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Summary   To be effective, the potential biological 
control agent, red apion (Apion miniatum Germar), 
must survive summer in the absence of its host plants, 
Emex spp. As part of testing this requirement, popu-
lations of diapausing adults, when confi ned on tree 
trunks, a summer refuge site, suffered 99% mortality 
within 114 days at a location where typically the host 
plants would be absent for 161 days. Without some 
nutritional input, we predicted extinction would also 
occur 45 days prior to host plant availability in Israel, 
the insect’s region of origin. The foliage of Tamarix 
spp., evergreen plants, sympatric with Emex spinosa 
(L.) Campd. in Israel, is not a suitable food source for 
red apion but insect survival increased from a predicted 
18% to an observed 92% when placed upon fl owering 
Tamarix pentandra Pallas plants. It is postulated that 
the absence of Tamarix spp., or a substitute nectar 
source, at release sites has contributed to the lack of 
establishment of red apion in Australia.
Keywords    Emex,  Tamarix,  Apion miniatum,  aestiva-
tion,  summer survival,   biological control.

INTRODUCTION
Since 1998, CSIRO has been attempting to establish 
Australian populations of red apion (Apion miniatum 
Germar), a potential biocontrol agent for doublegee, 
Emex australis Steinh. (Yeoh et al. 2002). During the 
period autumn to spring, red apion feed and breed on 
Emex spp., annual winter weeds. During summer, Emex 
spp. exist only as seeds, and adults of red apion enter a 
reproductive diapause (aestivation). Releases averaging 
460 red apion that produced 12,900 offspring during 
the release year, have been made at 47 sites throughout 
Western Australia without any apparent long-term es-
tablishment (Yeoh et al. 2002). As red apion was specifi -
cally collected from a region of similar climate, it has 
been assumed that this agent has either established but 
remained below detectable levels due to its relatively low 
rate of reproduction (52 offspring year-1) and the vast 
expanse of host plants, or that the insects were dispers-
ing too much and were unable to fi nd mates, so larger 
release numbers were needed (Yeoh et al. 2002).

The behaviour of red apion in Israel is undocu-
mented for the summer period, when E. spinosa plants 
are unavailable. When seeking summer refuge sites, 
Australian laboratory-reared individuals placed upon 
the trunk of a rough barked tree will work their way 
into the crevices until they are out of sight. They show 
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no tendency to burrow into soil (Yeoh and Woodburn 
unpublished data). Yeoh and Woodburn (2003) con-
sidered autumn releases more likely to establish than 
spring releases. They were however only able to suc-
cessfully store red apion over the summer period by 
holding the insects at reduced temperatures and/or by 
providing nutritional resources.

A recent phylogenetic study (Meimberg et al. 2000) 
grouped Tamaricaceae (includes Tamarix spp.) and Po-
lygonaceae (includes Emex spp.) closely together but 
this connection was unknown, and therefore no mem-
bers of the Tamaricaceae were tested when the host 
range of red apion was initially assessed (Scott and Yeoh 
1996). In Israel, Tamarix spp. occur in many of the same 
locations as red apion and E. spinosa. Tamarix spp. 
are exotic to Australia, many themselves being serious 
weeds (CRC for Australian Weed Management 2003).

This paper reports on 1) the over-summer survival 
rates of red apion restricted to tree trunks (this informa-
tion is then used to predict the insect’s behaviour in its 
native country) and 2) the possibility that Tamarix spp. 
may act as suitable summer alternative food sources 
for red apion.

METHODS AND RESULTS
Experimental insects   All red apion used in these 
experiments were from the same cohort, reared on E. 
australis within fi eld cages at Floreat, Perth, WA. They 
were in a dispersal phase when collected (November) 
and were housed with fresh host plants at 15°C (see 
Yeoh and Woodburn 2003) until the experiments were 
set up (December–January). We observed no reproduc-
tive activity during the experiments (i.e. the insects 
were in reproductive diapause during the trial).

Degree days (°D)   Accumulated temperature expo-
sure was expressed as °D and was calculated for all 
experimental days as Σ((daily min (°C) + daily max 
(°C))/2) − LDT)) where LDT = the lower develop-
ment threshold for red apion or 7°C (as estimated for 
diapausing red apion by Yeoh and Woodburn 2003). 
Degree days for the period between collection and 
experimental setup were also incorporated and ranged 
from 400 to 520°D.

Statistical analysis   All averages are expressed as 
means ± SE (numbers of replicates in parentheses). 
Unless otherwise noted, we used ANOVA/MANOVA. 
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Means notated with the same subscripts are not sig-
nifi cantly different (Bonferroni test, 5%).

Survival on tree trunks over summer   Rough-
barked Australian native trees (34 individuals) were 
selected that included common genera such as Ago-
nis, Eucalyptus and Melaleuca (Myrtaceae), Banksia 
(Proteaceae), Callitris (Cupressaceae) and Casuarina 
(Casuarinaceae). Six exotic Pinus (Pinaceae) and three 
Juniperus (Cupressaceae) plants were also included 
because their families are well represented in the 
Mediterranean region. Genera within families were 
homogenous for all variables, and so were pooled. All 
trees were located in Perth. 

An incision through the tree’s bark was made with 
a hole-saw so that the 50 mm diam. rim of a clear vial 
(167 mL volume) could be inserted to form a cage that 
fully enclosed a 20 cm² area of the tree’s bark. The saw’s 
pilot drill-bit made a 15 mm deep and 8 mm wide hole 
that ensured a crack/fi ssure existed in the enclosed bark 
so that the insects could gain access. It also gave the 
insects an additional retreat. Vials were placed only on 
fully shaded sections of the tree’s trunk, and if possible 
over knots, to limit sap/resin production. Each had six 
red apion introduced via a 5 mm hole in the vial’s base. 
A cotton plug prevented escape whilst allowing limited 
airfl ow, but the position of the vial in general prevented 
any summer precipitation/irrigation from entering. 

The vials were scored regularly for live and dead 
insects over 114 days. Red apion usually have a brief 
period of activity (walking around) just before dying 
enabling the insects to be found easily (96% of cases). 
This allowed the proportion of individuals (within each 
vial) that were hiding at any particular time to be esti-
mated. Individuals were not included (censored) when 
calculating vial averages if it was unknown whether 
they were alive or dead (e.g. 4% died out of view), 
their cause of death was unknown (e.g. 14% found in 
resin), or they disappeared (e.g. vial dislodged or in-
sect escaped/disappeared; 25%). It was not possible to 

estimate the time of death for four of the six replicates 
set on trees of Pinus because all individuals in the vials 
were found dead in resin. Of those where estimates 
were possible, individuals died signifi cantly quicker 
than on other types of trees (Table 1). 

The insects spent only 31 ± 4.3% of the time ob-
served out of view (in holes or under bark) independent 
of the tree type (F4,36 = 1.39, P <0.26). The longevity, 
hiding behaviour and proportion of data censored were 
not dissimilar for all the non-Pinaceae plants and so 
were pooled together to construct a general survival 
curve for red apion confi ned on tree trunks in the Perth 
region (Figure 1). 

The caging effect amongst these groups had only 
minimal impact on the survivorship data. The longevity 
of individuals within vials where residents spent >67% 
of the time hiding [67 ± 6.5 (5) days] was not signifi -
cantly longer than where individuals hid <33% of the 
time [58 ± 4.9 (15) days](F2,27 = 0.41, P <0.66).

Extrapolation to survival in fi eld   The relationship 
between percent mortality and time (Figure 1) was 
incorporated with the daily temperature information 
and the pre-experimental age of the red apion (400°D). 
Diapausing red apion populations sheltering on the 
shaded side of non-Pinaceae trees are predicted to have 
50%, 75% and 100% mortality 1428°D, 1787°D and 
2200°D (respectively) after leaving their Emex host 
plants. Monthly summaries of long term (>20 years) 
temperature and rainfall (BOM 2004) were obtained 
for four sites were major releases of red apion were 
made in WA and for Tel Aviv (IMS 2004) which is a 
known red apion location. Two other Israel sites were 
included to provide an indication of environmental 
variation. From this information we estimated the 

Table 1.   Effect of tree type on longevity of red 
apion.

Family
Average number of days 

until death

Casuarinaceae 66 ± 7.4 (5)a

Cupressaceae 50 ± 4.4 (6)ab

Myrtaceae 63 ± 5.3 (17)a

Proteaceae 49 ± 8.3 (2)ab

Pinaceae 13 ± 10.8 (2)b

Total incl. Pinaceae 57 ± 3.9 (32)

Total excl. Pinaceae 60 ± 3.5 (30)

Figure 1.   Behaviour and survivorship rates of red apion 
confi ned on the tree trunks of non-Pinaceae plants and 
local shade temperatures as used for °D calculations. 
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period for which the insects would be without host 
plants and the days at which 50, 75 and 100% mortality 
could be expected in each location if red apion restrict 
themselves onto tree trunks (Table 2). In Tel Aviv, the 
entire population would be dead two months before the 
break of the new season. At Cunderdin and Mullewa 
(primary target areas for the biocontrol program) the 
shortfall is three months. In the cooler locations (Perth 
and York) a shortfall still exists based upon average 
meteorological data but some survival would be pos-
sible in years with early rains.

Survival on Tamarix foliage   The suitability of Tama-
rix pentandra Pallus foliage for supplying the red apion 
with water and/or nutrients was tested within a 2 × 2 
factorial ANOVA design experiment with insects being 
provided with or without water and with or without 
cuttings of Tamarix foliage. Each replicate (fi ve per 
combination) consisted of 10 individuals placed into 
an over-summering ‘capsule’ (as described by Yeoh and 
Woodburn (2003) but without carbohydrate sources) 
held at 30°C. An additional vial, fi lled with water but 
capped with a foam plug to prevent the insects drinking, 
was used to hold the cut foliage (if present) and main-
tained internal humidity at 41 ± 10%. Twice weekly the 
foliage/water was replaced/checked and the number of 
dead insects scored. The presence or absence of water 
had a major effect on longevity of red apion (F1,16 = 
140, P <0.001) with death by dehydration occurring 
at day 16 (or 899°D after including a pre-experimental 
520°D) and of starvation at day 37 (or 1381°D). The 
longest-lived individuals in each cage survived 51 days 
(1681°D). The provision of cut Tamarix foliage did not 
infl uence the average length of survival (F1,16 = 1.14, P 
<0.30). There were no signs of feeding or excreta so it 
was concluded that red apion did not eat Tamarix foli-
age. The average longevity of insects starved on trees 

was more variable (Levene’s test F2,47 =12.1, P <0.001), 
but was not different to that for starved insects in this 
experiment (1391 versus 1381°D, Kruskal-Wallis H1,40 
= 0.01, P 0.92) and was signifi cantly longer than the 
average time dehydrated insects took to die (1391 vs. 
899°D, H1,40 = 16.3, P <0.001).

Survival on whole Tamarix plants   The suitability 
of T. pentandra fl owers for supplying the red apion 
with carbohydrates was tested within a 2 × 2 facto-
rial ANOVA design experiment in which insects were 
provided with or without supplementary carbohydrates 
(honey and a sugar cube) and with or without a fl ower-
ing T. pentandra plant. Those not on a T. pentandra 
plant were instead placed on a plant of Juniperus 
scopulorum Sarg. (Cupressaceae). This species was 
chosen because it is physically similar to T. pentandra 
but unable to fl ower. Each replicate (three per combina-
tion) consisted of 30 individuals placed onto a fully 
enclosed potted plant. The plants were bottom-watered 
and housed in a glasshouse. The survival of red apion 
was not consistent within factors (F1,8 = 180, P <0.001) 
because without supplementary sugars, red apion on 
Juniperus had a very poor survivorship (1%), but on 
fl owering Tamarix survival was excellent (92%) and 
was comparable to that observed when supplementary 
sugars were provided (with either species). When the 
experiment was terminated and survival assessed, the 
surviving insects would have accumulated 1907°D. 
At this level of temperature exposure, we would have 
predicted 82% mortality if the red apion had been 
restricted to tree trunks/bark.

DISCUSSION
Apion miniatum attacks Rumex spp. throughout Europe 
where climatic conditions are cool in summer and 
cold in winter (Scott and Yeoh 1996). In these areas 

Table 2.   Predicted dates for respective percentage mortality for the population. It is assumed that the host plants die 
28 days after rains fi nish and seedlings emerge 14 days after rains begin (ignoring cyclonic summer showers).

Emex host plants Mortality
Climatic info: 

non–Emex period

Country Place
Plants 
dead

Seedlings 
emerged

Days 
absent 50% 75% 100% 

Days post-
extinction

av. daily 
min 
(°C)

av. daily 
max 
(°C)

Rain 
(mm)

%
annual 
rainfall

Australia Cunderdin 6 Oct 2 Jun 240 14 Jan 3 Feb 25 Feb 98 13.8 28.6 164 44.5

Mullewa 7 Oct 2 Jun 239 5 Jan 22 Jan 11 Feb 112 15.8 31.3 150 44.2

Perth 16 Nov 25 Apr 161 18 Feb 13 Mar 12 Apr 13 16.1 27.4 99 12.1

York 14 Nov 20 Apr 158 9 Feb 2 Mar 28 Mar 23 14.8 30.7 73 16.2

Israel Jerusalem 6 May 22 Oct 169 5 Aug 26 Aug 20 Sep 32 17.7 27.2 11 1.3

Tel Aviv 16 Apr 25 Oct 192 17 Jul 5 Aug 25 Aug 61 19.5 26.7 25 3.0

Tiberias 13 May 25 Oct 165 24 Jul 9 Aug 27 Aug 59 19.9 34.2 13 1.6
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the insect breeds in summer and diapauses in winter. 
In Mediterranean-type climates the insect would be 
required to survive far longer (°D) without a host 
plant. Our estimates of the period from when red apion 
depleted its initial energy reserves until the new Emex 
season begins were conservative, as they assumed 
the ageing of the insects began when the plants in the 
previous season had completely senesced. In reality, 
many insects leave the plants earlier and thus would 
have had a longer period of starvation. 

As red apion caged on tree trunks (excluding 
trees of Pinus) survived longer (°D) than those caged 
without any water source, moisture derived from 
these plants was presumably non-toxic. Hiding crev-
ices within the bark would offer physical protection 
from desiccation and predation. With extreme summer 
conditions, stored energy reserves alone appear to be 
inadequate to ensure survival without the ingestion of 
supplementary carbohydrates.

We postulate that: 1) red apion was able to success-
fully expand into a Mediterranean-type climatic zone 
only when it could use a readily available nectar source 
to supplement dwindling energy reserves during the 
longer host-free period; and 2) in Israel, Tamarix spp. 
are a suitable resource. Since 2002, the authors have 
released 34,700 more red apion in Western Australia 
and 4040 in New South Wales. If our theory is correct, 
the disappearance of many thousands of offspring from 
over 60 releases across Australia has demonstrated that a 
suitable replacement source of nectar is not available for 
many of the areas where Emex is a serious problem.

No Australian releases of red apion have yet been 
made on Emex spp. found near Tamarix spp. infesta-
tions. Tamarix pavifl ora DC., T. ramosissima Ledeb. 
and T. aphylla (L.) H.Karst. show weedy tendencies 
in Australia and the United States of America and 
their planting is therefore currently discouraged, or 
in some circumstances illegal within Australia (CRC 
for Australian Weed Management 2003). A successful 
demonstration of the establishment of red apion in 
Tamarix spp. infested areas may benefi t the control of 
Emex spp., but would it be at the cost of containing/
controlling the weedy Tamarix species?
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Table 3.   Effects of providing free water and Tamarix 
foliage on the longevity (days) of red apion at 30°C.

Water Tamarix N Mean longev. Max longev.

no no 5 17 ± 0.9 21 ± 2.5
no yes 5 16 ± 2.0 22 ± 1.7
yes no 5 36 ± 2.1 47 ± 2.4
yes yes 5 39 ± 1.8 54 ± 2.1

no pooled 10 16 ± 1.0a 22 ± 1.5a

yes pooled 10 37 ± 1.4b 51 ± 2.0b

Table 4.   Survival rates of red apion on whole caged 
plants with and without supplementary sugars. Tamarix 
fl owered during the experimental period (summer).

Plant Sugars N % Survival*

Juniperus no 3 1.1 ± 1.11a

Juniperus yes 3 81.1 ± 7.29b

Tamarix no 3 91.9 ± 2.90b

Tamarix yes 3 82.2 ± 2.94b

Total 12 64.1 ± 1.18

*Data analysed after √ transformation.
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