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Abstract. Tephritids that attack flowerheads are almost entirely restricted to plants in the
Asteraceae. Surveys of Asteraceae flowerheads were made in Australia for the presence of tephritids
and their parasitoids. The tephritids tended towards host-plant specificity at the level of plant tribe
or below, whereas the parasitoids showed no marked affinities with host tephritid or host plant. The
parasitoid complexes were compared with those of Mesoclanis species (Tephritidae) on
Chrysanthemoides monilifera (Asteraceae) in South Africa, and with those of several asteraceous
flowerhead communities in Europe and North America. The parasitoid complexes throughout these
regions are remarkably constant in taxonomic structure. Comparisons of the Australian fauna with
those from elsewhere allow predictions to be made about which species may move onto tephritids
introduced into Australia for biological control of asteraceous weeds, particularly Mesoclanis
species on C. monilifera, and allows predictions of their possible impact on the success of this

programme.

Intmductimf

It is an expectation of biological control of weeds
_ programmes that introduced insects will experience a
lower level of parasitism than they do in their native
environment, and thereby have a greater impact on
their host plant. When a biological control agent is
released, every effort is made to ensure that it is free of
_its parasitoids from its country of origin. However,
there remains the possibility that native parasitoids will
adapt to the novel host, and many examples exist to
illustrate that this can occur (Cornell and Hawkins
1993; Julien 1992). Before a new agent is released, the
possibility of attack by native parasitoids is rarely
considered. It is the aim of this paper to consider this
possibility for an agent that is soon to be released in
Australia.

Seedhead tephritids (Tephritidae) are more or less
restricted to the family Asteraceae (White 1988; Straw
1989), and many species are host specific (White
1988), resulting in their frequent use in biological
control programmes (Harris 1989; Julien 1992). Three
species of Mesoclanis (Tephritidae) are being assessed

as potential  biological control agents of
Chrysanthemoides  monilifera  (Asteraceae) in

Australia. Mesoclanis polana has been shown to be
specific to C. monilifera and has been approved for
release. Mesoclanis magnipalpis and M. dubia are still
undergoing specificity testing.

Chrysanthemoides monilifera is native to southern
Africa, and in 1987 a survey was commenced for
potential biological control agents (Scott and Adair
1990). In addition to the tephritids mentioned above,
four species of chrysomelids and one species of
geometrid have been released in Australia. A tortricid
(“Tortrix” sp.) (Aecidium
osteospermii), both of which can inflict considerable

and a rust fungus

damage on C. monilifera, are also undergoing
assessment (Adair and Edwards, this Volume).

Two subspecies of C. monilifera have become
weedy in Australia, C. m. rotundata, or bitou bush,
along the castern coast from southern Queensland to
eastern Victoria, and C. m. mr)nljliﬂem, or boneseed, in
South Australia, Victoria, New South Wales and
Tasmania (Weiss 1986). Chrysanthomoides monilifera
is unusual amongst the Asteraceae in having large
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fleshy drupes containing a single woody seed (Bremer
1994), in contrast to the dry achenes normally
associated with asteraceous seedheads. The larval
stages of all three Mesoclanis species being assessed
feed within the florets and developing ovules of
C. monilifera, pupating within the seed or occasionally
within the florets or receptacle, depending on species
(PB. Edwards and E.M. Brown unpubublished). In
South  Africa, M.
whereas M.

[)()](II)(’I occurs only on

C. m. rotundata, magnipalpis  and
M. dubia occur on C. m. rotundata, C. m. monilifera,
C.m. pisifera and C. incana (Munro 1950;
P.B. Edwards and E.M. Brown unpublished).

The question addressed in this paper is whether we
can make informed predictions about the likelihood of
Mesoclanis species being parasitized by native
Australian parasitoids, and if so, to consider which
species, genera or families of parasitoids are likely to
be involved, and to speculate on the possible impact
these species may have on the population dynamics of
Mesoclanis species. The approach used to develop our
answers was: (i) a sampling programme to survey the
parasitoids attacking Mesoclanis species in South
Africa, to determing the species involved and their
relative importance; and (ii) a sampling programme in
Australia of the tephritids on Asteraceae flowers to
ascertain the struocture of the parasitoid communities
involved. The reSults were considered in the context of
published
complexes elsewhere, and the history of other

information on  tephritid-parasitoid

tephritids used in biological control programmes.
Methods

Parasitoids of Mesoclanis species on C. monilifera in
South Africa

Chrysanthemoides monilifera tlowerheads, from five
sites in South Africa where Mesoclanis species are

known 1o be abundant, were sampled regularly for the
presence of parasitoids. Sampling was undertaken at
St. Lucia, Mtunzini, Durban, St Francis Bay and De
Hoop Nature Reserve. Flowerheads at various stages of
development were sampled and kept in ventilated
containers until all tephritids and parasitoids had
emerged. Samples were taken during all seasons,
between 1992 and 1994, The total numbers of different
species of parasitoids were determined (details on
phenology and impact are to be presented elsewhere).

Parasitoids associated with seedhead tephritids in
Australia

Collections were made of flowerheads from 64
species (including four subspecies of Senecio lautus
and two subspecies of Chrysanthemoides monilifera)
South Wales,
Queensland and the Australian Capital Territory, the

of Asteraceae in New Victoria,
general region of C. monilifera distribution in Australia
(Weiss 1980). Native and introduced species were
included in the survey. Samples were held in the
laboratory until all tephritids and parasitoids had
emerged. On occasion, if only parasitoids emerged, the
samples were dissected to look for evidence of
tephritids, such as empty pupal cases, dead larvae or
typical feeding damage. Many other flowerhead
samples were also dissected, to ensure that neither
diapausing tephritids nor diapausing parasitoids were
present. Adult tephritids were occasionally collected
directly from flowerheads.

Results

Parasitoids of Mesoclanis species on C. monilifera in
South Africa

A summary of the total numbers of parasitoids
collected at each site in South Africa is presented in
Table 1, together with the numbers and identity of

Table 1. Numbers of parasitoids associated with Mesoclanis spp. reared from samples of Chrysanthemoides monilifera in South
Africa. ‘Others’ includes Preromalus sp. (Pteromalidae), an Encyrtidae, two species of Eulophidae (one an Aprostocetus) and a

second species of Torymoides (Torymidae).

Site Host plant Tephritidae Eurytoma Torymoides Psyttalia Others
sp. A sp. B sp. A

St Lucia C. m. rotundata Mesoclanis polana 359 132 178 84
Mtunzini C. m. rotundata Mesoclanis polana 192 198 86 73
Durban C.m. rotundata Mesoclanis polana 132 189 59 62
St Francis C. m. rotundata Mesoclanis magnipalpis 373 81 143 21
Bay Mesoclanis dubia

De Hoop C. m. pisifera Mesoclanis magnipalpis 268 16 52 2




Mesoclaris species. Eurytoma sp. A (Eurytomidae)
was the dominant species at three sites, and together
with Psyttalia sp. (Braconidae) and Torymoides sp.
B (Torymidae) comprised over 85% of the total
number of parasitoids at each site. Other species
collected included (Eupeimidae),
Pteromalus sp. (Pteromalidae), a species of Encyttidae,

Eupelmus  sp.

two species of Eulophidae and a second species of
Torymoides (Torymidae).

All species of Mesoclanis and parasitoids emerged
within a few weeks of collection, except for Eurytoma
sp. A, which emerged over a period of up to 10 months
after collection. For instance, 32 Eurytoma sp. A
emerged from a collection of M. polana made from
C. m. rotundata at St Lucia in July 1992: 16% emerged
in August, a further 53% by February, 28% by April
and the remaining 3% by June 1993. Sixty-six
Eurytoma sp. A emerged from a collection of
M. magnipalpis-made from C. m. pisifera in De Hoop
Nature Reserve in July 1993: 2% emerged by
September, a further 3% by November, 0% by March
and the remaining 95% by May 1994.

o
Parasitoids associated with seedhead tephritids in
Australia

Of the 42'native species of Asteraceae sampled
(including four subspecies of Senecio lautus),
tephritids were reared from 34, and there was evidence
of tephritid activity in a further one (parasitoids

emerged and adult tephritids collected from
flowerheads) (Table 2). Of the 17 introduced

Asteraceae species (including two subspecies of
Chrysanthemolides monilifera), tephritids were reared
from four, and collected from flowerheads of a further
two (Table 2). A total of 14 tephritid species was
collected. None occurred on the introduced plant
Chrysanthemoides monilifera.

Of the parasitoids reared, the Torymidae were the
most widespread in terms of host associations.
Torymoides sp. A was assoclated with six species of
tephritids from 14 host plants, including two
introduced plant species, Euryops pectinatus and
Senecio pterophorus (Table 2). Other widely occurring
parasitoids included three species of Megastigmus
(Torymidae), two Pteromalus
(Pteromalidae), a species of Systasis (Pteromalidae),

species  of

and two species of Aprostocetus (Eulophidae).

Occasional  collections  included  Euderus  sp.

(Eulophidae), Eupelmus sp. (Eupelmidae), an

Encyrtidae and Apanteles sp. (Braconidae).

FParasitoids of tephritids 155

Discussion

Host plant associations of seedhead tephritids

The 14 species of tephritids associated with native
Australian Asteraceae showed specificity at the level of
plant tribe. Some species were only collected from one
plant species, although more extensive sampling would
be required to ascertain if these were host specific.
Tribal specificity of seedhead tephritids has frequently
been reported (e.g. Goeden et al. 1987; Green et al.
1993; Zwolfer and Arnold-Rinehart 1993), although
exceptions do occur, such as Paroxyna genalis which is
known from 38 species in six tribes of Asteraceae
(Goeden et al. 1994a).

Tephritids were reared from four introduced plant
species. Sphenella ruficeps was reared from the plants
Euryops pectinatus and Senecio pterophorus, which is
consistent with the observed affinity of S. ruficeps for
Senecioneae. Similarly, S. ruficeps and Trupanea
prolata, which were both reared from Senecio
madagascariensis have maintained their tribal affinity.
Senecio madagascariensis, or fireweed, is a noxious
weed in eastern Australia, and is taxonomically very
close to the native species S. lautus (Parsons and
Cuthbertson 1992). Qur observation of the transter of
these two species of tephritids from the native species
to the introduced species is therefore not surprising. It
suggests, however, that it may be difficult to find
biological control agents for S. madagascariensis that
are host specific. Our observation of Spathulina
acroleuca being reared from the introduced plant
Gerbera jamesonii, is surprising, since not only is the
genus Gerbera in a different tribe from the other hosts
of S.acroleuca, but it is in a different subfamily,
Lactucoideae. (Of the two subfamilies in Asteraceae,
Lactucoideae is poorly represented in Australia,
containing approximately 2% of the native species of
Asteraceae (from Willis 1964)). Spathulina acroleuca
has been collected from Ageratum conyzoides (tribe
Eupatoricae, subfamily Lactucoideae) in Malaysia
(Ibrahim and Zakaria 1988), indicating that either
S. acrolenca does have a wide host range, or that it
comprises more than one species.

Parasitoids of seedhead tephritids and their host and
host-plant associations

The diversity of parasitoid species associated with
the Australian tephritids collected during this study
was not as great as that of their hosts, although this
may partly be a reflection of our taxonomic knowledge
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of many of these groups. For instance, all of the
specimens of the Torymoides species have been placed
in one species, which is near T, australiensis, however,
due to the difficulty of distinguishing between some
species, it is possible that more than one species may
be present (I. Naumann personal communication). The
Torymoides species reared from Mesoclanis species in
South Africa is a different species from the one we
recorded in Austrglian samples, although it is barely
distinguishable (I. Naumann personal communication).
Similarly, the Megastigmus species can be difficult to
define due to considerable colour variability, although
in the present collections at least three species were
recognizable.

There were no clear patterns of host specificity or
plant specificity exhibited by the Australian
For example Torymoides sp. A was
associated with six species of tephritids in four genera,

parasitoids.

and from 14 plant species (including two introduced
species) from three tribes. Studies by Hoffmeister
(1992) on parasitoids associated with tephritids
brccdﬁ]g in pulpy fruits showed that, in general,
ecological factors such as habitat or host-fruit texture
were more important in determining host-parasitoid
associations, than were phylogenetic factors, in
particular the taxonomic relatedness of the tephritids.
This may well-be the case with the Australian species.
For instance, Megastigmus sp. C was only recorded
from coastal localities, but from five tephritid hosts and
from plants in three tribes. Some parasitoids, such as
Eupelmus sp., were only reared from one host
(Rhabdocaetes sp.) on one host plant (Melanthera
biflora). This may either be an artefact of our sporadic
and opportunistic sampling regime, or it may indicate
specificity at the host or host-plant level.
A useful categorization of parasitoids is into
koinobionts, which allow the host to continue
_development before completing their own development
and killing the host, and idiobionts, which kill their
host at the time of oviposition (Askew and Shaw 1986).
The former tend to be specialized endoparasitoids, and
the latter tend to be generalist ectoparasitoids. The two
_ predominant  parasitoids of Mesoclanis species in
‘iSomh Africa, Eurytoma sp. A (Eurytomidae), and
_ Psyitalia sp. (Braconidae) are koinobionts. In additon,
_our results show that Euryfoma sp. A has a diapause,
which can delay its emergence for up to 10 months.
This is particularly important for C. m. pisifera at De
Hoop, which has a short, but predictable, flowering
period of two to three months. The prolonged diapause
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of Eurytoma sp. A ensures that its emergence is
synchronized with that of Mesoclanis magnipalpis at
the flowering time of C. m. pisifera. At St Lucia, there
is also a peak of flowering, although sporadic
flowering can occur throughout the year, which is
consistent with the more variable diapause observed in
Eurytoma sp. A from that site, leading to emergences
throughout the year. This observation of koinobiont
species predominating where good synchrony with the
host is essential, is consistent with the conclusions of
Hoffmeister (1992), who observed the corollary, that
only idiobiont species were found where high
synchronization with the host was of no advantage.

The biology of the Australian species of parasitoids
collected during this study has not been well studied,
s0 it is not known if any are koinobionts. A high degree
of specialization between parasitoid and host would
suggest that the parasitoid is likely to be host specific,
and although this does not appear to be the case for
E. tibialis in Europe (see Table 3), it has been
suggested that E. tibialis may be a cluster of sibling
species (Schlumprecht, cited in Zwolfer and Arnold-
Rinehart 1994).

Comparisons  between  structure of parasitoid
complexes

Examples of some seedhead-tephritid parasitoid
complexes from Europe and North America are
presented in Table 3. There are marked similarities
between many of these complexes, and with the
complex associated with Mesoclanis species in South
Africa. Most striking is the dominance of a koinobiont
Eurytoma species in almost all these associations.
Zwolter and Arnold-Rinehart (1993) summarized
findings on 24 associations between Cardueae
(Cynareae), Urophora spp. and Eurytoma spp. in
Europe, and found that the association between a
koinobiont  Eurytoma (E. tibialis  of
E. serratulae), an idiobiont species
(E. robusta), plus idiobiontic species of Torymus
(Torymidae) and Preromalus (Pteromalidae), was a
remarkably constant complex. Zwolfer and Arnold-
Rinehart (1994) suggest that this parasitoid guild “is an
ancient and stable one.”

species
Eurytoma

Our evidence indicates that the genus Eurytoma is
less important in Australian seedhead communities,
where Torymidae, Pteromalidae and Eulophidae
predominate. In and South Africa,
Torymoides species appear to replace the Torymus

Australia

species of Europe and North America. The Eulophidae,
in particular Aprostocetus spp., were well represented
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i the Australian samples, particularly those from the

plant tribes Inuleae and Astereae. The genus
Aprostocetus (sometimes as Tetrastichus) was also
present in several European and North American
parasitoid communities, as well as the Mesoclanis spp.
community from Chrysanthemoides monilifera in
South Africa.

A dominant species in the South African
Mesoclanis spp. iparasitoid fauna was the koinobiont
braconid Psyitalia sp. This is in contrast to the
European fauna on Cynareae, where although
braconids do occur in association with tephritids, they
are mostly idiobiont Bracon species (Capek and
Zwolfer 1990). In Australian samples, the braconid
Apanteles sp. was associated with tephritids in Senecio
species. Capek and Zwolfer (1990) note that the
Apanteles species that occur in European thistles are
koinobiont, but tend to be associated with lepidopteran

hosts.

Fate of seedhead tephritids in biological control
programmes

About half of the species of tephritids used as
biological control agents have become abundant in
their new habitat and are exerting varying degrees of
control over the target weed (Harris 1989; Julien
1992). For instance, ten years after Urophora affinis
and U. quadrifasciata were introduced into Canada for
the control of Centaurea diffusa and C. maculosa, no
native parasitoids had been acquired and the flies
attained population densities five to eighteen times
greater than those that occur in Europe (Myers and
1980). Low
subsequently been detected in these species (P. Harris

Harris levels of parasitism have
personal communication). Of the failures, some can be
attributed to unsuitability of the target weed as a host
(Harris 1989). Of particular interest here is whether
any failures, or cases where poor control has been
achieved, can be attributed to the transfer of native
parasitoids to the introduced host.

Among seedhead tephritids, there are remarkably
few records of introduced species being parasitized by
native parasitoids. This may in part reflect a lack of
detailed follow-up studies, or of reporting cases where
parasitism is having only a negligible affect. One
published case where an introduced tephritid has
acquired parasitoids in its country of introduction, is
the tephritid Orellia ruficauda and its host Cirsium
arvense in Canada. The tephritid now has two
endoparasitic eulophid parasitoids, although it is not

Parasitoids of tephritids 161

stated if these are native or whether they arrived with
the tephritid (Lalonde and Roitberg 1992). Both the
tephritid and the host plant have been in Canada for
more than a hundred years. Furthemore, the parasitoids
are not implicated in the lack of control of the weed.
Another example is the case of Procecidochares
utilis, a tephritid used against Crofton Weed Ageratina
adenophora. 1t is deemed to have been a success in
Hawaii, but not in Australia, New Zealand, India or
South Africa. This tephritid is a stem-galling species,
in contrast to the seedhead species discussed so far, It
is generally accepted that endophagous herbivores,
such as galling species, are more prone to parasitism as
a consequence of their immobility and high
(Askew  and 1986).
Procecidochares utilis is specific to A. adenophora

discoverability Shaw
and, in the absence of parasitoids, is capable of
controlling the weed. Even in the presence of
parasitoids in Hawaii it is controlling the weed. In four
of the five countries where P. utilis has been released it
has acquired native parasitoids, and in the fifth, New
Zealand, it acquired an Australian parasitoid. In
Australia, the dominant parasitoid is Megastigmus sp.
(Torymidae) (Dodd 1961), the same species that later
was found in New Zealand (Hill 1989). In South Africa
Torymoides sp. (= Dimeromicrus) (Torymidae),
Eupelmus sp. (Eupelmidae) and a Pteromalidae were
involved (Kluge 1991); in India a Torymoides sp. (=
Dimeromicrusy and Syntomopus sp. (Pteromalidae)
(Rao et al. 1971); and in Hawaii the main species were
a Bracon sp. (Braconidae), a Eupelmus sp. and a
Eurytoma sp. (Eurytomidae) (Bess and Haramoto
1972). There are no close phylogenetic similarities
between the parasitoids acquired in the different
regions, other than that Torymoides sp.was acquired in
two countries, and in all localities except Hawaii, a
torymid was included. The Megastigmus sp. that
parasitized P. utilis in Australia is not the same as any
of the species collected from our seedhead samples
(1. Naumann personal communication).

Other tephritids introduced into Australia include
the flowerhead species Earesta aequalis, which was
released in 1932 and has established on Noogoora burr,
Xanthium strumarium. No control has been achieved
(Haseler 1966), although there have been no records of
parasitoids attacking the tephritid. The stem-galling
Procecidochares alana was released on mistflower,
Ageratina riparia in 1986, and has established (Julien
1992), and again there is no report of parasitoids
attacking this species. More recently the flowerhead
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species Urophora solstitialis has been released on
nodding thistle Carduus nutans (Woodburn 1993), and
is now established but has not acquired any native
parasitoids  (Sheppard and Woodburn in press).
Tephritis postica was released on Onopordum spp. in
1994 (D. Briese personal communication), so it is too
early to know if establishment has occurred.

Likelihood of Mesoclanis species acquiring Australian
parasitoids

The data presented on Australian flowerhead
tephritid communities indicate that there is a suite of
parasitoids present which could attack Mesoclanis
species when they are released for the biological
control of Chrysanthemoides monilifera in Australia.
In this final section we consider the likelihood of this
occurring, which species may be involved, and their
possible impact on the usefulness of Mesoclanis
species as a biological control agent.

There are several factors in favour of Mesoclanis
species not acquiring native parasitoids at all. Firstly,
the history of flowerhead tephritids used in biological
control  programmes  suggests this. Secondly,
C.monilifera’is in a plant tribe not represented in
Australia, and although it has been shown that this is of
more relevance to defining the host range of the
tephritids than their parasitoids, in the case of
C. monilifera it may be of some importance.
Chrysanthemoides specics, and many Calendula and
Osteospermum species possess calendic acid which
may be unique to the tribe (Bremer 1994), and thus
may be involved in defining the host range of specific
herbivores, and even parasitoids. Furthermore
C.monilifera is distinguished, even within the
Calenduleae, by the presence of a fleshy drupe and a
hard woody seed-coat, a characteristic which could
deter generalist parasitoids. It is probable that non-
specialized parasitoids would have to attack larvae of
Mesoclanis species carly in development, before they
become ensconced within the relative sanctuary of a
developing seed. This is perhaps a contributing factor
towards the fact that two of the main parasitoids of
Mesoclanis species in South Africa are koinobionts,
which obviously have the capacity 1o emerge from the
woody seed. Thirdly, C. m. rotundata is predominantly
a coastal species (Weiss 1986), occurring along the
New South Wales coast, an area that we found to be
depauperate of native Asteraceae. It is therefore
possible that there is not the abundance of parasitoids
searching on asteraceous flowerheads in coastal

regions that exists in drier inland regions, where
species from the Asteraceae are known to be much
more diverse and abundant (Willis 1964; Morley and
Toelken 1983). Chrysanthomoides m. monilifera
occurs in both coastal and inland regions (Weiss 1986),
and therefore may be more exposed to native
parasitoids.

If Mesoclanis species do acquire native parasitoids,
which parasitoids are likely to be involved? Generalist
species are far more likely 1o be involved than
specialists and idiobionts rather than koinobionts. The
predominance of Torymidae and Pteromalidae would
suggest that these families could be the source of
potential parasitoids. Torymoides sp. A was the most
widespread and abundant parasitoid. Megastigmus sp.
C, which has a mainly coastal distribution, could be a
candidate to parasitize Mesoclanis
C. m. rotundaia  and

species  on
coastal  populations  of
C.m. monilifera. Additional species collected from
coastal South  Wales

C. m. rotundata is most abundant included Systasis sp.

areas  of New where
A, Eupelmus sp. A. and Apanteles sp..

It Mesoclanis species do acquire one or more of
these parasitoids, will their potential success as
biological control agents be jeopardized? In South
Africa, in the presence of at least two dominant
koinobiont species, and several idiobiont species,
inflicting between 350% and 90% parasitism for most of
the year (P.B. Edwards unpublished), Mesoclanis
species have a significant impact on seed production,
up to 64% seed destruction has been recorded at one
site (P.B. Edwards and E.M. Brown unpublished). In
most biological control programmes where native
parasitoids have been recruited, the overall level of
parasitism has been lower than on the host in the
country of origin (Cornell and Hawkins 1993), and in
many cases the effectiveness of the biological control
agent has been little affected (e.g. Manongi and
Hoffmann 1995). One reason for this is that generalist
parasitoids are usually not capable of having a major
impact on a host that has a synchronized seasonality,
which would be the case with Mesoclanis species
associated with C. monilifera.

In conclusion, we cannot predict the likelihood of
Mesoclanis species acquiring nalive parasitoids in
Australia. We are more confident in predicting what
these parasitoid species might be, and we are
optimistic that if parasitoids do attack Mesoclanis
species, their impact will be negligible in the biological
control programme against C. monilifera in Australia.
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