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Species named in the text

Plants

Alliaria petiolata (Bieb.) Cavara and Grande.

Barbarea vulgaris R.Br.

Brassica napus L. .

Brassica oleracea L.

Brassica rapa sylvestris (L.) Jachen

Cardanine pratensis L.

Ervsmium asperum L,

Hesperis Matronalis L.

Lupinus L.

Reseda luteola L.

Sisymbrium officinale (L.) Scop.

Thlasvi arvense L.

Animals

Anthocharis'cardamines L.

Artogeia napi Kudrna (= Pieris nani L.)

_Artogeia napi_Macdunnoughii Remington

Artogeia rapae Kudrna (= Pieris rapae L.)

Papilio Macheon 1L,

Pieris brassicae L.

Plebejus icariodes Bdv.
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INTRODUCTION

Background

Larvae of the Pieridae butterfly family will only feed,
in natural situations, on plant tissues which contain mustard
oils-glucosinolates. These plants are members of the
Cruciferae, Rosedaceae, Capparidaceae and Tropaeolaceae
families (Vers'chaffelt 1910). Mustard oils are referred
to as secondary metabolic compounds as they have no known
physiological function within a plant. Within the plant
kingdom there are a host of different secondary compounds,
voften strong smelling and tasting, cha;acterisﬁic of different
families, genera, and in some cases, species. One hypothesis
for a functional role is that they play a part in defence
against herbivore attack, primarily against insectiverous
herbivores, (Ehlich & Raven 1964, Fraenkel 1966). 1In order
to feed on plant structures, insects have had to become
immune, or detoxify the chemical defences a plant possesses,
i.e. to becoheiphysiologically adapted to their food plant.
Such adaptatidﬁs plagé a metabolic load‘on an insect, and
rather than maintaining mechanisms for detoxification of a
vwide range of chemicals, the majority of insects are
restricted to feeding on those plants which contain -one
pgrticular secondary compound. The adaptation-has become
so fine that what was previously a phemical repellent has, -
in some instances, become an attractant and feeding stimulus
Ato the adapted insect (Whittaker &'Feeﬁy 1971). For those

animals which specialize on particular plants, the secondary
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compounds of other (non-host) plants remain repellent and/
or toxic in many cases (Blau, Feeny and Contardo 1978).
Mustard oils are a feeding stimul%?t to Pieridae larvae, A&

and caterpillars of Pieris brassicae can be induced to feed

on a semi-synthetic diet if a mustard oil is included in the
ingredients (Verschaffelt 1910, David and Gardiner 1960).
Adult Pieridae are also sensitive to mustard oils, this is
advantageous, as the adult female has to lay her eggs on a
suitable foodplant, so that the larvae on hatching will be

in contact with a plant bearing the necessary chemical
constituents to stimuiate feeding., Mustard oils stimulate
oviposition in female Pieridae; David and Gardiner, 1962,
found that a green paper treated with a 0.2% sinigrin solution

(a mustard oil) stimulates oviposition in Pieris brassicae

fenales.

| In Northern temperate latitudes, crucifers are the main
foodplants of the larvae in the subfamily Pierinae (Whites
and Orange Tips) of the Pieridae butterfly family. However
not all crucifer épecies are acceptable as host plants by
the buttérfliés, and species within the Pierinae group differ
as to which crucifers the adults will oviposit upon, and on
which the larvae will feed (Chew 1975, 1977, Shapiro 1975).
In many cases use of différent foodplants can be explained by
the length of time the butterflies and plants have coexisted;
and the predictability of the occurr%nce of the food plant K
resource (Bowden 1970). ChQW‘(1975) found that six crucifers
growing'in meadows in the Rocky Mountains of Colorado were

suitable as larval food for the butterfly Artogeia napi




macdunnoughii which lives in this arca. But there were two

other crucifers on which the larvae could not develop

Erysmium asperum, which the larvae would not eat, and

Thlespi arvense, which the larvae ate but later died. The

adults avoided oviposition on E. asperum, but I, arvense
was 5till used despite lethal consequences., This behaviour
may be explained by the fact that E. asperum contains toxic
cardenolides (cardiac glucosides) which the larvae may
recognise and so refuse to cat. In evonlutionary time this
may heave proved a strong enough selection pressure to
reﬁove any tencdency to oviposit on E. asperum from the
‘pbpula ion. T. arvense is thoucght to\have been introduced
into the Rocky Mountains less than one hundred years ago,
and in this case not enouch time may have elapsed to allow
the evolution of avoidance in the adults, or those of
tolerance in young larvae.

Chew meaSuredAthe survival, vupal weights and time taken

to develop to pupation of P.n. macdunnoughii larvae when

feeding on different crucifers. Pupal weight is correlated
with the number of eggs a female cafries. The speed of
deveioPment determines the period of time a larva is exposed
to possible predat%on and naratisation. A rapid development
nay also benefit a larva by allowing pupation before the first
frosts of sutumn in the Rocky Mountains, and is especially
crifical for the offspring of late emerging adults., She found
no'sighific;nt difference hetween pupal weights or survival on
the different crucifers but a sigﬁificant difference (P< V.001)

in larval deveiopment times.




Chew 1977 showed that the relative proportions of

on sitecs By female butterflies

pas

t

e

nlants chosen as ovipos

of A.n, macdonoughii tended to reflect their suitzbility

as larval focd in terms of develcprnient times, It is believed

that the adul®s can distinguiczh between different crucifer

L - n - —
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smecles by their glucosinolate profiles (Hovani
1063, Hicks 1674, Chew 1979).

~

For my research project I wanted to find out whether
there were any differences between the crucifers growing on

the barks of the River Wear in Durham, in terms of suitability

28 T'ierid larval food, indicated by larval growth rate

n

-

survival, pupal weights and time taken to complete cdevelop-

ment. Lecs and Archer (1¢74) hove studied the ecology of

Artodeia nazpi (one of my study animals) in Britain, and they
have listed the relative preferences of this species for food

plants using the lilkelihood of finding c¢ggs vhen scarching

W3

tte leaves of crucifers. I shall refer to their work later

0

in my thesis, in order to conpare the adult oviposition
vreferences with the larvel fcod preferences of A.napi which

I have found in the laboratory.

. . . e
This was mainlv a laboratery based study. The crucifer

=
<

"I chose for my feeding ex»eriments were some of those which

grow on the banks of the river Wear in Durham, one »lant

Cardamine pratensis, which «rows in wet neadows necar the

river, and also the cultivated cabbage. TFour spoecies of

Pieridae fly along the river banks and nearby meadows.




Cruciferae

Alliaria petioclzata

Barbarea vulgaris

Brassica rapa sylvestris

Brassica oleracea

Cardanine pratensis

Hesperis matreonaolis

19}

isymbrium officinzale

g

ieridae

Pieris brassicae

Artoageia napi

Artogeia ranae

Anthocharis cardamines

Hedge Garlic, Garlic Mustard,
Jack-by-the-Hedge
Biennial or perennial,

Winter Cress, Yellow Rocket.
Biennial or perennial.

Wild Turnip.
Annual or biennial.

The Cultivated Cabkhage.
This plant rill be referred to
as Cabbage throughout the thesis.

Cuckoo Flower, Lady's Smock.
Perennizl,

Dome's Violet.
Biennizl or perennial,
A garden escape.

Hedge mustard.
Annual or overwintering herb.

Large Cabbage %“hite.
Greenveined White.
Small Cabbage White.

Orange Tip.

The food plants show a successional appearance with the

Seasons,

A. petiolata, B. Vulgaris and C. pratensis are

t . -
vernal species followed later in the year by H. matronalis,

B. rapa and S. officinale. iany of the plants are ruderal
species growing on bare ground as primary colonizers, The A\

provision of bare ground

determined by the flooding of the

river, human'trampling and agricultural practices in the near-

by fields and so the number of crucifers varies from ycar to

year (Courtney 1980).




Pieris brassicae

Eggs of this species were obtained from Dr, B. O. C.
Gardiner of Cambridge University. They were from a
nermanent culture he meintains. In the wild state in
Durham the species has two Flight seriods, the first in
late May and early June, butterflies emerging from over-
wintering pupae. The later emergence in July and Aucgust
is reinforced with continental migrants. In Britain the
food plant predomingptly used is the cultivar of Brassica
oleracea - cabbage, though there are recor«s-of the species

feeding on wild crucifers (South 1944), e.g. Brassica napus.

Artogeia napi

Adults from two populations of A.napi were used in the
study. Female adults were caught flying along the banks of
"the river Wear in Durham; I also obtained some from an
upland population from Garrigill near Alston, S. Tynedale,
(courtesy of S. Courtney). The females caught laid eggs and
from these the larvae hatched whicﬁ were used in the experiment._
Lees and Arthur.(1974j have'founa that. A.napi larvae will

accept more than 30 species of crucifer in the laboratory,

as well as other exotic species containing mustard oils.

Anthocharis cardamines

I had hoped to work with the larvae of A.cardamines,

and collected eggs from the Wear banks. Unfortunately all
those collected died through cisease. However, as feeding

experiments formed one aspe?t of S. Courtney's work (1980)




on the ecology of this species in Durham, this area has
already been studied. It will be interesting to compare
- the relative suitability of the crucifers as larval food

for this species and A.napi.

Artogeia rapae
This species uses both cabbage and wild foodplants and
therefore comes into competition with both A.napi and

P.brassicae. I did not work with this species,
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METHODS .

Pieris .brassicae

Larval growth when feeding on different crucifers

Two feeding experiments were carried out, one at 15°¢
and one at 10°C., The larvae used had hatched on, and been
initially reared on Cabbage.

Batches of larvae were given the foodplants B.vulgaris,

C.pratensis and cabbage when four days old, and one batch

received A.petiolata when thirteen days old., This group of

animals were kept at 15°C and no attempt was made to distinguish
between individual animals, and all the caterpillars eating
a particular food plant were kept together,

The larvae kept at 10°C were fed on Cabbage, B.vul ari;,

B.rapa, H.matronalis and A.petiolata, The animals were placed

on the different food plants when thirteen days old. In this

experiment the animals were kept sinmgly in petri dishes, so
that the growth of individuals could be monitored, and as a
pfecaution against the spread of disease.

At each temperature the food wés renewed or changed as
necessary, and the containers cleagedﬂof frass at régular
intervals. _ ‘ : ' |

The larvae wére weighed individually at frequent
ihfervals, ﬁsuallylevery three days, in order to monitor
their weight gain as an indication of the felatiVé‘grthh‘
rates supported by the different foodplants. The survival,
the time taken to complefe development and the pupal weights

i3

of the 1larvae on the different food plants were recorded;
|
|
|

e




The difference between the plants used in the 10°C and
0 . .. e q s .
157C trials was due to their availability at the times of

. . - o) . .
the experiments. The 107C trial was run later in the year

©
G

when Carcdamine pratensis was difficult to obtain in

sufficient cuantities in the Durham area, and when Hesperis

end Brassica rapa were in greater abundance than they had

been when the 15°C trial had been run. From the experiment

below some indication of larval weight gain can be ascertained

. . . o)
on Hematronalis and B.rana at 157C.

Larval weight gain and food intake

This éxperiment vas conducted to see whether there were
differences between the intake of each foodplant by individual
larvae which may account for any differences between their
weight gains. |

The larvae in this experiment were kept individually in-
petri dishes. They were weighed and then given a known wet
welght of one crucifer, cept fresh with moist cotton wool. A
representative sample of each crucifer was weighed wet, and
then réweighed after having been dried at 40°C for seven days.
From the sample weights a wet/dry weight ratio could be
calculated. fhis ratio was used to find out how rmuch of a
crucifer a larva had eaten during the experimental period.
Using the ratio, the initizl .wet weight of the crucifer given
to an animal was converted to a Ary weight; the zmount of food
left at thé end oi the frial was:weighed when dry and this
amOuht Subtractedvfrom the dry weight of the food given

initially.




This experiment was run over three periods of two days
each using the crucifers: czbbage, A.pe etiolata, B.vulcaris,

B.rapa and H.matronalis.

Larval food preferences

.

This experiment was carried out to discover whether the
afvae shiowed & preference for any crucifer wvhen given &
choice, and whether their preference was related to the
suitability of the foodplants in terms of the repidity of
development tliey supported.

Indivicual larvae of known weight were placed ip petri

dishes containing knowm wet weights of H.matronalis, B.rapa,

B.vulgaris, A.petiolate and cabbage. The food plants were

overlapwing and kept fresh with moist cotton wool. At the
end of the experimental period the amount of cach crucifer
ecaten was calculated using the wet/dry weight ratio (as

outlined above). This experiment was repeated three times

1t

vsing the same caterpillars. In this way it could be
determined whether individual caterpillars kept at the same
fOOd proferenuos over an extrnded period, or whether their

food choice becscme more catholic in tuste as the period of

exposure to a number of crucifers increased.

In the above experiments the P.brassicae larvae had all
hatched on cabbace B olg;ggea, and had been eating this
plant for =t least four days before they were transferred to
wildfplants.' It was wondered how much affect the foodplant

on which a larvae hatched anu completed its first instar had

on its initial growth. To gain this 1ﬁf0]ﬂat10n, eggs of




Pieris brassicae were hatched on H.matrornzlis, A.petolata,

B.vulaaris and cabbage and their weights after nine days

were recorded,




d
[{®)
*

Artogeia napi

The larvae from the Alston population were used in
similar experiments to those carried out with Pieris
biassicae, to gain information on larval development on
the different crucifers; larval weight gain and the amount
of each:crucifer eaten, and larval food preferences. Similar
methods were employed. The animals were kept at lSOC for
the duration of each experiment., The food plants used were

LA.petiolata, B.vulgaris, B.rapa, H.matronalis and S.officinale.

- The larvae were transferred from A.petiolata when thirteen

days old.

Experiments were started to measure survival, develop-
ment time and pupal weight of larvae from the Durham
population of A.napi on différent crucifers, However, the

majority of animals died through disease, but I have a few

results from these experiments,
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Larval growth on the differxent foodplants
Pieris brassicasz

Graphs 1 and 2 show the arithmetic plot of the relative

mean weight gain of the larvae of Pieris brassicae when

R e h . O
different crucifers at 10°C

feeding on C and lSOC, and these

mean'ﬁeights are listed in Tables 1 and 2. Although the larvae
afe transferred onto the wild foodplants at the same initial
weight it cen he seen that the weights of the larvae on the
different foodplants diverge during the experiments. In the

1 0 o -y .\n'}

T

C

~

eriment, during the first three days they were

introduced to the new foodplants, the larvae Alliaria,

Egsperis 2nc¢ Barbarea shawed little increase in fact

there was a decrease in weight of the larvae feeding on Hesperis.

The laxvae ate very little of the wild crucifers during this

ant to accept the new crucifers of
&

The larvae of P.brassicae

period, seeming to be reluct

unfamiliar glucosinolate profiles.

accepted Brassica rapa immediately, a plant of the same genus

cabbace. It would seem that there are some chemical

<+

[

he other new wlants which either repel the

larvae or fail to elicit the feeding response, However, after

the first three days the larvae accept and feed on the wild

crucifers (see also 'Larval weight gain and food intake').

£z

Graphs 1 and 2 form an S-shaped curve, the characteristic

s5hape of
increase
when the
Graphs 3

the logeaer

logistic growth curves. A property of

steady geometric

in weight is that it will generate a straight line

ALty
Ve

mean ights are grashed on a logarithmic scale -
and 4. Graph 3 shows a2 linear relationship between

ithm of the larval mean weights and their age except
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The mean weights (mg) of larvae of Pieris brassicae

feeding on different members of the Cruciferae

at 10°C, (Standard deviations and sample size :

shown).

Table 1
Age Cabbage Brassica Barbar?a All%aria Hesperi§
(days) ? rapa vulgaris petiolata | matronalis
13 M=25.01 | M=22.0 M=22,22 M=21,72 M=20,03
SD= 3,25 ; SD= 5.38 | SD= 3,24 SD= 5.5 SD= 5.05
n=15 n=10 n=10 n=18 n=10
15 M=30.11 M=28,81 M=28.1 A* M=22,65 M=18.87
SD= 7,71 SD= 7,11 SD= 9.23 : 16 SD=3.97 SD= 5.08
n=15 n=10 n= 8 § n=17 n= 7
19 M=59.91 M=54,63 M=28,1 M=43.19 M=30.4
SD=15.87 | SD=20,68 | SD= 9,23 SD=11.71 SD=10.95
n=15 i n= 9 i -n= 8 n=17 n= 7
22 M=97.71 : .M=100.56| M=44.89 M=85.94 M=58.56
SDb=22,05 : SD= 32,38} SD=19,04 | 35D=22,87 SD=24., 60
n=14 j n= 9 n= 8 n=16 n= 7
25 | M=158.4 | M=77.71 M=05.81
| SD=43.06 | SD=34.48 SD=2g.24
§ n="'8 n= 8 n= 7
27 M=221.21 M=224.,11! M=90.6 M=109.56
 SD=74,73 | SD= 64.74 | SD=22,45 SD= 26.88
n= 9 i = 8 n= 6 | n= 7
20 -248.6 =3309.2 | M=130.93 | A M120.33| M=167.6
SD= 84.90 | SD= 65.14 | SD= 54,31 | 28 SD=29,66 | SD= 65.19
= 6 = 7 n= 4 n=16 n= 7
32 M=464,07 | M=476,47 =210,73 M=207.26 | M=296.21
- SD= 60.63)| SD= 45,87 | SD= 89,68 | 31 SD=63.24 | SD=112.21
= 6 = 7 = 4 n=15 n= 7
34 M=506.13 =490.84 | M=287 M=384.23 M=377,67
SD= 48,56 SD= 52,81 | SD=112,51 | SD=74,81 SD=130.11
n= 6 = 7 n= 4 n=15 n= 7
36 M=355,22 M=493.4 | M=422,21
SD= 04,65 | 37 SD=53.09 | SD=107.91
n= 4 n=15 n= 7
38 M=385.83 M=472,3
SD= 77.43 SD= 13,14
! n= 4 n= 4
Key M = mean
o SD = standard deviation
n = sample size
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The mean weights (mg) of larvae of Pieris brassicae

feeding on different members of the cruciferae

at 150C, (Standard deviations and sample sizes
also shown)
Table 2
Age Cabbage Barbarea Caxdanine Alliaria
(days) ' 9¢ vulgaris pratensis petiolata
6 M=1.32 p=1.20 M=1,31
SH=C,37 5D=0,25 53D=0.31
n=40 n=z5 n=28
% I=4, 50 N=3.,65 M=4,14
5D=1.C5 5D=1,1% 50=1,10
n=25 n=22 n=25
11 M=5,0 }M=5.98 M=5,4
n=25 n=22 n=2
13 M=21.29
SD= 3.CZ2
n=17
15 M=25.4 M=19.2 J=18.4
SD= 4,37 5D= 6.84 SD= 6,59
n=25 n=17 n=17
16 M=37.76
Sh= 7.2
n=17
18 M=84,12 M=37.0C M=34,6
SD=24,51 5D=18.16 SD=13,98
n=25 n=15 n=16
19 #M=120.46
SD= 13.31
L n= 16
21 " M=172.5 M=113.3 M=70.0 )
: 5D= 50,02( 5D= 24,62 SD=22,22
n= 25 n= 15 n=17
22 M=268.7 | M=188.C M=124.9 1=182.2
SD= 65.68| SD= 62,16 SD= 57.25 SD= 23,56
n= 25 n= 14 n= 16 n= 16
25 M=505.6 M=402,5 M=259,57 1=418.91
SD= 52.08| SD= 99,6 SD=112.21 5D= 52,1
n= 19 n= 13 n= 12 n= 16
o8 M=48C,.98 M=391.0 M=511.58
; SD= 43.14 SD=153.0 SD= 24,51
}‘ n= 7 n= 6 n= 14
)
Key M = mean , .
SD = Standard deviction
n = sample size




17.

at the‘extreﬁcs of the plot, when the larvae are first
~introduced to the new plants, and wheh the larvae are mature
and preparing for pupation. Grzph 4, hpwever, shows a

linear relationship throughout the experiment; because of

the higher temperature the qgrowth rates of the animals were
higher and any delays in accepting the new food plants not

as obvious as they were with the animals kept at 10°C. The
linear reiationship indicates that the larvae are putting on
weight at a constant rate. The value of plotting the mean
weights as logarithms is that the linear regression lines can
be calculated - Graphs 3 and 4 insets. The gracdients of these
regression-lines are an expression of the rate of weight gain
the larvae are achieving on the different food plants. By
calculating the standard deviation of the gradients they can
~be compared. It was founa that there was no significant
difference between the growth rates as measured by the
gradients of the regression lines, i.e. after the initiél
delay in eating the larvac do not differ in growth rate
iwhatever piant,they are feeding on. This implies that the
differences in mean weight between animals feeding on different
food plants, which are.fouﬁd to occuf if they aré cémpared at
aﬁy point during the experiment,aie due to the initial delay,-
in feeding when first introduced to the novel food plgnts at
10°¢c. .This may also have been the Case.when the 1ar§ae were
kept at 15°C,_however differences in mean weight did not
appear uﬁtil the lqrvae were 15 days 61d, 11 days after being

given new foodplants. The larvae were very small before 11

days old, and had to be handled with great care. "It may be
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that the method of weighing the larvae when very young did
not reveal small differences in individual weights., Or -
perhaps there were differences in growth rate not revealed
by the above method of énalysis. In order to iﬁvestigate
this possibility the geometric growth rates between each
weighing date were calculated.

" The geometric rate of increase in weight over any unit
period cf time is the weight at the end of that period divided
by the weight at the beginning., The geometric rates of
weightAincrease_between each weighing date for the groups of
larvae feeding on the different crucifers were calculated
(Table 3 and 4), and the means of these can be compared using
Students' t-tests. The geometric growth rates show some
variation which can be attributed to individual variability;
the cessation in feeding when the animals are moulting, the
time of which varied from individual to individual, and
perhaps human error in the case of the animals feeding on
Alliaria at 10°C (see page2C ). No significant difference
was found betWeen'the growth rates of the larvae. The-
greatest difference betweeh the growth rates éf’the larvae
feeding on different food plants was between those on
Cébbage and thosé on Cardamine at 15°C. This difference
gavé a t value of 2, which at 10 degrees of freedom gives
a probability of 90% fhat there is a real difference between
the two growth rates. It can be seen from Table 4 that the
animals feeding‘on Cardamine never achieve the highest growth
rates shown by those feeding on Cabbagé and are cbnsisteﬁtly

low, and a real difference in growth rate may be present.
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The geemetric groewth rates per day of the larvae

Pieris brassicae feeding on different

crucifers at 10°0C

Table 3
Age Foodplant
(days) cabbage Brassica Barbarea Hesperis Alliaria
rapa
13 '
0.401 0.424 No growth No growth No growth
16 : '
0.663 0.632 0.445 0.537 0.636
19 :
' 0.544 0.614 0.533 0.642 0.663
22 : : )
0.525 0.577 0.545
25 0.453 |
0.707 | 0,583 0.572 0.233%
27
28 0,788 0.757 0.723 0.765
0.574
29
31 0.444 (' 0.468 0.536 0.589
0.618
32 o
0.545 0.525 0.682 0.638
34
0.618 0.559 0.428
36
-37 0.543 0.559
38
M=0.573 M=0., 604 M=0,576 M=0,601 M=0,584
SD=0,132 SD=0.105 | SD=0.077 S$D=0,072 SD=0,093
n=6 n=7 n=9 n=9 =5

*The growth rate of larvae feeding on Alliaria

between age 22-27 days old has not been included
in the calculation of the mean.




The geometric growth rates per day of larvae of

Pieris brassicae feeding on different crucifers

at _15°C
Table 4
——
Age Foodplant
(days) cabbage Barbarea Alliaria Cardamine
6
1.135 0.943
i 0.656 0.820: 0.653
11
13 1.076 0. 803 0.852
15 0.591
16 1.104 0.642 0.627
18 1.063
19 0. 684 1.021 0.674
21 0.504
22 0,714 0.766
0.627 0.693
25
0.493
28
M=0, 880 M=0.824 M=0.731 M=0, 665
SD=0, 247 Sb=0.140 SD=0,247 SD=0.116
n=6 n=6 n=4 n=6
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However, at the 0.,05% level of probability the two methods
of analysis of the geometric growth rate substantiate one
another, in showing that during the middle growth phase the
larvae show nc significant difference in growth rate,

However, over the duration of the growth experiment at
10°C the initial delay in feeding by the larvae on certain
foodplants produced significant differences betﬁeen the mean
weichts of the animals feeding on different foodplants. when
34 days old the animals feeding on cabbage anc Brassica rapa
were significantly heévier than those larvae feeding on
Alliaria (P<0.05), Hesperis (P<0.01l) or Barbarea (P<C.001).
There wasS no significant difference hetween the mean weights
of the animals feeding on the latter three wildplants. HoweQer
on studying Graph 3 it can be seen thzt between the age of 22
days to that of 28 days there was a drop in growth rate of
the larvae feeding on Alljiaria, in comparison with the weight
gains both before and after this period. It is thought that
this might be due to an error in thé feeding regime, i.e.
that the animals were left without'food for some time during
this peiiod. 'Had this not been so the mean weight of the
larvae feeding on Alliaria may well have remained significantly
greater than those on Hesperis and Barbarea, as it was before
the aberrent drop in growfh rate.

Graph 4 shows the relative mean weight gain (expressed '

as. logarithms) of the larvae of Pieris brassicae when feeding

on different crucifers at 15°C5 and these mean weights are
listed in Table 2. A similar situation as shown in Graph 3

" is apparent with the larvae showing better growth on cabbage




than on. the wild plants. At 25 days old the mean weights of
the animals feeding on cabbage is significantly heavier than
the mean weights of the larvae feeding on Alliaria (P ©.05)
Barbarea (P 0.01) and Cardamine (P 0.001). The larvae
feéding on Alliaria and Barbarea show no significant difference
in mean weight but.both are Siénificantly heavier than the mean
weight of the larvae feeding on Cardamine (P 0.Cl).

From the 'Larval weight ¢gain and food intaké' experiment
Table 9 which was conducted at 15°C, weight gains of the

larvae feeding on Brassica rapea, and Hesperis, are comparable

with those of larvae (initially of the same mean weight)
fééding on CabYbage at this temperature. Larvae feeding on
B.rapa showed no significant difference in weight from those
on Cabbage. However the larvae given Hesperis did not eat for
the first two days then fed and gained weight.

The results shown in Graphs 1 and 3 and those from the

larval weight gain' experiment show that although the growth

rates of larvae of Pieris_brassicae that the different food-
plants will support, are nét significantly different, a delay

in feeding when presen%éd With some of the wildplants produces
differences in mean weights during the experiment. The delay

is less obvious at 15?c; At both temﬁeratures_there is a lag in

weight gain by the larvae feeding on Alliaria, Barbarea,

‘Hesperis and Cardamine when compared with larval weight gain

on cabbage and Brassica rapa. From the magnitude of lag in
weight gain behind that achieved on cabbage an order of
suitability of the crucifers as larval foodplants can at

this stage be tentatively prowposed as:-




cabbage and Brassica rapa

Alliaria

Sarbarea and Hesperis
Cardanine

AW NN
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Survival

Graphs 5 and 6 (plotted as 1ogarithms) and Tables 5 and
6 show the percentage survival of the larvae on the different
crucifers at 10°C and 15°C respectively. Survival is in
general better at the higher temperature on any specific fodd-
plant. It may be that the lower temperature puts the larvae

under some degree of physiological stress, under which they

have less ability to overcome discase, Alliaria petiolata

supports the highest percentage survival of larvae at both
temperatures. However cabbage which would he expected to

. ; o
support good survival of larvae, and does so at 15°C, shows

very poor survival at 10°C, lower than all the other crucifers.

Due to this .inconsistency by the larvae feeding on cabbage the
survival graphs do not give any conclusive evidence with
regard to the suitability of the crucifers as foodplants for

Pieris brassicae larvae. But again Alljiaria appears to be a

better foodplant than Hesperis, Barbarea or Cardamine in terms

of larval survival.

From the logarithmic plots (Graph 5 and 6), it can be
seen that there is some evidence of a linear relationship
between percentage survival and larval age, which indicates
a constant death rate throughout the experiment. For those
. batches of larvae which did seem to die at a constant rate,
the mortality rate per unit fime can be calculated and the

results are shown in Table 6, Alliaria petiolata supporting
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The survivel of Pieris brassicae larvae feeding on

different cricifers at 15°C, shown as a percentage

Table 5a
(ggis) cabbage Barbarea Cardamine Alliaria
6 100 1C0 100
9 100 88 100
11 100 88 96
13 100 ' 100
15 10C 68 68
16 100 | 100
18 1CC- 60 68
19 100 94
21 100 60 68
22 100 56 62 94
25 100 52 48 94
28 76 52 48 94
The survival of Pieris brassicae larvae feeding on

nercentage

‘different crucifers at 10°9C, shown as_a

Table 5b
(égﬁs) cabbage Brassica Alliaria' Barbarea Hesperis

13 160 100 1C0 leO 100
16 100 100 94 100 - 70
19 100 20 94 80 70
22 93 90 88 80 70
25 80

27 60 80 60 70
28 40 70 88 40 70
31 83 70
40 27 60 72 4C 50
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The mortality rate of larvae of Pieris brassicag -

when feeding on different crucifers at 15°C

Crucifer

Barbarea

Cardamine

Alliaria

Pronortion of animals

which died in 28 dzys

0.72.

0.76
1 0.18

Deathrate/10 davs

0.907¢
0.9225
0.6039

The mortzality rate of larvae of Pieris brascsicae

when feeding on differert crucifers at 10°C

Table 6b

Crucifer

Brassica rapa

Barbarea
Allizria

Hesperis

Proportion of animals

which died in 34 days

.3
C.6
C.167

. 0.5

Deathrate/
10 days
C.70183
0.8605
C.5907

- 0.8156
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a relatively low mortality rate compared with the other

foodplants at each temperature,

Pupal weights

Tables 7 and 8 list the pupal weights of the larvae fed
on the different crucifers ot 10°C and 15°C respectively,
At 10°C there is no significant difference between the mean
pupal weights of the larvae which had been feeding on

cabbage, Brassica rapa, Alliaria or Hesperis but all are

significantly heavier than the mean pupal weight of the
animals which had been feeding on Barbarea. These aninals
showed & reduction in mean pupal weight of 30% compared with
those feeding on cabbage.

At 15°C pupal weights on Alliaria are significantly
heavier than those which had fed on cabbage (P{0.05) a 4%
relative decrease in weight, and are heavier than those
animals which had been feeding on Barbarea (P<0.001) a 10%
relative decfe@se in weight.

HFupal,weight is positively correlated with-size of the
édult, and in the females with the number of eggs she carries,
thus imflueﬁéing hér fertility. A reduction in weight of 30%
and 10% as shown by the animals which had fed on Barbarea
compared with those feeding on the plants which supported
greatest pupal weight, may well represent a significant
reduction in fertility in the adult females reared on Barbarea.

Thus Barbarea again appeats low in the hierachy of suitability

as a food plant for larvae of Pieris brassicae.




Develovment Times

4
\

The'animalé feeding on cabbage and Brassica rapa develop
to pupation faster than the larvae feeding on the cther plants
at 1OOC, shown in Table 7. This is consistent with the
faster_larval growth on these two plants, i.e. the animals
may have to reach a certain stage of development before they
cen pupate and where there is =z time lag in this develorment
as expressed as weight gain, this is followed by & delayed
pupation relative to those animals ﬁhich did not delay in
feeding. However some animals on Barbarea and Hesperis
show a delay in pupation much longer than the three or so
days which they delayed in feeding. At 15°C, Table 8
the larvae which had fed on cabbage and Alliaria have the
same development. time, both faster than thie animals which
had fed on Barbarea.

A delayed pupation and prolonged develépment time may
be unfavourable for a caterpillar, especially in the later
stages of development. When approaching pupation the
cdterpillaxs are relatively large, and at fhéirbmost visible,
they are azlso very sluggish becomihg'still Before spinning
the threads which attach the larvaé to & solid substrate.
During this pzriod they can éffer little resiétaﬁce to wduld
be pzrasites or predators. & food plant which supports rapid
larval development gives an enimal an increased chance of
sﬁrviVal, over onc which &llows only slow deveiopment.

A delay in pupation appears to be negatively correlated
with pupal weight. However this’asébrtion nust be treated

with cauticn as the sample sizes here are small and do not give
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The pupal weights and developnent times of the

larvae of Pieris brassicae reared on different

Crucifers at 10°C

Table 7
Alliaria Brassica .Barvarea Hesperis
vetiolata Cabbage ranva vulaaris matronalis
Weight (mg) Weight Weight Weight Weight
11=306.7 M=422.4 M=422,44 M=208.45 M=401.C
8D= 32.0 3D= 24.0 $D= 24,0 5D= 23,21 Sh= 32,65
n= 13 n= 4 n= 6 n= 4 n= 5
Developnent |Developnent| Develonment|Developnent|Development
Time Tine ' Time Time Time
46-49 41-44 41-44 44-52 4]1-52
days days days days days

’

The pu§a1 weights and development times of the

larvae of Pieris brassicaec reared on different

Crucifers ot 15°C

Table 8
Cabbage Allizria Barbarea
. ¥ . . nt
Weight Deve%g;gent Wei ht 4Dev§i$2ment Weight Deve%ggze
M=422, 64 31-33 -M=439,69 31-32 M=395,.89 33-36
SD= 18.87 days SD= 26.18 days SD= 21.97 days
n= 17 n= 16 n= 7




statistically significant correlations. Thus animals
feeding on Eﬂgpérea are doubly handicapped by a slow
development when vunerable to danger, énd small pupal weights
producing small adults with rélatively reduced female
fertility.

A tentative explanation for the correlation detween
‘delayed_pupation and pupal weight could be that during the
growth of a larva, weight gain, and hormonal or other
physiological development procq@§ together, but that any /\/
delay in fecding retards weight cain to a creater extent
than the physiological development. Thus the animals reach
a readiness fbr pupation at a loﬁer weight. This may be
the case where pupation is delzyed by the same period of
time as feeding was delayed. Where, however, there was a
longer delay, the fcodplants, i.e. Barbarea and Hesperis,

may be retarding develcopment and preparation for netamorphosis

itself.
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The larval wexght gain and food intske of Pieris brassicae
larvae

In Tables 9 and 10, the ary weight of §1ant food eaten
by an individual larva over the period indicated is recorded
next to the weight gained by that loarva over the sane period.
The frass produced was not collected and weighed because in
é%any cases the animals feeding on the wild plants produced
loose watery faeces which became sneared over the sides of
the dishes, thus being inpossible to adequately cecllect.

(It is of interest that this was especially so when the

animals were feeding on Cardanine Pratensis (larvzl growth

. o . '
experiment at 15°C) where growth rate was the lowest reccrded.

dication of

}.lo

It may be that the state.of the frass gives an
the suitability of the nlant zs larval food.
Cemparing the larval weight gain and food intake between

the 7 and 9 July &nd the 9 and 11 July for each nlant, it can

be seen that the larvae feeding on Alliaria, Hesperis and Barbarea

between 7 and 9 July gained little or no weight. As had also
happened when the larvue were first introduced to those three
crucifers in the 10°C larval growth experiment (Téble 1). By
recording the weight <ain next to-food intake it can be seen
that the low weight gains can bé accoﬁnted for by low food

El

intake over this p iod, rather than any internal phy51ologlcal
1nab111ty to dlgest dnd ntilize the plant mutter. The
asterisks (*) indicate that a larva has moulted during that
périod and this will cause 2 pause in consumption. Many of

the animals moulted during 7-9 July, however this alone canrot

account for the low weight gain,. as four out of five of the




The weight gain and food intake of larvae

of Pieris brassicae feedinea

crucifers at 15°C

on different

Table ©

23=26 June

2629 June

Tmount oa deid] T , o - dry wet
e e T e R
ratio
17.0 22,2 22.1 63,7 2.197
15.8 21.2 27.6 66.3 2,016
17.5 23,2 . 18.6 23.7 1.299
13.2 22.2 29.0 61.9 1.993
| 12.9 44.9
Barbarea vulgaris
11.8 21.7 46.5 . 46.9 1.177
8.8 2G.1 54,5 52,2 1.142
3.8 17.7 28.2 37.7 1.731
0,2 26.2 46.7 48.5 1.336




The weignt gain and food intake of larvae of Pieris
brassicae feeding on different crucifers at 15°C

Table 10
7-9 July 0-11 July 7-11 July
Amount egten Weight cain | &mount eaten |iWeight cain| Amount : Weight
dry wt. {(mg) wet wt, (mg) | dry wt. (mg) |wet wt. {mg)! eaten gain
Cabbage
30.0 110.1 122.0 154.6 1:1.741
35.1 60,2 * 10C.0 120.0 1:1.334
44,9 89.1 ¥ 117.2 165,9 1:1.526
54,1 37.0 * 101.7 . 189.8 1:1.327
25.4 67.1 * 117.4 . 206.0 1:1.918
Brassica raba
27.0 25.3 103.0 153.3 1:1.835
39,1 56.2 96,4 134.4 1:1.407
21.2 - 35,0 95.1 164.4 1:1.715
22.6 ' 21.8 65.0 - 144,1 1:1.894
23.C 47.3 108.4 155.2 1:1.541
Barbarea vulgaris 9-11 July |
5.4 loss * | 49,5 : 76.0 131,535
3.4 . loss * 59.1 101.5- 1:1.717
30.2 32.0 0 loss
11.3 3.2 * 79.7 113.0 1:1.418
16,2 12,1 * 81.8 110.5 1:1.351
Alliaria pmetiolata
(@] loss * 46,0 - 128.5
23,0 33.4 - Dead
3.8 loss 65.2 - 114.3
72,0 133.0 ‘
27.8 17.6 21.5 70.7
Hesperis matronalis . 9-11 July
17.6 1.5 * 126.0 | 73.4
10.3 22,2 % 85,4 140.4 1:1.588
11.1 0.3 ¥ 47.8 75.8 1:1.586
22.4 7.0 - 18.4 - 17.4
28.5 . 54,0 -

% Animal moulted during this period
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caterpillars on cabbage also moulted but still gained a

- Ssubstantial amount oif weight. The reluctance to eat may be
regarded as the reason for the low weight gains on certain
cruciferous foodplents. This reluctance was, however, only
evidenf during the first period, peihaps it is increased
hunger which finally makes the larvae overcome their distaste
for the new foodplant, or sharpens their reéponse to its
ﬁovel and/or weaker feeding stimulus.

Although the sample sizes in this experiment are small,
the data produced uay be used‘to emphasize the findings of
the first experiment:- 'Larval growth' at 10°C. 1If.the
caterpillars are of comparable starting weight and have been
in the presence oi the '"new'" plant for at least.three days
they show no significanrt difference in growth rate whatever
the foodplant. But consumption is delayed when the animals

are first introduced to Alliaria, Barbareca or Hesperis.

On the righthand side of Tables 9 and 10, the ratios of
the dry weight of foodplant eaten to the wet weight gain by
the individual larva is recorded, for periods when the larvae
were eating. The means of these ratios were calculated and
compared.

The results from the June experiment, where cabbage and
Barbarea were the only crucifers used, show that the animals
feedihg on cabbage put on & greater wet weight gain per unit
diy veight of plant material than do the animals feedingion
Egrbaréa. However, the standard deviations are high and the
differenbe betwéen the means gives a ti valﬁe of 2,304 which

at 6 dégrees of freedom gives a probability of 90% that the
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cifference between the means is not due to chance. The
results from the July experiment show no statistically
significant differences for .the ratic of food eaten to

weight gain between the larvae feeding on different crucifers.
Indicating that the crucifers used in this experiment show no
difference in digestibility and usefulness in terms of weight
gain by the larvae. However, the sample sizes are small, and
differences may have been revealed by werking with larger

sanples,




The food preferences of Fieris brassicae larvae

Table 11 records how nuch & larva of P.brassicae ate

.

of each foodplant when placed in a petri dish with the leaves

of five crucifers: cabbace, Alliaria, Hesperis, Barbarea and

Brassica rarae. From these results it can be seen which
crucifers were preferred by individual larvae. 3y combining

all the results from the 18 separate trials, Table 12, and

t

scoring the data as shown below that table, the relative
popularity of the foodnlants can be found. The crucifers
are preferred (in terms of amount eaten) by the larvae of

Pieris brassicae in the order:- cabbage, Alliaria, Hesperis,

Brassica rapa, and Barbarea. An order reflected in the first
choice preferences oi the larvae. |

Cebbage is by far the most freguently eaten food, never
being totally ignofed, this is the food plant onAwhich the
larvae were feeding prior to the expreriment. But if, at the
start of the experiment, larvae were merely choosing food-
plants with & familiar taste (i.e. mustard oil profile), it
would be expected that Brassica rapa (of the same genus &as

cabbage) would be eaten more often than it was. However,

SPPR.

Hesperis and Alliaria were chosen as often, if not more

frequently than Brassica rapa. The larvae do seem to show

an aversion to Barbarea vulgaris and it scores a relatively

low mark compared with the other plants, and is very often
not touched by the larvae at all., This is also the case with

Artogeia napi larvae, when given a choice they often do not

eat Barbarea vulgyaris leaves.

Considering individual larvae there is a tendency for




Ihe order of preference of

)
(371

for crucifers as food, meas

Pieris brassicae larvae

ured as the relative

weight of each foodplant eaten

1815 8 0 ©O
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Table 11
Date 7-9 July | 9-11 July 11-14 July
Larva a : a a
Order of food o
referonce Cab Ap Br Hm Bv {Br Cab Ap Hm Bv | Cab Hm Ap Br Bv
Amount eaten mg} 35 15 12 © 20 19 18 16 O | 135 66 59 40 16
Larva b b- b
Food preference| Ap Hm Br Caz Bv Ap Hm Cab Br Bv| Cab Hm Ap Br Bv
Amount eaten 27 17 14 12 7 All 3517 O [ 165106 67 62 8
Larva c c c”—"" h
Food preference|Cab Br Bv Hm Ap |Hm Cab Br Ap Bv| Cab Br Ap Hm Bv
Amount caten 17 0 0 © O 123 2014 O 0/} 154 70 29 o
Larva d d
Food preference|Cab Br Bv Hm Ap | Cab Ap Br+Bv
Amount eaten 17 6 ¢ O O 2013 C¢ ©
Larva e ‘ e .
Food preference|Ap Br Cab Hm Bv Ap Cab Br Hm Bv
“Amount eaten 23 20 10 8 8 (ALl 3421 9 .0
Larva f f .
Food preference|Cab+Hm Br Bv Ap | Br Cab Bv Ap
Amount eaten 10 g€ 0 022 2010 6
Larva g g g
Food preference|Cab Hm Ap Br Bv | Ap Hm Cab Bv Br Ap Cab Hm Bv
_ Amount eaten 46 6 5 [All 155 110 59

Key

Cab -
Ap =
Br -
Hn -
Bv -

Cabbage

Alljaria petiolata

.Brassica rapa

Hesveris metronalis

Barbarea vulcaris

Amount eaten measured as dry weight.
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The order of wnrefercnce of Pieris brassicae

larvee for

crucifers as food,

combininag

2ll data from TaHe 11

Table 12

Scores: -~

83

Cabbage =
Alliaria petiolata = 55

Hesperis Matronalis = 49
Br'ssica rapa = 46
gg;barea vulgaris = 18

Preffiﬁzcifln 1st 2nd 3rd 4th 5th Little or
e Choice | Cheice | Choice | Choice | Choice | none eaten
anount eaten _

Cabbage 14 2 1 1

Hesweris 3 6 2 2 3

Alliaria 6 2 5 1 4

Barbarea 2 2 4 11

Brassica rapa 2 5 4 2 3

Scoring the data so that - 1st choice 5
2nd choice 4
3rd choice = 3
4th choice 2
5th choice 1




a larva to choose the same foodnlants throughout the
experiment though over the three periods the range of
crucifers eaten is often inéreased. In only one case was
only one foodplant eaten ( C July 7-9), all the other
larvae sampled more than one plant, in the majority of

cases changing plants before they had totally consumed a

particular plant.
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The weichts of Pieris brassicae larvae at 9 davs
0ld, having hatched on different crucifers

Table 13

fean Weight Standard Samrle
Plant (Mg) deviation .size
Cabbage 4,04 0.53 8
Alliaria 1.90 0.61 8
Barbarea 0.94 0.14 8
Hesperis - 0.02  0.23 8

Eggs of Pieris brassicae were hatched on the different

crucifers in order to introcuce the larvae to the wild plants
a5 early in their life as possible. All the animals started

eating immediately on hatching. However, by observation more

frass was produced by the larvae on cabbage than on the other
r»lants, and the animals on Barbarea ate noticezbly less than the
animzls on cabbage in terms of leaf damoge. By 9 days old the

hierarchy of weight gained had already been established as:-
1. Cabbage

2. Alliaria

3. Hesperis and Barbarea

(%)

and these differences were statistically significant (P 0.001).

t
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The mean weights (ig) of larvae of Artogeia

napi (the upland copulation) feeding on

different crucifers at 150C (standard

deviations and samole sizes are also

shown) .
Table 14
Age . . . - . . .
- Allizxia Brassica Barbarea Hesperis Sisymbrium
(days) . ‘
13 M=42,2 M=46,1 1=40,8 M=37.4
5D=11.98 5D=10.8 SD= 8.5 sD= 8.2
n= 6 n= 6 n= 6 n= 6
15 M=50.3 M=51.8 M=45,3 M=49,2 M=108.1
5D= 6.3 SD=10.4 sb= 8,0 SD= 7.6 SD= 37.28
n= o n= 6 n= 6 n= 6 = 3
17 M=85.1 M=04,0 r=74.9 M=63.0 M=140.7
5D=27,0C 5D=26.1 £Dh=26,0 sSD=22,5 SD= 42.69
n= 4 n= 5 n=5 ' n= 6 n= 3
20 - M=150.5 M=165.8 M=122,1 }=100, 3
SD= 18,6 SD= 29.4 SD= 45.9 SD= 53.6
n= 3 n= 4 n= 5 n= 5
22 M=185.C M=197.6 M=143.8 M=16C.5
5D= 18,8 SD= 30.1 SD= 61.8 5D= 56,7
n= 3 n= 3 n= 5 n= 3
M=177.6
2L SD= 15.3
’ n= 3
Key m = mean )
SD = Standard deviation
n = sanmple size
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The geometric arowth rates of the larvae

of Artogeia papi (the upland population)
feeding on different crucifers

Table 15
Foodplants| Alliaria | Brassica | Barbarza | Hesperis Si§ymbfium
Age (days)
13
15 0.596 0.562 loss C.658 0.619
17 0.846 0.907 C.827 0,649
20 0.884 0.882 0.815 0.785
22 0.615 0.596 0.588 0.800
. 0.615
M=0.735 M=0,730 | M=0.712 | M=0.723
SD=0,151 5D=0,19 SD=0,127 | SD=0,081

The pupal weights and developmernt times of the

larvae of Artogeia napi (the upland population)

reared on different crucifers

Table 16
- - -
"Alliaria Brassica Hesperis Barbarea ‘
Weight (mg) Weight Weight Weight
142.8 143.4 137.8 166.6
158.5 166.2 178.0 130.8
144.4 ‘ 143.6
‘Development Development Development - Development
time time T time time
29-30 days - 29 days 29 days 29-31 days




The »upal weights and develomment times of

the larvae of Artogeia napi from the

Durham population reared on different foods

These animals were the few survivors of a disease which

killed many animals in the earlier batches.

Hatched 20-21 May Table 17
Alliaria leaves Barbarea leaves Alliaria seedpods
Weight Development Wesi ﬁt Develovpment Weiaht Development
(mg) Time He1ant Time 48208~ Time
167.6 28-29 days 150.4 28 days 178.5 31 days
155.7 154.2
Hatched 11 June Table 18.
Allizaria
Weight (mg) Development
time
144.8 25 days
159.0
158.0
- 115.6 )
137.3
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Food preferences of Artogeia napi larvae

Table 19 records how much a larva ate of each food

]

etri dish with leaves of five

plant, when placed in a

crucifers:- Alliaria, Hesperis, Barbarea, Brassicz and

Sisvmbrium. From these results it can be seen which crucifers

were preferred as food by individual larvae. DBy éombining
allvihe results from the 26 separate trials (Table 20) and
then Scoring the data as shown below that table, the relative
popularity oif the foodplants can be found. The crucifers are

preferred (in terms of amount consumed), by larvae of

Artogeia napi, in the order:-

Sisymbrium, Hesperis, Alliaria, Brassica and Barbarea.

It is interesting that Sisymbrium and Hesperis are

preferred to Alliaria on which the larvae were feeding prior
to the experiment. It cannot merely be that the larvae are
choosing foodplants with which they are most familiar, in

7

which case one would expect Alliaria to be the preferred

choice of food. As found with Pieris brassicae larvae, the

larvae of A.napi avoid cating Barbarea when given a choice.
Considering individual larvae there is a tendency for
a larva to choose the same foodplants throughout the experiment,

though towards the end of the experiment a wider range of plants

may be eaten.




\

0O O O €1 O¢
hgg a1g uy dy osg

O

ST S1
oc ag 1g uH+dy
)

X5 WH

O

os

ad

dvwy og uy

Agd

ig

urHy

oS

i
(Bu) uajea junouwry
sdusisgyoad

POOJ 50 XopX0O
enxe]

a o L

eT O¢

xg+oc xg uy) dy

d

17.

O
Nl

s 9 8 6
og uy xg dy

q

1g

Wy

ag

os

(Buw) GaTes junouy
E R CREPE!
POO3 FO IoDXQ

CAIZ

O

wg

avy

el

wy{ 0s

Id

dw

e)¢

og

(bu) T5IE5_junouy
55Uoxoyoad

pooOy JO I9RI0

‘ enx2]

Ig

dvy

(A

og

Amsvcwwmu v£3054
SoUoIoFo 14

POOJ JO I9PX0
: st

Q
NnYg

oG

wHy

)

H
0

¥1.Q1T ¥¢C
dy ung

o)

;
o8

Ny

Wi

.Aqucvvﬁm punowy
' [V T2 I IC
pooF

FO X9px0
enxte]

0

.
A

o 6 01

Ay Wi 0%

d

AT

ot

Wi

(A" oe
dy ag wy 0§

d

ng

dvy

ST

oS

(bw) usjes junouy

20UaTeyaxd
POOF JO IB3PIQ
enxe]

S O1 1I¢
Ag dy xg 0% up
A+

73y

—
W ﬁ\m

D
ng

C 9 2T g1
og dy 1g uH
v

Q

ng

o1
os

ad

IT-€T ST O¢

dy xg wy 0%
/&

ng

dv

v

(Ou) TSTED #G30S¢
ERNEPERGE Lo
pOOF JO X9DIQ
, enxen

o .

- 61 @1G®1

Uelvon Juelsa

G5€5 0 AUDTSM SATIT 19 OUF S¢ poinsesu 'HO0J se

SIoJIonio X0F svenie] rdeud €LobolXy JO 20Usiajoid IO I2pI0 ayl




The oxder of preference of Artogeia papi larvae

for crucifers as food, combining all the
data from Table |9

. Little
Preference in . . -
: . 1st 2nd 3rd 4%h 5th or
terms of . . ~ s .. o

: Choice Choice Crhoice Choice Choice none
amount eaten : : -

: , eaten
Alliaxia 6 3 2 3 11
Hesperis - 6 6 3 9
Sisyvmbrium - 12 6 1 1 5
Brassica 2 3 4 18
Barbarea 1 1 1 20

Scoring the deta so that - 1st choice = 5
Zznd choice = 4
3rd chicice = 3
4th choice = 2
5th choice = 1
Scores - Sisymbrium officinale = 89
Hesperis matronalis = 63
.
Alliaria petioclats = 56
Brassica rapd = 24
Barbarea Qulg;ris‘ = 10 .




DISCUSSION

.Hovanitz (1969), working with the larvae of Artogeia
rapae, nas said that the ability of larvae to survive on
different foodplants, is not an all or nothing phenomenon,
but‘ié based on the relative ability to survive, and that
plants.may be placed in order of desirability with regard to
the ability of the larvae to survive, or to gfow satisfactorily,
on plants which they may accept only reluctantly. This is

certainly true of Pieris brassicae larvae feeding on different

members of the Cruciferae plant family. The mean weights,
growth curves, pupal weights and development times of the

larvae together produce a hierarchy of suitability:-

at 10°%¢ at 15°C
1. cabbage and Brassica rapa Cabbage
2. Alliaria Alliaria and Barbarea
3. Hesperis cardam_i'_n_g

4, Barbarea

These hierarchies were not produced just by a delay in
eating novel crucifers'but are substantiated by the results
of the experiment in which the larvae were hatched on
different crucifers. After nine days a significaﬁg'aifferenée
-in growth was measurable, and the hierarchy:

1. cabbage -
2. Alliaria
3. Barbarea and Hesperis

was again produced.

The larvae of Artogeia napi showed no significant

difference in terms of mean weights, growth rate, survival,




pupal weights agd the time taken‘to complete development.
However small sample sizes were used anc the amount of
variation between the larval weights was high;i These
results, however, are sunpported by the work of Dowdeswell

and Wilcox (1961) also working with Artogeia napi. They

found that the growth rates of larvae were similar when

feeding on either Alliaria petiolata or Cardamine pratensis,

also the time of pupation and the duration of the pupal

periéd were unrelated to the food of the larvae. Whereas
Wicklund (1974) working with the larvae of Papilo macheon
the Swallowtail butterfly, and Chew (1975) with those of

A.n.macdunnoughii felt that their results enabled a hierarchy

of foodplant suitability to be drawn up, Courtney (1980)

working with Anthocharis cardsmines larvae in Durham used

some of the foodplant thzt I have used in feeding experiments

and found & similar order of suitability for that species as

I héve foundlwith,Pieris brassicae.

From the laIQal'weight gain and food intake experiment -
I had hoped}td be able té elucidate whether any differences
in wgight gain were due to a low rate of.consumption or to
a low nutritional and/or toxic content of the plant food.
This experiment (énd also the Growfh Experiment at 10°C)
éhowed that the larvae were at first reluctant to eat the

new foodplantsAAlliaria,HeSDeris and Barbarea, and a low

initial weight gain was due to this fact. This reluctance

to eat may be due ‘to a weaker glucosinolate profile or

perhaps a peculiar chemical constituency of the plant which




repels the larvae. David and Gardiner (1966)-feeding

larvae of P.b'aﬁsicae on a semi synthetic diét found that
ingreasing the élucosinolate concentration did not increase
the ggte of consumption, and concluded fhat the stimulus to
“eat proQided by glucosinolates 1is a qualitafive rather than

a gquantitative response. it may be that when the larvae
refused to eat for two days but then finally resumed eating,
starvation had lowered their threshold of resﬁonse.

Feeny and Slansky (1977) believed that the growth of

Po.rapae larvae on different planté could'be gxpiained best

in terms'of:stabilizatioﬁ‘(and nrobably ﬁaximization) of

the ﬁitrogen'accumulation raie, and that glucosinolates
affect growth to a much lesser extent than db the nutritional
chéracteristigs of food plants. In the 15°C Growth experiment
(Gfaph 2a) where the larvae were introduced to the new food-
plants at foﬁr days old, significant differences in mean
weight did not occur until the larvée were over eleven days
oia. 1 havé no'evidendé that this reductionuiﬁ mean weight
by‘the larvae feeding on Barbarea ;hd Cardaminé, as compared
with those feeding on calbage was due to low cohsuﬁption |
rates, and ﬁheréfore feel that poor nutfitionai cualities

of the wild,foodplants'musf be playing a part in producing

" lower growth rates of'P.braQsiCJe larvae. It would be under-.
Standable if the larvae are reluctant to eat these foodplants
because they recognize their nutritional deficiencies,

" Hovanitz (1962) has said that the food previously

‘eaten by some Pieris rapae larvae directly influences their

2




choice of food in the direction of the previously eaten
food plants. WMy results from the 'Food preference'’

experiment using P.brassicae larvae agrees with this view

to some extent. Cabbage was the foodplant the larvae were
reared on and this was . the foodplant eaten in greatest
quantity when the larvae were given & choice. From this
experiment I wanted to determine whether the larvae could

recognise the relative suitability of the plants they were

offered: -
Pieris brassicae
Food plant suitability Food plant preference
1. cabbage and Brassica rapa 1. cabbage
2, Alliaria | | 2, Alliaria
3. Hesperis 3. Hesperis and Brassica rapa
4. Barbarea 4. Barbarea '

The hierarchies are very similar. It is surprising that
y

Brassica rapa is not higher in the preference hierarchy as

‘this plant supports good growth, and also, presumably has

similar chemical characteristics to cabbage.

Artogeia napi chose foodplants in the order

1., Sisymbriun
2. Hesperis
3. Alliaria

4, Brassica rapa

5. Barbarea

Contrary to Hovanitz's findings the larvae preferred food-
N~ on

plants Sisymbrium and Hesperis, to thatAwhich they had : A

previously been feeding, i.e. Alliaria. Both my experimental
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animals avoid Barbarea vulgaris as a foodplant, which supports

only poor larval development of Pieris brassicae and also

slow developrnent of Anthocharis cardamines in Durham. It

nay be that this species possesses peculiar chemical
properties that both repel and cause slow growth of the
larvae.

Lees and Archer (1974) studying Artogeia napi in Britain

listed tiie plants it most commonly used as foodplants which

were:- Cardamine pratensis, Alliaria petiolata, Sisymbrium

officinale and Rorippa nasturtium-acuaticum (L) Hayek,
Artogeia napi females were frequently and feguiarly observed
to ovipositit on, and larvae could be regularly obtained frpm,
these plants. They listed species less frequently utilized
contéining plants I did not use in ny experihent. A thixd
cateéory listed species for which the authors only had one or
two i501ated observations of female oviposition and from which

it was virtually impossible to recover larvae. One of these

latter plants was Barbarea vulgaris. Thus the oviposition

preferences of the adults reflect the larval foodplant
preferences, This phenomenon has also been found by other
workers in this field (Chew 1975, Wicklund 1973). Wicklund
(1974) has discussed how the sﬁitability of various plant
species as food for the-larvae is interrélated with the
oviposition preferences of the adults. He proposed that
either (lj larval food is '"remembered" by the female adult
andﬂpredisposes her to lay her eggs on that plant (after
Hopkins @9 ), or (2) larzval foodplant suitability and the

adult oviposition preferences are deternined by the same




sk,

gene complex, or (3) larvel food suitability and the adult
ovivosition preferences are determined by different gene
complexes. Hovanitz and Chang (1964) found that they could

condition strains of Pieris rapae larvae to prefer a

particular foodplant and the adults produced by those
lzrvae preferentially usecd this plant for oviposition.
However this is the only butterfly in which the larval food-
plant'ﬁas been demonstrated to iniluence the adult ovi-
positioﬁ prefereince, Wicklund (1974) in experiments with

Papilio macheon found that in no case had the oviposition

preferences of the adults been influenced substantially by
the larval food. He 2iso corcluced from his work, anc that
éf others, that larval food suitability ancé oviposition
preferences are determined by different gene complexes.

There are many recorded cases where adult females have
oviposited on w:lants on which their larvae could not complete
development, or even refused to cat (Chew 1975, Bowden 1970,

Straatman 1962). In Durham (1980) females of Anthacharis

cardamines were seen to oviposit on plants of Reseda luteola

e

(a plant in the Resedaceae family which also contain
glucosinolates) and many eqggs were found on these plants.
In no case, in the field, did the larvae survive their

H A ” ?

first instar of Reseda luteola plants and were either found

dead on the inflorescences or not recovered at all.

Butterfly larvae will eat plants which are never ovi-

posited on in nature. The Blue butterfly Plebejus_icarioides

larvae are restricted to fezding on spccies of plant in the

3




genus Lupinus. In any area where more than ohe species of
Lupinus occurs, the females only oviposit on one species,
usually the most pubescent species., IHowever the larvae of
any particular populction will accept twentyéight cifferent
species of Lupinus as foodplants in the laboratory (Downey
and Durn 1964). Singer in 1971 concluded that '"larval food-
plant preference is not related to acult ovipésition

\
sreferences in any predictable way".

ot
K

Although perhaps deterrired by separate gene complexes
in natural situaticns the oviposition preferences and larval
food-plant_preferences.do_seem to he related, and this is
rrobably due to natural selection acting on spnecies, sub-
species and populations of butterflies and their larvae in
any particular area. Wicklund (1974) believes that as host
plant choice is exercised by fhe adults, naturzl selection
will act bn the oviposition preferénce system of the adults
to direct egg laying towards the most suitable plant species.
It would then be expected that by females ovipositing
preferentially‘on a host nlant which cornferred above average |
Survival to larvae this would lead to a monophagic strategy.
However in thé case of many butterflies, including Artogeia

s

napi and, tc a lesser extent Pieris brassicae, on oligophagic
napLt ’ ’ ’

strategy is adopted by ‘the adults and their larvae (there may
be a hierarchy of suitability but larvae are able to complete
developmeht on a number of crucifers). Oligophagy is said to
be internediate between mono and polyphagy and occurs when a

1inited number of taxonomically related host plants are used




in a linited number of habitats. The reason for the
adoption of a oligophagic sfrategy, or it may be said
the non-occurrance c¢f monophagy in the four British Pierids
living in Durham, can be accounted for by thé nature of
theirx cruciferdus host plants and the habitats in which they
live,

The majority of crucifers along the banks of the River
Wear in Durham are annuals ox biennials and thﬁs unpredictable

in space, and in numbers. This unpredictability has led to a

vagrant mode of life: Artogeisa napi, A.rapze and Pieris

brassicqg are all highly mobile animals and the females of

Anthocharis cardamines are also known to move away from the

river and travel over wide distances presumably in search of
host plants. This vagrent mode of life does not allow the
butterflies to become locally adapted. The crucifers, also
grow in a number of different microhabitats by the river:

wet meadows and dry bare wacte areas, also at different
heights on the banks. In different years with different
weather conditions, there microhabitats differ in suitability
for 1arv$l grbwth. In wet years the meadows nay be sodden
and the river Sanks flooded, whereas in dry vears the plants
in high, bére areas may become desiccated. Thus, because the
foodplants are adapted to diifferent habitaté, they also vary
in their'relétive degree of suitability as larval food. Thus
natural selection, in an unpredictable climate, and with‘
unpredictable provision of conditions for crucifer germination,
may never favour the same host plant.species; in terms of

suitability forllarvai food, in conseccutive years. Thyts ,

Paks
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and the inability to utilize the same plant regularly,
forces the butterflies to utilize a number of host plants
in the ‘habitats used by the species. Accounting for the

ability of the larvae of Pieris brassicae and Artogeia

napi to utilize a number of different crucifers in the

laboratory.
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