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Figure 18.

Two batches of eggs of P. charybdis

laid together at the tip of an old
mature leaf; hatching spines are visible
in the older batch of 10 eggs towards
the tip of the leaf.
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Figure 20. Eggs laid on the middle of a narrow leaf
of E. linearis.
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Figure 21. A batch of eggs partly laid along the
edge of a juvenile leaf of E. globulus.
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as the mature foliage of E. globulus any break in the edge
of . the leaf was similarly favoured for oviposition. The
tips of the heavy paper strip identifying the particular
female were also often laid on. - Figure 19 shows the tip
of a wider étrip (2cm) that had been hung in a large cage
containing a number of adults. Four different batches can
be recogniéed (one of 6n1y a single egg).

On narrow leaves the preference for the tip was less
marked and the distribution of eggs more even. In figure 20
an egg-batch is shown in the middle of a narrow leaf of E.
linearis. A batch laid away from the tip on a leaf of any
shape was most frequently deposited against or ciose to the
edge of the leaf. This habit was exagggrated on_the glaucous
juvenile foliage of E. globulus when the eggs were often
placed in a string along the very edge of a leaf. Figure 21
shows a batch on this foliage where half the eggs have been
so arrayed.

The positioning of the eggs in all these cases would
‘appear to relate 1o the ease with which the females could

maintain their footing during the laying process. This

would in turn depend on the physical characteristics of the

foliage under consideration.

(2) The F, Generation - Rearings on Different Foliages.

This next portion of the results presents data obtained

" from the F1 genergtion of adults, which was reared on several
different eucalypt foliages. As explained in the section on
. materials and methods the females were éhosen to represent

the average of each cage of larval rearing on the basis of
pupal weight and were fed the same foliage that they had'been

reared on as larvae. This method was chosen in preference
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to a comparison of the effects of feeding different foliages
to beetles of one set size because the effect on pupal weight
of the foliage used in larval rearing could make it difficult
to find a female of any particﬁlar weight among the resulting
adults. The selection used was also felt to be more realistic
En that it approximated what would happen in the field. As
well the P, adult rearings on thevmature foliage of E. globulus
had been used to investigate the possible modifying influence
of size on any of the parameters measured here.

A summary of results from the T, generation is given
in Table 40. (A full table of the mean results for each
female is given in the appendix, Table 4.)

It is obvious from Table 40 that the type of foliage
fed to the adults markedly affected the reproductive
potential of female P. charybdis. The results were too
variable and based on too few individuals for a statistical
analysis to be attempted for'any of these facets of adult
rearing but some differences appeared obvious on inspection.

The fecundity or total number of eggs produced was
greatest for the.controlvfoliage and was even greater than
that recorded from this eucalypt for the parent generation.
The maximum recordedfor an individual female fed on this leaf
material increased from 5826 to 6737 eggs and 4 of the 17
females on this food bettered a production of 6000 eggs.

L 2
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Table 40. Biological data for female P. charybdis of the
generation reared for their entire lifespan

T
oﬂ various Rucalyptus foliages.

43} ”~~~ ~~
o < &) g
] 0 * O /M i ~
] ~r ~
0 ()] n nlo o 0N
. e e H 8 g aE §
Foliage =g Y B © Sl o @
. ol Ol & ® o B - alo & )
ol —la S| —~ ~ ol 3 &
] ol> i Q Q == S o
g gl — (o] (@] ™ © —
Number of 17 3 2 4 1 8 6 4
females .

Size (mg) 175.2 200.0 147.0 158.3 161.0 159.6 162.8 150.3

Fecundity 4957 4262 3257 3155 2991 2460 2447 2308

Longevity | 328.8 267.7 250.5 425.5 372.0 196.9 233.7 241.5
(days)

Fert;%ity : 94-63 81045 97.20 97.08 88.90 97-44 96.33 96053

No. of 321.5 313.0 315.0 264.0 270.0 181.4 199.0 229.8
Batches

Batch 15.51 13.30 11.29 12.23 11.08 13.94 11.96 10.80
size : .

Iaying . 116.0 88.7 86.5 112.3 110.0 69.3 67.5 64.0
1life(48hrs)

Rate of | A | 43.63 45.90 38.04 28.76 27.19 36.07 35.43 35.21
laying [¥%*
: B 2.91 3.50 3.54 2.35 2.45 2.63 2.96 3.39

( * Fed both types of E. linearis - see text
*% A = eggs / 48 hrs; B = batches / 48 hrs)

The next best foliage to E. globulus - mature in terms

of the mean fecundity achieved was E. delegatensis - hybrid.

This mean was based on‘one very low value (965 eggs) and two
very high ones (5855 and 5985 eggs). These females were the
largest of any used in thefwhole generation. Foliages other
than these two produced considerably lower mean fecundities,
‘and these results fell into two groups separated by a small
gap. The more productive of these groups consisted of

E. linearis ¥ E. obliqua (Ch) and E. obligua (BG); the
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second consisted of the juvenile foliage of E. globulus,
E. andreana and E. linearis(Ch). (E. linearis* denotes
adults reared as larvae on E. linearis(BG) and fed for a
short timé only on this before the supply ran out. For the
rest of the time they ate E. 1inearis(Ch).) Even the worst
foliage, E. linearis(Ch), waé better on average than the
results reported in the 1iteratﬁre and yet only half as good
as the control, However the values for individual females
within foliage types were very variable except fér those fed
on E. globulus-juvenile, and E. linearis*.

- The mean size ofbthe females reared on each foliage
- as indicated by pupal weights ranged from a maximum of 200 mg

for those on E. delegatensis-hybrid, down to 150.3 and

147.0 mg for the two groups fed E. linearis. The beetles

on the mature leaves of E. globulus averaged 175.2 mg to be
the second heaviest, while fhe remaining four foliage results
were all very close to 160 mg. There would appear to be'a
slight correlation between fecundity and mean body size
which would be strengthened by the exclusion of the female

on E. delegatensis-hybrid that laid so few eggs. However

if the results for both this foliage and the control are
lignored those from the six remaining foliage types are not
distinct enough to show any definiﬁe pattern. Also the size
of the individuals fed each type of eucalypt was not widely
divergent whereas the fecundity was. Thég any size-fecundity
correlation is of doubtful value.

The fertility of most individuals was very high,
exceeding 93% in all bar 5 of the 45 females used on all
foliages. One of thé five was reared on the control foliage

and was an extremely aberrant result (59.7% fertile). This
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would indicate a fault in the reproductive functioning of
the. particular female and not a foliage effect. Another of
the low fertilities was from the single representative fed
E. obliqua (BG) so that this too could be due to the chance

selection of a faulty beetle or to a foliage effect. The

remaining three low results were from the three females from

E. delegatensis - hybrid S0 that a lowering of the fertilityv
directly caused by the type of food seems probable here.

The foliage could have been affecting gamete production in
either sex, or the transfer and union of these.

Although this generation had been reared from egg
onwards under warm long-day conditions, the commencement of
-.oviposition.was erratic and a few adults could possibly have
undergone a short diapause. The shortest duration recorded
for the pre-ovipositional portion of adult life was 15 days,
most took up to twice as long as this and several had not
begun laying three months after emerging as adults. On the
average many days of the adult life were spent in a non-laying
state. This ranged from a quarter to almost a half of the
total period of adulthood.

Both the average number of batches per female for
each foliage and the average size of these batches showed a
slight correlation with mean fecundity in further graphical
‘analyses of the results for each foliage. The mean rate of
oviposition expressed as the number of eggsl;er ovipositional—
period also showed a weak positive correlation with fecundity.
.The alternative expression of laying rate - the mean number
of batches per ovipositional-period - did not display a
relationship with either fécundity or body size. All these

relationships were also apparent from the results of the P1
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generation. The mean body size showed some positive
correlation to batch size, a very slight bositive correlation
to ovipositional rate expressed as the number of eggs per
vlaying-period, and no significaht relationship to the number
df batches. The first two of these correlations were not
shown by the earlier results. Similarly although the
results from the parent generation for fecundity bad related
to the duration of laying no such correlation appeared now.
The number of periods during which laying occurred also showed-
no dependence on the size of the females involved.‘ |

The pictu}e which emerged from these graphical analyses

was of a relationship between the mean fecundity and the mean |

“size of the adults reared on the differént types of Eucalyptus
foliage. This relationship was parélleled by dependencies
between either of these measurements and both @pe size of
the batches laid and the rate of egg-laying du?ing fhe period
of active oviposition. However as the number of batches that
were laid per sampling period was independenf of fecundity
and also of body size-the trends in the results for the
number of eggs laid per period simply reflected the changes
in batch size with respect to body size. Batch size and
the numBer of batches laid wou1d interact to determine the
overall fecundity, but as the number of batches deposited
showed no correlation with body size, the dependence of
fecundity on body size was primarily due to the relationship
between the size of the females (expressed as their weight
as pupae) and the number of eggs per batch laid by these.

| This is very similar to the conciusion,reached by
Carne (1966) for P. atomaria. However in the present case

it must be remembered that much of the visual correlation
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is due to the performances of P. charybdis fed on either
E. delegatensis ~ hybrid or on the control foliage. The

females in these groups were large and tended to:perform

well with respect to all the aspects studied. The mean
weights of females reared on other foliages were all very
similar, and the mean figures for other parameters obtained
from these beetles weré'variable but also basically similar.

A further consideration that must be taken into‘account in
interpreting these results was that within each féliage group
most of the wvalues frém individual females varied markedly
and without any distinguishable pattern. The exceptions
were the weight, the percentége of the eggs that were fertile,
and the rate of laying expressed as the number of batches per
period. The last two of these measurements werevrelativély
constant for all the females in the generation, whereas the
weight tended to be constant among females fed on each
different foliage because these beetles had been selected to
represent the mean results of larval rearings, and larval size

was largely determined by the type of leaf eaten.

(3) Ihe F, Generation - Short-term Feeding Trials.

This section is concerned with an attempt to assess
the effect of short-term feeding on different foliages which
was carried out with the F2 generation of radults. This
trial was planned because of the intrinsic value of
information oh changes in the food of adult P. charybdis,
and also because the longevity of the beetles in the
laboratory made it difficult to obtain adequate amounts of
information using only full-term rearings. Unfortunately
"at the time'this trial was undertaken‘many of the foliages,

especially those required for the F1 adult rearings, were in
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short supply and could not be included. Several of ﬁhe
‘eucalypt trees sampled during the F2 adult rearings were not
used in any other portion of the study. Although these
have been identified>by the author as belonging to species
used more intensively at other times, the variation already
disclosed between trees of the same species makes the
extension of the presént results tentative.

(a) Results. A summary of the results of thése éhort-*«
.term feeding trials is given in Table 4f and the results for
individual beetles are presented in the appendix; Table 5.
The beetles were reared on the control foliage (E. globulus -
the mature leaf-form) until they had iaid for at least 10
consecutive sampling periods (i.e. 20 days). They were then
fed an experimental foliage throughout five sampling periods
(10 days) before being returned to the control foliage until
they had laid for a further term of atileast 20 days. The
only deviations from this test period of 10 days were |
several trials checking the effect of starving the beetles
for 2 or 4 days at a time, and one checking fbr a longer term
foliage effect by using an .extended trial period of 20 days.
The results for this last experiment are given in the table
a8 two consecutive 10 day trial periods. Standardisation
of the period over which measurements were made meaﬁt that
comparisons of the average total number of eggs or batches
laid were also comparisons of the rate of oviposition, It
also stabilised as far as possible the test procedure. The
variation in sample size for each foliage type means that the
average results are not all expressed with fhe same accuracy.
~ This and the fact that the feeding background of the
experimental beetles varied according to the trial follages



% Fertility

Eucalyptus Number Number of eggs ‘Number of batches| Mean batch size
foliage of trials| Pre I Testl Post Pre I Test lPost PreAI Test lPost Pre j Test IPost
globulus-mature 10 258 263 250 14 14, 14 18.0 18.6 18.7 93 98 o8
(control) '

globulus—juvenile 4 263 256 201 16 13 13 17.0 18.4 15.9 100 29 97
delegatensis-hybrid 3 260 153 216 14 12 13 18.2 11.9 16.1 96 o4 .96
obliqua(BG) 3 248 8 168* 13 4 10* | 18.7 2.6 “16.1* 99 97 o6*
obligua(Rf) 1 317 213 220 14 12. 11 22,6- 17.8 - 20.0 99 9% 95
oblicqua(Rs) 4 {270 42 243 14 4« a4 19,6 5.7* 17.7 | 99  95* 9%
fastigata(Cl) 2 (208 o* 159 12 o* 8 17.4  0*  19.9 %6 -* 95
alpina 1 274 o* - 14 o* - |19.6 o* . 99 -* -
1iﬁ§aris(0h) 8 254 136 236 13 12 13 _19.1' 12,0 18.0 98 88 98
linearis(BG) 2 ': 181 o* 178 17 o* 14 10.8 0% 12.7 | 95 -* %6
linearis(T3 2 288 78 207 13 7 10 - | 23,1 9.0 21;8 99 68 97
linearis(TiN) 1 31% 3 147 15 37 10 20.9 1.0 14,9 99 100 97
linearis(SP) 9 256  146* 244+ 13 10% 12* -19.5 12.8*% 20.0* | 94 89*  96*.
linearis(SP) 1 362 326 18 18 20.1 18.1 : 93 97

0 days) 241 152 23 12 14.8 12.7 o4 a1
starved (2 days) 3 206 4 284%* | 15 1 13%* | 20.4. . 3.7 21.9%*| 99 75 o7**
starved (4 days) 280 16 o* 15 1 - 0* [18.7 16.0 O* 98 100 -*

(*

a

beetle died during this period;

test period of 20 days shown as two consecutive 10 day periods. )

Table 41. The average effect of feedins adult female P. charybdis on various eucalypt foliages

for short intervals. The test period for all exce
days; the results before and after testing were a

t the last three trials was 10
ways for 10 day periods.

*66L.
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previously used on them makes interpretation of the results
obtained more difficult., \

(b) Discussion. The feeding background could be

expected to have a marked influence on subsequent results

if exposure to a type of foliage once, caused the beetle to
adapt either more or less readily when exposed to the same or
a similar fbiiage later., This was checked by repeat feedings
of the same foli;ges on four separate occasioﬁs and pré-
adaptation through prior exposure did definitely seem to be
indicated. The average production of the four first-feedings
to each beetle was 273 -eggs in the 10 days immediately |
preceding the trial, 9% eggs during the test pgriod and 267
eggs in the 10 days immediately following the trial, The
corresponding averages for the four subsequent féedihgs of
the same foliages were 254, 153 and 228 eggs respectively.
Thus average egg production during the first trial period

was 34.4% of the production before the trial and 35.2% of the
production on being returned to the control foliage. In the
second trial egg production'was affected only half as much
with laying during the trial being 60.2% of that for the

- preceding and 67.1% of that for the following periods.
Because of this conditioning effect no more than five trials
were carried 6ut using any one female beetle.

Table 44 shows that the total number of eggs laid was the
most'SenSitive measurement of the effect of short-term feeding
on various foliages because both the number and size of egg
batches was reduced. The fertility was not generaily éltered
although it was lowered by E. linearis(Ch), E. linearig(TS)
and E. linearis(SP). The low fertility from a two-day starvation

period'could be significant but the total number of eggs.
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involved is very small, The average batch size showed a |
decrease during the test period in all cases except for a
constant level in control tests and a slight rise when the
test foliage was the Jjuvenile leaf-form of E. globulus;

The mean number of batches also decreased in most cases but
by a lesser amount. The resulits for both these measurements
were less clear than foi average total egg production. | Much
of the decrease in batch size and yet comparative_stability
in the number of 5atches resulted frbm the frequent occurrence
of eggs laid singly during trial periods.

Ten beetles died during the series of trials; seven
| during or immediately following feeding‘periodgzon different
foliages and three éfter being starved for a sﬂ;rt time.
This high mortality is one reason why fev trials were_carried
out using some foliages. The starvation trials were
included when it became obvious that a change in diet was
having a major effect and were planned to determine whether
this could be attributed to a refusal to eat the new foliage
or only to a debilitating effect of the unaccustomed foodstuff
(a regular occurrence in mediéal and veterinary cases). The
result of these starvation trials indicated that unaccept-
ability of a novel food could well account for the observed
depression in oviposition, but the high level of mortality
showed that mature ovipositing females were intolerant of
.even relatively short periods of starvation. The generally
lower level of mortality from experimental foliages when
compared with the starvation results indicated that
consumption of these trial foliages sufficient to sustain
life must have generally occurred.

The single 20-day experimental run using E. linearis



202,

(SP) as the trial foliage gave surprising results in that

~no .great drop in laying resulted although in the nine other
cases where this foliage was used for 10 days an averége
‘reduction of nearly 50% resulted. The overall oviposition
rate for both halves of this 20-day period was very similar
although the second result arose from more and smaller batches
than the first. The fall in the number of eggs laid on the
return to the control follage in this case was due to the
beetle laying well for the first and_last 2 days of the 10,
not laying for the middle 2-day period and producihg only a
few eggs on the intermediate peiiods. Over the next 10 days
on the control foliage a total of 323 eggs in 15 batches were
produced which is equivalent in number and batch size to the
pre-test and test periods. This lessened oviposition post-
test may have been due tb the beetle becoming used to E. |
linearis (SP) and reacting unfavourably to the chahge back

to the mature foliage of E. globulus, but the normal laying

over the first two-day sampling period and gradual lessening

b5

over the next argue against this. In all other cases the
effect of a change in foliage was immediately apparent.

There were only 5 cases in the 35 trials in which
laying was very markedly altered in which large egg batches:
were laid, and in these the time of hatching indicated that
the batches (only.one in each case) had been laid only shoxrtly
after the foliage had been changed. Thus the shock effect
of a variation in the food resulted in the complete or '
partial retention and resorption of eggs within, at the
maximum, 12 hours of the beetle being exposed to the new
foliage. That resorption occurred was apparent from the

unchanged or slightly lowered oviposition immediately after
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the test‘period when compared with that prior to thé test.

The similérity shown in the table for the mean number
of eggs laid in the pre-test period for all samples based
on reasonable numbers has been.taken as indicating that the
chosen mihimum interval between tests (10 consecutive periods
of laying) was adequate to allow the beetles tq readjust to
feeding on the control'foliage. | | ‘

The results of all the 10-day trials, excepting those
on the juvenile form of E. globulus and on E. obliqua (Rf),
showed a reduction in total oviposition brought about by |
both reduced batch size and generally fewer batches.

E. delegatensis - hybrid, E. linearis (Ch) and E. linearis (SP)

had the total number approximately halved and all the rest
were even more affected with E. fastigata (Cl), E. linearis
(BG) and E. alpinalgiving no ovipoéition and some mortality
and E. obliqua (BG) and E. linearis (TN) giving negligible
laying. . .

Once again these results showed the spectrum of
effectiveness of different trees within the species of
E. linearis and E. obliqua. The harsh effect of E. fastigata
(c1), E. linearis (BG) and E. obliqua (BG) agreed with the low
value of these foliages as larval food. E. alpina was a
eucalypt with very thick leathery leaves from the time that
they first unfolded and the result from this wa.s thought to
be caused by a physical interference with feeding similar to
that of E. ficifolia with young larvae. E. obliqua (Rf)
gave.a result similar to its good performance as a larfal
food. E. globulus - juvenile, E. linearis (Ch) and E.

delegatensis - hybrid all gave intermediate results in larval

‘rearing and the first two also returned low results in the
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long-term adult rearings of the E1 generation., The last
was very successful as an adulf food. However in these
short-term trials the juvenile foliage of E. globulus was

- almost indistihguishable from the control (marginally fewer
eggs in slightly larger batches) whereas the other two showed
a considerable reduction in effectiveness compared to the
control. This would reflect the chemical similarity of the
two types of leaf from E. globulus lessening the shock of
the change. In ofher words beetles conditioned 5y feeding
on the mature leaf-form of E. globulus would be largely
preconditioned to accept also the juvenile leaves of this
species. To éliminate such effects in short~term feeding
experiments it would be necessary to have. several series of

trials each using a different foliage as the control.

(4) The P, Generation - The Effect of Temperature

on Oviposition.

(a) The Initial Period at 25.6°C. The field collected

beetles which constituted the last group of adults reared
proved to be very active reproductively. Only 4 of the 20
feméles failed to lay more than 2000 eggs in the 74 days that
elapsed between the time they were taken into the controlled-
environment room and the first change of temperature. One
of these had died after 45 days and another had beén
accidentally killed after only 27 days but both had produced
more than 1200 eggs before death. During the 74 days the
overall average fertility was greater than 98% and no female
had more than 5% of infertile eggs. The average of the mean
batch sizes was over 20 eggs, with a range from 12 to 25.

The average total number of batches exceeded 100 which

represents a rate of more than 1.6 per day. These results
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are given in more detail in Table 42.

The mosf obvious featurespin this table were the very
rapid rate of laying compared to the results on this, the
control foliage, in previous trials and the large average
batch size. The oviposition rate was twice as rapid as

those calculated for P1 and P, adults and the batch size

1
greater by the same mafgin, although the latter was equivalent
to the figure obtained by Styles (1969). ~ Both values were
also greater than the corresponding figures from the F2
females, Graphical analyses showed no correlatioh between
live weight and the size of batches but definite correlation
between live weight and the rate of egg-laying.

A check carried out on females of the F2 generation
attempted to find a relationship between pupal weights and
adult live weights. Unfortunately only a very slight
positive correlation was apparent when these results were
graphed. - The rate of oviposition and mean batch size

plotted against either pupal or live weight showed no

definite relationship in either case.



Table 42. Results from the P

2

generation of adult P.

206.

( * Killed after 27 days;

charybdis after 74~days.

o gea vanenms | beken [ | omeie e | )
: size Eges Batches

1254" 54 7| 23.22| 99.12 92.88 4.0 -
1385 62 22.34 | 99.18 | 37.44 1.68 -
1629 131 12.44 | 98.25 | 44.02 3.54 102
689" | 67 25.21 | 95.62 | 75.06 | 2.98 -
2043 130 | 15.72| 96.15 55.62 | 3.52 | 215
2151 102 21.09 | 97.61 s8.14 | 2.76 | 145
2321 97 23.93 | 99.27 | 62.72 2.62 | 197
2325 141 16.54 | 99.10 62.84 | 3.82 175
2427 114 21.29 | 99.33 65.60 3.08 | 233"
2431 127 19.08 | 98.72 | 65.70 3.44 199
2447 133 18.40 | 95.46 66.14 3.60 203
2520 | 127 19.84 | 99.14 68.10 3.44 | 218
2529 | 105 24.09 | 98.80 68.36 2.84 | 196
2577 105 24.54 | 99.40 69.64 2.84 203
2620 142 18.40 | 99.07 70.82 3.84 203
2654 104 25.52 | 99.45 CT1.72 2.82 -
2690 130 20.69 | 98.53 72.70 3.52 184
2813 | 126 22.32 | 99.29 76.02 3.40 245
2969 134 22.16 | 96.53 80.24 3.62 215
3164 147 21.52 | 96.61 | 85.52 | 3.98 | 247
2427.50| 119.83 | 20.92 | 98.23 | 67.44 | 3.26 | 198.75

™ Died after 45 days)
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(b) The Effect of Various Temperatures. The final

aspect of adult rearing examined did not relate directly to
host-plant relations but was hecessary to interpret and extend
results from laboratory rearings to field conditions. This
was the effect of temperature. The foliage eaten had been
shown to affect the fecundity of P. charybdis and also the
rate of oviposition expfessed as the number of eggs per unit.
of time.  Temperature too could well be expected to influence
both the overall number of eggs produced and the rate at
which they were laid. It is possible that there would be
interaction between foliage type and temperature regime, so
that foliages would be ranked with regards to suitability in
a different.order at different temperatures., Little has

been -done in this field but Cram (1970) has demonstrated

such an interaction between host variety and temperature for

Otiorhyndhus sulcatus, the black vine weevil, attacking

blueberry cultivars. In the present research the avail-
ability of time precluded studying the effect of temperature
on total egg production and the limited number of adults

that could be reared simultaneously prevented a study of
possible temperature-foliage interaction. Instead base
information was sought on the effect of several different
temperature regimes on fhe oviposition of 2; harybdis fed on
only one type of eucalypt foliage -~ the mature leaf-type of
E. globulus.

The experiments were performed using a similar
‘procedure to that in the short-term feeding trials described
above. Beetles that had been reared and begun ovipositing
‘at one temperature (25.6'C) were kept for about 20 days at

another temperature level and then returned to the initial
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temperature. Two different groups of adult beetles were
used. - The first consisted of seven females of the Fé
genération éfter short-term feeding trials had been finished
and the second was made‘up from the field-caught P2
generation once they wefe no longer required to supply eggs
- for the last series of larval rearings.

The F2 females were held for nine sampling periods
(18 days) at the reference temperature of 25;6'0 and then
_moved to a second controlled-environment room maintained
at 20.0 + 1.0'C for 36 days before being transferred back
to 25.6'C for a further 18 days. The time spent at 20.0'C
was treated as two 18-day periods. The number of eggs
‘and batches, the size of batches and the fertility of the
eggs were checked for any change. The average values of
these measuremeﬁts are given in the first section of Table 43,U
and the results for each individual female in the appendix
(Appendix Table 6). (In order to facilitate comparisons
with the subsequent experiment which was based on the use
of 20-day periods, the total numbers of eggs and batches
have been corrected to give results equivalent to those
from 20 days of sampling.) .
' The females in the second experiment were held at
25.6'C for 20 days, transferred to 15.0'C in a growth
cabinet with a 16 hour light : 8 hour dark photo-cycle
for 20 days, returned to the reference temperature for 20
days, to another growth cabinet held at.12.5'C for a further
20 days and then back to the reference temperdture again.
Finally the females were placed in a controllgd-environment
room at 29.5'C and then returned to the standard temperafure.

The last two changes were ‘Aot for a full 20 days; the warm

‘r\,
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tempefature was maintained for 14 days and the reference
Vfor only 12 days, but the tabled results below have been
altered to a 20-day time base where fequired. There were
17 females in the P, generation at the start of this
experiment but five died during the temperature changes
and data from these have not been included | Averages from
these 12 beetles for each temperature and perloa are shown
in the second section of Table 43, while resultS'for.

- individual beetlee are included in the appendix (Appendix
Table 7). |

Table 43. The average effect of various temperatures on

oviposition of P. charybdis (results based on
a 20-day trial period).

Test Tempe?gture §¥mgggs §Z$2§§s°f fgigh Fer;ility
Sl1lze

F2 -1 25.6 540.9 26.1 20.86 95.8
2| 20,0 | 394.0 | 21.3 | 18.66 | 97.8
-3 20.0 288.3 16.6 17.43 97.2
-4 25.6 349.3 19.4 17.60 91.8

P, - 1 25.6 597.8 29.9 20.44 97.9
- 2" 20.0 (408.4) | (19.2) |(21.54) | (98.3)
-3 15.0 222.3 10.3 | 22.15 | 9s8.4
-4 25.6 488.5 25.8 19.25 98.5
-5 12.5 229.9 9.3 26.15 99.0
-6 25.6 500.6 25.3 20.10 97.7
-7 29.5 408.4 25.6 16.26 91.9
- 8 25.6 398.1 24.4 16,92 90.3

(2 - results derived from a 4-day tran51tion perlod
at. this intermedlate temperature.)
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The average values tabulated above showed the expected
temperaturé dependence of oviposition for measurements in
the 12.5'C to 25.6'C range. The trial at 29.5'C produced
results of lower value than those for 25.6'C indicating that
this upper temperature was beyond the optimum for P. charybdis.
Another observation confifmed by these mean results was the
increase in batch size:at the lowest temperatures used.}
No explanation for this was obvious. It is possible that at -
~ the slower rates of development occurring at these lower '
temperatures localised internal food deficiencies éaused by
competition among the maturing ova for nuirients may be
minimised.

The results from the F trials‘are not easy to

2
interpret because of the decrease in all measurements

between the first'and}second halves of the time spent at
20.0'C, and because the increase on return to 25.6'C raised
these values only partway.to their former levels. The
fertility decreased fractionally during this last test  period.
A possible éxplanation is that because these females were
nearing the end of their reproductive life there was a
gradually progressive decline in oviposition over which

the pattern caused by the temperature changes had been
superimposed, Although the females of the P2 generation
‘had also been laying for some time before the temperature
frials began (and all 12 had produced more than 2000 eggs), .
they should have had at least as much reproductive potential
as this still unused at that time. The initial rate of
oviposition was not regained during later periods at thé

same temperature but the second and third periods at

25.6'C gave comparable results. The final check period
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at this reference temperature showed a marked decrease in
results and this could be due either to a natural reduction
in oviposition with advancing age or to a carry-over of the
debilitating effects of the previous period at a high témp4
erature. The fertility dropped with the change to a high
temperature and did not improve with the réturn'to 25.6'C.
‘However the major contfibution to the average fertility
during the final check periodﬁcame from one beetle, the eggs
of which were only 62% fertilé. Including this only four
of the 12 females had a depressed (lower than 91%).fertility
_during the final trial whereas six were affected at 29.5'C.
Only one showed a reduced fertility at any othér time.
The resultis derived from the very short time spent
at 20.0'C prior to fully lowering the temperature to 15.0'C
have been included in spite of the great difference in
duration because they show agreement with those obtained
using the F2 females. It should be noted that these results
for 20.0'C give the same o&erall.rate of egg-laying as
occurred at 29.5'C, but in line with the apparent inverse
| relationship between temperature_and batch size remarked
on earlier, this amount results from fewer but larger batches.
The variation in all aspects of oviposition recorded
for each peribd spent at the reference temperature as the
experiment progressed prevented any fine relationship
between any aspect of-oviposition and temperature being
found. | However it was clear that increasing the temperature
up to 25.6'C . increased the number of eggs laid. This
resulted from an increase in the number of batches laid’
because the éverage number of eggs per batch tended to

deérease. At 29.5'C there was a slight decrease in total
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oviposition due to the same number of even smallef batches
being laid. TFertility did not seem to be affected by any
of the temperatures used except for the highest (29.5'C)
under which it was slightly lower.

The experimental rearing of adults of 2. charybdis
under controlled environmental conditions has demonstrated
the pronounced iongevity and fecundity of this species.

The type of Eucalyptus foliage fed on has also been shown

to be a major influence in determining both the longevity
and the pattern of reproductive behaviour. The latter was
affected by either continual or short-term feeding on’
different types of leaf. Temperature also affected the
rate of laying and batch size, but oviposition continued

over quite a large range of temperatures.



213,
CHAPTER V

SELECTION EXPLERIMENTS AND FEEDING TRIALS WITH LARVAE OF

PAROPSIS CHARYBDIS

As a logical extension of the research reported

earlier.which_aimed to'determine whether different Eucalyptus
foliages varied in their ability to sustain both larval

and adult P. charybdis, further series of experiments were
performed to find.out if the beetlé could.distingﬁish

between the various foliage.types, and so increase the
efficiency with which it exploited available foor resources.
The present chapter covers those trials carried out usihg
larvae as test individﬁals, and is divided into three
sections; selection experiments, reaction experiments, and

feeding trials on non?host plants.

1. SELECTION EXPERIMENTS

These trials were those in which the larvae were
‘confronted with a choice or selection situation. The main
series of experimenté was based on exposing larvae
individually to a pair of discs of the same size but Of
different foliage types and measuring the response by finding

the area of each that was eaten in a set fime.

(1) Initial Trials

(a) Method. Initially the selection trials had been
based on a multi-disc method running for a variable length
of time. Preference in these was not rated by the

absolute areas of each foliage eaten but from the ratio of



214,

these. This was because of the variable lengfh of exposure
which in turn was instigated so that each trial continued
until the subject larva bad had contact with both foliages
as shown by the péttern of feeding damage. Thus eachltrial
ran until approximately one-~fifth of the total area of
both foliages (involving four of six discs or six of eight
‘discs), or one-third of each disc of one foliage had been
eaten. As the discs of each foliage alternated in sequence
around the rim of the itrial arena, by the tiﬁe either of
these criteria had been met the larva would have had contact
with both trial foliages. Trials in which more than a
two-thirds of both foliages had been eaten before they were
stopped were discarded because‘it was felt that these could
have been affected by starvation forcing a larva which had
consumed most of the available palatable foliage to then
begin eating the relatively unpalafable leaf material.
(This ohly occurred when trials had to be left overnight
because insufficient foliage had been eaten by efening.)
The leaf discs were pinned in a vertical position into the
edge of a horizontal cardboard disc which constituted the
. arena of the selection chamber. A larva was confined to-
this arena because the cardboard disc was suppbrted through
a central hole by the stem .of an inverted glass filter funnel.
The base of the funnel rested in 0.5 to 1.0cm of water in
a pint glass preserving jar which had a glass petri-dish as
a 1lid to maintain a humid atmospheré. Glassware was.used
for ease of cleaning; caidboard discs were disposed of
after a single use. _

Each jar with the distilled water in the base was

set up at least 3 hours before a larva was added to allow
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the humidity to develop. Just before the trial began the
leaf discs were punched out using a cork borer and pinned
to the arena. Initially three 54 mm2 discé of each foliage
were used per test but later four 35 mn? discs were used.
'The cork borer was thoroughly cleaned between uses td prevént
contamination of the subsequent samples. Each trial used
an early fourth-instar larva reared on the control foliage
and then starved for 2 hours prior to testing. The control
in this as in previous work was the mature leaf-type of
E. globulus; it served not only as the food on which all
larvae for selection experiments were reared but also as
the controi in each trial against which every other foliage
was tested.

Consumption was measured as the area eaten. Prior
to the trials a recording sheet was set up using the
appropriate cork borer, an ink stamp~pad and graph paper
divided into 1mm squares. Then when the trial was stopped
the remains of each disc was placed in a recording circle
‘and the area eaten traced out. Later this area was measured
by counting all the 1mm squares more.than half in the eaten
area. Counting was found to be more reliable than weighing
cutouts of the eaten.area, and weighing the actual leaf
remains would have required all the work to be done as
soon as each trial was terminated and so would have
vrestrictéd the rate ét which these trials could have been
run. (Cutouts of 10 uneaten discs had weights ranging from
388 to 435 mg - average 411 mg - whereas the area by counting
ranged from 53 to 56 mm° - average 54.5 mm? .) The trials
were carried out in the controlled-environment room at 25.6

+ 1.2'C.  After the first which was done in indirect but
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N

}full light all the jars were covered with black polythene .
" covers during each trial. In the first trial the larvae.
had spent most of their time sheltering on the lower facé
of thé arena and had been slow to feed.

The foliages used in the initial series of larval
selection trials represented several different. situations.

E. delegatensig = hybrid had given resulis in larval rearings

only slightly inferior to those from the mature foliage of

E. globulus, while E. fastigata (BG) had caused the deaths

of all first-instar lérvae placed on it. There was also

E. obliqua from two different sites. On both types of

E. obliqua leaves the larvae had performed poorly, but these
results had been distinct and the question was whether or hot
the larvae could discriminate between these two.  Several
trials were also set up with all discs of the contrbl. '
foliage to check on the method used. - (The sites used

and their abbreviations have been given on p94.)

(b) Results. The valid results obtained from these
trials are shown in Table 44. The tabled results show how
great the variation was between samples of the same foliége,
- and the single "dummy" trial using all discs of the control
was markedly different from the expected 1;1 ratio. What
the table cannot show is the number of runs not realising
valid results. This and the time consuming task of setting
up each arena were the reasons why this method was not
peréisted with. The results do show a definite, but not

absolute, slight preference for E. delegatensis - hybrid over

the control, and preferences for control rather than E.

obligua (Ch), E. obliqua (BG) and E. fastigata (BG). The

preference relative to the control against the latter two
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foliages is stronger than that for E. obligqua (Ch). The
observed discrimination in this preliminary work would

appear to correlate roughly with the relative suitabilities

of these foliages as larval and adult foods.

E

_Table 44. The ratio of the amount of a test foliage eaten
to the amount of the control eaten when the
control value was adjusted to 1.00

Test Foliage
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Ratio 1.34 0.99 0.07 0.42 0.61

globulus-mature : X |1.08 0.32 0.34 0.16

= 1.00 : 0.70 0.98 . 0.23
1.19  0.64 o
1.47  0.59
1.19
1.40
0.41
Average 1.10  0.70 0.21 0.27 0.61

(2) Determining the Final Methods

After a period of experimenting with various methods
for selection experiments a similar but much simpler
téchnique was adopted. This involved the use of two larger
leaf discs (176.2 mm2 in area, 15 mm diameter) placed on a
moist 55 mm diameter filter paper in a 7cm diameter glass
petri-dish. One disc was of the control and the other of

the éxperimental foliage. The moist filter paper was
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necessary to maintain humidity and prevent the leaf discs
from wilting. In pléce of fourth-instar.larvae, third
instars were used. This change was brought about because
although the larger later instars might be expécted to eat
.moré rapidly and hence allow a shorter testing period it
was not always_easy to distinguish early actively-feeding
fourth instars from thdse about to cease feeding and become
prepupae. These latter were obviously unsuitable as test
individuals. The trial was run for a fixed time (24 hours)
in a controlled—environment room held at 20.0'C. The

same system of recording as previously‘described was used.
An example of.the results obtained using this method is
shown in figure 22,

The length of the test period, fhe temperature regiﬁe
used (20.0'C or 25.6'C) and the duration of a starvation
period for the larvae before testing wefe decided bn the
basis of preliminary tests and of convenience in operation.
Twenty larvae were used in these preliminary tests which
were not seléction trials because only‘one 1ea§-disdv- a
sample of the mature foliage of E. globulus - was included
in each dish. As well as the area that was eaten, the
number of frass pellets produced by each larva during the
experimental period wés counted tp give another measure
of consumption. The different treatments used in this
techniques trial were a 2 hour starvation with a 6 hour
feeding period and a 2, 16 and 24 hour starvation period
followed by a 24 hour feeding peribd at 25.6'C, 'and 2, 6,
16 and 24 hours starvation followed by 24 hours of feeding
‘at 20.0'C. The treatments were unreplicated except for
the trials involving 2 and 6 hour periods of starvation at

20.0'C which were duplicated. The summed total area eaten



Figure 22.

A photograph showing the result of a
larval selection experiment comparing

discs of E. globulus-mature (lower)
and E. fastigata(Cl) (upper).
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and the number of frass pellets produced for each treatment

* are_givén in Table 45.

Table 45. The effect of different periods of starvation
at two temperatures on two measurements of
foliage consumption.

Test conditions T Area eaten(mm®) |Frass pellets
v : produced
Temperature|Starvation|Feeding|Mean + Standard|Mean.+ Standard
'C) period period deviation deviation
(hr) (hr) |- ‘
- 25.6 2 6 [29.2 + 19.7 | 3.2 + 2.0
2 - 24 |54.7 +  30.0 7.8 + 4.7
16 24 (41.8 + 38.8 7.0 + 5.6
.24 24 135.0 + 32.3 6.3 + 5.5
20.0 2 24 |60.9 +.38.3 | 9.7 % 4.6
2 24 169.5 + 42.1 |11.0 + 5.4
6 | 24 |68.1 + 52,0 | 9.5 + 6.8
6 24 |70.2 - - -
16 24 |46.6 *+ 41.4 7.0 + 5.2
24 24 [66.7 + 41.5 | 9.2 + 5.4

It is obvious that the larvae ate more at the lower
temperature and so this was chosen. This could have been due
to heat stress acting directly on the larvae or on the leaf
discs to make these less palatable; the discs did tend to
wilt more readily at the higher temperature. It was also
obvious at 25,6'C although less apparent at 20.0'C that the
longer periods of starvation decreased rather than increased
consumption. Starvation is frequently used in order to
prime'subjects before a feeding trial to ensure a low

threshold for those stimuli that trigger feeding. Excessive
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'food deprivation might result in lowered consumption due
to weakening the larvae, or it may upset the intake-
regulating mechanism, or even cause damage to the larvae
if the threshold is lowered so far.that non-edible material
is eaten. Some effect caused in the latter way is possibly.
indicated by the consumption of filter paper by larvae
during starvatioh and aiso during feeding. Some larvae
" produced faecal pellets whiéh weré entirely composed of
cellulose fibres from the paper, and many had some of this
cellulose in a few pelletis. These have been allowed for
in the count of frass pelléts by deducting one for each
pellet éntirely defived from paper and half for each
containing éome of this material.
| Once the method had been established the main series
of experiments was begun. It had been hoped to cover all
the foliége types used during other sections of this research
but this was not possible because there was a very short

growing season for E. camaldulensis in the 1971-1972 season

when this work was undertaken. The shape and size of young
leaves of E. linearis also.prevented the inclusion of foliage
of this eucalypt species. One modification to the method
was made during the trials to allow most of the narrow-
leafed eucalypts to be_included. Instead of 15mm diameter
leaf discs, 7 x 25mm rectanglés were used. These were of
equivalent area and because both trial and control foliages
were always presented in the same form no effect on
.consumption should have resulted. A trial on the control
foliage compared the two shapes and although the averagé
“value of the diffe:encé between the two showed that more

was eaten from the discs than the strips this was not
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| significant ( t - test of the difference i.e. area of circle
eaten less area of rectangle eaten; n = 25, Y = 18.8,

ts é 1.64, t.05(24) = 2.06 ). Strips were cut using a
template marked on a clear plastic ruler and a sharp

disposable scalpel. This presentation was more time

consuming. and so was avoided where possible,

(3) Results and Analysis

The main series of experiments was divided'into two
sections depending on the number of replicates for‘each'
foliage beéause a more intensive study waé made to check
for discrimination by P. charybdis between the three different
trees of L. obliqua used in rearing experimenté where they
vreturned such markedly different results. For these
foliages 60 replications were undertaken,whereas for all
other foliages there were only 25 replications. Trials in
which no feeding occurred on either disc were discarded on
the grounds that the larvae involved were unsuitable because
they had been damaged in handling or were in a pre-moulting
~state.  The first was the more probable because the larvae
selected for use were those appearing to be at the start of
the third instar.

(a) Varieties of E. obligua. The results from the

selection trials involving the three types of E. obligua
foliage were examined first to determine the analytical
approach to be used on both groups of selection experiments.
Frequency distributions of the amount eaten for both confrol
and trial discs considered independently for each trial
foliage showed different patterns of distribution for control
- and experimental foliagés (Pigure 23). In each case the

results from the experimental foliage formed an apparently
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regular declining curve while the control foliage results
did not conform to any regular pattern.

For Tigure 23 the results for each foliage had been
taken as being independent. However it is obvious that the
results are linked since a>paif of discs was exposed toreach_
larva.. To determine whether this pairing incorporated into
the_experimenfal desigﬁ caused the results to be mutually
dependent, and if so in what way, graphs were prepared from
the results from trials using E. obliqua (Rf) ga fevourable
host) and E: obligua (BG) (an unfavourable host). " For
every larva in each trial the area of the experimental
foliage eaten was plotted against the area of control foliage
eaten, the difference between these results was plotted |
against their sum, and the square of the difference against
the sum. In all cases the graph showed such a scatter of
points that no relationship was indieated. However frequency
distributions of the differences between paired results for
all three foliages‘showed a fairly regular unimodal curve in
each case (Figure 24).‘ No further preliminary testing was
performed but on the basis of these‘graphs a parametric
analysis was earried out on the differences between the
amount of the control and experimental discs eaten,

The resuits of this analysis of variance for the three
types ef E. obligua resulting from sampling trees at different
sites (p9% ) are shown in Table 46. This revealed that there
was an increase in the varience among these groups that was
significant at the 5% level of probability but not at higher
levels. Although this experiment had been set up specifically
- to test for differences between all three foliages it was ﬁot

statistically pfoper to test all these means separately by |
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'a priori' tests (Sokal and Rohlf, 1969, p 230 ); instead
less sensitive 'a posteriori! tests had to be used. The
particuiar.test chosen here was the Student - Newman -

Keuls (SNK) test for multiple comparisons among means based
on equal sample sizes (Sokal and Rohlf, 1969, p 240). The
results of this are given in the second part of‘Table 46,
~and sh6w that the"resuits for E; obligua (Ch) and E. obligua
(BG) were indistinguishable While both differed significantly
from E. obligua (Rf). The last named foliage was eaten
almost as readily as the control whefeas the other two were
more greatly discrimingted against. (The result for E.
obligua (Rf) was not significantly different from zero - the
>theoretica1 value for the control foliage compared to itself.)
Table 46. Analysis of the results of selection experiments

using three different foliages of E. obliqua
~each compared with the control (the mature foliage

of E. globulus).

A: Analysis of variance of the differences in consumption
between the control and trial foliages.

Source of variance aft MS » s
Among foliages 2 11,109 3.69*
Within foliages 177 3,013

(F-05(21°°) = 3.00; - F.O1(2,0°) = 4,61 )

B: SNK test of foliage mean differencesfrom control
(Means annoted with the same letter are not significantly
different at the 5% level). S

Foliage Mean

E. obliqua .(Rf) 17.28 a
E. obliqua (Ch) 40.75 b
E. obligua (BG) 40.95 b

(LSR(.OS) = 19.71; LSR(.O1) = 25.88

LSR = least significant range )
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(b) Other eucalypt species. The main series of

selection experiments involved the comparison of 13 different

eucélypt foliages With 25 replicates per foliage. An andlysis

of variance and subsequent SNK test of foliage means were

carried.out as déscribed above. The results are shown in

the two sections of Table 47.

Table 41."Ana1ysis_of the results of the main series of
selection experiments in which 13 different

Eucalyptus foliages were each tested against
a control. ‘

A: Analysis of variance of the differences in consumption

Source of variance af MS Fs
Among foliages 12 15,256 4.10°°"
Within foliages 312' 3,719

(F 001 (12,00) = 2:74 )

B: SNK test of foliage mean differences from control
(Groups linked by a continuous line are not significantly
different at the indicated level).

Foliage - Mean |5% Significance |1% Significance

viminalis—juvenile | -20.08 T - T
globulus—juvehile -10.84 T
viminalis-mature - 1.12
fastigata (Cl) ' 2.32
perriniana 5.12
ficifolia 14.04 i
cordata - 23.12
delegatensis-hybrid 23.92
amygdalina ' 24.84 T
leucoxylon 31.24
sideroxylon ‘ 37.28 B
andreana 41.16%|
. -la -,
fastigata (BG) 73.36 1 1
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The discrimination of résults achieved was rather
disappointing but not unexpected in view of the great range
of differences.in the amount eaten among repliqgtes‘for each
foliage type. The analysis of variance showed that the
_ added variation among foliages wés very highly significant.
The SNK test of the means showed that at the 5% probability -
level the most favoured foliage (the juvenile form of E. N
viminalis) differed significantly from the three least liked
foliages (E. sideroxylon, E. andreana and E. fastigata (BG))

and also that E. fastigata (BG) differed from all but the

next three lowest foliages. | The only significant differences
at the 1% level were between E. fastigata (BG) and the five
most favoured foliages; However the series did prove that

- larval feeding preferences do exist;

The most outstanding feature in Table 47 is the
relative positions of the two foliage types of E. fastigata
which are significantly different even at the 1% level,
when both caused complete mortality in unfed firstQinstar
larvae confined to them. E. fastigata (Cl) was also used
in the short-term adult rearing trials and found to
completely inhibit egg production. Yet third-instar larvae
ate almost as much of this as they did of the control
foliage, while very little of E. fastigata (BG) was eaten.
E. viminalis was not used in rearing experiments but its
high ranking (the most and third to most preferréd for
juvenile and mature leaf types respectively) could be
| expected in view of the fact that this species has been
reported as a favoured host (Clark, 1930; Dugdale, 1965).
Although not significantly different from a zero vélué (the
‘theoretical position in this ranking of the control - the
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| mature leaf-type of E. globulﬁs) the slight preference for
- the juvenile foliage of E. globulus over the control is
unekpected in view of the relatively worse performances of
this in both larval and adult rearing.

The slight preference for control relative to Q;

perriniana and E. delegatensis-hybrid fits with the poorer

value of these as larval food but not with the excellent
performance of adults fed the latter. In contrast the

poor rankings of E. sideroxylon and E. andreana do not

corre}ate with the usefulness of these foliages in larval
rearing. 'E. andreana, however, did not show up well as an

- adult food. E. ficifolia and E. cordata were only slightly
less preferred than control and yet both are unsuitable for
larval reafing (E. cordata is a glaucous species used in

the initial large-cage rearings with little success).

Trees of both of these species in the Christchurch area were

not damaged whereas some of E. leucoxylon were badly attacked.

E. leucoxylon var.'rosea' was the variety of this'ornamental
gum used in the pfeseht trials and it was not much liked by
the beetle. Thus itlcan be seen that whereas some cofre-

lation exists between the results of these larval selection
feeding trials and those from larval rearing, there are more

:discrepanoies.

(4) Experiments Using First-Instar Iarvae

Attempts were also made to devise a selection
technique which could be used on smaller larvae, and in
particular on the unfed first instars. Due to the habit
of female beetles of'ovipositing on mature leaves the newly
hatched larvae frequentiy would have to travel relatively

far to find succulent new growth suitable for food. It is
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likely that chemical attractants play a part in the search
for food by these larvae; Dbut it is pdssible that
thiémotactic and negative-geotropic responses provide
sufficient guidance to enable a high proportion of larvae
to establish on edible foliagé. Newly hatched codling moth
larvae do use chemosensory powers to locate apples and many
- codling eggs are laid on foliagé close to fruit rather than
on the fruit itself (C.H. Wearing, pers. comm.), but unlike
the situation with P. charybdis on eucalypts where new
growth is normally terminal, apple-tree fruiting spurs are
not so regularly posifioned. Thus for codling larvae a
direct méthod of orienting towards the host - the fruit -
would be far more efficient than the indirect alternatives
mentioned above for P. charybdis which are based on stimuli
not originating from thé food itself. '

Pirst-instar larvae present problems in assessing
their response to foods. Their small size means that
measurements based on food consumption (such as the area
eaten or the number of frass pellets produced) are
impractical. Distribution parameters become the most
obvious choice fbr expressing selection; that is the number .
of individuals from a group exposed to a choice situation
~ that éggregate on each of the alternate foods. This approach
was tried using several different arrangements in an attempt
to create a balanced choice situation in an arena to which
the larvae could be confined. The chief difficulties
encountered weré in trying to regulate the amount of
stimulating leaf material used while still providing an
encldsed arena giving equal opportunities of access to

either or all foliages used. Adequate moisture had to be
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maintained as well to prevent.leaf deterioration by wiiting.
These small larvae appeared to be more dependent than later}
instars on initiating.feeding along a leaf edge which meant
that the foliage could not be placed flat on a surface.l
" Also their ability to move freely was greatly affected by
the presence of excessive moisture. As well it was noted
'ihvsetting up larval reéring cages that after handling,
first-instar larvae did not immediately settle downland
begin feeding but would often move about‘for some time and
then rest for a while on the lower or more sheltered face of
a leaf before eating. To avoid’this agitation'due to -
handling, eggs close to hatching were used, rather than the
larvae themselves. This necessitated a longer trial period.
Two of the arrangemenits involved 3cm basal lengths
of young leaves about 1cm wide along the cut edge and with
a short section of stem. Stems from two leaves were wedged
with damp cotton wool into the opposite ends of a 1.5cm
length of 1mm internal diameter glass tubing. A batch of
eggs without any leaf material attached was glued to the glass
tubing using PVA»resin glue. In one trial this arrangement
was suspended by cotton tied about the tubing, with grease
on the cotton to prevent larvae climbing away;' in the other
this arrangement was'placedﬁin a petri-dish on damp filter
paper. In the former some leaves after 12 hours (overnight)
were wilting and several had fallen out of their tubes while
in the latter a few of the leaves had begun to rot. .Some
larvae dropped from the former and many in the petri-dish
were nof on either foliage but on the dish itself. Several
cardboard arenas 1o which leaf sections were attached were

also tried without any proving satisfactory, before this
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aspect of the research was terminated.

2. FEEDING - REACTION TRIALS

(1) Method

The feeding-reaction tests were carried-out in the
same way as the main series of selection experiments
described above except that instead of subjecting each larva
to a choice situation, the tests involved‘presenting each
with a single disc of a trial foliage under otherwise
constant conditions and meésuring the average response of

the larvae to each type of foliage. All other aspects of
the test were standardised and were the same as had been
used in the series of selection experiments - an early
third-instar larva, a 6 hour starvation and a 24 hoﬁr feeding
period at 20.0'C, high humidity due to the damp filter paper
in each petri-dish, and a leaf disc (or if necessary a
rectangle) with an area of 176mm2.

The assessment of feeding response by measuring the

area eaten was carried out as previously but as well the
number of frass pellets produced during each trial feeding
was couﬁted. Some authors (e.g. Suiherland, 1971) have
used frass production as the sole measure of feeding activity
but although this method should correlate more exactly with
the amount (i.e;_mass) consumed and so in this case compensate
for variation in the thickness of the different foliages used,
the error inherent in the measﬁrement was 1arge due to
variation in the size of faecal pellets. Also in some trials
pellets were not compact but disperse or even scattered by

later movements of the larvae, and the exact process of

counting had to be replaced by estimation. This method did
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lend itself to a much more rapid assessment of trials,land
could possibly have been used more. However after showing
by a éraphical.analysis that there was a band of strong
correlation between consumption measured by the area eaten

or by the frass éellets produced for the 100 replicates of
.each of the four foliages used in the first section of
feeding-reaction trialé, no further analysis of these counts
has been carried out.

- As in the selection experiments a greater effort
was made with these feeding-reaction trials to disérimihate
amohg the three types of E. obligua used and between each
of these and the control foliage, than among the remaining
foliages. This was done because the ability to distinguish
bamong different types of the one species of eucalypt, or
lack of same, could indicate the power of discrimination
that larvae of P. charybdis were capable of. {Euch‘an ability
could also provide a lead for further research into the
nature of the factors by which discrimination was achieved.
For-each_of these four leaf types 100 replicates were carried
oﬁt while for the remaining 13 types there were only 40
replicates each. To include the control in both groups of
trials, a selection of 40 was made from the 100 trials on
the mature type of E. globulus using the table of random
numbers in Snedecor and Cochran (1967, p543).

(2) Analysis

A preliminary graphicai test on the frequency
distribution of the results from the first group of four
trials showed that these did not conform to any regular
distribution. The number of zero results made the first

step in the frequency plot the largest, but the level then
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rose more;or—less to a minor second peak further along the
graph. Thus the results were not suitable for parametric
analysis and instead were ranked from the frequency Yersus
area—eafen‘graphs for each of the four foliages.and a Kruskal-
Wallis non-parametric test carried out (Sokal and Rohlf, 1969,
p388). The.results of this analogue of a single clasgific-
‘ation analysis of variénce are given in Table 48. The
statistic 'H' calculated from the summed rank values for
each foliage was very much greater than~fhe tabled chi-
squared value for a 1% level of probability, indicating
highly significant heterogeneity among the results of the
four trial foliages. - (No correction for tied values was
needed because 'H' is conservative before the correction and
so the corrected value would have been significant by an
even greater margin.)
Table 48. Analysis of the results of feeding-reaction
trials for larval P. charybdis fed the control
foliage or one of the three types of E. obligua.

A: A Kruskal-Wallis non-parameiric test of variance.

_ 12 3(5'R)?
0 iy -3 (Ea D)

Ly

= 33.51"

2 .
X .01(3) = 11.35

Y

(Where n = number of trials per foliage = 1001

and R is the rank value of each result.)



B: Resulis of non-parametric simultaneous testlng of
pairs of foliages - count values.

. o 2
0] ~ \ﬁ;
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ol® — —
—d Q Q
o @]
Mean area
Foliage leat;n
(mm® )
globulus = mature 69.98 v ' ®
obliqua (Rf) 45.93 5651
obliqua (BG) 35.23 6864%% 6003
obligua (Ch) 30.36 T211¥%% 6277¥* 5286

(Critical values U.05 = 6051; U o, = 6274)

(3) Results

The results for each foliage were compared to every

other result separately using a non-parametric simultaneous

test procedure; an 'a posteriori' test for samples of
equal size which is based on the Wilcoxon-Mann-Whitney
statistic (Sokal and Rohlf, 1969, p396). These U-values
were derived from the frequency graphs for each foliage
already plotted. The results are depicted in the second
section of the table above. These show that E. globulus
mature and E. obligua (Rf) gave favourable results

indistinguishable from each other, but both significantly

different from the result for L. obliqua (Ch), the least-
liked foliage. E. obligua (BG) differed significantly

from the control foliage but not from either of the other

two types of E. obligua. These results differ from those
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obtained in the true selection experiments described earlier

in that E. obliqua (BG) is now no longer nearly the same as
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E. obligua (Ch) but falls midway between this and E. obligua
(Rf) in preference. Previously it was significantly
different from E. obliqua (Rf) as well as the control foliage.
This new ranking is of interest because the overall suitability
.of foliages for larval rearing was in the descending order
E. obligua (Rf), E. obligua (Ch), E. obligua (BG) with E.
obliqua (BG) of just lower value than E. obligua (Ch).

The main seriesrof feeding-reaction trials involved
15 different foliages including the control which was used
in both disc and rectangular form. The results were
analysed using exactly the same tests as have just been
described for the series involving the three types of
L. obliqua foliage. The results are given in Table 49.
The very high value for the statistic 'H' in the Kruskal-
Wallis test even without making allowance for the number
of raﬁk—tied observations showed that there were very highly
significant differences in the reactions of larvae to leaf
sections of the various eucalypt foliages. The tests
comparing the results from each foliage showed that the
larvae ate significantly less of the two E. fastigata
foliages than many of the others, the amount of E. fastigata
(BG) consumed being significantly less than that for nine
of the favoured foliages while the amount of F. fastigata
(C1) eaten was less than eight of the others. The three
most-eaten‘foliages (the rectangular form of E. globulus—

mature, E. delegatensis—hybrid, and E. viminalis-mature)

gave results also statistically different from E. andreana

and E. amygdalina, which were not liked. Two other favoured

foliages - E. perriniana and E. leucoxylon - were also

‘significantly different from E, andreana.
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Table 49. Analysis of the results of the main series of
feeding-reaction trials involving 13 experimental
foliages and two different presentations of the
control foliage. ’

A: A Kruskal-Wallis non-parametric test of variance.

12 33(s"r)2
H-"—'(n(zn) (Zl’(l+1) )"'3(Zn+1)

110.8%%%
,

(n

R

X" 01(14) = 22.14

number of replicates per foliage = 40

rank value of each individual result‘)

The average area of each foliage that was eaten.,

B:

Foliage Mean area eaten (mmz)
delegatensis-hybrid 97.1
viminalis-matufe 87.2
viminalis-juvenile 81.8
globulus-mature (rectangles) 79.4
perriniana 72.8
globulus-mature (discs) 70.1
leudoxvlon 67.5
ficifolia 58.0
sideroxylon 57.0
cordata 56.8
globulus—juvénile' 47.5
amygdalinag’ 40.6
andreana 30.0
fastigata (C1) 17.9
fastigata (BG) 4.9
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delegatensis—hybrid
viminalis-mature S04
virinalis-juvenile | 904 822 /
lobulus—nature 983 893 841
(rectangles) '
verriniana 1035 935 906 856
globulus—magure 1039 963 905 883 827
1SCS .
leucoxvlon 1071 1000 905 929 869 829
ficifolia 1111 1053 981 1011 943 912 899
sideroxylon 1093 . 1066 966 1037 931 910 914 820
cordata 1092 1055 962 ~ 1037 948 933 936 823 847
zlobulus-juvenile | 4140 1118 1026 1090 1001 988 . 1011 882 919 872
amvedalina 183" 1178”7 1065 4177 1063 1050 1080 932 975 902 838
andreana 123177 128177 4100 12817 1163 1141 11937 1009 1046 961 875 835
fastigata(Cl) 12177 1369" " 1175° 143577 12037 1272"" 4349"" 1120 1183° 1076 956 935 1053
fastizata(BG) 1309 1809°" 11717 as1a”" 132277 304”7 qaug™ 157" 42527 1913 1020 1001 875 965

Table 49 C:

( Critical values

U, 05¢15,600) = 1152 i U 0q(15,600

y = 1200 )

gesulys of the count-values obtained for the non-parametric testing of the foliage types
¥y pairs. :

*g¢c
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(4) Discussion

There are some puzzling differences between>the
results of these feeding-reaction experiments and the series
of selection experiments reported earlier. In particular
the high ranking achieved for E. fastigata (C1) an& E.
globulus-juvenile in the selection trials contrasted to
their positions in the'results of the present work. The

selection experiments also recorded E. delegatensis-hybrid

and E. leucoxylon as relatively unfavoured foods, whereas

the feeding-reaction experiments placed them among the more
- liked foliages. In both these cases the secdnd series of
trials, the feeding-reaction trials, gave the results which
correlated most closely with those obtained in larval and
adult rearing experiments. |

The only difference in method between the two series
of trials was the absence of a control disc in the reacdtion
trials, and hence the inclusion in these of all zero results,
ﬁhilst in the selection experiments larvae which fed on
neither foliage were rejected.' Rejectioﬁ would not have
had a selective effect.either for or against any particular
foliage. The presence of a second type of foliage however
could possibly alter the results in such a wafi The feeding
habit of larvae of P. charybdis as noted in casual observations
and borne out from the repeated checking of the multi-disc
selection experiments was to feed for a while, move a short
distance and pause for a while before returning to feed.
Another point supporting this view was the general occurrence
of two or three separate feeding notches in discs even if
the total area eaten was not great. If this is.the usual"

sequence ip feeding the presence of the control foliage
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(a2 favoured feed) could bring about increased or decreased
“consumption of the trial foliage.

A decrease in the relative amount of the trial foliage
eaten would resulf simply from the expression of a distinct
. preference for the control foliage, and would be especially
likely to occur if there were either a strong attraction
to the confrol or marked differences in. the quality or
guantity of sfimuli present in the control and trial foliages.
.More of the trial foliage could be eaten if cﬂemical stimuli
diffusihg from the control disc saturated the atmosphere in
'which the selection experiment was conducted. This could
result in an increased consumption of any disc (and see the
comments in the following section covering experiments using
plants other than eucalypts), unless this response was .
countered by stimuli met with on eating the trial foliage.
A similar result would occur if there was a "remembered"
carry-over of stimulation when the trial disc was éncountered
after a period of feeding on the favoured food of the control
(similar to the persistence of»induced feeding preferences

reported for larvae of Manduca sexta by Jermy et al, 1968).

This 1s likely to be involved in the changed results for the
Juvenile foliage of E. globulus which would be very similar
chemically to the control, but is less plausible‘to expléin
the change for E., fastigata (Cl). The lethal effect of

this latter when used as é food for young larvae, or as a
short-term food for adults remains in antithesis to the
favoured rating from the selection experiments. A confusion
of the foliage sampled would not be at all likely and a
seasonal change in foliage quality of this magnitude is also

‘implausible. Thus this variation in results remains
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inexplicable.

The depressed ranking of E. delegatensis-hybrid and

BE. leucoxylon in the feeding-reaction trials compared with

the selection experiments could be due to these cgntaining
only a weak feeding detterent(s) which could be overcome
readily by starvation but which was suffiéient in the presence
of a more favoured foéd to prevent much being eaten.

However this is simply speculation without supporting evidence.

3. TRIALS INVOLVING PLANTS OTHER THAN EUCALYPTS

This series of feeding trials was carried out to
determine just how specific were the host-ﬁlant stimuli

necessary to initiate and maintain feeding in larvae of

P. charybdis.

(1) Methods and Results

A range of plants representing many plant families
Wére fed to early third-instar larvae using the same method
~as described previously for feeding-reaction trials based

on various Lucalyptus foliages. = There had been no reports-

from the field of feeding on any plant outside this genus
but, given the very diverse nature of this plgit gfoup both
chemically and physically (Baker and Smith, 1920; Penfold
and Willis, 1961) and the views that have been advanced on
the common availability of suitable nutrients in plants
(e.g. TFraenkel, 1969) it was felt of intereét to examine this
question, |

Before the large disg féeding;reaction method was
adopted several selection trials were carried out using

fourth-instar larvae and the multi-disc method described af
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the beginning of the chapﬁfr. The results of these are
given in Table 50 while tﬂé‘résults of subsequent trials
using the feeding-reaction method are given in Table 51.
The latter results are all based on 12 replicates per

. foliage. Most of the plants used came from the Botanic
Gardens, Christchurch, and their idéntificatioh has been
checked by Mr L.J. Mefcalf, Assistant Director of Parks and
Reserves in Christchurch. Table 51 records the,reactions of
individual larvae to test foliages in three categories - the

2

foliage untouched, negligible feeding (i.e. less ihan 1mm™ at

any one point), and definite feeding. The total area eaten
in definite feeding is given as well as the number of trials in
which such feeding occurred.

Feeding trials with 2. .harxbdis and plants other

than Eucalyptus species, initial experiments
using fourth-instar larvae.

Table 50.

Multi-disc trials
- ol

‘ No. of |Mean area eaten - (mm%)
Family Test plant trials [Control [Test plant
Anacardiaceae|Cotinus americanus 6 63.5 4.8
Betulaceae Betula pendula 2 69.5 31.0
Fagaceae Fagus sylvatica 3 43.7 13.3

var. "Purpurea®
TFagaceae Quercus incana 4 70.0 43.8
Leguminosae |[Wisteria sp. 3 76.0 22,7
Salicaceae Populus nigra 4 83.5 . 0.9

var., "Italica"
Tiliaceae Tilia europaea 2 74.0 B
Single-disc trials
Fagaceae dhercus incana 10 11;4*
Salicaceae Populus nigra 5 ’ 0.0

var, "ITtalica' :

(* 5 with feeding, 5 without

- #% 331 5 without feeding

B = negligible feeding
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Table 51, Feeding-reaction trials using non-eucalypts.
Amount of feeding
Family Test specleg None | Negligible Definitae
R Frequency|[Total areg
eaten (mm°)
Acoraccae Acer platanoides var, 5 7 - -
"Goldsworth Purple"
Anacardiaceae Cotinus americanus : 9 3 - -
Berberiduceaer NMahonia aquifolium-hybrid 9 2 1 1
Caprifoliaceae Lonicera (periclymenum ?) 9 3 - -
Caprifolioceae Sambusng nipra 7 4 1 1
Ericaccae Arbutus sp. 9 - 3 9
Ericacene Rhododendron nupustinii 5 1 6 18
Fagaccae Quercus incana Vi 4 1 1
Juglandaceae Jupplans repia 4 4 4 11
Legwninosae Cercis siliquantrum 11 1 - -
Leguminosae Phaseolus vulparisg 1M1 1 - -
Leguminosae Trifollum repens 12 - - -
Liliaceac Ruscus aculeatus .9 - -
llagnoliaccae Liriodendron tulipifera 8 2 2 Q
Lionimiaccae Atherosperma moschatum 12 - - -
Oleaccao Torsythia x intiermedia var. ROC 1 - ~-
"Speclabilig"
Olecaceae Fraxinus excelsior var, "aurea" 10 2 = -
Pittosporaceae Pittosporum tenuifolium 2 ' 3 7 47
Rosaceae Chacnomeles var, "alba" 4 8 - -
Rosaceae Crataecus crus-ralli var. 8 4 - -
' "salicifollia"
Rosaceae Malus sarpgentii 10 1 1 2
Rosaceae Photinia pglabra 4 3 5 58
Rosaceae Prunus (gerrulata?) 11 1 - -
Rosaceae Rosa cultivar ’ 7 6 5¢ 30
Salicaceae Salix caprea 12 - - - -
Saxifragaceae Hydroangea macrophylla var, ' 10 1 1 2
TCoorulea
Styracaceae Pterostyrax higpida M1 1 - -
Theaceae Camellia japonica ' 10 2 - -
Tiliaceae Tilia cordata ‘ 6 4 2 3
Tiliacoae Tilia curopaoca ' 11 1 - -

( * 18 replicates instead of 12 ).
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Plants are arrahged within each section of the table
in. the alphabetical order of the families to which they

belong. The nomenclature follows that in Chittenden and

Synge (1965) except that Cotinus americanus has been preferred

_over the synonym Rhus cotinoides (Hay and Synge, 1969;

Harrison, 1963).

(2) Discussion

Tt is inmediately apparent from the tabulated results
that only in very few cases did the larvae reject the non-
eucalypt leaf-discs at a distance, that is without at least
biting into the test material. In the multi-disc trials in 
fact considerable feeding activity occurred on* these non-hosts.

When the results for those foliages (Cotinus americanus,

Tilia europaea, Quercus incana, and Populus nigra var.

'Italica') which were tested using both test methods are |
compared it can be seen that in three of ihesq four cases
considerably more of the trial foliagé was eaten when the
multi-disc method was used. . This could indicate an
insensitive continuation of feeding behaviour after an
initial stimulation by the contfol leaf discs, or the
stimulatory effect of volatile chemicals originating from
the favourable control foliage.

There are also some interesting results from individual

plant species, in particular from Pittosporum tenuifolium,

and Rhododendron augustinii.  Both of these were accepted

relatively readily by the larvae and yet both proved toxic

to thesellarﬁae., Six of the 12 larvae fed P. tenuifolium

were dead or moribund at the end of the 24 hour test period,
and yet three of these had been seen biting the discs within

5 minutes of being placed in the petri-dishes. This was an



245,

unusually rapid feeding response.

The symptoms of advanced poisoning included a very
fluid anal discharge, with abdomen distended and anus and
defence glands slightly extruded, muscular spasms affecting
.especially the extremities (the legs, mouthparts and antennae)
and a rapid pulse in the posterior side wall of the abdomen.
The frass—and-analafluid mixture 6f at least two of the dead
larvae contained small fluid-filled cysts but these were
probably undigested o0il glands from prior feeding on E.
globulus. Similar symptoms were seen among the six lafvae
dead or dying after feeding on the rhododendron; with the
liquid appearance of the body, anal discharge of fluid and
eversion of defence glands being noted. This apparent
favourability of foliages which are actually lethal is unusual
in that there is a breakdown of the defence provided by the
discrimination and selection of foodstuffs. fn faét not
only did these processes fail to exclude harmful material but, -

in the case of P. tenuifolium at least, there were indications

that these poisons or other leaf compounds were very highly
acceptable. |

Two foliages from the family Rosaceae showéd much
acceptability to the larvae in the feeding-reaction tests.

These were Photinia glabra and a rose cultivar (Rosa hybrid).

However four other members of the same family (Chaenomeles

var ‘alba'y Crataegus érus-galli, Malus sargentii, and Prunus

sp. (probably P. serrulata)) showed no or very little feeding.

Only leaf material from three plant speéiés, Trifolium repens,

Salix caprea and Atherosperma moschatum, showed no sign of

suffering even trial bites.
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CHAPTER VI

@

ADULT ATTRACTANT TRIALS

This chapter briefly summarises an attempt made to

attract adults with varioﬁs chemicals,

1. MATERIALS AND METHODS

The first of this series of trials was carried out
using a small quantity of each chemical in a 4o0z. wide-necked
jar with a screw top. These wére prepared in the laboratory
“the day prior to being used ih the field at the Head-of-the-
Harbour site from which the original adults of 2. chérzbdis
had come (see figure 12,p94 ). The jars were placed on the
ground at approximately 1.5m intervals.in a line midway
between a row of young eucalypts planted along the roadside
and a parallél belt of older eucalypts about 60m up a hillside.

The eucalypts were a mixture of species with E. macarthuri

and E. ovata predominating eépecially among the younger trees.

| The chemicals used were exposed on two fine, warm
days in spring at a time when the adult beetles had emerged
from hibernation and oviposition had begun. On both occasions
there was a light north-easterly breeze off the harbour which
changed to a fresh cool southerly during mid-afternoon and

terminated the trials., Paropsis_chgrybdis adults are

- reputed tolfly most readily in warm sunny conditions (Clark,
1930; Gibbs and Ramsay, 1964). The jars were watched
constantly frqm a distance and inspected more closely every
half hour. | |

Further trials using the same basic arrangement were
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conducted at a site closer to Lincoln College later_in the
spring on days when the weather conditions were favourable.
The site was a strip‘of waste land alqngsideIWeedons Cross
Road just south of the intersection‘with Junctioh Road (Site
6 on the map, po4 ). A row of 'E. viminalis interspersed
‘'with oaks grew along.the east side of this area and between
this and a,ditch bordering the road was an area of long grass
containing seedlings of E. viminalis. The Jjars ¢ontaining
the chemicals Were placed at about 1m intervals along a mound
beside the ditch. Due to the small extent of the area of
seedlings only 20 chemicals could be tested here at any one
time.

/ After this arrangement had been used on a number of
occasions a change was made to a morejpermanent trap which
could be left in place and inspected'atrintervéls. These
traps consisied of a circular cake-tin base surmounted across
a diameter by a vane. A 20z glass jar containing cotton
wool impregnated with four drops of the particular test
chemical was held in a bracket in the centre of the vane.

The basal tin was kept partly full of water to snare any
insects attracted to the trap. Traps of this model have
been used successfully in research into attractants for the

grassgrub beetle, Costelytra zealandica (White). To allow

for wind changes the traps were piacéd in two rdws, along the
west and east sides of the main area of seedlings. The traps
were about 3m apart in each row.

A further site was also uéed'to increase the number
of chemicals under test at any one time. This was the area
about the haybarn.on the Reseapch Uhiﬁ of the Lincoln College

Farm. This fenced-off area had loosely spaced rows of
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mature eucalypts along the north, south and west edges, and
other mature gum trees scattered throughout. E. globulus
predominated although other unidentified species were also
present. Various lines of traps were bperated through this -
area depending on the prevailing wind conditions. Generally
traps weré placed alopg sections of the boundary fences at
the base of every-othef post or batten but one line crossed
the area and one was in a neighbouring field parallel to-the
western perimeter.

Five of the 4oz Jjars used earlier were for a foftnight
spspended among “the foliage-df several trees of E. globulus
at the site on'ﬁhe Chamberlains' farm (Site 7, see p94 ) where
there was a damaging population of P. charybdis. :Thej were
inspected daily. This arrangement was used in case the
chemicals only worked at a short range, afﬁer the beetles had
located a tree by visual means. Dugdale (196§3icommented
in a report that Paropsis adults had been observed,

".eoflying at between 6-20' (? some higher) along the
ocean beach on the northern end of Rabbit Island, in a S.E.,
direction, at right angles to the sea breeze. Adults '
turned downwind and travelled over a ¢ ? mile area of low
géoradi?ta regeneration to a‘patgh of E. viminalis coppice

From these observations he made the tentative
assumption that the beetles had been able to sight the stand
of gums from half to three-quarters of a miie away. However
he also mentionedlthe pdssibility of wind eddies carrying
odburs from the_@.‘viminalis against the apparent wind
direction., | | | |

All the chemicals which were available and known to

occur in any member of the genus Eucalyptus were screened at

gsome stage of these trials, together with other ‘odorous .

compounds. In all a total of 5%/different compounds were
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used. More attention was given to the more volatile and
odorous chemicalg. - With the large number of chemicals used
initiaily a blank control jar was‘incorpofated at every

tenth place in the row, but wifh the more permanently position-
ed traps the number of controls was increased to one every
thiid place. The chemicals used in the traps were changed

and renewed periodicall&.

2. RESULIS

The 53 chemicals andxﬁ different preparations derived
from young mature leaves of E. gldbulus used in these trials
are recorded in Table 52. Unfortunately none of these
succeeded in attracting adults of P. harxbdis. The smail
jars used ihitially were observed continuously in case the
greater quahtity of chemical used resulted in attractance at

a distance and then repellence as the concentration of the

- vapour increased. No case attributable to this was seen.

The lack of positive results was not brought about
by the absence of beetles but by the absence of the conditions
necessary to bring about flight. Adults were present at all
sites; and were especially noticeable on the seedlings of
E. viminalis, Up to 12 adults were counted on walking
through this small area, and many were seen in or initiating
copulation, Others were basking.in the sun, and walking
about on the leaves and stems, or sheltering under the leaves,
"depending on the conditions.  None were seen in flight
although the maximum temperafures recorded during the early
work were 30,0'C in the sun and 21.4'C in the shade.
Temperature conditions were ﬁot cohtinuously monifpred'after

early summer,
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Bucalyptus globulus distillate - 3 fractions

250.

The chemicals tested as lures for adult P. charybdis.

i

Fucalyptus globulus hot water extract

acetic acid
amyl acetate
anisaldehyde
benzaldehyde
benzoic acid
butyl butyrate
n-butyraldehyde
n-butyric acid
£-carene
caryophyllene

cedar wood oil

hexanoic acid (caproic acid)

lactic acid

7'1auric acid

limonene

linoleic acid

ménthol |

myristic acid

octanoic acid (caprylic acid)
oleic acid

palmitic acid

pentadecandic acid

cineole phellandrene
cinnamaldehyde phenol

vcifral phenylacetic gcid
citronellal o-pinene
citronellol piperitone

clove oil propionic acid
cuminal

decanoic acid (céﬁric acid)

farnesol

formaldehyde

formic acid o=
furfural }pr
geraniol

~geranyl acetate
heptanoic acid
hexaldehyde

protocatechuic aldehyde
salicylaldehyde |
sorbic acid

stearic acid

terpineol

tolualdehyde

uric acid

n-valeric acid

n-valeraldehyde
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Adult P. charybdis were observed to cover considerable
distances by walking. At onelsite one was noticed on ah |
isolated tuft of epicormic growth from which all the young
‘leaves had been eaten.  This Seetle'was»observed for 2 hours
during which time it walked appfdximately 4.8m in an
apparently aimless wander. At one stage it raised its
elytra several times, put it did not.fly. After a further
inter&al of 2 hours if was moved to a smaller isolated shoot
that still had some succulent foliage. It was still there
the following day. The shade temperature at the start of
this period wés 16.1'C and the maximum for that day 21.21C,

Carne (1966) found that P, atomaria did not readily
disperse'from the irees on which they had lived as larvae,
although capable of‘flying substantial distances. It would
appear that the P. charybdis in the sfudy area were also
largely sedentary. However the rapidity of the spread of
this beetle throughout New Zealand would contrast with this
finding. ‘Canterbury was the area originally colonised and
the population there may now be less mobile, or the main

period of migration may be during autumn when this aspect

of the ecology was not studied.

During the early part of this work, one clear example
of attractance to a trial chemical did occur. The native

bee, lLasioglossum sordidum, was strongly attracted to

heptanoic acid, and at one stage at least 12 were hovering
over the jar containing thié or had alighted on the adjacent
vegetétion. A few were also near the next jar which
‘cohtained sorbic acid. Specimens of this bee were identified
by Dr B. Donovan, Entomology Division, Department of Scientific

and Industrial Research, Lincoln.
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CHAPTER VII
DISCUSSIONS AND CONCLUSIONS

1. PRACTICAL CONSIDERATIONS

Because of ‘the scattered plantings of eucalypts, and
the difficulties and associated costs of applying insecticides
to these in order to control defoliators such as Paropsis
charybdis, it is necessary to resort to biological and
cultural control measures. The results obtained in the
present study of the insect-host relationship between Paropsis
_charxbdis and various eucalypt species contribute substantially
to the background knowledge required for both methods of
control. | |

_Although several attempts to introduce parasites from
Australia have been made none have been continued with to the
point where any results havé been obtained. In fact no
releases of parasites have occurred in this country, so that
the success or failure of these ventures must be said "to
remain unproven in either directioh. It must be remembered
that there are no records of just what parasites and other
agents do attack P. charybdis in its natural habitat, and
that all introductions have béen with pérasites of the vefy
closely reléted P. atomaria. This beetle, as has been
poinfed out earlier (p45), has distinctly different habits,
including a different host range, from its}congener in New
Zealand. P. atomaria in the Australian Capital Territory

most commonly attacked E. blakelyi Maiden, E. melliodora

A.Cunn., E. polyanthemos Schau., and E. fastigata F.Muell.

(Carne, 1966). The only one of these species which could be
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fed to 2.‘charxbdis during the present work was E. fastigata
and this foliage caused all first-instar larvae placed on it
to die. It also inhibited oviposition when fed to female
.beetles. Perhaps this is a case where two closely‘related
phytophagous species exploit mutually éxplusive host ranges.
If so this might markediy affect the efficiency with which
parasites of one locaté and attack the other. The orient-
ation of insect parasites firstly to the food-plant of thé
host rather than directly to the host has been studied by
Thorpe and Candle (1938) and Chandler (1968). Flénders
(1942) found that abortive development of parasitié
- hymenoptera could be induced by the food-plant of the hoét.
Aﬁother difference which could also affect the behaviour of
parasites or predators is the fact that whereas P. étomaria
‘larvae are strongly gregarious those of P. charybdis are
essentially solitary after the first instar, although they
tolerate crowding and can even form loose associations.

Thé brief trials investigating the natural mortality
in P. charybdis populations in New Zealand conducted in
conjunction with Dr.Carne'savisit to this country enabled
him to report that larval survival in this case, especially
in recently colonised regions, was much greater than for
P. atomaria in Australia. In Australia parasites céused
considerable mortality in the first éeneration commonly
destroying mbre than 50% of the larvae that had survived
to pupation and this could even rise to 80%. (The effect
of the common parasites was not felt until the pupal stadium.)
During the second generation there Was a sharp decline in the
level of parasitism. Cérne (1967) concluded from the

research done during his visit, and in particular from an
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increase in the incidence of disease in rearings during
March, that almost all larvae survived during the first
instar due to the absence of parasites, but that numbers

were checked during the second generation possibiy by an
epizootic of an unidentified disease. During the present
work no case of diseased larvae of P. charybdis was found and
- the impression was gaiﬁed that abiotic factors accounted for
a large proportion of the variable mortality.

Climatic factors affected populations of Paropsis
directly, for example by the dessication of eggs’ahd larvae,
but in general they appeared to be more important indirectly.
This indirect action could be due to a modification of the
géneral environment such as would'favour fungal infection
‘of the eggs, but more frequently it appeared to be mediated.
through the host plant. For instance, the summer drought
conditions experienced in 1971-1972 inhibited growth in mosf'
trees of E. globulus and caused the young leaves present to
harden off more rapidly than normal. This resulted in a
severe restfiction of the available food. Carne, (1966)
in discussing the ecological characteristics of P. atomaria,
noted similar popuiation limiting factors.

Although envirohmental factors could in this way
‘alter the growth cycle of the gums and 1imit the population
of the beetle} a severe setback to the trees, such as very
heavy defbliation, was followed by a period of modified
growth favouring'the beetle, This was brought aﬁout becéuse
the eucalypts responded by producing epicormic growth even
ét times when active growth was not normally present. The
greater seasonal duration of growth so resulting must have

eased the necessity for the beetle’to correlate its life -
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‘cycle more closely to any growth cycle of the host plants.
Seedling plants of some species also grew over a longer period
~ than mature trees. Thus Jjuvenile trees of E. viminalis, and
epicormic reversion growth on haﬁure trees, had suitably
succulent foliage present for a greater part of the summer
season and so extended the period for which this species was
a suitable host for 2.' harybdis.

When P. charybdis was fed only on the juvenile 1eéves
of E, globulus, this foliage was found to be far less
capable of supporting large populations of the beetle fhan
the mature type-of foliage of this species. Juvenile leaves
of this species caused an increase in the larval mortality
and a decrease in the fecundity of the resulting édults.

As this eucalypt is a prime host plant of P, charybdis this
might be said to be an example of co—evolufion, or. of the
coﬁservatioﬁ of its food resources by the beetie, bécause as
the tree is stressed and becomes more susceptible to insect
~damage, the insect becomes less able to exploit the foliage
produced thus limiting the rate of increase of the populations
of the defoliator. This would possibly minimise the risk of
the eucalypt being over-exploited and killed.

Tree responses which restrict the time for which
favourable foliages are available, and hence limit the
expansion of beetle numbers, should be considered in any
programme of eucalypt breeding. The same is also true in
planning plantings of mixed species of gum trees. In such
mixed stands there should not be an unbroken éun of new foliage
~due to successive growth cycles of different species. Also
the seasonal timing of growth and the length of time that |

new leaves remain succulent could well prove amenable to
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alteration by selection, Ideally, for resistance, the

- growth period should be short and timed to follow periods
during which beetle numbers would be reduced, such as in
early spring or late autwmn.  The léngth of time before

the leaves hardened should also be short; E. alpina which
has leathery leaves even in the opening bud stage would be

the extreme case of suéh a temporal.resiriction of food.

The present work has demonstrated that for all facets
of beetle life the foliages cause different responses both
physioldgical and behavioural. There does not appear to
be much correlation between the foliage suitability for
beetle growth and multiplication and the taxonomic

relationships of the species of Eucalyptus, and hence

between plant suitability and the major constituents of the
volatile oils derived from each gum (Baker and Smith, 1920).
‘However, analyses of the chemical nature of the foliages‘
and the determination of the underlying agents causing the
observed beetle feSponses remain to be done. The marked
variability demonstrated within E. obliqua, E. linearis and
E. fastigata indicates that these species might be extremely
useful for such analyses because the majority of the
constituents should be common to the different foliage.types
within each species, enabling the effective chemicals to be

more readily recognised.

2. THEORETICAL CONSIDERATIONS

As well as these more pragmatic éonsiderations arising
out of the present work there are others of a more basic
nature. The problem of the differential levels of damage
attributed to P. charybdis as presented by previbus work was
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approached by considering the two extreme cases which could
‘be.causing this. The first of these was that P. charybdis
females were actively selecting certain species of gums for
oviposition so that egg distribution'and density would

‘depend on the types of foliage available at the time of
oviposition and the felative strengths of the sfimuli provided
by these. 1In this hybothesis the reSponse of the insect to
the host plant is purely beha&ioural; thus it depends on

the insect receiving stimuli from the plant and reacting
according to the quality (type) and quantity of stimulation

| perceived, It is this idea of insect host-plant interaction
that has received most attention in the‘past and examples of
insect-plant interactions based on this model abound in the
literature. These range from major pest species investigated

extensively (such as. the boll weevil, Anthonomus grandis,

the Colorado potato beetle, ILeptinotarsa decemlineata, and

.various\aphids including Myzus persicae) as well as lesser
pests and some ofbthe rarer phytophagous insects. Naturally
enough most work has been concerned with insect species of
some economic importance, either as pests or those useful as
biological control agents of weeds, such as the alligator-weed
flea beetle, Agasicles n.sp. (Maddox and Resnik, 1969). |
The alternative extreme case postulated was that the
ovipositing females showed no discrimination of host so that
eggs were deposited more or less at random with a uniform
rather than clumped distribution. The number and vigour of
surviving larvae and hence of the next generation of adults,
controlled the level of plant damage attéined. This extreme
underlies the 'antibiosis' type of plant resistance emphasised

by Painter (1951, 1958, 1967, 1969).
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The complimentary nature ofvthe two postulates is best
exemplified by the statement that in no known case has either
been shown to be the sole regulatory mechanism. Indeed this
empirical observation can be supported by a simple logical
argument based on the selective advantages of the combined
-factors.  Unless there aré differences in the ability and‘
efficiency with which é particular phytophagous insect species
can exploit the various plant species which constitute its |
biotic environment there is no.selective advantage in being
able to-discriminate between the plant species, and so
selective ability would never have evolved. Conversely if
differences in plants affect the ability of insects to make
use of them, then there will be selective advantages conferred
on those members of an insect species that are able to
fecognise and select the most favourable plant and so optimise
the efficiency with which they exploit the available resources.
The utilisation will be optimal rather than maximal because |
the ability to seek out and then use a host plant for growth
and reproduction must be balanced against such factors as
~the spatial and temporal availability of host material.
Over-exploitation of the host is Jjust as likely to lead to
extinction of the phytophage as under-exploitation.

A stable insect-plant relationship réquires the
simultaneous exploitation and conservation of the resources
. provided by the host. This is the same principle that
underlies all parasite-host situations. Evolutionary
pressures have generally modified and refined all these
relationships to give a high degreé of interaction and over
all stability. - However the details of each case are

individual, reflecting as they do the intrinsic properties of
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the particular insect énd host involved, as well as the
- mutual dependencies of these. The extant characteriStics
of each species depend in turn on the equilibrium achieved
during evolution between the forées restricting the increase
of the organism and its ability to oppose or circumvent theée’
pressures. For example, the problem caused by a dispersed
host could be overcome-by a phytophagous insect either
evolving ways of locating the hdst and so preventing a large
mortality among the insect migrants, or by increasing its
multiplicafive powers to compensate for this high‘mortality.
Characteristics which affect the balance achieved
between host exploitation and conservation include the
spatialland temporal distribution of the host plant and the
distribution, mobility, and searching ability of the
phytophagous insect as well as its digestive, assimilative
and reproduétive powers, Of special importance are factors
limiting the population levels of both host and phytophage.
In areas where environmental or other conditions prevent ‘the
numbers of insects ever reaching levels where the quantity
or quality of host available is depleted, selection pressures
will not be operating on the insect-plant relationship except
vperhaps to increase exploitation (Andrewartha and Birch, 1954).
Similarly if the ranges of phytophage and host are not
.completely concurrent exploitation will be high because the
areas outside the zone of overlap will function as reservoirs
from which emigration will occur in the case of extinctién of
| 1oca1 populations of both species following host over-
exploitation. This latter situation iSvintermediafe between
:the state where the availability of the host is not‘limiting

and that where it is.
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If the numbers of host affect the size of the |
population of the phytophagous insect (and this will also
cover cases when the phytophage affects the numbers of the
host plant) mechanisms will,havevbeen evolved so that
continuation of both species is ensured. Thus the moth

Cactoblastis cactorum,although severely attacking its host

.quntia SPP+ in.areas'in Australia where the latter was in _
dense stands, conserved the host when the occurrence of
this was spérse (Monro, 1967). The way'in which this was
achieved was behavioural. Female moths tended toilay their
egg batches in clumps on the cgcti rather than spreading
them more evenly over the planfs. Because of this, the
hatching larvae on many plants consumed all the available
food before they had attained maturity. These larvae then
migrated, but, because of their low mobility, their chances
of successfully finding a new host were small and many
perished. The uneven distribution of the eggs meant that
more larvae died of starvation, and more plants escaped with
‘no or only slight infestation than would have occurred if the
eggs had been laid at random, The éystem may appear in-
efficient in that energy is expended in producing a surplus
_ofveggs and larvae, but this "inefficiency" gives added
- flexibility to the ability of the moth to exploit the host
in situations where the host abounds. By deduction the
natural situation of these protagonists would be one where
fhe cactus is very unevenly distributed, and where the
abundance of this determines the size of the local moth
population. |

The egg batches of P. charybdis also tended to be

¢lumped togather.‘. However the main way in which this would
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affect the resulting level of the population of the beetle
would not be by such food shortages, but by the cannibalism
of the remaining eggs by the larvae that hatched.first;

The regulation of the populationlin this way before the
excese larvae had fed would result in a more efficient
utilisation of the available food  than that reported for

Cactoblastis. This is indicative of the characteristics of

the plants serving as hosts in the two cases; Opuntia being
more quickiy growing and freeiy seeding than the longer-

lasting trees of Eucalyptus.

However, food restrictions will still be involved in
determining the final numbers of beetleé present. Because
the feeding larvae remove the new growth and will even eat
the growing tips of the shoots, the amount of food availéblc
~to later developing larvae and adults will be restricted.
This would affect the levels and potential of future
generations and probably give rise to a higher incidence
of migrating adults. Serious defoliation would however
result in epicormic replacement growths enabling low levels
of Paropsis to cafry through in the original area until
later growing periods. In some respects the situation

resembles that of another chrysomelid beetle, Leptinotarsa

decemlineata (Say). - Harcourt (1971) found that this, when

living on its principle host, the potato, tended to over-
exploit the available food resources with the result that

the iarvae starved and adults were forced to emigrate in
search of new or alternative hosts. When populations were
studied on tomato plants %he decreased survival and
reproductive capabilities meant that the food supply'was not .

endangered (Ilatheef and Harcourt, 1972).
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This same paper reported that larvae of L. decemlineata

developed more slowly and yet ate more when fed tomato foliage
instead of potato. The digestibility of the tomato foliage
eaten was lower than that of potéto (e.g. 91.8% versus 95.1%
for first-instar larvae using dry weight values) and the weight
gain per unit weight digested was .also less (e.g. 8.6% versus
15.2% for first instars). These facts indicated that the
tomato foliage was being used less efficiently as a food,

rather than the consumption of this being blocked by feeding

deterrents or a lack of stimulants. Half of the Leptinotarsa
adults refused to feed on tomato; this was attributed to

the presence of an alkaloid deterrent, tomatin, showing that
different aspects of the host dominated the interaction during

the larval and the adult stages.

3. THE INTER-RELATIONS OF THE PRESENT RESULTS

In the present research, the different results obtained
for each measurement of the success with which P. charybdis

could use the various types of Eucalyptus foliage as food

showed that many different aspects of the host were involved.
The multifactorial nature of the interaction makes it
difficult to evaluate the overall suitability of each foliage
as food for Paropsis. However an attempt to combine the
results of the different facets of larval rearing is presented

in Table 53.
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Table 53. Rank values of the resulis of the three parameters
of larval rearing measured for each foliage.

linearis(Ch) 8|7 7 (8 8 93 125

Eucalyptus . Survival] Duration of  |[Weight(W) Totals |
Foliage (s) development (L) . .
' . Total|Larval
P OM|P M |T M A B

camaldulensis 2 1 211 4|3 2 26 34
obligua (Rf) 1 |9 7|8 8|2 3 |46 50|
globulus-mature 6 3 3 3 3 5 6 58 82
perriniana 4 2 112 1 113 11 70 86
delegatensis-hybrid 10 6 44 2 |4 4 72 112
sideroxylon 9 12 AZ 11 10 1 1 85 121
andreana 7 s 5|6 5 110 9 |87 115

8 |7

5 4

3

macarthuri 6 (5 6 (14 13 95 115
amygdalina ’ 11 11 {12 12 [12 12 |106 118
globulus-juvenile 11 8 | 919 9|7 T |107 151
linearis(BG) 14 14 13 |14 14 | 6 ' 5 133 189

obligqua(Ch) 12 (10 10 [10 11 |11 14 |139 187
obligqua(BG) - 13 13 14 |13 13 | 9= 10 . {143 195

( F = female; M = male;
* A =4S + IL + 2%V ; B =83 + XL + 23V ;
Possible ranges; A = 12 - 168; B = 16 = 224 )

This table shows the rank value of each foliagé for
each measurement taken. A rough index of the overall
ability of each ‘foliage to support larval P. charybdis can
be obtained by summing ihese rank values. Two such |
summations:are shown. In the first equal weighting has
been given to each type'of measurement while in the second -

twice as much emphasis has been placed on the survival
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results as.on either alternative parameter. These two cases
have been chosen because they represent the situation in.
which the chosen parameters are independent and equally
bimportant measures of the foliage effect on the larvae of
P. charybdis, and also a situation more closely akin to reality..
Survival will have a more‘difeét and drastic effect’on
‘population increase thén the other two factors and so the
bias towards these results\has been incréased.

The first summation results .in four approximate
groups of foliages. The most suitable foliage, E;

camaldulensis, forms the first group, while the next consists

df E, obligua (Rf), the mature leaf form of E. globulus,

E. perriniana and E. delegatensis-hybrid. The remainder

fall into an intermediate class of suitability except for
the final three - E. linearis(BG), E. obligua(Ch) and E.
obliqua(BG) - which appear to be considerably worse food
sources. When a greater welght is given to the survival
- figures the sums appear tofall into five groups. E. |

camaldulensis is still by itself as the best foliage, E..

~obliqua(Rf) is second best,”and E. globulus-mature and E.

perriniana make up the next group. The three worst foliages

mentioned above still form a group of their own while_the
total for the juvenile leaf-form of H. globulus stands on

its own between these and the remaining six foliages which
form a large intermediate group. This comparison could be
extended by including rank values obtained from adult rearing.
| Another realistic comparison of the overall suitabil-
ities would be obtained by constructing life-tables from the
rearings, both 1arvél and adult, and comparing the rate of

increase and generation time for each foliage type. However
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the extended lifé of adult beetles when compared with the
minimum time required for a generation would complicate fhis
approach, It has not been attempted in the present case
because of the large variation in the size of samples used
in adult rearings and the variation in ovipositional para-
meters. Tt would be extremely difficult to convert such
~life-tables from laboratory to field conditions and to allow
for host selection without many more details concerning the
growth cycles and local distribution of eucalypts, and tﬁe
flight characteristics of the beetles. |

The experiments carried out rearing adult P. charybdis
on various eucalypt foliages did demonstrate that the host
plant profoundly affected various.facets of oviposition and
also the length of life. Unfortunately many of the leaf-
types used in larval rearing could not be included in adult
rearing and so the results of this second major section of
the work cannot be readily compounded with the results
presented above for measurements of larval growth. When
' females were reared solely on one type of foliage the most
"obvious effect was on the fecundity or total number of eggs
produced. However the rate of oviposiﬁion, fertility,
average batch size, number of batches, and the duration of
the reproductive life also varied. ’Generally these factors
were not interdependent, but were independent aspects of the
reproductive behaviour. £ The length of life of adults and
the proportion of this during which oviposition occurred
also varigd between beetles reared on different foliages.

The results obtained for the control foliage showed
that variations in these same factors did not correlate

strongly with the size of the female or with each other,
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except that both the numbe{bof‘batches and.the duration of
the reproductive phase of éaéh beetle showed a strong positive
correlation with fecundity. However when the results for the
F1 generation reéred on\different foliages were considered, a
correlation between the mean fecundity and mean size of
females on each foliage was apparent. Thus in this chrysom-
elid as in P, atomaria (Carne, 1966) the potential fecundity
was ultimately dependent on the suitability of the host plant
eaten during larval development, and hence the size of the
resulting adults.
The number of batcheé, size of batches and rate of
oviposition expressed as the number of eggs per unit time
all showed weak positive correlation with fecundity, and the
last two similarly could be related to body size. " With all
these results, however, it must be remembered that although
a pattern of relationships was apparent between group means,
the variation in values within each group was too great to
demonstrate any relativity between individual measurements.
The short-term feeding trials showed that P. charxbdis
was sensitive to food changes and could react rapidly to them.
Recovery on the original food could also be remarkedly rapid.
Active female and male beetles proved intolerant of
starvation under the conditions used. In the laboratory
the beetles appeared to obtain all their moisture requirements
frbm the foliage eaten, but the ones starved in these trials
were given alteznative sources of water, which they used.
The initial or 'shock' reaction to a change in the foodAwas.
to cease laying or deposit singly or in very small groups
a few eggs that were frequently infertile, The effect of
any ﬁarticulaf foliage was detérmined by its inherent food

&
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value and also by the previous exposure of the beeﬁles to
either the same or related types of foliage.

Temperature was also shown to influence oviposition
affecting the rate directly and the batch size inversely.
The rate of laying increased until optimum temperature was
exceeded and then decreased. Beyond this point the
percentage of infertile eggs also increased. The temperature
effect on batch size was less than the effect of foliage on
this measurement. P. charybdis females continued to lay at
temperatures ranging from 12.5'C to 29.5'C. The ﬁossibilityv
of interactions between temperature and foliage type with
respect to the suitabilify of the various types of feodstuffs
was not investigated. Neither were the long-term effects
of different constant temperatures, of alternating temperatures,
er of alternating foliage types examined.

The third major section of the work showed fhat larvae
of Paropsis were capable of distinguishing between the various
types of leaf, whether the leaf material waé from different

species of Eucalyptus or different forms of the-one species.

This research also brought to light aspects of the behavioural
mechanism by which the selection was made. When the results
from the selection experiments using plants other than
eucalypts were compared with the results of the feeding-
reaction experiments involving the same non-host plants, it
was apparent that there had been considerably more feeding

on non-host material when host material was also present.

It was possible either that feeding on the favoured food
lowered the. threshold for further feeding enabling the contact
'physical and chemical properties common to all leaf matter to

cause subsequent consumption of non-host material, or that



268,
volatile chemical stimuli from favoured plénts coupled'perhaps
with contact stimuli common to all leaves brought about
feeding unless countered by stirong deterrents.

It must be remembered that with the change in method
giving rise to this comparison a change was also made in the
stage of larval life tested and, whereas fourth instars were
used for the multi-disé selecfion and two single-disc feeding-
reaction trials, all fhe remaining feeding-reaction trials used
third instars. This change in the age of the test larvae
' cbuld have brought.aboutrthg change in the results‘from the
two different test methods, because it is possible that the‘
larger larvae were less selective in their feeding. However,
as the comparison between the methods made above involved the
two reaction trials that used.fourth-instar~1arvae, it would
appear that the indicated difference was in fact due to the
.presence of the discs of controi foliage in the earlier
experiments.

These specuiations as to the mechanism controlling
feeding in the larvae should also take into account the very
frequent occurrence in the single-disc feeding-reaction
trials of thevvery small feeding notches counted as negligible
feeding. The discs were all scored after being checked
under a stereomibroscope. In only one test foliage

(Trifolium repens) was the edge cut by the cork borer too

uneven to be sure of discriminating between bites and
mechanical.damage in disc preparation, and for this foliage
there were only itwo discs with doubtful feeding damage. . In
other foliages the damage due to single bites could be
clearly seen and estimates made of the number of biteé taken

to create larger holes where the amount eaten was still
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negligible., . Some discs were seenlwhere a bite had been
begun but nét carried through to the point of actually
removing a section of-leaf, This pattern of damage
occurring as it did in the absence of favourable food would
suggest in contrast to the above ideas that feeding is
~regulated by the use of.'trial' bites as is the case in
polyphagous insects sﬁch as grasshoppers (Mulkern, 1968),

and in some more selective feeders, for example the Colorado

potato beetle, Leptinotarsa decemlineata (Chin, 1950, in
Schoonhoven, 1968). |

A compromise idea combining these speculations would
be that there was a basic pattern of feeding behaviour
utilising food sampling by trial bites and initiated by
leaf contact and starvation, but which could bhe ovef—ridden
or circumvented by volatile stimulants from favourable foods.
Thus this combination incorporates the use of both short-
- range and long-range stimuli originating from the leaf

material.

4, RECAPITULATION

To reiterate, the'pictﬁre that emerged of the
interactions between P. charybdis and its host planté, a
group of eucalypts,was far from complete, but even so the
complexity of the relationship was apparent. A larva after
emerging from its egg and finding its way to a suitable
" succulent leaf by chemotropic or thigmotropic means woula
be markedly affected by the type of foliage on which it found
itself. The foliage would to a large extent determine the
larva's chances of successful éstablishment and survival,

the length of time spent as a larva and the size to which
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it could grow. The sex of the individual would also affect
the. last two measurements. As well the variety of leaf
shapeé and sizes and of tree growth patterns found among the
eucalypts would alter the physical environment of the larvae
and so affect such things as shelter, and the amount of
exposure to predators. If parasites were introduced the
searching ability of tﬁese-would be similarly affected by
the physical characteristics of the plant, and as well the
chemical characteristics might alter the physiological
balance in 2. charxbdis and hence the ability of the parasite
to grow and develop. The efficiency of the parasitism of
larvae qn different host plants might also vary if the
parasite'located_the insect by first locating the favoured
host plants.

The larvae proved capable of discriminating among theb
different foliages although their opportunities to do so in
the field are probably limited. In the mixed wet
schlerophyll forest to which Paropsis was probably endemic
there might have been more opportunities for such selection.
The basic behaviour patfern by which food was recognised
appeared to rely more on close range analysis using trial
bites than on the more distant olfactory selection. However
olfactory stimuli might still be involved. Some of the
stimuli used in the feeding sequence appeared to be widely
spread in the plant kingdom, although probably of restricted
distribution among plants growing in the natural habitat of
2; harybdis. The stimuli by which adult beetles locate a
“host plant remain unknown.

The firsﬁ larval stadium, involving as it does the

location and settling on foliage of suitable quality, was
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a crucial one during which much mortality occurred on all
types of foliage. A second period during which much |
mortality occurred in laboratory rearing was during the
prepupal and pupal stédia. ] Some of this may have been due
to the food quality of theifgliage eaten and so would also
occur in the field, while another portion was thought due to
the moist, deliquescent‘néture of the frass produced from
certain foliages and hence would be of doubtful importance
in the field. In one foliage, E. linearis(BG), there was
an increase in the mortality occurring at larval eédyses.
-The pupal stadium being a resting phase could be expected
to be independent of the foliage previously eaten and yet
the duration of this showed a seasonal trend which could
possibly be due to food quality changes caused by the
metabolic state of the trees altering as the season progressed.

Generally, on those foliages on which P. charxbdis
had a high survival, the mortality was spread evenl& between
the various life stages with only a slight preponderance in
the first instar. However on the foliages on which survival
was moderate to low, there was an increasingly severe
mortality rate duriﬁg the first instar, compared to ‘smaller
rises in the mortality rates during other stages. E. linearis
(BG) was the exception to this generalisation and here the
most critical stage for survival was during the second instar.
The mortality among larvae fed E. ficifolias was almost
completely confined to the first instar, while all first-instar
larvae placed on E. fastigata died within 48 hours.

The larvae as prepupae wbuld leave thé foliage that they
had fed‘on and w?uld pupate in thé soil, or leaf and bark-

litter. Thus the newly-emerged adults would have to find
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their way a short distance at least to obtain food. The
foliage eaten as an adult affected the longevity, and fhe
time spent in a state of active reproduction as well as the
fecundity,.rate of oviposition and egg-batch size. Tertility
might be altered in a few cases by the food-plant. Effects
" on the adults might be actioned directly or might be residual
and due to the foliage.fed on as larvae. Even on the ﬁoorer
foliages tested in the trial in which P. charybdis adults were
confined to the foliage on which they had been reared as
larvae, the females had both a high reproductive potential
and a long life expectancy. If the adult stage was freely
mobile, the beetles would more frequently findﬂthemselves in
situations where the ability to recognise and gélecf a
favourgble host plant would be an advantage. Selection
experiments using adults have not been reported on here, but
adults and larvae ate the same foods, and, from field
observations, it appeared that much of the adult discrimination
of a host plant could have been mediated through feeding,
possibly even the selection of a host for oviposition.
However, a change in the food fed to adults in the laboratory,
even one involving foliages of similar value, often resulted
in a shock'disruption 6f oviposition, Prior exposure to the
foliage lessened the extent of this reaction, unless ‘the
foliage was cbmpletely unacceptable. At 25.6'C the adults
were intolerant of starvation.

The multiplicity of factors involved in these
interactions between insect and'plant was well demonstrated
by the variations in the relative favourability of the
foliages for the different measurements made. Chemical and

physical characteristics of the leaves each would have their
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role to pléy. The effects of chemicals were probably éeen
in the lack of any reaction to the juvenile form of E.
globulus in the short-term aduit feeding trials, and in the
preferred position of this foli@ge in larval selection
experiments. In both these cases the cbmparison was
between the two types of E. globulus follage - mature and
- juvenile = which would.probably not be greatly different
chemically, especially with respect to secondary plant .
substances. Even here though, the picture was complicated
by the marked physical differences in leaf size, shape,
thickness and rigidity, and in the glaucous wax layer on
the juvenile leaves. A more definite example of chemical
effect was provided by the various sources of E. linearis
and E. obligua used which could not be distinguished
visually but which gave différent results. Physical
barriers to feéding were shown for E. alpina (which had a
- very coarse tough leaf) and E. ficifolia (which had a fhick
elastic cuticle on young leaves). Physical barriérs present
in older leaves also restricted all stages in.the life cycle
of 2.' harybdis to feeding-:on the young succulent new growth,
and this was probably one of the most important factors

limiting the abundance of this insect.

Thus it can be seen that the relationship between
plant and inéect is determined in a complex series of
interactions. Any attempt to classify insecti-plant
relationships must take this complexify into account because
otherwise, as in the nutrients versus secondéry plant
subsiances argument, they run the risk of over-emphasising

one characteristic at the expense'of the rest. Much of the
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work currently in print stresses the chemical factors while
~ relegating physical characteristics to a minor role. This
is a result of the surge of‘interest in the means by which
a host_is located (where chemical factors are the most
effective and efficient to use), and in chemical interactions
among insects in the quest for new ways to manipulate the
population levels of inéect pests.  Because each insect-plant
interaction depends on the charaCferistics present in both
protagonists which in turh depend on the genetic potential
- and evolutibnary paths followed by each member-sepérately and
Jjointly, each interaction is individual, and should be
considefed against the complete ecological background in which
it has e#olved. There will be general principles underlying
~all interactions but no simple formula will retain sufficient
flexability to adequately describe all the possible variations.,
As yet too little is known about too few ihteraotions for

these holistic principles to be clearly apparent.
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CHAPTER VIII
SUMMARY

The research presented here has been an attempt

to understand why differing levels of damage have been
s}

reported from different species of Eucalyptus when attacked

by Paropsis charybdis, the eucalypt tortoise beetle, .This

problem was appraached both by rearing P. charybdis on
various eucalypts and measurlng the effect of these host
plants on this insect, and by examining the ability of
larvae of the beetle to discriminate among these hosts.,
Experimental work was carried out under controlled conditions
of temperature, humidity and photoperiod.

The utilisation of each type of foliage was considered
separatel& for larvae and for adults. Seventeen different

types of leaf involving 12 species of Eucalyptus were used

in 1arva¥‘rearing and 8 of these follage types were
investigated for their effect when adults were maintained
on the foliage on which they had been reared as larvae. Thé
success with which the larvae could feed on the different
foliages was gauged by measuring the survival rate, the
duration of the larval and pupal stadia together ‘with the
total length 6f the developmental period from unfed first-
‘instar larvae to adults, and the size of the pupae when
larvae were reared solely on each particular leaf type.
Significant variation among the results for the differént
types of foliage was demonstrated statisticélly for all
parameters of‘larval rearing except the duration of the pupal

- stadium. There were also sexual differences; females taking
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longer to complete larval development dbut then spending '
less time as pupae. These differing rates of development
of males and females were compensatory so that there was
no difference betweeh the sexes in the overall time taken
" %o reach adulthood. Female pupae were on the average
heavier than the males obtained from the same foliage.

Eucalyptus camaldulensis proved over all to be the

most suitable food for lafVae of P. charybdis while E.
obligua(BG) was the least suitable of those for which all
measurements could be taken., However all first-instér larvae
placed on E, fastigata and almost all on E. ficifolia died.-
This lethal effect was less marked when later larvae were
transferred to these foliages from a favourable one,

Adult success was Jjudged by the lohgevity of female
beetles, and their reproductive ability. The aspecté of
'oviposition studied were the fecundity or total egg
production, the fertility, the duration of ovipositional
iife, the number and size of the egg-batches produced and |
the ratefbf oviposi#ion expressed as both the number of
eggs and the number of batches per unit of time. There
were apparent differences among these results for each
foliage, although these results were hot anafysed'
statistically. The most outstanding feature was the large
number of eggs laid. TFemales reared on the mature leaf-form
of E. globulus produced the most (4957 per female) and
those on E. linearis(Ch) the least (2308). Short-term
feeding trials with femgle beeties and using 13 leaf sources
showed that generally a change of diet rapidly disrupted
oviposition. The extent of this 'shock' reaction was

 lessened by previous exposure to the test roliage.
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Oviposition occurred throughout the range of .
teﬁperatures'tested (12.5'C to 29.5'C ). The greatest rate
was recorded at 25.6'C while the size of egg batches -
appeared to decreaée with increasing temperature.

Larval selection experiments and feeding-reaction
trials, each with 17 different eucalypt leaf-types, showed
that the larvae do have the ability to distinguish the
different foliages. However each series of experiments

gave slightly different results. E. delegatensis-hybrid

was most readily eaten in feeding-reaction trials while

the juvenile 1éaves of E. viminalis were preferred in
selection experimenfs comparing each foliage with the
standard (E. globulus-ﬁature). E. fastigata(BG) was the
least-liked in both series. Generally the favoured foliages
- were those which had given the best results in rearing
experiments. Under laboratory conditiéns feeding was not

-~

restricted to members of the genus Eucalyptus, and selection

appearg§ to be predominantly carried out at short range
rather than at a distance.

No success was had in attempting to attract adult
beetles to traps baited with any of the 53 chemicals used.

All the active stages in the life cycle of Parotsis
charybdis were affected‘ﬁy“the host plant fed on, and‘each
plant used caused a distinct and different pattern of
reaction when fed to this beetle. Not only were there

differences among the different species of Eucalyptus,

but also among different trees of the one species. The
breadth of the approach used demonstrated that this insect

 host-plant reiationship was complex and multifactorial.
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for E. globulus-mature plotted as percentage
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'Table 1e

201,

The survival data for E. globulus-~mature; a
sign test about the median,
===04=0==0m=m==00+=000+++++0
n, = 7 n_ =1
r=6 n.s.
(from Rohlf and Sokal, 1969, Table BB, sequence
non-random at 5% probability if 5 r 3>14)
Table 2. The survival data for E. globulus-mature; the
results of a two-level, nested analysis of variance.
Source of variation af MS Fs ns—
Among seasons 2 275.6 2.8‘7ns
Among trials 16 82.1 = 2.30
Within trials 8 35.6

(Corrected df for variance ratio among seasons to among

trials is 2, 13

F.o5(16,8) = 320 3 Flo5(2,13) = 3+80)

Table 3. The survival data; a Bartlett's Test of Variance

for all foliages with_five or more results.
Foliage Variance, si df log variance
E. globulus-mature - 1D82.69 ' 26 1.9175
E. globulus-juvenile 7 65.80 11 1.8182
E. amygdalina - 85.65 5 1.9328
E. obligua(Ch) 41,98 6 1.623%0
E. obliqua(BG) 65.29 8 1.8148
E. linearis(Ch) 131.04 7 2.1174
E. linearis(BG) 249,12 5 2.3964
E. sideroxylon 152.76 4 2.183%9
E. delegatensisg-hybrid 42.12 6 1.6245
E. andreana 244,07 4 2.3875
E. ficifolia 25.90 - 8 | 1.4132

2 Am ol , 2
X ¢ = 2.3026((=(n=-1))1n Sov -%(n=-1) 1n 8y )
= 15.776
X ° adjusted = 1%:g§§
= 14.911 N.S,
(Xe.os(do) = 18.307)
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Ege production

Jdentity|Pupal |Adult |No. of | Total % No. of |Eggs |Eggs Batches
Foliage number weight|life 2-day no. of [Fertile|batches|per per per lay-
(mg) |(days)|periods|eggs bateh |lay- |period
of period
laying
lobulus-mature A2 194 234 4 3690 98.14 (217 17.C0 | 49.85 2.93
glozuses A10 152 287 114 4220 539.56 {474 8.20( 37.02 4,16
A15 187 346 131 6283 98.72 (379 16,58 | 47.961 2.29
A16 187 296 101 4%38 96.54 269 16.13 | 42.95 2.66
A1C 179 527 148 5260 96.10 (316 16.65 | 35.54 2.14
A20 178 390 134 5270 96.88 |279 18.89 | 39,33 2.08
A27 174 207 104 3886 95.98 |305 12.74 | 37.37 2.93
A28 182 334 138 6528 %6.25 {371 17.60 | 47.30 2.69
A29 173 376 121 5162 97.69 |276 18.70 | 42,56 2.28
A30 173 340 125 5829 97.86 |355 16.42 | 46.53 2.84
A32 164 259 115 5837 97.80 |368 15.86 | 50.76| 3.20
A33 174 410 157 6737 05.94 |404 16.68 | 42.91 2.57
A34 172 378 142 4987 97.32 |326 15.30 | 35.12 2.30
“A35 177 360 129 6131 94,65 (411 14.92 | 47.53 3.19
A36 180 265 45 1947 03.94 |204 Q.54 | 43,27 4.53%
A43 178 430 143 5122 97.33% 318 16.11 | 35.82 2.22
A9 153 151 51 3048 97.99 |194 15.71 | 58.761 3.80
Average [175.18]328.83{116.00 |[4957.35| 94.63 |221.53 [15.51 | 43.63 2.91
globulus—-juvenile A3 154 250 80 2621 96.68 |244 10.74 | 32.76 3.05
J AL 149 150 51 2366 97.63% |126 18.78 | 46,39 2.47
A11 158 240 88 2908 95.55 206 14,12 | 33,05 2.34
A39 168 218 75 2912 98.65 (170 17.13 | 38.83| "2.27
A4O 173 162 72 2293 96.43% 1187 12.26 | 31.85 2.60
A4 155 191 o4 2093 98.28 |180 11.66 | 32.78 2.81
A42 159 167 55 2025 98.86 (157 12.90 | 36.82 2.85
Average [152.57|196.86| 69.29 {2460.43|97.44 [181.43 [(13.94 | 36.07 2.63
andreana A6 165 250 7% 2842 98.02 |244 11.65 | 38,93 3.34
A18 159 257 74 2429 e8.52 (175 13.88 | 32.82 2.36
A23 161 250 73 3190 93.75 (238 13.40 | 43.70 2.26
A24 162 249 81 3461 96.37 |1238° 14,54 | 42,7% 2.94
A37 165 146 48 1697 95.88 (174 9.75 | 35.35 3.563%
A38 165 250 56 ~ |1065 9S5.44 }125 8.52 | 19.02 2.23
Average [162.83)233,67( 67.50 | 2447,.33/906,33 199,00 |{11.96 | 35.43 2.96
delegatensis-hybrid A7 203 335 112 5855 77.22 1480 12.20 | 52.28 4,29
A2 198 126 24 945  181.64 79 11.96 | 39.38 %2.29
A22 199 342 130 5985 85.49 [380 15.75 | 46.04| 2.92
Average |200.00|267.67| 88.67 |4261.67|81.45 |313.00 {1%.30 | 45.90 %.50
obliogua(BG) A3 161 372 110 2991 [88.90 {270 11.08 | 27.19 2.45
linearis(BG) A25 140 237 a9 3503 85.24 |418 8.38 | 35.38 4,22
426 154 264 VL 2011 99.16 |212 14.20 | 40.69 2.86
Average [147.00{250.50( 86.50 [3257.00{97.20 [315.00 |11.29 | 38.04 3 .54

Table 4. The results for each female of the F1

generation of

adult rearing.
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Egg production

_ Identity|Pupal [Adult |[No. of |Total % No. of |Eggs |Eggs Batches
Foliage number weight [1life 2-day no. of [Fertile|batches|per - |per per lay-

' ‘(mg) |(days) |periods|eggs v bateh [lay- |period

) of ) ’ period
: laying

linearis(Ch) A4 144 230 91 3594 93,25 1404 8.90 | 39.49 4,44

' A4S 147 310 44 1391 %8.89 |1%0 - 10.70 | 31.61 2.95

A46 156 183 69 2515 95.93% |261 9.64 | 36.45 3.78

A47 154 243 52 1730 98.06 |124 13.85 | 33.27 2.38

Average {150.25|241.50| 64.00 | 2307.50 95.53% [229.75 |10.80 | 35.21 3.39

obliqua(Ch) A48 154 359 64 1986 97.08 |150 13.24 | 31.03 2.34

A49 158 405 Qo 2702 87.58 209 12.93 | 30.02 2.32

A50 162 404 140 4097 96.95 |360 1M.38 | 29.26 2.57

AS51 159 534 155 3834 96.71 | 337 11.38 | 24.74 2.17

Average [158.25[425.50(112.25 { 3154,75| 97.08 |264,00 [12.23| 28.76 2.35

Table 4 continued
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Test foliage Trial|Number of eggs |Number of Mean size of % Fertility
no. batches batcheg
Pre | Test{Fost |Pre | Test[Post | Pre | Test|[Post |Pre | Test|Post
lobulug-mature hy! 374 225 227 20 15 13 18.7 15.0 17.5 99 100 100
(control) D2 277 308 260 17 18 16 16:3 17.1 16.3 [100 99 o9
: D3 339 354 272 18 16 15 18.8 22.1 18.1 99 97 a8
D4 216 359 346 18 17 15 17.6 21.1 23.1 88 99 oy
E1 199 233 220 13 14 15 15.3 15.6 14,7 Q7 Q7 99
E2 136 100 84 13 12 16 10.5 8.3 5.3 100 93 ce5
"1 189 214 255 9 11 12 21.0 19,5 21.3 |100 9?7 99
s1 185 307 234 10 . 13 11 18.5 23.6 21.% {100 100 o8
S2° 1297 - 256 302 14 12 12 21.2 21.3.25.7 |100 98 o8
s3 264 273, 303 12 13 13 22.0 21.0 23.3 98 99 99
Average |258 263 250 14.4 14,1 13.8 18.0 18.6 18.7 98 °8 Qo8
globulus-juvenile J2 300 230 110 21 13 12 14.3 17.7 9.2 1100 99 Q9
M1 294 311 322 14 14 16 21.0 22.2 20.1 {100 98 ag
02 273 245 194 14 15 10 19.5 16.3 19.4 98 100 97
V1 186 157 179 14 9 12 13.3 17.4 14.9 |[100 100 95
Average [263 236 201 16 13 13 17.0 18.4 15.9 [100 99 97
delegatensis-hybrid N ok 195 97 192 1" 11 13 17.7 8.8 14.8 92 93 92
_ by 253 76 180 13 7 12 19.5 10.9 15.0 98 a0 9%
K1 33% 287 276 19 18 15 | 17.5 15.9 18.4 29 98 98
Average (260 153 216 14 12 13 18.2 11.9 16.1 96 94 96
obliqua(BG) 11 320 10 236 13 2 12 24.6 5.0 19.7 99 100 99
01 174 2 100 11 2 8 15.8 1.0 12.5 99 100 93
bl 251 13 b 16 7 . 15.7 1.9 . 99 92 .
Average |[248 8 168" 13 4 7 10* |18.7 2.6 16.1*| 99 97 %6*
obliqua(Rf) R2 317 2453 220 14 12 11 22.6 17.8 20.0 Q9 9% 95
obliqua(RS) F2 203 2 - 11 1» - 18.4 2.0* - 98 50* -
I1 278 19 250 13 3 16 21.4 6.3 15.6 99 95 95
12 343 108 255 20 10 12 17.2 10.8 21.3 97 95 94
J1 254 0 225 12 0 14 21.2 0 _16.1 [100 - a3
# | Average (270 42+ 243 14 4 14 | 19.6 5.7* 17.7 99 Q5 3]
fastigata(Cl) B1 189 0 159 12 0 8 115.8 O© 19.9 | 92 - %6
G1 227 28* -~ 12 1. - 12.9 28* - - e 9%6* -
Average |208 0* 159 12 O 8 17.4 0O* 19, 96 a6* 06
linearis(Ch) A3 316 40 257 14 9 14 22.6 4.4 18.4 a8 40 26
H3 145 93 1869 -| 10 13 12 14.5 7.1 14.1 96 &7 96
J3 205 78 195 14 8 13 14.6 9.8 15,0 o8 97 96
Ja 199 122 82 14 17? 12 14.2 7.2 6.8 as a5 100
13 342 168 295 15 11 12 22.8 15.3 24,6 o 97 Q
15 |335 241 334 15 12 13 122,3 20.14 25.7 | %7 97 99
05 305 249 267 13 11 13 23.5 22.6 20.5 99 398 99
R3 181 100 287 10 11 15 18.1 9.1 19.1 97 93 99
Average |254 136 236 13 12 13 19.1 12.0 18.0 98 88 98

Table 5. The results for each of the short-term

feeding trials.
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Test foliage. Trial|Number of eggs | Number of Kean size of % PFertility
no. batches batches
Pre | Test|Post [Pre [ Test|Post | Pre |[Test[Post [Pre | Test|Post.
linearis(BG) c2 |205 o* - 20 0* - |10.3 O* - 93 * -
1 157 0 1;8 14 0 14 1.2 0 12.7 97 - 95
Average |181 © 0* 178 17 O* 14 |{10.8 0* 12.7 | 95 -* 96
linearis(SP) A2 |305 58 242 15 8 16 |20.3 7.3 15.1 | 92 77 93
H 265 109 329 13 8 14 ] 20.4 13.6 23.5 |100 g 97
H2 137 140 2419 9 11 12 15.2 12.7 20.1 91 S 98
4 |341 280 487 14 15 8 28.4 18.7 23.4 98 99 96
M3 280 108 168 14 13 10 20.0 8.3 16.8 {100 8 8;
o4 1285 211 228 14 11 12 21.1 19.2 19.0 {100 9
»1 161 253 311 16 13 14 | 10.1 .12.5 22.2 | 66 99 99
U1 29 12 0* 13 4 0* ] 22.8 3.0 » 100 67 .
V2 225 1+ - 13 1* - 172.3 1,0* -. |100 O* -
Average {256 146* 244= 13 10* 12* ! 19.5 12.8 20.0 | 94 89* OB*
‘linearis(Ts) A 299 5 206 12 4 10 | 24.9 1.2 20.6 | 98 40 96
' 03 276 151 207 13 9 9 21.2 16.8 23.0 [100 96 28
Average {288 78 207 13 7 10 {23.1 9.0 21.8 9% 68 97
linearis(TN) M2 313 3- 147 15 3 10 20.9 1.0 14,7 | 99 100 97
alpina kK2 |27 o*r - 44  0o* - |19.6 o* - 99 -
Starved (2 days) B2 265 0 o* 14 0 0* 118.9 O o* Q7 - .
12 372 2 284 15 2 13 24,8 1.0 21.9 | © 50 97
Q2 280 10 0* 16 1 0* { 17.5 10.0 - O* 100 100 *
Average |306 L 284**1 15 1 13** 20.4 3.7 21.8*| 99 75 Q7*»
Starved (4 days) P 280 16 o* 15 1 0* | 18.7 16.0 0O* 38 100 *
linearis(3p) 13 362 26 152 18 1% 12 20.1 18.1 12.7 | 93 91
20 day trial . 41 333 . - 23 15 14.8 _ gz

K G

Table 5

continued

death occurred dﬁring

this period.)

L6z



Table 6.
s E N
ove

charybdis
r 18-day test periods.

A:  Total number of eggs.

The effect of temperature on oviposition in
3y the results for the F2 females

=

Test period 1 2 3 4
Temp.('C) 25.6 20.0° 20.0 25.6
Beetle No. ‘
1 : 508 431 231 276
4 S41 397 259 277
. 8 458 384 343 411
9 688 Ly 350 . 523
13 712 493 355 473
14 385 234 103 109
19 494 375 377 376
Average 540.,9 394.,0 288.3 349.3
B: Total number of batches
|Test period 1 2 3 4
Temp.('C) 25.6 20.0 20.0 25.6
Beetle No. .
1 23 21 18 15
4 28 23 17 17
8 29 21 18 20
9 30 28 18 25
13 29 24 21 30
14 23 15 10 10
19 21 17 14 19
Average 26.14 21.29 16.57 19.43
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Table 6 continued

C: Average batch size per female. , .

Test period 1 2 3 4
Temp.('C) 25.6 20,0 20,0 25.6
Beetle No. :
1 22,00 20.63 13.1% 17.92
4 . 19.68  17.19 15.67 16.80
-8 16.00 18.37 19.50 20.78
9 . 23.15 © 16.16 19,88 20.65
13 - 24.88 20.3%6 17.00 15.93%
14 16.67 15.21 10.44 11.00
19 23%.63% 22.73% 26.38 20.12
Average - 20.86 18.66 17.43 17 .60

D: Percentage fertility of eggs

Test period 1 2 3 4
Temp.('C) 25.6 20.0 20,0 25.6
Beetle No.
1 94,31 97,41 02.16 89.92
4 99.80 98 .61 98,72 97.21
8 9%2.48 97.94 99.04 97.55
9 91.94  97.77 98.74  95.93
13 95.65 92.84 0%.17 79.72
14 97.1% 100.00 08.94 82.8%
19 - 98.41 99.70 99.40 99.38
Average 95.82 97.75 97.17 91.79




Table 7.

oviposition in P. charybdis.

A: Total number of eggs per 20 days.per female.

A

500,

The effect of different temperatures on

8*

Test period 1 2% 3 4 5 6 Via
Temp.('C) 25,6 20,0 15.0 25.6 12.5 25.6 30,0 25.6
Beetle No,
4 60% 450 183 445 2%8 521 43% 434
5 662 335 193 553 293 479 217  2%0
6 571 480 255 . 545 28% 600 488 unz
9 502 395 193% 40% 220 438 206 247
10 577 310 1908 4m7 57 458 386 436
12 663 45 258 508 261 564 © 400 267
1% 616 445 251 466 256 566 553 467
14 534 425 214 377 202 320 183 266
15 531 175 178 516 226 48% 450 qnn
17 689 530 275 537 240 475 482 408
18 574 460 198 504 22% 551 501 428
19 651 420 272 531 260 552 502 421
Average 597.8 408.4 222.% 488,.5 229,9 500,6 408.4 398,1

B: Total number of batches laid per female

per 20 days.

Test period 1 * 4 5 6 7* 8*
| Temp. ('C) 256 20.0 15.0 25.6 12.5 25,6 30,0 25.6
Beetle No, ' o
4 29 20 10 26 12 29 26 20
5 44 20 11 32 12 28 29 30
6 30 20 1% 31 14 32 24 27
S 22 15 7 19 7 19 17 20
10 29 15 9 21 1 25 26 25
12 26 20 10 24 9 25 19 18
1% 30 25 11 24 10 24 29 22
14 39 25 12 29 11 27 19 30
15 28 10 8 30 9 25 29 27
17 31 25 13 27 10 22 29 30
18- 24 20 7 21 8 22 23 22
19 30 15 12 26 9 25 27 22
Average 29.92 19,15 10.25 25.83 9,33 25,25 25,58 24,42

( * period 2 was only 4 days, periods 7 and 8 were 18 days,
but the results have been adjusted to a 20-day basis.)
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Table 7 continued

g:'The average size of egg batches per female per 20 days.

*x * *

Test period 1 2 3 4 5 6 7 8
Temp.('C) 25.6 20.0 15.0 25.6 12.5 25.6 30.0 25.6

Beetle No.

4 20.79 22.50 18.33 17.12 19.59 17.97 16.83 21.67
5 16.15 16.75 17.85 17,28 24.12 17.11 7.60 7.67
6 19.03% 24.00 19.19 17.58 19.85 18.75 14,21 16.56
9 22.82 26.3% 25.78 21.21 30.80 23,05 17.8% 17.33
10 19,90 20.67 21.64 22.71 40.00 18.%2 15.00 17.46
12 25.50 23.75 25.92 21.17 28.08 22.56 21.54 20.00
13 20.5% 17.80 23.23 19.42 25.64 23%3.58 12.35 21.%1
14 13.69 17.00 18.4% 13,00 18.87 11.85 9.85 8.83
15 18,96 17.50 21.50 17.20 26.42 19.32 15.75 16.63
17 22,23 21.20 20.69 19.89 24,00 21.59 16.85 16.56
18 ' 23.92 2%3.00 29.75 24.00 28.45 25.05 21.88 19.69
| 19 . 21.70 28.00 23.43 20.42 28.00 22.08 18.47 19.38
Average 20.44 21,54 22.15 19.25 26.15 20.10 16.26 16.92

'D: The percentage of fertile eggs laid by each female for
each test period.

Test period 1 2 3 4 5 6 Vi 8
Temp.('C) 25.6 20.0 15.0 25.6 12.5 25.6 3%0.0 25.6
Beetle No.
4 97.92 100.0 99.53 99.53 99.40 99.18 98.62 93.82
5 98.61 96.15 98.20 99.28 99,75 97,36 85.27 84.21
6 97.25 100.0 99,65 98.89 99,75 98.38 96.75 95.70
9 : 99.56 98.65 97.84 99,21 98,70 100.0 87.%2 99.48
10 _ 98,08 98.39 99,12 98,74 98,75 92.3%6 90.67 97.25
12 99,38 100.0 100.0 99.80 98,36 99.44 95,71 96.74
13 99.67 100.0 99,67 98.26 99.72 99.82 97.65 98.56
14 . 97.7% 98.82 99.67 97.61 96.47 93,35 85,16 62,26
15 96.32 100.0 98,59 97.64 100.0 96.05 89.64 80,93
17 92,44 88.68 88.71 93.86 98.51 98.52 94.66 93.96
18 : 98.40 100,0 99.56 99.18 99.65 99.27 83,72 8%,20
19 29.69 98.81 99,70 99,62 99.45 98.91 98.01 97.17
Average 07.92 98.29 98.35 98.47 99.04 97.72 91.93 90.27

. .
(  period 2 was only 4 days, periods 7 and 8 were 18

gayg b?t the results have been adjusted to a 20-day
asis. :



