucumber
Rock melon
Water melon
Wheat
Barley

Oats

Rye

Rice

Maize

Ferennial ryegrass
Phalaris

Walnut

Garden pea
French bean
Broad bean

Soy bean

Lucerne

B
Wattles

Barrel medic
Strand medic
Asparagus
Onion
Linseed, flax
Coiton

i

Gum

Gum

Olive
Manterey pine
Apple

Pear

Plum

0
e

, nectarine
Apricot

Cherry

Almond

Quince
Strawberry
Garden rose
Orange

Lemon
Grapefruit
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TasLe VI. Plant species tested for specificity of Bradyrrhoa gilveolella—continued

Solanaceae Solanum tubcrosum Potato
Lycopersicum esculenturit Tomato
Nicotiana tabacum Tobucco
Capsicun aanunm Capsicum
Umbeiliferae Daurus carota Carrot
Pastiraca sativa Parsnip
Apium graveolens Celery
Urticacecae Humulus lupulus Hop
Vitaceae : Vitis vinifera Grape

were examined for damage. After one month the root was examined fully to determine
whether any feeding had taken place.

All the plants of the family Compositae in Table VI except Taraxacum officinale
and Sonchus oleraceus were tested using this method, as also was Glycine hispida. L.
sativa was tested both in the rosctte stage and in the flower shoot stage.

The other ‘in vitro’ method was simpler and more rapid and was used for the
remainder of the plants in Table V1. Six or ten larvae were placed between 15-cm
sections of well developad rootstock in a.giass dish (25 cm diam. X 8§ cm deep), the
bottorn of which was coverad by 2 shset of filter paper. Two tests were made simul-
temeously, In the first, two dishes sach centalned three sections of (he root of the test
plant cn the filter paper (starvation test); in the second, a cheice fest between the test
plzmt au-i thv normal he ):‘, the two mcnf‘s t’dCh contalned two se anne of the rcot of

& ) stock alernately piaced. In total each
, for zach tvpg of test.

)2 h LS i
1ily to allow azer care vas
 was run for seven davs, during
2t toto a normal hos 1t The

activities of the h rvas were chvchf,d ev ery 1wo d ys and finally the root r\,u.r\n; were
e}\dmm“d to detect any attack, attachment o1 {cedmg. As well as the rc‘“\umn“ species

A4 in Tabie VI L.

not dt y cut. ﬁ:»lch

1!

sidivie, alread

as living piants, were also tested by this method

The results were very clear for all tests. On all occasions healthy B. gilveolelia
larvee rapidly attacked and fed on the rootstocks of Chondrilla juncec and soon after
commenced to spin their larval cases using the latex and root parricies as already
described. By the end of the test twpical cases had been construciad along the root
seclions and the lar ! developed wilhin these cases. On the cother hand none
in ole W1 i in this wav was attacked in the same manner
except for I inale. There was no attermnpt to feed on the plants, except for Flous
carica 2nd Pinus radizta on which the larvae very temporarily attemptad (o use some
tiny bark {raz 3 dd 1o the eh of the case. With Sacchc"' m officinarum
the larvas entered mt) the pith ot the cut ond of the collar region, fed upen it and
spun cases, but when the end of the section was plugged fresh larvae made no attempt
to feed en the uninjured root epidermis.

By the end of seven days.the larvae in all the “in vizro’ statvation tests, except
that with 7. officinale rootstocks, were already beginning to die from starvation. In
the living plant tests the larvae not on C. juncea were all dead within 30 days. In the
* choice tests’ the healthy larvas had all attached to the C. junce« rootstocks by seven
days but none had attached to or fed on the rootstock of thc alternative plant species.

B. gilveclella larvae readily attacked and attached to cut rootstocks of 7. officinale
and formed a normal case. However, these events proceaded at a slower rate than with
C. juncea, thc normal host. To discover whether 7. cofficingle could serve as a host

er
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under ﬁe]d c'\nditions 250 1. officinale plants in the vicinity of Chondrilla plants
rested by B, gilveolella were dl 2z up and examined in sprmg in (;rc . On none of
there any sien of B. gif OIS i old cases

;uul scarring characteristic of i

ceding.

The adaptation of B, gilveolella to C. juncea forms

C. juncec 1s a polymorphic apomict (Rosenberg, 1912) with many different forms.
In Auvstralia there are threc forms: narrow, intermediate and broad leaved (Hull &
Groves, 1968). In Europe there are manv more and in Greece there are two main
forms or perhaps two species, C. juncea and C. acantholepis as well as many others. In
order to determine whether the Australian forms were attacked =qually as readily as
the Greek form, five forms were exposed to B. pgilveolella (i.e. Greek acantholepis,
the three Australian forms and the French ‘ Aniane’, a form typical of the western
Mediterranean region). The tests were carried out using the living plant method and
the Greek acaentholepis was used as control since the larvae were collected from this
form. There was no difference between forms; B. gilveoleila attached readily, fed on
and formed cases equally quickly on all forms of Chondrilla.

Discussion

The above results show that B. gilveolella is a sufliciently specific insect to introduce
to Australia to control skeleton weed (C. juncea). They confirm the contention of the
Russian workers, Sakharcv (193 q) and Kozulina and Rudakova (1932) that B. gilveolella
1s *w“»w'c Lo Chondrilla spp. under natural conditions, Thev also show that, &s noted
bv Kozulina & Rudakova (1932), ahhuus.; Ta:c: cun species con serve as a host under
awora*ux conditions it {s not a host in the field. Furthermore, during the study of

us (Cichoriaceae, Jnc:uu"w two o*‘ner species of [czmm?wn T kol\vazhv* and T
-,

Slg, O

; ag well as Chomdrilla spp. in southern fu
w-uﬂd on Taraxacwm spp. ner on other Cichoriaceae except Chondrilla sr‘p (Pravdin,
1937).

Unlike the other Chondrilla organisms studied to date as bioloeical control agents
{Hasan, 1972; Caresche, 1973; Caresche er aof., 1974: Caresche & Wapshare, 1974, 1975)
there is ne evidence of adaptation of B. gzi.em’m‘m to geographic forms of C. juncea

and there was therefore no necessity to search {or strains adapted to the Ausiralian
ab O g o

The populations of B. gilvecielia in Greece are basically wnstable. For example,
there is the continuing population decline in uhnmdo ied agricul urul sites duf’ to

J co : of the
considerable popuh ion Iosses ca iy ;mtu:nn cuitivation

w here the g

latton in Greece new mta nezd t nii : »ocultivation and
subse qum. abandenment. In w_AtJon to the above instability thers is the winter dis-

appearance of moth larvag, most marxed in southern Greecs, and ralated to climate,
and finally the re-invasion of Greece in summer, particularly in the south,
It does not secem possibie that the medium to Z cavy infestations of larvae observed

on Chondrilla at the end of suminer, in uadizturbed sites and on Choendrilin growing
in the proportionately much greater area of Whe‘o_t stubble could be derived from the
small spring population in Greece. Tt is rcasonable ther.fore to assume that during
the summer flight period there is a large influx of moths frem the sandy plains of
Roumania and Bulgaria, and that these moths Jlay egas and reinfest Chondrilla
throughout Greece. There is, as yet, no direct evidence for such an influx.

The cause of the continuing decline and winter disappearance of the larvae, so
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pronounced in southern Greece, is unknown. It is not due to heavy pv‘mtjutmn or
disease, since few larvae killed by parasites or by Beauveria basstana are found in the
field, nor is it due to lack of food, since Chondrilla rootstocks are always present. The
only conclusion is that Bradyrriioa gilveolella larvae are in some way ill-adapted to
relatively hot Mecditerranean climates with winter rainfall, and that southern Greece
is near the extreme southern limit of the range of this moth in Lurope, populations
being unstable there for that reason. Possibly the effect of this poor adaptation is
aggravated by the lack of sandy soils in southern Greece, because most populations of
B. gT[vcoIe[za entering winter there occur in soils which are more clayvey than those of
the sites in n~rthern Greece.

If in fact B. gilveolella is ill-adapted to hot Mediterranean climates and is dependent
on more northerly populations to maintain itself in Greece, this would explain the
absence of the moth in the western Mediterranean despite the presence of C. juncea
forms which are readily attacked. There are no C. juncea populations in the north of
western Furope large encugh to support an adequate population of migrant meths..

The eflectivencss of B. gilveolella as a biological control agent will depend on its
adaptation to the envirenmental conditions of the C. juncea infestations in Australia
(‘vVup;hcrL. 1973a). Unlike the Greek situation the Ausiralian infestations are on soils
ranzing frem 521"1(1 to saudy and ua%]y <r*1i‘z“" *o the soils in which ma\mmm infesta-
1] i i In this rr*o*-"d
B. gilveolella \\ould well ac The maia C. juncea
infestaticns occur in tI e fdlow or pasture yuﬁ‘,;@ of ation m Auxtmha and
the noT flar ¢ iy abandone in

ara

S& xll‘_r\' [ERE-

moth are partmu arlv
]‘O’., dry sandy Mailee «

tha
yoite mor adaptation to hvﬁpr Meuuefm“-(

pasture ths

1403

course of the pc:dnt at W hl '1 a ba lum‘ is achieved

between th
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Larval and pupal cases of Bradvrriwa zilveolella on Chondrilla rootstock.



