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1  | INTRODUC TION

Cat's claw creeper, Dolichandra unguis-cati (L.) L.G. Lohmann 
(Bignoniaceae), a perennial woody climbing vine native to trop-
ical America, is a Weed of National Significance in Australia 

(Dhileepan,  2012). The invasive vine poses a significant threat to 
biodiversity in riparian and rainforest communities in Queensland 
and New South Wales (Downey & Turnbull,  2007; Vivian-Smith & 
Panetta, 2004). Cat's claw creeper is also an invasive weed in sev-
eral other countries, including South Africa, India, Mauritius, China, 
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Abstract
Cat's claw creeper, Dolichandra unguis-cati (Bignoniaceae), a perennial woody vine 
native to tropical America, is a target for biological control in Australia and South 
Africa. The cat's claw creeper leaf-tying moth Hypocosmia pyrochroma (Lepidoptera: 
Pyralidae) from tropical South America was released as a biological control agent 
for cat's claw creeper in Australia from 2007 to 2010. A total of 2,277 adults, 837 
pupae and 77,250 larvae were released at 40 sites in Queensland and New South 
Wales. Releases were made mostly in open fields (85%), and at limited sites (15%) in 
insect-proof cages erected over naturally occurring cat's claw creeper infestations 
in the field. Sampling was conducted annually in spring and autumn to monitor the 
establishment and dispersal of H. pyrochroma. Establishment of H. pyrochroma was 
first noticed in 2012 at three release sites and since then the number of established 
sites has increased to 80 in 2020. Establishment was evident on both ‘short-pod’ 
and ‘long-pod’ forms of cat's claw creeper and was more widespread in sites where 
releases were made within insect-proof field cages (50%) than in sites with open field 
releases (9%). The moth was active from late spring to late autumn with peak larval 
activity in late summer. To date, all field establishments have been in areas predicted 
by a CLIMEX model as climatically suitable but restricted mostly to riparian environ-
ment (93% of establishment), where the moth has continued to spread from 1.5 to 
23  km from release sites. In contrast, there is the only limited establishment and 
spread in non-riparian corridors, highlighting the role of microclimate (riparian) as a 
limiting factor for establishment and spread. Future efforts will focus on redistribu-
tion of the agent to river/creek systems where the moth is currently not present.
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Hawaii and Florida in the USA, and New Caledonia (Dhileepan, 2012; 
King et al., 2011).

Cat's claw creeper is a structural parasite that grows vigor-
ously, sprawling over other standing vegetation including large 
trees and shrubs, eventually causing canopy collapse (Downey & 
Turnbull,  2007). The vines also grow along the ground and form 
a dense mat, which precludes the growth and seed germination 
of understory vegetation (Downey & Turnbull,  2007). Cat's claw 
creeper produces an enormous number of seeds annually in summer 
(Dhileepan, 2012). It does not have a persistent seed bank, so while 
it spreads through seeds, it persists through its subterranean tuber 
bank (Osunkoya et al., 2009; Vivian-Smith & Panetta, 2004).

Two morphologically and phenologically distinct cat's claw creeper 
varieties occur in Australia (Boyne et  al.,  2013; Buru et  al.,  2016; 
Shortus & Dhileepan, 2011; Taylor & Dhileepan, 2012). A ‘short-pod’ 
variety with smaller shiny leaves with a smooth leaf margin is wide-
spread throughout Queensland and New South Wales; while a less-
abundant ‘long-pod’ variety with broad hairy leaves having serrated 
margins and with fruit pods twice as long as those of the ‘short-pod’ 
variety occurs at 14 sites, all in south-eastern Queensland.

The cat's claw creeper leaf-tying moth Hypocosmia pyrochroma 
Jones (Lepidoptera: Pyralidae), native to tropical South America 
(Williams,  2003), was approved for release in Australia (Dhileepan 
et al., 2007) and South Africa. (King et al., 2011). Feeding and leaf tying 
by H.  pyrochroma larvae severely damage foliage (Williams,  2003) 
and result in reduced plant growth and tuber production (Snow 
et  al.,  2006). Climate matching (Rafter et  al.,  2008) and thermal 
(Dhileepan et al., 2013) models have predicted that the inland regions 
in Australia are less favourable for H.  pyrochroma than the coastal 
areas, and H. pyrochroma is more likely to establish in the coastal areas 
of Australia where most of the cat's claw creeper infestations occur. 
In South Africa, H. pyrochroma was released from 2010 to 2021, but 
its field establishment status is yet to be confirmed (King et al., 2011; 
Anthony King, personal communication). This paper describes the life 
cycle, rearing and field release methods, field establishment status 
and future dispersal prospects of H. pyrochroma in Australia. A more 
robust CLIMEX model based on its native range distribution was de-
veloped to test whether the restricted establishment and dispersal of 
H. pyrochroma is climate-related. We propose that microclimate is the 
chief limiting factor restricting the field establishment and dispersal of 
H. pyrochroma in Australia to riparian corridors.

2  | MATERIAL S AND METHODS

2.1 | Life cycle

Biological studies of H.  pyrochroma were conducted using potted 
cat's claw creeper plants in a glasshouse (20–27ºC; 65% RH and nat-
ural photoperiod). A pair of newly emerged male and female (N = 10) 
were transferred on to a potted cat's claw creeper plant enclosed 
in a cylindrical transparent Perspex tube (34  cm high and 12  cm 
diameter) with a gauze cap at the top for ventilation. Adults were 

transferred on to a fresh cat's claw creeper plant each week, and 
the longevity, pre-oviposition period, and the number of eggs per fe-
male per day were recorded. In the glasshouse, under natural photo-
period, the pupae entered prolonged pupal diapause in the soil from 
mid-autumn (April). The adults emerged from late spring (November) 
and the emergence continued until mid-summer (January).

2.2 | Rearing and field release

H.  pyrochroma was mass-reared for field releases in a climate-
controlled glasshouse (27°C, 65% RH and 14  hr light: 10  hr dark). 
Supplementary light in the glasshouse from autumn to spring pre-
vented pupal diapause. H. pyrochroma was reared on potted plants 
(both long-pod and short-pod varieties), raised from field-collected 
subterranean tuberlings (seedlings with a single tuber). Twenty to 
30 un-sexed newly emerged moths were added to a mesh-covered 
insect rearing cage (90 cm × 80 cm × 75 cm) filled with potted cat's 
claw creeper plants grown to at least 15 cm tall (28 plants in 125 mm 
pots). Adults were fed on diluted honey and water. After two weeks, 
all the foliage with developing larvae in the rearing cages were har-
vested and transferred into large transparent plastic boxes (50  L; 
60 × 40 × 32 cm) containing freshly cut cat's claw creeper foliage, 
placed on the top of wire mesh (with the holes large enough for the 
larvae to drop down) with sterilized sand at the bottom of the box 
for pupation. Holes were drilled in the bottom of the box for draining 
excess water. Insect-proof mesh cloth was used to cover the floor of 
the box for ease of pupal collection. Larvae in boxes were fed with 
fresh foliage as needed (twice a week). After 4 weeks, mature larvae 
were field released, and the sand in the bottom of the boxes was 
sieved to remove pupae. Pupae were stored in transparent plastic 
boxes (17 cm × 12 cm × 7 cm) and emerging adults were either field 
released or used to maintain the colony.

Field releases of H. pyrochroma commenced in October 2007 and 
continued until December 2010. H. pyrochroma was released as late 
(fourth instar) larvae, pupae or adults (Table S1). Field releases were 
made across 40 sites, from Grafton in northern New South Wales to 
Mackay in northern Queensland, and from Nerang and other coastal 
sites in the east to Taroom in the west, covering both non-riparian 
and riparian sites (Table S1; Figure 1). The release sites were all large 
infestations (4–>100 ha) and were not subjected to other manage-
ment (mechanical or chemical) treatments. Releases were made on 
both ‘short-pod’ and ‘long-pod’ varieties of cat's claw creeper, either 
directly in the open field or within large insect-proof cages erected 
over cat's claw creeper infestations in the field (Table S1).

2.3 | Field monitoring

All release sites were monitored twice a year, in spring (October–
November) and autumn (March–April), from 2007, for leaf-tying 
symptoms (Figure 2) with establishment confirmed by larval recover-
ies. In each site, a minimum of 10 host trees with cat's claw creeper 
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F I G U R E  1   Cat's claw creeper infestations and Hypocosmia pyrochroma release and establishment sites in Queensland and New South 
Wales, Australia. Field establish is evident in four clusters (inserts)—Boompa (riparian); Coominya (riparian); Lake Moogerah (riparian) and 
Oxley (non-riparian), all in southeast Queensland [Colour figure can be viewed at wileyonlinelibrary.com]
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infestation were randomly sampled, and the number of leaf-tying 
symptoms (Figure 2) was recorded. If no evidence of leaf-tying symp-
tom was recorded in the 10 sampled trees, sampling was continued 
(>20 trees) to ensure there was no evidence of field establishment of 
H. pyrochroma at the site. In addition, the cat's claw creeper prostrat-
ing along the ground, and the vines hanging down from the host tree 
canopies were also checked for H. pyrochroma leaf-tying symptoms. 
In sites where field establishment was evident, non-release sites 
at various distances from the original release sites were checked 
(Figure 1), to monitor the extent of spread. In each site, a minimum 
of 10 trees were sampled and the proportion of trees with H. pyro-
chroma leaf-tying symptoms and the number of leaf-tying symptoms 
per tree visible from ground level were recorded.

2.4 | CLIMEX model

CLIMEX version 4 was used to predict the potential distribution 
of H.  pyrochroma in Australia based on records from its native 

geographic range (Brazil, Paraguay and Argentina) in tropical South 
America. The climate profile of H.  pyrochroma was determined 
by recursively testing various sets of parameter values until the 
model's distribution matched its recorded distribution in tropical 
South America. The estimated parameters (Table 1) were then used 
to predict its potential distribution in Australia. The suitability of 
an area was expressed in terms of its Eco-climatic Indices (EI) with 
areas having an EI of>30 considered as climatically suitable (Kriticos 
et al., 2015).

2.5 | Data analysis

SigmaStat version 4 was used in all statistical analyses. One-way 
ANOVA was used to compare the longevity of H. pyrochroma adults 
(male versus. female) under glasshouse conditions. Regression 
analysis and One-way ANOVA were used to compare changes in 
the incidence (proportion of trees with leaf-tying symptoms) and 
intensity (number of leaf-tying symptoms per tree) of damage by 

F I G U R E  2   Leaf-tying symptoms of 
H. pyrochroma larvae in the field. (a) 
Early-stage larval feeding symptoms in 
Coominya release site (December 2018); 
(b) larval feeding and leaf tying resulting 
in complete leaf loss in Moogerah release 
site (February 2019); progression of leaf-
tying symptoms from December 2018 (c) 
to January 2019 (d) in Spring Creek, a non-
release site [Colour figure can be viewed 
at wileyonlinelibrary.com]

(a) (b)

(c) (d)
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H.  pyrochroma at the end of the season (autumn) (data from all 
sites pooled) from 2015 to 2020 and the means compared using 
Tukey's Test. One-way ANOVA were also used to compare the 
incidence (proportion of host trees with leaf-tying symptoms) and 

intensity (number of leaf-tying symptoms per tree) of damage by 
H. pyrochroma between riparian and non-riparian sites (data from 
all sites in all years pooled) and the means compared using Tukey 
Test. All results in the text are presented as means  ±  standard 
error (SEM).

3  | RESULTS

3.1 | Life cycle

Males (12.7 ± 0.7 days) lived longer than females (10.6 ± 0.6 days) 
(F1.38 = 4.65. p = 0.038). Females laid 151 ± 13.7 eggs (range, 42–
270), singly on the undersides of leaves and on the stems. Eggs 
hatched in 12  ±  0.1  days (range 10–12  days) and the larvae com-
pleted six instars in 29 ± 1.6 days (range: 23–37 days) at 27°C. Larvae 
fed destructively on cat's claw creeper by tying leaves together by 
silk webs (Figure 2a), which create silken tunnels. Fully-grown larvae 
pupated in the soil, 2 to 3cm below the soil surface. Pupation dur-
ing summer (when not in diapause) lasted for 30 ± 0.8 days (range: 
25–37 days). Under natural photoperiod, the larvae entered pupal 
diapause from late autumn (April–May) and adults emerged from 
mid-spring (October) to mid-summer (January).

3.2 | Rearing and field release

Field releases of H. pyrochroma commenced in October 2007 and 
continued until December 2010. As rearing was conducted in 
climate-controlled cabinets under optimum temperature (27°C), 
high humidity (65% RH) and longer photoperiod (14 hr light: 10 hr 
dark), the larvae did not undergo pupal diapause. As a result, rearing 
and field releases were continued throughout the year. Instead of al-
lowing larvae to pupate, the majority of the mature larvae were field 
released, and only a small number of larvae were allowed to pupate 
for colony maintenance,

A total of 2,252 adults, 837 pupae and 77,250 larvae were re-
leased at 40 sites in Queensland and New South Wales (Table S1). 
The number of larvae, pupae and adults released at a site ranged 
from 110 to 785, and the number of releases in each site ranged 
from one to 15 (Table S1). Field releases continued throughout the 
year, including the winter months when releases were made only 
as larvae. In most of the release sites (88%) the number of releases 
made was either one (N = 22) or two (N = 8) or three (N = 5) and 
in only five sites there were more than three releases (Table S1). 
More field releases were made in riparian sites (78%; N = 31) than 
in non-riparian sites (22%; N  =  9); and in sites with ‘short-pod’ 
form (95%; N = 38) than in sites with ‘long-pod’ form (5%; N = 2) 
(Table S1). Field releases were made mostly in open fields with nat-
urally grown cat's claw creeper plants (85%, N = 34), and in limited 
sites (15%; N = 6), releases were made in insect-proof field cages 
erected over naturally occurring cats claw creeper plants in the 
field.

TA B L E  1   The indices and parameters used in the development 
of CLIMEX model for Hypocosmia pyrochroma from its native range 
distribution in South America

Index CLIMEX parameters Value

Temperature Index 
(TI)

Limiting low temperature 
(DV0)

10

Lower optimal temperature 
(DV1)

15

Upper optimal temperature 
(DV2)

30

Limiting high temperature 
(DV3)

34

Moisture Index (MI) Limiting low moisture 
(SM0)

0.25

Lower optimal moisture 
(SM1)

0.5

Upper optimal moisture 
(SM2)

1.5

Limiting high moisture 
(SM3)

2.5

Cold Stress (CS) Cold stress temperature 
threshold (TTCS)

10

Cold stress temperature 
rate (THCS)

−0.0008

Heat Stress (HS) Heat stress temperature 
threshold (TTHS)

35

Heat stress temperature 
rate (THHS)

−0.00001

Dry Stress (DS) Dry stress threshold 
(SMDS)

0.25

Dry stress rate (HDS) −0.001

Wet Stress (WS) Wet stress threshold 
(SMWS)

2.5

Wet stress rate (HWS) 0.001

Diapause Index (DI) Diapause induction day 
length (DPD0)

11

Diapause induction 
temperature (DPT0)

20

Diapause termination 
temperature (DPT1)

12

Diapause development 
days (DPD)

70

Diapause summer or winter 
indicator (DPSW)

0

Day-degree (PDD) Cold stress day degree 
threshold temperature 
(DVCS)

10

Heat stress day degree 
threshold temperature 
(DVHS)

34
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3.3 | Establishment and spread

Larval recoveries were first made in 2012 in three release sites—
Oxley (non-riparian), Boompa (riparian; Sandy Creek) and Coominya 
(riparian; Buaraba Creek); and subsequently at Lake Moogerah (ripar-
ian; Coulson Creek) in 2014 (Table 2). Establishment was evident on 
both ‘short-pod’ (five out of 38 release sites) and ‘long-pod’ (one out 
of two release sites) forms of cat's claw creeper (Table S1, Table 2). 
Leaf-tying symptoms of H. pyrochroma was found only on cat's claw 
creeper vines climbing on trees, fence posts and on fallen trees (with 
an underlying supporting structure for the leaf-tying moth larvae to 
tie the leaves), but not on the vines hanging from tree canopies or 
on vines growing along the ground. Leaf-tying symptoms of H. pyro-
chroma was evident up to 15 metres high on cat's claw creeper vines 
climbing in host trees. Field establishment was more widespread in 
sites where releases were made within insect-proof field cages (50%) 
than in sites with open field releases (9%) (χ2 = 3. 937; p = 0.047). 
Additionally, field establishment did not differ significantly between 
sites, irrespective of the number of field releases (one, two, three or 
more than three) made in each site (χ2 = 5.266; df = 3; p = 0.153).

The total number of establishment sites increased from three in 
2012 to more than 80 in 2020 (Figure 1; Table 2). However, all estab-
lishment to date is restricted to four clusters—three in riparian zones 
(Boompa, Lake Moogerah and Coominya) and one in a non-riparian 

zone (Oxley) (Figure  1; Table  2). In riparian zones, H. pyrochroma 
spread from 13 to 23 km from the release sites in 10 years (Figure 1; 
Table 2). At Boompa, dispersal was more widespread, over 50 sites 
across 17 creek systems with a rate of spread of about 3 km per year. 
At Moogerah and Coominya, with only two creek systems each, the 
rate of spread was less than 2 km per year (Table 2). In contrast, at 
Oxley, a non-riparian site, the moth dispersed to only three sites in 
10 years, all within 2 km from the release site. To date, all establish-
ment has been in areas that were deemed climatically suitable by the 
CLIMEX model (Figure 3) but restricted mostly to riparian habitats 
(Figure 1).

Evidence of H. pyrochroma incidence (based on fresh leaf-tying 
symptoms and larval recoveries) was first recorded in late spring 
(November) and continued until mid-autumn (April), when all mature 
larvae entered pupal diapause in the soil. In areas where the moth 
has become established, there was an increasing trend in the inci-
dence (proportion of host trees with leaf-tying symptoms, Figure 4a) 
and damage levels (number of leaf-tying symptoms per host tree, 
Figure  4b) from 2015 onwards. However, the proportion of host 
trees with leaf-tying symptoms (riparian = 79 ± 3.4%; non-riparian 
= 27 ± 6.2%; F1.57 = 55.45; p < 0.001) and the number of leaf-tying 
symptoms per host tree (riparian = 12.6  ±  10.7; non-riparian = 
2.2 ± 2.9; F1.65 = 14.8; p < 0.001) were significantly higher in riparian 
sites than in non-riparian sites.

F I G U R E  3   Climatic suitability of 
Queensland and New South Wales, 
Australia for H. pyrochroma estimated by 
interpolation of Eco-climatic index (EI) 
derived from a CLIMEX model (Table 1). 
Higher EI values indicate a more suitable 
climate [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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4  | DISCUSSION

H. pyrochroma is a difficult insect for mass-raring and field release, 
due to prolonged pupal diapause, and the destructive nature of lar-
val feeding that requires an enormous amount of cat's claw creeper 
foliage to complete larval development. In the glasshouse, larvae 
developing under natural photoperiod underwent pupal diapause 
from late autumn (April–May) until mid to late spring (October–
November), in response to declining photoperiod. Photoperiod-
induced larval and pupal diapauses in Pyralidae are well known (e.g. 
Huang et al., 2009; Roditakis & Karandinos, 2001; Xiao et al., 2010; 
Xu et al., 2014). When the entire larval developmental stages (from 
first larval instars) were exposed to prolonged photoperiod, it was 
possible to prevent pupal diapause. As a result, mass rearing and 
field releases of H. pyrochroma continued throughout the year.

H. pyrochroma was released on both ‘short-pod’ and ‘long-pod’ 
forms of cat's claw creeper, but the majority of the releases were 
in sites with the ‘short-pod’ form of cat's claw creeper. This was be-
cause of most of the cat's claw creeper infestations in Queensland 
and all infestations in New South Wales being the ‘short-pod’ form, 
with the ‘long-pod’ form occurring only in a few isolated localities in 

southeast Queensland (Buru et al., 2016, Buru et al., 2019). Most of 
the cat's claw creeper infestations in Queensland and New South 
Wales occur along riparian corridors (Figure 1), and hence, few field 
releases were done in non-riparian sites. Most of the releases were 
directly in the open field, though in some of the sites, the releases 
were made within large insect-proof cages erected over cat's claw 
creeper infestations in the field. This was to restrict the moth lar-
vae to a small area where it would be easier for emerging adults 
to mate, to restrict adult dispersal, to minimize the risks of preda-
tion by spiders and to prevent damage by cattle. For species with 
a prolonged dormant stage, previous work has shown that releases 
in field cages provide protection from predators and environment 
(Briese et al., 1996) and restricted adult dispersal (Dray et al., 2001). 
This work supports these findings with significantly higher rates of 
establishment recorded from releases made into field cages. Such 
initial releases in field cages, have been widely used for several weed 
biological control agents (e.g. Hight et al., 1995; Briese et al., 1996; 
Dray et al., 2001; Anonymous, 2008).

Some of the pyralid moths successfully used as weed biological 
control agents have become established within three to five years of 
field release (Mann, 1970; Mo et al., 2000; Winston et al., 2014). In 
Australia, the first evidence of sustained field establishment of H. py-
rochroma was seen in three sites in 2012, in southeast Queensland, 
four years after the commencement of field releases. However, there is 
no evidence of establishment of H. pyrochroma in the central, western, 
and north Queensland and in northern New South Wales to date. This 
despite a climate-matching model predicting that the entire coastal 
region in Queensland and New South Wales would be climatically 
suitable (Dhileepan et al., 2013). A more robust CLIMEX model de-
veloped in the current study also supports the prediction that coastal 
areas are more favourable for H. pyrochroma than the inland regions 
(Figure  3). To date, all field establishments have been in areas that 
were deemed climatically suitable by the CLIMEX model (Figure 3) but 
restricted mostly to riparian environments (Figure 1). There appears 
to be some evidence of the requirement of a riparian environment in 
addition to climate suitability for its establishment. This would explain 
the limited establishment within some zones deemed suitable by the 
CLIMEX model (Figure 3). To date, there is no evidence of establish-
ment of H. pyrochroma in South Africa (King et al., 2011).

After 12 years, H. pyrochroma has been found at over 80 sites in four 
clusters, mostly restricted to riparian zones in southeast Queensland. 
In the field, H. pyrochroma has spread slowly, and predominantly only 
along the riparian corridors. More widespread establishment and dis-
persal of the moth at the Boompa cluster (23 km from release site) was 
possibly due to the large number of closely linked creek systems (over 
17 creeks) and close proximity of the adjoining drainage basins of the 
Mary and Burnett Rivers than at Lake Moogerah (13 km from release 
site) and Coominya (14 km from release site) clusters, each with only 
two Creek systems. In Oxley, (the only non-riparian established site), 
the dispersal of the moth over 10 years was less than 2 km from the 
release site. In Oxley, the moth moved to the nearest river (Brisbane 
River), and then continued to spread along the river, with no dispersal 
to cat's claw creeper infestations in non-riparian areas.

F I G U R E  4   Incidence (proportion of host trees with leaf-tying 
symptoms) and intensity (number of leaf-tying symptoms per host 
tree) of leaf-tying symptoms by H. pyrochroma (Mean ± SEM) in 
southeast Queensland (2015–2020). One-way ANOVA: Incidence, 
F5.59 = 4.7, p = 0.001; Intensity, F5.65 = 3.56, p = 0.007). Values with 
same alphabets are not significantly different (Tukey test, p < .05)

(a)

(b)
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Cat's claw creeper is primarily an invader of moist for-
ests and riparian areas with high humidity levels at a local scale 
(Dhileepan, 2012; Rafter et al., 2008). The establishment of H. py-
rochroma primarily in riparian zones (Figure 1) was possibly due to the 
increased vegetation cover of these areas influencing the microcli-
mate thereby buffering temperature extremes, by providing protec-
tion from frost and by maintaining increased soil moisture (Kriticos 
et al., 2003). Thus, microclimate effects of a riparian environment 
are a likely requirement for the establishment and dispersal of H. py-
rochroma within those areas favoured by the CLIMEX model. The 
higher abundance and continuous occurrence of cat's claw creeper 
along riparian corridors than in non-riparian areas could have aided 
dispersal along the riparian corridors. Establishment of the moth in 
a non-riparian site (Oxley) was possibly due to a greater number of 
insects released (6,157), more often (15 releases), than in any other 
release site, though the incidence and abundance remained low, and 
with very low dispersal in comparison with riparian sites. Though 
the current establishment is limited to four clusters, with most dis-
persal restricted to riparian zones, it is likely that the agent will es-
tablish and spread in other coastal and subcoastal riparian corridors 
in Queensland and New South Wales, as predicted by the CLIMEX 
model. Hence, future efforts should focus on field collection and re-
distribution of H. pyrochroma larvae from the established sites to ri-
parian sites in other river and creek systems in Queensland and New 
South Wales, where the moth currently does not occur. In South 
Africa as well, future release efforts for H. pyrochroma will need to 
focus more on riparian corridors than non-riparian infestations.

ACKNOWLEDG EMENTS
The Queensland Government (Department of Agriculture and Fisheries) 
funded the research. We thank Dr Stefan Neser and Anthony King 
(Agricultural Research Council—Plant Health and Protection, Pretoria, 
Republic of South Africa) for supplying the cat's claw creeper leaf-
tying moth; Mariano Trevino, Deanna Bayliss, Jayd McCarthy, Dianne 
Taylor, Jason Callander, David Fredericks, Brendan Doohan, Sunder 
Kalaipandian, Kai Hart, Mohammad Mahbubur (QDAF) for techni-
cal support; Ross Smith (The Greater Mary Association, Tiaro), Glen 
Proctor (North Burnett Regional Council, Gayndah), Yvonne Hennell, 
Ernie Rider, (Gympie an District Landcare), Eric Dyke, Peter Brightwell 
(Bundaberg Regional Council) and Robyn Jackson (Goomboorian) 
for help with field surveys; Jess Dean (Mary River Catchment 
Coordinating Committee, Gympie) for the drone studies; Solis Alma 
(USDA, Washington) for native range distribution records; and Dr Tony 
Pople for comments on the previous version of this manuscript.

CONFLIC T OF INTERE S T
We have no conflict of interest to declare.

AUTHOR CONTRIBUTION
KD conceived and implemented the research, secured funding, and 
wrote the manuscript; ELS, BS, KJ and KD conduced field monitor-
ing; BG prepared ARCGIS map and WKADS prepared the CLIMEX 
model. All authors read and approved the manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available at 
https://www.zenodo.org/recor​d/45571​51#.YGv5A​THitPY

(https://doi.org/10.5281/zenodo.4557151).

ORCID
Kunjithapatham Dhileepan   https://orcid.
org/0000-0001-7232-0861 
Elizabeth L. Snow   https://orcid.org/0000-0003-2013-0657 
Boyang Shi   https://orcid.org/0000-0001-6245-8111 
Kevin Jackson   https://orcid.org/0000-0002-8220-4220 
Wilmot K. A. D. Senaratne   https://orcid.
org/0000-0003-1844-4518 

R E FE R E N C E S
Anonymous. (2008). Release and establishment of weed biological con-

trol agents. Best practice guide. CRC for Australian Weed Management 
Technical Series, 2, (accessed 12 May 2020). https://archi​ve.dpi.nsw.
gov.au/__data/asset​s/pdf_file/0007/34805​5/bioco​ntrol​-relea​se-
estab​lishm​ent-best-pract​ice-guide.pdf

Boyne, R. L., Harvey, S. O., Dhileepan, K., & Scharaschkin, T. (2013). 
Variation in leaf morphology of the invasive cat’s claw creeper, 
Dolichandra unguis-cati (Bignoniaceae). Australian Journal of Botany, 
61, 419–423. https://doi.org/10.1071/BT13063

Briese, D. T., Pettit, W. J., & Walker, A. D. (1996). In V. C. Moran, & J. H. 
Hoffman (Eds.), Multiplying cages: A strategy for the rapid redistribution 
of agents with slow rates of increase (pp. 243–247). University of Cape 
Town. Proceedings of the IX International Symposium on Biological 
Control of Weeds

Buru, J. C., Dhileepan, K., Osunkoya, O. O., & Firn, J. (2016). Plant traits 
differences between uncommon and abundant forms of a non-native 
vine, Dolichandra unguis-cati (Bignoniaceae) in Australia. NeoBiota, 
30, 91–101.

Buru, J. C., Osunkoya, O. O., Dhileepan, K., Firn, J., & Scharaschkin, T. 
(2019). Eco-physiological performance may contribute to differential 
success of two forms of an invasive vine, Dolichandra unguis-cati in 
Australia. NeoBiota, 46, 23–50.

Dhileepan, K. (2012). Macfadyena unguis-cati (L.) A.H. Gentry - cat’s claw 
creeper. In M. Julien, R. E. McFadyen, & J. Cullen (Eds.), Biological con-
trol of weeds in Australia: 1960 to 2010 (pp. 351–359). CSIRO Publishing.

Dhileepan, K., Snow, E. L., Rafter, M. A., McCarthy, J., Treviño, M., & 
Senaratne, K. A. D. W. (2007). Leaf-tying moth Hypocosmia py-
rochroma (Lepidoptera: Pyralidae), a host specific biological control 
agent for cat’s claw creeper Macfadyena unguis-cati (Bignoniaceae) in 
Australia. Journal of Applied Entomology, 131, 564–568.

Dhileepan, K., Taylor, D. B. J., McCarthy, J., King, A., & Shabbir, A. (2013). 
Development of cat’s claw creeper leaf-tying moth Hypocosmia 
pyrochroma (Lepidoptera: Pyralidae) at different temperatures: 
Implications for establishment as biological control agent in Australia 
and South Africa. Biological Control, 67, 194–202.

Downey, P. O., & Turnbull, I. (2007). The biology of Australian weeds 48. 
Macfadyena unguis-cati (L.) A.H. Gentry. Plant Protection Quarterly, 22, 
82–91.

Dray, F. A., Center, T. D., & Wheeler, G. S. (2001). Lessors from unsuc-
cessful attempts to establish Spodoptera pectinicornis (Lepidoptera: 
Noctuidae), a biological control agent for waterlettuce. Biocontrol 
Science and Technology, 11, 301–316.

Hight, S. D., Blossey, B., Laing, J., & Deckerck-Floate, R. (1995). 
Establishment of insect biological control agents from Europe 
against Lythrus salicaria in North America. Environmental Entomology, 
24, 967–977.

https://www.zenodo.org/record/4557151#.YGv5ATHitPY
https://doi.org/10.5281/zenodo.4557151
https://orcid.org/0000-0001-7232-0861
https://orcid.org/0000-0001-7232-0861
https://orcid.org/0000-0001-7232-0861
https://orcid.org/0000-0003-2013-0657
https://orcid.org/0000-0003-2013-0657
https://orcid.org/0000-0001-6245-8111
https://orcid.org/0000-0001-6245-8111
https://orcid.org/0000-0002-8220-4220
https://orcid.org/0000-0002-8220-4220
https://orcid.org/0000-0003-1844-4518
https://orcid.org/0000-0003-1844-4518
https://orcid.org/0000-0003-1844-4518
https://archive.dpi.nsw.gov.au/__data/assets/pdf_file/0007/348055/biocontrol-release-establishment-best-practice-guide.pdf
https://archive.dpi.nsw.gov.au/__data/assets/pdf_file/0007/348055/biocontrol-release-establishment-best-practice-guide.pdf
https://archive.dpi.nsw.gov.au/__data/assets/pdf_file/0007/348055/biocontrol-release-establishment-best-practice-guide.pdf
https://doi.org/10.1071/BT13063


     |  899DHILEEPAN et al.

Huang, S., Jiang, X., & Luo, L. (2009). Effects of photoperiod and tem-
perature on diapause induction in the beet webworm Loxostege stic-
ticalis Linnaeus (Lepidoptera: Pyralidae). Acta Entomologica Sinica, 52, 
274–280.

King, A. M., Williams, H. E., & Madire, L. G. (2011). Biological con-
trol of cat's claw creeper, Macfadyena unguis-cati (L.) AH Gentry 
(Bignoniaceae), in South Africa. African Entomology, 19, 366–377.

Kriticos, D. J., Maywald, G. F., Yonow, T., Zurcher, E. J., Herrmann, N. I., 
& Sutherst, R. W. (2015). CLIMWX Version 4: Exploring the effects of 
climate on plants, animals and diseases (p. 184). CSIRO.

Kriticos, D. J., Sutherst, R. W., Brown, J. R., Adkins, S. W., & Maywald, 
G. F. (2003). Climate change and biotic invasions: A case history of a 
tropical woody vine. Biological Invasions, 5, 147–165.

Mann, J. (1970). Cacti – Naturalised in Australia and their control. 
Department of Lands.

Mo, J., Treviño, M., & Palmer, W. A. (2000). Establishment and distri-
bution of rubber vine moth, Euclasta whalleyi Popescu-Gorj and 
Constantinescu (Lepidoptera: Pyralidae), following its release in 
Australia. Australian Journal of Entomology, 39, 344–350.

Osunkoya, O. O., Pyle, K., Scharaschkin, T., & Dhileepan, K. (2009). What 
lies beneath? The pattern and abundance of the subterranean tuber 
bank of the invasive liana cat’s claw creeper, Macfadyena unguis-cati 
(Bignoniaceae). Australian Journal of Botany, 57, 132–138. https://doi.
org/10.1071/BT09033

Rafter, M. A., Wilson, A. J., Senaratne, K. A. D. W., & Dhileepan, K. (2008). 
Climatic-requirements models of cat’s claw creeper Macfadyena 
unguis-cati (Bignoniaceae) to prioritise areas for exploration and 
release of biological control agents. Biological Control, 44, 169–179. 
https://doi.org/10.1016/j.bioco​ntrol.2007.10.015

Roditakis, N. E., & Karandinos, M. G. (2001). Effects of photoperiod 
and temperature on pupal diapause induction of grape berry moth 
Lobesia botrana. Physiological Entomology, 26, 329–340.

Shortus, M., & Dhileepan, K. (2011). Two varieties of the invasive 
liana, cat’s claw creeper, Macfadyena unguis-cati (Bignoniaceae) in 
Queensland, Australia. Proceedings of the Royal Society of Queensland, 
116, 13–20.

Snow, E. L., McCarthy, J., Treviño, M., Senaratne, K. A. D. W., & Dhileepan, 
K. (2006). Biological control of cat’s claw creeper (Macfadyena 
unguis-cati): The potential of the leaf-tying pyralid moth Hypocosmia 
pyrochroma Jones. In C. Preston, J. H. Watts, & N. D. Crossman (Eds.), 
Proceeding of the Fifteenth Australian Weeds Conference (pp. 599–
600). Weed Management Society of South Australia.

Taylor, D. B. J., & Dhileepan, K. (2012). Growth and biomass alloca-
tion of two varieties of cat’s claw creeper, Dolichandra unguis-cati 
(Bignoniaceae), in Australia. Australian Journal of Botany, 60, 650–659.

Vivian-Smith, G., & Panetta, F. D. (2004). Seedbank ecology of the in-
vasive vine, cat’s claw creeper (Macfadyena unguis-cati (L.) Gentry). 
In S. B. Johnson (Ed.), Proceedings of the Fourteenth Australian Weeds 
Conference  (pp. 531–537). Wagga Wagga, New South Wales: Weed 
Society of New South Wales.

Williams, H. E. (2003). Host specificity testing of the cat’s claw leaf-
tying moth, Hypocosmia pyrochroma, a potential biocontrol agent 
for Macfadyena unguis-cati in South Africa. Agricultural Research 
Council, Plant Protection Research Institute.

Winston, R. L., Schwarzländer, M., Hinz, H. L., Day, M. D., Cock, M. J., 
& Julien, M. H. (2014). Biological control of weeds: A world catalogue 
of agents and their target weeds, 5th ed. Forest Health Technology 
Enterprise Team, USDA Forest Service.

Xiao, H. J., Mou, F. C., Zhu, X. F., & Xue, F. S. (2010). Diapause induction, 
maintenance and termination in the rice stem borer Chilo suppressa-
lis (Walker). Journal of Insect Physiology, 56, 1558–1564. https://doi.
org/10.1016/j.jinsp​hys.2010.05.012

Xu, L. R., Ni, X., Wang, Z. Y., & He, K. L. (2014). Effects of photoperiod 
and temperature on diapause induction in Conogethes punctiferalis 
(Lepidoptera: Pyralidae). Insect Science, 21, 556–563.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Dhileepan K, Snow EL, Shi B, Gray B, 
Jackson K, Senaratne WKAD. Establishment of the biological 
control agent Hypocosmia pyrochroma for Dolichandra 
unguis-cati (Bignoniaceae) is limited by microclimate. J Appl 
Entomol. 2021;145:890–899. https://doi.org/10.1111/
jen.12901

https://doi.org/10.1071/BT09033
https://doi.org/10.1071/BT09033
https://doi.org/10.1016/j.biocontrol.2007.10.015
https://doi.org/10.1016/j.jinsphys.2010.05.012
https://doi.org/10.1016/j.jinsphys.2010.05.012
https://doi.org/10.1111/jen.12901
https://doi.org/10.1111/jen.12901

