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Natural regulation of Pieris rapae Linnaeus
(Lepidoptera: Pieridae) in Canterbury, New

Zealand

By J. W. ASHBY· AND R. P. POrrINGER

Entomology Department, Lincoln College, University of Canterbury, New Zealand

(Received 9 January 1974)

ABSTRACT

Life tables were constructed for five populations of Pieris rapae L. Field counts of al1
stages fitted a negative binomial distribution, and a plan for sampling to a fixed level of
precision is given. Mortality of early-instar larvae was due mainly to predation by syrphid
larvae and the harvestman Phalangium opilio L. Bird predation was evident only on late
instar larvae during the second generation and on overwintering pupae. Life table analysis
showed that mortality factors which contributed most to population trend operated at the
pupal stage.

Sampling method
The whole cabbage was used as the sampling unit.

Units were selected at random within each plot and
dissected leaf by leaf when searching for each stage
of P. rapae. During each generation the number of
eggs on 128 cabbage plants was counted after the
period of peak ovipositional activity. This popula
tion of eggs represented the cohort selected for
study, Subsequent samples of the same size were
timed to coincide with peak numbers of third instar,
{;fth instar, and pupal instar of the selected cohort.
Velocity of development curves and populations of
P rapae maintained in a field insectary were used
to determine the appropriate sampling times.

Assessment of mortality
Subtraction of successive population estimates for

the developmental stages of P. rapae provided infor
mation on overal1 mortality of the insect during the
intervening periods, but additional methods were
required to partition this mortality between the
various mortality factors.

Fertility and fecundity - Eggs collected during
sampling and subsequently reared in a field insectary
provided a measure of infertility. Fecundity was
measured by caging fertilised female butterflies over
host plants in the field and by dissection of the
ovaries of field-collected females.

EXPERI MENTAL

Arthropod predation - Predation of P. rapae by
arthropods living on the ground and foraging on the
cabbage plants was assessed by excluding such preda
tors from a randomly selected plant in each plot.

• Present address: Plant Diseases Division, DSIR, Exclusion cages were made of mutton-cloth supported
P.B., Christchurch, New Zealand. ever the plant on a stout wire frame. Caged plants

N.Z. Journal of Agricultural Research 17: 229-39

In Canterbury there are three generations of P.
rapae each year, peaks of ovipositional activity
occurring in early October, mid January and mid
April. Only during the second and third genera
tions is P. rapae sufficiently abundant to permit
population studies. Separate cabbage crops of 0:5 ha
were used for each generation. Each crop was
divided into 4 equal blocks and each block was
divided by a 4 x 4 grid into 16 plots of equal size.

INTRODUCTION

The smal1 white butterfly Pieris rapae L. was
accidentally introduced to New Zealand in 1930.
In the absence of its specific natural enemies P.
rapae multiplied rapidly and by 1936 posed a serious
problem to growers of brassica crops. Muggeridge
(1942, 1943) described the importation of insect
parasites and a subsequent decline in numbers of
P. rapae. A granulosis virus has also been cited by
Kelsey (1962) as a major factor regulating popula
tions of P. rapae in New Zealand.

Today, P. rapae is rarely considered to be an
economic problem in agricultural crops, but insecti
cides are regularly used against it by horticulturists
and home gardeners. The present study was under
taken to elucidate the relationship between the
various mortality factors operating against P. rapae
and to show which factors were most important
in regulating populations from season to season.
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TABLE 1 - Summary of field counts and analyses of variance, P. rapae 1967--68, 1968-69

Stage sampled Mean number per Variance components t between
plant ± standard

error Blocks Plots Plants
(untransformed)

1967-68
Generation 3
Egg 3.52 ± 0.455 -0.002 0.086
Instar III 1.54 ± 0.211 0.003 0.012 0.057
Instar V 1.36 ± 0.164 0.004* -0.003 0.058

1968-69
Generation 2
Peripheral plots
Egg 13.88 ± 1.204 0.006 0.019 0.078
Instar III

C.c. 5.21 ± 1.110 0.038 0.059
w.c, 3.42 ± 0.849 0.002 0.095
u.c, 2.46 ± 0.241 0.011 * 0.003 0.051

Instar V
c.c, 3.92 ± 0.588 0.004 0.081
w.c, 3:50 ± 0.609 0.019 0.047
u.c. 1.50 ± 0.199 0.004 0.015 0.088

Pupa
c.c. 0.71 ± 0.140 -0.004 0.044
w.c. 0.21 ± 0.100 0.022 0.015
U.c. 0.39 ± 0.129 -0.004 0.003

Central plots
Egg 8.83 ± 0.775 -0.002 0.030* 0.057
Instar III

c,c. 5.44 ± 0.672 -0.001 0.042
W.c. 2.50 ± 0.430 -0.008 0.066
U.c. 1.74 ± 0.181 -0.007 0.002 0.073

Instar V
c.c, 2.33 ± 0.505 0.013 0.096
w.c, 1.88 ± 0.387 -0.006 0.066
u.c. 1.04 ± 0.147 0.000 0.003 0.052

Pupa
c.c. 0.64 ± 0.139 -0.001 0.041
w.c, 0.44 ± 0.232 -0.003 0.045
U.c. 0.38 ± 0.099 -0.001 0.025

were sampled at the same time as uncaged plants
and cages were immediately re-erected over a fresh
set of plants after each sampling.

Syrphid larvae living on the plant could not be
removed without damaging the plant and predation
by these predators was assessed using a serological
technique. Syrphid larvae were counted at the
same time as P. rapac and then smeared on to
filter papers, dried over phosphorus pentoxide, and
stored in a desiccator. These smears were sub
sequently extracted in saline and tested using an
antiserum specific for Pieris protein. Having deter
mined the proportion of the syrphid population
feeding on Pieris, it was possible to estimate the
r..ortality caused by these predators using the method
given by Dempster (1967).

Bird predation - Birds were excluded from a
randomly selected cabbage in each plot by a half-inch
wire-netting cage placed over a new cabbage after
cvch sampling. A few birds were trapped by mist
nets and crop and gut contents were tested serologi
cally for Pieris protein.

Parasitism -- Parasitism by Apanteles glomeratus
L. was assessed by dissection of fifth-instar larvae.
Information on hyperparasitism by Eupteromalus sp.
was obtained by laboratory rearing of field-collected
cocoon masses of A. glomeratus.

Parasitism of pupae by Pteromalus puparum L.
was determined by examination of field-collected
pupae. Parasitised pupae were brown and brittle
and easily distinguished from the green, non-brittle,
unparasitised pupae.
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ASHBY AND POTIINGER: REGULATION OF Pieris rapae 231

TABLE 1-- (continued)

Stage sampled Mean number per Variance components t between
plant ± standard

error Blocks Plots Plants
(untransformed)

1968--69
Generation 3
Peripheral plots

-0.045Egg 4.80 ± 0.653 0.024" 0.180
Instar III

c.c. 2.21 ± 0.425 0.011 - 0.091
W.c. 1.03 ± 0.215 0.010 0.051
u.c. 1.12 ± 0.159 -0.002 0.015 0.046

Instar V
c.c, 2.32 ± 0.457 0.020 - 0.102
W.c. 1.60 ± 0.278 0.Ql7 - 0.060
u.c, 2.50 ± 0.360 -0.002 0.025 0.091

Pupa
c.c. 0.64 ± 0.150 -0.008 - 0.061
W.c. 0.32 ± 0.116 -0.003 - 0.039
u.c, 0.48 ± 0.105 0.002 0.019*" 0.015

Central plots
Egg 3.69 ± 0.441 -0.003 -0.008 0.126
Instar III

c.c, 1.61 ± 0.259 -0.001 - 0.071
W.c. 0.80 ± 0.177 -0.002 0.053
u.c, 1.14 ± 0.178 -0.001 -0.006 0.071

Instar V
c.c. 3.14 ± 0.454 -0.011 - 0.124
w.c, 1.83 ± 0.302 -0.001 - 0.078
u.c. 2.08 ± 0.224 0.003 0.001 0.068

Pupa
c.c. 0.55 ± 0.171 -0.003 - 0.051
W.c. 0.75 ± 0.175 0.007 - 0.045
u.c. 0.63 ± 0.12'5 -0.001 0.023*" 0.020

t Data transformed log (x + 1)
c.c, = cloth caged plants * = P < 0.05
w.c, = wire caged plants .. = P < 0.01
U.c. = un caged plants .. * = P < 0.001

Pathology - Field-collected P. rapae from each
age interval were reared in a field insectary to
estimate mortality due to disease. Routine micro
scopic examinations of all stages were made through
out the study to provide additional information on
the identity and incidence of pathogens.

RESULTS

Spatial distribution and sampling plan
Population estimates for P. rapae are given in

Table 1. Harcourt (1961) found field counts of
P. rapae to conform to a negative binomial distribu
tion. The goodness of fit of the field counts SUm-

marised in Table Ito the negative binomial distribu
tion was tested by the third-moment test (Anscombe
1950), and this distribution was shown to be a
satisfactory model for the distribution of all stages
of P. rapae sampled. Since the negative binomial is
ail. overdispersed distribution (variance > mean)
the validity of statistical techniques was ensured by
transforming the data using log (x + 1).

Analysis of variance showed that counts from
peripheral plots were significantly different from
counts in central plots and, to minimise variance,
counts from these two areas were treated indepen
dently. This allowed P. rapae to be studied at two
different population levels during the same season.
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Fig. I - Sampling curve for P. rapae.

10

where N, is the number of samples required, x is
the transformed mean number of P. rapae per plant,
and S2p is the transformed interplant variance. The
number of samples required for each stage was then
plotted against the mean number of P. rapae per
plant at the corresponding stage (Fig. 1).

The following sampling plan was developed for
subsequent population studies of P. rapae. Five to
J0 plants were selected at random and examined
for the stage to be sampled, border effects being
eliminated by stratification of the sample. The
preliminary population estimate was then referred
to Fig. I to determine the number of samples re
quired to provide a 10% standard error of the
transformed mean.

Mortality factors
Fecundity, fertility, and sex ratio - Determination

of fecundity from generation to generation has little
relevance to population studies of P. rapae in a
limited area because of the great mobility of the
adult stage. An estimate of mean fecundity is
required to estimate the constant mortality rate (the
percentage mortality required to maintain replace
merit level of numbers) of the insect. A number
of determinations, including those of the present
authors, are given in Table 2. The mean of these
determinations is 380 eggs per female, which is
probably an overestimate of the number realised

S2p

x
,n" J

A two-level nested analysis of variance was used to
examine variance within the peripheral and central
areas, and variance components are given in Table
1. In general the only significant source of varia
non was between plants.

Interplant variance was used to construct a
sampling curve which could be used to predict the
number of samples required to sample to a fixed
level of precision. The sample size required to give
a 10% standard error of the transformed mean was
calculated for each sample using the formula:

N, = IVV
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ASHBY AND P01TINGER: REGULATION OF Pieris rapae 233

TABLE 2-- Summary of fecundity determinations
for P. rapae

TABLE 3 -- Mortality of early instal'S of P. rapae
at varying distances from the weedy border area

(second generation, 1967-68)

under natural conditions. At this level of fecundity
the constant mortality rate for P. rapae would be
99.48%.

The percentage of infertile eggs laid was con
sistently low, ranging from 0.44 to 1.69%. Sex
ratios determined by visual examination of field
collected pupae did not vary significantly from 1 : 1.

A rthropod predation - Arthropod predation was
1I0t measured as a separate mortality factor during
1he1967-68 season, but its importance was suggested
by the fact that mortality of early-instar larvae de
creased with increasing distance from a well estab
lished weedy area that surrounded the experimental
plots (Table 3). The fact that this was not
evident with later-instal' larvae suggested that the high
mortality of young larvae near the weedy area could
be caused by arthropod predators sheltering in the
weedy area and moving into the crop to feed.

A detailed analysis of arthropod predation of
P. rapae is given by Ashby (in press) and only
a summary of the 1968-69 results is given here.
The only statistically significant differences between
counts on cloth-caged and on wire-caged plants
occurred during the age interval egg to third larval
instar, Predation by ground-living arthropod preda-

Mean number of eggs
determined by:

(a) caging (b) dissection

Life tables
The results of the study are summarised as life

tors during this period caused an average mortality
of 23.3%. The most important predator in this
group was shown by serological methods to be the
harvestman Phalangium opilio L.

Larvae of the syrphids M elanostoma fasciatum
Macquart and Syrphus novae-zealandiae Macquart
were the only plant-dwelling predators evident during
the study, and accounted fOT 32.6% of the mortality
of early-instal' larvae. During the third generation,
i 968-69, a number of field-collected eggs eventually
shrivelled and failed to hatch, although their orange
colour denoted that development had taken place.
The chorion of the eggs had been damaged, usually
at the base, and generally there was damage to the
adjacent leaf caused by thrips, which were present
ill unusually high numbers. Damage to the egg was
not usually extensive and was probably the result
of trial raspings rather than predation.

Bird predation·- The only statistically significant
differences between counts of Pieris on wire caged
plants and on uncaged plants occurred during the
age interval third to fifth larval instal' of the second
generation and during the overwintering of the
pupal instal' of the third generation. Pieris protein
was detected serologically in gizzard and gut extracts
of the house sparrow Passer domesticus L., gold
finch Carduelis carduelis L., and skylark Alauda
arvensis L.

Parasitism -- Levels of parasitism varied from 36
to 55% for A. glomeratus and from 33 to 36% for
P. puparum. The effect of hyperparasitism of
Apanteles by Eupteromalus sp. was not studied in
detail, but 25% of a field collection of 740 Apanteles
cocoons were hyperparasitised.

Disease - Granulosis virus caused little mortality
of larval instal'S and its only significant effect was in
causing 40 to 47% mortality of third-generation
pupae. The two seasons covered by this study were
exceptionally dry and thus unfavourable for the
development of epizootics. Histological examination
revealed the presence of the microsporidian Nosema
mesnili Paillot in 0.5% of the 400 larvae examined,
but it was not found in stained egg smears of
Pieris.

487

415

430

444

356

325

316

267Wong & Ching
(1936)

Norris (1935)

Authors

Baker (1968)

Mean values

Reference

TABLE 4 - Thermal constants (day DC) for
individual instal'S of P. rapae (from data of Peairs

1927, Muggeridge 1942, and Richards 1940)

Percentage
decrease in

numbers

Mean number of
P. rapae per 10 plants

Eggs Instal' III

2.7 84.6 21.6 74.7

8.2 76.6 26.6 65.3 Stage I II III IV V Pupa

13.7 68.6 42.1 38.6
Thermal 43.0 28.7 31.5 39.2 74.6 150.1

19.2 52.0 40.0 23.1 constant

Mean distance
from weedy

area (m)
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TABLE 5 - Partial life table for third-generation P. rapae, 1967-68, Lincoln College Research Farm

x Ix dxF dx 100qx 1OOqx, Sx

Eggs 225 Infertility 1 0.4 0.4
Other 4 1.8 1.8 0.98

Larvae

Period 1 220 Total 122 55.4 54.2 0.44

Period 2 98 Virus 4 4.0 1.8

Other 58 59.2 25.8 0.37

Period 3 36 A. glomeratus 20 55.6 8.9 0.44

Pupae 16

Totals 209 92.9

ln Tables 5 to 9:
x = Age interval
lx = Number (per 64 plants) alive at beginning of x

dxF = Factor responsible for dx
dx = Number dying during x

iOOqx = Percentage of stage dying
lOOqxl = Percentage of initial number dying

Sx = Survival rate within x

TABLE 6 - Life table for second-generation P. rapae, peripheral plots 1968-69, Lincoln College Research
Farm

x

Eggs

Larvae

Period

Period 2

Period 3

Pupae

Adults

Females X 2

Generation
totals

lx

888

879

157

40

22

12

12

dxF dx 100qx 100qxi

Infertility 9 1.0 1.0

Bird predation 61 6.9 6.9

Syrphid predn. 325 38.0 36.6

Other arthropod 11'5 13.1 12.9
predation

Disease 62 7.0 7.0

Other'[ 159 18.1 17.9

Bird predation 54 34.4 6.1

Arthropod predn. 11 7.0 1.2

Disease 10 6.4 1.1

Other 42 26.7 4.7

A. glomeratus 18 45.0 2.0

Bird predation 0 0.0 0.0

Disease 2 9.1 0.2

P. puparum 8 36.4 0.9

Sex (50.0% <;> <;> ) 0 0.0 0.0

876 98.5

Sx

0.99

0.18

0.25

0.35

0.54

t e.g., falling off, climate
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ASHBY AND POTIINGER: REGULATION OF Pieris rapae 235

tables (Tables 5-9) in the form suggested by Morris
& Miller (1954).

The larval age intervals given in the tables are as
follows: Period I - from hatching to middle of
third instar; Period 2 -- from middle of third instar
to middle of fifth instar; Period 3 -- from middle to
end of fifth instar, i.e., the period when A. glomera
IUS emerges, Negative values for "other" factors
indicate that the sum of individual mortalities for
'in interval was greater than the estimate of overall
mortality.

The developmental rates of the various instars are
not identical. The thermal constants which provide
a measure of the duration of each instar are shown
in Table 4. The individual thermal constants were
obtained by dividing the thermal constants given by
Peairs (1927) and Muggeridge (1942) in proportion
to the developmental periods at constant temperature
given by Richards (1940). Pieris spends approxi
mately twice as long in the fifth instar as in the
third instar and twice as long in the pupal instar as
in the fifth instar. The number of larvae in a par
ticular instar sampled at estimated peak numbers
depends partly on the duration of the instar. There
fore, to compare the numbers of third, fifth, and
pupal instars it was necessary to correct the popula-

Lo9p~;~--~
2,0 ....1--

1.0

LogPp

0.0

1.4

I<
2.0

Generation 3 Generation 2 Generation2 Generation 3 Generation3
1967 - 68 Central plots Peripheral Central plots Peripheral

1968- 69 P~9~8 _ 69 1968 - 69 P;~68 _ 69

Fig. 2 - Comparison of the size of the resulting
pupal population (log Pr-) of P. rapae with natality

(log PE ) and mortality (K).

TABl.E 7 - Life table for second-generation P. rapae, central plots, 1968-69, Lincoln College Research
Farm

x

Eggs

Larvae

Period

Period 2

Period 3

Pupae

Adults

Females X 2

Generation
totals

Ix

565

558

III

28

18

8

8

dxF dx 100qx 100qxi

Infertility 7 1.2 1.2

Bird predation 49 8.8 8.7

Syrphid predn. 204 36.6 36.1

Other arthropod 188 33.7 33.3
predation

Disease 10 1.8 1.8

Other -4 -0.7 -0.7

Bird predation 22 19.8 3.9

Arthropod predn. 12 10.8 2.1

Disease 7 6.3 1.2

Other 42 37.8 7.4

A. glorneratus 10 35.7 1.8

Bird predation 2 11.1 0.3

Disease 2 11.1 0.3

P. puparum 6 33.3 1.1

Sex (50.0% '1? '1?) 0 0.0 0.0

557 98.5

Sx

0.99

0.20

0.25

0.64

0.44
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TABLE 8 - Life table for third-generation P. rapae, peripheral plots, 1968-69, Lincoln College Research
Farm

x Ix dxF dx 100qx 100qx, Sx

Eggs 371 Infertility '5 1.3 1.3
Thrips 43 11.6 11.6 0.87

Larvae
Period 1 323 Bird predation 0 0.0 0.0

Syrphid predn. 119 36.8 32.1
Other arthropod
predation 75 23.2 20.2
Disease 17 5.3 4.6
Other 40 12.4 10.8 0.22

Period 2 72 Bird predation 0 0.0 0.0
Arthropod predn. 0 0.0 0.0
Disease 6 8.3 1.6
Other -1 -1.3 -0.3 0.93

Period 3 67 A. glomeratus 32 47.8 8.6 0.52
Pupae 35 Bird predation 3 8.5 0.8

Disease 15 46.9 4.0
P. puparum 12 34.3 3.2 0.14

Adults 5 Sex (50.0% <;? <;?) 0 0.0 0.0
Females X 2 5
Generation 366 98.5

totals

TABLE 9 - Life table for third-generation P. rapae, central plots, 1968-69, Lincoln College Research Farm

x Ix dxF dx 100qx 1OOqx , Sx

Eggs 236 Infertility 4 1.7 1.7
Thrips 28 11.9 11.9 0.86

Larvae
Period 1 204 Bird predation 0 0.0 0.0

Syrphid predn. 70 34.3 29.7
Other arthropod
predation 52 25.9 22.0
Disease 4 2.0 1.7
Other 5 2.4 2.1 0.36

Period 2 73 Bird predation 0 0.0 0.0
Arthropod predn. 16 21.9 6.8
Disease 5 6.8 2.1
Other -4 -5.5 -1.7 0.77

Period 3 56 A. glomeratus 29 51.8 12.3 0.48
Pupae 27 Bird predation 6 22,2 2.5

Disease 11 40.7 4.7
P. puparum 9 33.3 3.8 0.03

Adults 1 Sex (50.0% <;? <;?) 0 0.0 0.0
Females X 2
Generation

totals 235 99.6
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bon estimates in terms of the relative developmental
requirements of these stages. Fifth-instar estimates
were multiplied by the ratio 31.5: 74.6 and pupal
estimates by the ratio 74.6 : 150.1.

Analysis of tables - Southwood's (1966) method
was used to examine the relative importance of
natality compared with mortality in determining the
2i7~ of final population. This is similar to the
method of Varley and Gradwell (1960), but may be
applied to insects which do. not have continuous
populations in one area.

The population estimates (from the life tables)
for eggs (P,,) and for pupae (PI') were converted to
logarithms.

Then, following Southwood (1966)

log P" -log PI' = K

K being the total mortality during the period from
egg to late pupal instar. K may be divided into
separate log mortalities (k values) as shown in
Table 10. Log P", log PI', and K (on an inverted
scale) were compared graphically (Fig. 2) to deter
mine whether the size of the pupal populations
was governed mostly by natality or mortality. It
was apparent that population trend was directly
related to both factors but the relationship with
natality was closer than that with mortality.

Comparison of log mortalities for the various age
intervals with log PI' showed that only mortality
during the pupal instar was closely related to
fiuctuations in population (Fig. 3). The relationship
between log PI' and mortality caused by P. puparum
was closer than that with mortality caused by disease
(Fig. 4).

TABLE 10 - Log mortalities for five populations of P. rapae

k values

Gen. 3 Gen. 2 Gen. 2 Gen. 3 Gen. 3

1967-68 central peripheral central peripheral
1968-69 1968-69 1968-69 1968-69

Egg 0.010 0.005 0.004 0.063 0.060

Larvae, period 1

Non-establishment
and others 0.'003 0.087 0.011 0.057

Syrphid predation 0.196 0.261 0.188 0.237
Predation by

other arthropods - 0.323 0.149 0.224 0.265
Disease 0.026 0.109 0.023 0.092
Bird predation 0.163 0.143 0.000 0.000
Interval sub-total 0.351 0.716 0.749 0.244 0.651

Larvae, Period 2

Arthropod predation 0.046 0.031 0.107 0.000
Bird predation - 0.109 0.201 0.000 0.000
Disease 0.Q18 0.041 0.050 0.040 0.Q38
Others 0.417 0.398 0.312 -0.032 -0.006
Interval sub-total 0.435 0.594 u.594 0.115 0.032

Larvae, Period 3

A. elomeratus 0.352 0.192 0.260 0.317 0.282

Pupae
Bird predation 0.074'1 0.051 0.000 0109 0.039
Disease 0.298'1 0.058 0.041 0.322 0.275
P. puparum 0.76'5'1 0.243 0.222 1.000 0.531
Interval sub-total 1.137 0.352 0.263 1.431 0.845

Total mortality, K 2.285 1.854 1.870 2.372 1.870
---

t Value estimated from next season's results
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DISCUSSION

It is not possible to formulate any far-reaching
theory of population regulation of P. rapae in Can
terbury because of the relatively short period covered
by this study. It does appear, however, that the
steady mortality caused by arthropod and bird pre
daters and by insect parasites prevents wide fluctua
uons in populations of P. rapae. P. puparum had
the most direct influence on population trend and
tnis may have been due in part to the very dry
conditions during this study. Muggeridge (1943)
found that dry conditions resulted in a striking
increase in the level of parasitism by P. puparum.
In wetter seasons, a decrease in mortality due to
parasitisrn would probably be compensated for by an
increase in mortality due to granulosis virus. This
illustrates the advantages of diversity in the biological
control of insect pests.
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