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The effect of temperature on the establishment of the
Paterson's Curse leaf mining moth, Dialectica scalariella
(Zeller) (Lepidoptera: Gracillariidae) in Victoria

Rosamond C.H. Shepherd and T.B. Morley
Keith Turnbull Research Institute, P 0 Box 48, Frankston,
Victoria 3199, Australia

Summary
The leaf mining, moth, Dialectica scalariella, introduced into
Australia from southern France and Portugal to control Paterson's
Curse, Echium plantaaineum, has often been slow to establish and
low winter temperatures probably contribute to its failure to
persist at some Victorian locations. The biology of three strains
of D. scalariella was studied at constant temperatures from 11 °C
to 31.5 °C, with a 14 hr /10 hr photoperiod. The length of the
developmental period, from egg to adult, varied between strains
and temperature: Lake Salagou, France, from 57.7 days at 15 °C to
14.1 days at 31.5 °C. The developmental threshold temperature and
degree -day requirements were estimated to be 9.9 °C and 291 degree -
days respectively and those of the strains from Gallicien, France,
and from near Evora, Portugal, were 10.3 °C and 281 degree -days,
and 10.5 °C and 284 degree -days respectively. At Frankston,
cultures were maintained at ambient temperatures. In December
1990, when average mean daily temperatures were 19.8 °C, the
developmental period of the Lake Salagou strain was 33 days,
increasing to 113 days in May and August 1991 when the average
mean daily temperature was about 11 °C. In areas where winter
temperatures do not exceed the threshold temperature for most of
the day it will be difficult for D. scalariella to establish.

Introduction

Paterson's Curse, Echium plantaaineum L. (Boraginaceae), a native
of the Iberian Peninsula, is proclaimed noxious in Victoria and
the Australian Capital Territory and in parts of New South Wales
and South Australia. Its range extends from southern Queensland
(latitude 25 °30' S) to Tasmania (latitude 43° S) and to Western
Australia (latitude 27 °30' S) (Figure 1). The natural distribution
of E. plantaaineum from the Iberian Peninsula to the Mediterranean
region and North Africa (Wapshere and Kirk 8) is extensive. The
plant grows mainly in the 'mediterranean, winter rainfall'
climatic regions of France, Portugal and Australia (Walter and
Lieth 6). The leaf mining moth Dialectica scalariella (Zeller)
( Lepidoptera: Gracillariidae) was collected and sent to Australia
for culturing and release from Lake Salagou, near Clermont -
l'Herault (latitude 43 °40' N) and Gallicien near Agde, (latitude
43 °20' N) France, and 100 km east of Evora, Portugal (latitude
38 °30' N).

The effect of temperature on developmental rates was
investigated to determine how D. scalariella, introduced from
Europe, would survive and develop in various climatic areas of
Australia, and what were the threshold temperatures for
development of each strain.
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Figure 1. Areas of Australia where Paterson's Curse is proclaimed
noxious in relation to its major Australian distribution. After
Delfosse (2).

Information on the development of D. scalariella helps to
explain why it has been recovered from or established in only some
areas of Victoria, where it is likely to establish and therefore
where it should be released in the future. Degree -day models based
on linear regression can give adequate predictions of phenological

events within a range of field temperatures (Campbell et al. 1).

Materials and Methods
Constant temperature experiments
The pre -adult developmental period of the three strains of D.
scalariella was studied in constant temperature cabinets on potted

plantacineum rosettes (15 -30 cm diameter). The cabinets were
held at a range of constant temperatures namely 11, 15, 16, 18,

20, 23.5, 26.4, 28.5, and 31.5 °C, ± 0.5 °C, photoperiod 14:10

(light:dark). All strains had been reared at 25 ± 3 °C since their

introduction.
The rosettes (10 per cage) were exposed to 40 sexually mature

adults for 24 hr in an air - conditioned glasshouse, at 25 °C ± 3 °C.

Three young leaves (3 -10 days old) were marked per plant and five
plants incubated per temperature. The time taken to emergence was
recorded for adults developing on the marked leaves.

The theoretical developmental threshold temperature (T) was

estimated for each strain by linear regression of the mean rate of
development (the reciprocal of the mean pre-adult developmental
period (from egg to adult)) against temperature and finding the
temperature at the point on the curve' where the rate equalled,
zero; the thermal requirement above T for the pre -adult

developmental period per strain was estimated by calculating the

reciprocal of the slope of the curve (Campbell gt Al. 1,

Wigglesworth 8).
Field experiments
Developmental period of the Lake Salagou and Evora strains were
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studied at ambient temperatures. Ten plants per strain were
inoculated as for the constant temperature experiments and placed
in cages held at the Keith Turnbull Research Institute, Frankston.
Inoculation times were August (winter), September, October,
November (spring) and December 1990, February (summer), March,
April, May (autumn), July and August (winter) 1991. Time to adult
emergence was recorded as per constant temperature experiments.
Ambient temperatures were recorded by a thermohygrograph housed in
a Stevenson screen. Accumulated degree -days were estimated for
developmental periods using a sine wave based computer model
(Morse and Strawn 5) and the threshold temperature of each strain.

Results
Developmental Rates
The emergent adults were not sexed, therefore possible differences
in developmental periods between the sexes were not considered.

Constant temperature experiments: No egg hatching occurred at
11 °C for any of the strains of D. scalariella (Table 1).

Table 1. The mean pre -adult developmental periods (days) for three
strains of p scalariella at selected temperatures in
environmental cabinets.
Temperature French
°C Lake Salagou

French
Gallicien

Portuguese

11 °C Eggs failed to hatch Eggs failed to hatch
15 °C 56.7 ±SD2.5 (n =51) 62.2 ±SD2.6 (n =23)
16 °C 51.6 ±SD3.1 (n =74) 51.5 ±SD2.0 (n =64) 52.9 ±SD4.3 (n =49)
18 °C 35.5 ±SD1.3 (n =44) 35.0 ±SD2.3 (n =4) 36.9 ±SD1.7 (n =22)
19.8 °C 31.6 ±SD2.1 (n =26) 30.7 ±SD0.6 (n =16) 31.4 ±SD1.4 (n =24)
23.5 °C 20.1 ±SD1.0 (n =24) 20.3 ±SD1.3 (n =19) 21.4 ±SD1.1 (n =14)
26.4 °C 16.9 ±SD1.0 (n =39) 17.3 ±SD1.0 (n =22) 18.0±SD 0 (n =8)
31.5 °C 14.1 ±SD0.8 (n =18) 13.4 ±SD0.6 (n =43) 16.6 ±SD2.2 (n =5)

The time taken for pre -adult development varied according to
temperature and strain. Between 16 and 31.5 °C pre -adult
developmental period of the Portugese strain was significantly
longer (P<0.05) than that of each of the other strains (Table 1).
Developmental period of the French strains were similar to each
other. Temperature also significantly affected developmental
period. At 15 °C it took an average of 56.7 days for the Lake
Salagou strain and at 31.5 °C it took 14.1 days (Table 1).

The lower developmental threshold was estimated at 9.9 °C for
the Lake Salagou, 10.3 °C for the Gallicien and 10.5 °C for the
Evora strains; the thermal requirement of each strain above its
threshold was estimated to be 291, 281 and 284 degree -days
respectively.

Field experiments: Egg hatching occurred throughout the year.
Mean daily minimum /maximum temperatures for autumn, winter, spring
and summer were 9.2/20.1, 7.7/14.8, 9.7/19.6 and 13.2/26 °C
respectively, however the minimum temperatures were 0.5, 0.5, -2.5
and 6.2 °C respectively. The occurrence of temperatures below the
threshold for development influenced the average length of the
pre -adult developmental period so that the developmental periods
in winter were longer (Table 2).

For the Lake Salagou strain the shortest pre -adult
developmental period occurred in summer 1990/1991 (December - 33
days ± SD 1.5) when the mean temperature was 19.8 °C (mean
minimum /maximum 13.9 /25.6 °C) (Table 2). At a constant temperature
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of 19.8 °C the time taken was 31.6 ±2.1 days (Table 1). The mean
photoperiod during December was 14.7 hr in comparison to a

constant 14 hr in the constant temperature experiment. The longest
developmental time commenced in April 1991 (116 days ± SD 4.4),
when mean daily minimum /maximum temperatures were 7.7/15.3 °C

although the times taken for May and July inoculations were
similar (Table 2). Mean daily minimum /maximum temperatures for May.

and July were 7.4/14.9 and 7.4/15.7 °C, with a range from 22°C to
almost 0 °C.

Table 2. The length (mean number of days) of the pre -adult life
cycle of D. scalariella at ambient temperatures.
Month Lake Salagou France Evora Portugal
eggs laid
August 71 days ± 0 (n =1)

Range 71 days
Mean temp. 12.5 °C, Range 31- -2.5 °C
Mean day length 12 hr

September 52 days ±SD 1.8 (n =16)
Range 44 -54 days

Mean temp. 14.2 °C, Range 33 -2 °C
Mean day length 12.5 hr

October 39 days ±SD 2.0 (n =48)
Range 35 -43 days

Mean temp. 16.5 °C, Range 33 -3 °C
Mean day length 13.6 hr

November 37 days ±SD 1.6 (n =41) 41 days ±SD 1.6 (n =19)

Range 33 -41 days Range 38 -43 days
Mean temp. 17.6 °C, Range 37.5 -4 °C
Mean day length 14.4 hr

December 33 days ±SD 1.5 (n =81) 37 days ±SD 2.1 (n =16)

Range 29 -38 days Range 32 -38 days
Mean temp. 19.8 °C, Range 42.9 -9.1 °C
Mean day length 14.7 hr

February 41 days ±SD 2.1 (n =16) 43 days ±SD 2.7 (n =5)

Range 39 -46 days Range 40 -46 days
Mean temp. 17.6 °C, Range 40 -2.8 °C
Mean day length 12.5 hr

March 74 days ±SD 4.2 (n =29) 75 days ±SD 3.3 (n =12)

Range 68 -85 days Range 70 -85 days
Mean temp. 13.7 °C, Range 2.1 -1.6 °C
Mean day length 11.7 hr

April 116 days ±SD 4.9 (n =2) 126 days ±SD12.1 (n =3)

Range 112 -119 days Range 112 -133 days
Mean temp. 11.5 °C, Range 22.3 -0.5 °C
Mean day length 10 hr

May 113 days ±SD 5.3 (n =25) 120 dayd ±SD 9.8 (n =5)

Range 109 -123 days Range 109 -129 days
Mean temp. 11.1 °C, Range 22.4 -0.5 °C
Mean day length 10.2 hr

July 112 days ±SD 4.0 (n =3) 108 days± 0 (n =1)

Range 107 -114 Range 108 days
Mean temp. 11.2 °C, Range 29.4 -2.3 °C
Mean day length 11.2 hr

August 82 days ±SD 3.8 (n =17)
Range 78-92

Mean temp. 12.1 °C, Range 29.3 -1.3 °C
Mean day length 11.5 hr
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The pre -adult developmental period of the Portuguese strain
also varied with temperature, however times were slightly longer
than those of the Lake Salagou strain (Table 2).

The .number of D scalariella adults that emerged during
autumn - spring was lower than during summer, although the
inoculation conditions were similar. During July eggs took 19.9
days ± SD 1.1 (n =50) to hatch at minimum /maximum temperatures of
6.3/14.1 °C in comparison to 5.1 days ± SD 0.6 (n =157) in December,
temperatures 14.8/23.6 °C. In May,. when the average developmental
period was similar to that in July the egg stage took 12.4 days ±
SD 1.7 (n =66), temperatures 6.7/17.5 °C. In July 6% of larvae
survived to adult, in December 51% -and in May 32% survived.

Estimates of degree -days, which accumulated during the mean
pre -adult developmental period of each strain, are shown in Table
3. These were consistently higher during the summer months than
during winter months for both strains.

Table 3. Estimates of the accumulated degree -days for pre -adult
developmental periods of two strains of D. scalariella, at
Frankston during August 1990 - November 1991.
Month Degree -days
Eggs laid Lake Salagou Evora
August 1990 223
September 1990 254
October 1990 273
November 1990 300 308
December 1990 337 351
February 1991 336 313
March 1991 328 287
April 1991 297 260
May 1991 254 203
July 1991 232 225
August 1991 237

Discussion
D. scalariella is capable of breeding throughout the year provided
that E. nlantaaineum is present and the temperatures do not fall
below the threshold temperature for development for prolonged
periods. This applies to all three of the strains introduced as
biological control agents.

The pre -adult developmental period was similar for the
cabinet and field experiments when conditions were 14 hr
photoperiod and approximately 18 °C. It was 35 days for Lake
Salagou and 37 days for Evora (18 °C constant 14 hr photoperiod);
and 37 days and 41 days respectively in the field (mean daily
temperature 17.4 °C, mean day length 14.4 hr). Ambient temperature
fluctuations could contribute to the differences observed.

The constant temperature experiments indicated that there
were no differences in the developmental thresholds of the
strains, and this suggests that temperature should have the same
effect on the ability of each strain to establish in the field.
The fluctuating field temperatures may have allowed more
development to occur than at any given constant temperature.

Establishment of D scalariella has not occurred at some
'release sites, while at others establishment has been very slow.
At Violet Town, Central Victoria, where D. scalariella has failed
to establish, the temperature often falls below the developmental
threshold. The mean daily minimum /maximum temperatures for winter
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(June- August), recorded at the nearby meteorological station

(Benalla), were 3.2/12.8 °C for 1989, 4.4/13 °C for 1990 and

5.1/13.8 °C for 1991. 13 %, 10% and 2% of these winter days did not

reach temperatures above the developmental threshold of 9.9 °C for

the Lake Salagou strain, released at that site. It is therefore

likely that development would be slower at Violet Town, if D.

scalariella was able to establish there, than at Frankston where

in 1991 maximum daily temperatures rarely fell below the

threshold. Only 1% of maximum daily temperatures during April, 5%

during May and 6% during July were lower than the threshold

temperature of 9.9°C. Therefore the combination of low

temperatures and lack of E. plantaaineum present over summer at

Violet Town contributes to the non establishment at that site.

Wapshere and Kirk (7), in their study of D. scalariella,

found that the developmental period at continuous photoperiod took

an average of 53 days at 14 °C. Extrapolation of their data

produced a threshold temperature of 6.3 °C and a thermal

requirement of 416 degree -days. The strain they tested was

collected from near Montpellier, France, not far from where the

Lake Salagou strain was collected. It is possible that the effect

of continuous light used in their experiment could account for the

difference between the threshold indicated by their data and the

threshold estimated here. After three years as a glasshouse reared

culture at KTRI, the Lake Salagou strain may have changed its

temperature tolerances. Extrapolation of the KTRI data gave 71

days developmental period at 14 °C and 14 hr photoperiod, showing

the influence of photoperiod on development. Goodman (3), in her

study, showed that the photoperiod had a major effect on the
developmental period at 15 °C, it was significantly shorter at 16

hr than at 11 hr photoperiod. Photoperiod had a lesser effect on

developmental period at higher than at lower temperatures (Goodman

3).
As D. scalariella is a leaf miner ambient and insect

temperature are probably similar, the larva cannot seek a

thermally favourable microhabitat. Higley et. ál. (4) list the

problems and assumptions associated with the use of linear degree -

day models but suggest that the approach is sound as long as

temperature is the major determinant for growth rate and that the

limitations are recognised, namely that they estimate thermal

requirement and threshold temperature. The developmental period

for the two strains varied with season, inversely with the average

field temperatures which were above the threshold temperature.

These experiments indicate that the optimal season for

development of D. scalariella in terms of field temperatures is in

summer, when temperatures are relatively high. However this is the

season when E. plantaaineum is usually senescing in southern

Australia. This, as well as the lower winter temperatures, make it

difficult for D. scalariella to establish in parts of Central

Victoria with its cold winters. Establishment has occurred in the

milder climates of southern Victoria and the north -east where

there is some summer rainfall. If other strains of D. scalariella

are to be introduced for this area of Victoria, it is desirable

that they be tested in Europe first to determine their

developmental threshold temperature. This will ensure that they

can readily develop in the area into which they will be

introduced. Another introduction of D. scalariella with an

undetermined developmental threshold temperature would not be desirable.
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