Studies on the Ecology and Behaviour of the Larvae Plutella Xylostella (Linnaeus)
(Lepidoptera: Plutellidae). [II. Effects of Size and Shape of the Host Plant Leaves!

ABSTRACT

Experiments were carried out in controlled temperature
rooms {20 ¢ 1°C); 16 hours of light per day; 44-52% relative
humidity, with recently hatched larvae of Plurella xylostella
(L)) (Lepidoptera: Plutellidae) placed at different densities
{1; 2: 41 8 and 32) on rectangles of tender leaves of young
cabbage, of sizes varying from 1.25 x 0.5 ¢m to 5.0 x 2.0 cm.
The larvae reared singly did not show noticeable differences
in behaviour from single larvae reared on whole leaves (4).
The larvae reared in pairs did not show any detectable differ-
ences from those of similar number per whole leaf. At four
larvae/rectangle the [arvae became mose active in making
holes (10 times more than at one or two larvae/rectangie). At
all densities, the smaller the rectangle the more feeding places
were found, The developmental time was lowest {11.6 days)
at four larvae/rectangle and highest (16.8 days) at eight
larvae/rectangle. Mortality was lowest (14.39%) at two larvae/
rectangle and highest (92.90) at 32 farvac/rectangle. The
pupae were longer (6.2 mm} at two larvae/rectangle and
shorter at 32 larvaefrectangle; and were heavier (5.9 mg) at
one Iarvae/rectangle and lighter (4.0 mg) at two larvae/rectan-
gle. The adults were heavier (4.0 mg) at two larvae/rectangle
and lighter at 32 larvae/rectangle, The size and weight of the
pupae are positively correlated in both sexes (Females:
Y = 26625 x — 9.56; Malesy Y == 23274 x ~ 8.02). As te-
cundity is positively correlated with the weight, the pupae
size or weight can be used as an index of fecundity, Any in-
crease in fecundity combined with a shorter period of devel-
opment is probably of importance in the preservation of this
species.

INTRODUCTION

he importance of Plurella xylostella (Linnaeus)
(Lepidoptera: Pluteilidae) as a serious pest of
cruciferous crops has been described elsewhere
by Salinas (5} The world distribution and the descrip-
tion of the immature stages (egg, larval instars, pre-
pupa and pupa) have also been given eariier {2, 3).
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COMPENDIO

Se hicieron experimentos en cuartos con temperatura con-
trofada (20 ¢ 1°C); 16 horas por dia de luz, 44-52% humedad
refativa, con larvas recién eclosionadas de Plutells xylostella
(L.} (Lepidoptera: Plutellidae) colocadas 2 diferentes densida-
des (15 2:4: 8 ¥ 32) en rectingulos de hojas tiernas de repolio
joven, de varios tamafios, desde 1.25 x 0.5 cm hasta
5.0 x 2.0 em. Las larvas criadas solitarias no mostraron dife-
rencias notables en comportamiento con las tarvas solitarias
criadas en hojas completas. Las larvas criadas en pares no
mostraron ningena diferencia notable con aquellas en nime-
ros similares en lojas completas, A cuatro larvas/rectingulo
las larvas estuvieron mds activas en hacer huecos {10 veces
mis que una o dos larvas/rectingulo). En todas las densida-
des, cuanto mds pequefio el rectingulo se encontraron més
orificios de alimentacion, El tiempo de desarrollo fue mas ba-
jo {11.6 dias) a cuatro larvas/rectangulo y mds zlto (16,8 dias
a acho larvasfrectingulo, La mortalidad fue mds baja (14,3%)
1 dos larvas/rectingulo ¥ mas abta (92.99%) a 32 larvas/rectin-
gulo. Las pupas fueron mds largas (6.2 mm) a dos lasvas/rec-
tingulo y mds cortas (5.3 mm) a 32 larvas/rectingulo, y mds
pesadas (5.9 mg) a una larvafrectingulo v mids livinnas
(4.0 mg 2 dos larvas/rectingulo, Los adultos fueron mds pe-
sados (4.0 mg) a dos larvas/rectingulo y mds livianos a 372 lar
vasfrectdngulo, £l tamafio v el peso de las pupas estdn corre-
lacionadas  positivamente en  ambos  sexos {hembras:
Y = 26625 X — 9.56; machos: ¥ =2.3274 x — 8.02). Como
fa fecundidad estd correlacionada positivamente con el peso, el
famafio 0 el peso de las pupas puede ser usado como un
indice de fecundidad. Cualquier incremento en feeundidad
combinado con un periodo mds corto de desarrolio es proba-
blemente de imporfancia en la preservacion de esta especie,

This paper describes the results of experiments
that were carried out in order to determine the effects
of the size and shape of the leal on the behaviour,
dispersion and survival of the larvae, especially young
ones, at different densities, and on the size and
weight of pupae and weight of adults. Comparisons
were made between those larvae kept on whole plants
and on leaf discs.

MATERIALS AND METHODS

The experiments were carried out in controlled
environment rooms at 20 + 1°C, hours of light per
day and 44-52% relative humidity, as already des-
cribed (4)
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Rectangles of the following dimensions were cut
from tender leaves of young cabbage plants: 5.0 x 2.0
em; 50 x 10 em:; 50 x 05 cm, 25 x 1.0 cm;
25x05cem;125xi0em:i 125 x05cm

The rectangles were placed in circular plastic cages
(10 0 ¢m diameter x 4.5 cm height), alivady described
(4) The part corresponding Lo the bottom of the leaf
was inserted about 1 to I mm in the wetl sand to
provide a constant {low of water inside the eaf tissue

Recently hatched larvae were placed in the centre
of each leaf rectangle at the following densities: one,
two, four, eight and 32 larvae per rectangle

RESULYS AND DISCUSSION

Effects on larval behaviour, development, and mortal-
ity

Gallery-making stages

Experiments at densities of one, two and four
larvae per rectangle.

One larva  per rectangle: The larvae reared singly
in the different rectangles did not show any notice-
able difference from single larva on leal discs or on
whole leaves The larva foflowed the general pattern
of behaviour already described {4), which includes
wandering, spinning, “sensing”, snd biting the leaf
surface, until it made a hole and eventually a gatlery
Consistent wilh previous observations. the larva
avoided eating completely through thick veins, the
borders of the rectanules, and its own previously
made galleries In the 05 ¢m wide rectangles, the ga-
lleries were obviously more irregular in their direc-
tions because of the reduced distance between the
edges of the rectangle and the larva was compelled to
turn its gallery more often.

Two larvae per rectangle: The larvae reared in pairs
per rectangle did not show any detectable difference
from those of a similar number per {eal disc or per

whole leaf The galieries in the 0.5 cm wide rectangles
were more irregular than those in 1.0 cm wide rectan-
gles because of the reduced distance between the
edges. In the narrow rectangles the results are a series
of irregularly directed mines very often shorter than
normal (Fig. 1). Also, if a thick vein crosses the leaf
rectangie the larvae will most probably make all the
galleries on only one sector of the rectangle, avoiding
crossing the vein (Fig. 1),

Four larvae per rectangle: When the densily was
increased to four larvae/rectangle the behaviour of
the larvae changed visibly, They became more active
in making holes. Only 15 hours after hatching the
mean number of holes increased from the usual one
gailery per larva, which is expected under low den-
sity. to over ten galleries/larvae in the smallest rectan-
gies (Table 1) This incresse in the number of galleries
is probably due to mutual disturbance during the
critical stage of starting the gaileries and perhaps after
gallery formation In the smallest rectangles most of
the feeding places were punctures and very few were
true galleries

Developmental time {including pre-pupation)

Table 2 indicates that at densities of one and two
larvae per rectangle the times taken by the larvae to
develop were 14.8 and 14 2 days respectively When
the density was increased to four larvae per rectangle
the developmental time was reduced to only 116
days. Although no statistical analysis was carried out,
it would appear that the reduction in the period of
development could be regarded as beneficial for the
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Fig 1 Larvae feeding on one side of leaf. avoiding thick
veins.

Table 1. Mesn number of feeding places per larvae, 15-18 hours from time of hatching.

Size of leaf rectangle {cm)

Larvae/rectangle §x20 ix 1.0 §x 0.5 25x 1.0 25x 0.5 1.2 x 1.0 1.25x 0.5
1 1.0 1.0 10 240 30 10 16
2 10 10 1.0 1.0 10 1.0 18
4 43 50 3.8 38 63 16.8 108
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Table 2, Larval developmental times (days) and mortal-

ities {(%0).
Number of farvie per rectangle
1 2 4 8 32
Mean number ol days 148 142 116 168 163

Mortality of larvae (%) 286 143 500 911 929

insect since it can reach the pupal stage in a shoiler
period of time it {ood is in short supply.

The figures in Table 2 indicate that the times for
the larval stage increased to 168 and 16.3 days at
densities of eight and 32 larvae per rectangle. This

could be interpreted in terms of optimum density of

farvae pes unit of available space ur habitat In other
words it appears that the larvae may require a certain
stimujus which is provided by the presence or contact
with other larvae, but which has a limit, and when
that limit is exceeded the effect is detrimental to the
development of the larvae. Densities of one or two
larvae per rectangle may be inadequate for optimum

stimulation. At four larvae per rectangle the rate of

development appeared be optimum, and increases
above those densities raused the development period
to be prolonged.
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Larval mortality

Despite the lack of statistical analysis, Table 2
indicates that the mortality of the larvae was higher at
the density of one larva per reclangle (28 5%) than
with that of two larvae per rectangle (14 3%} This
may be insignificant but may also be a consequence
of a mutuai beneficial stimulus provided by the larvae.
In this case the stimulus may be necessary from the
beginning of the larval life, since the mortality of the
isulated larvae occurred during the first instar.

When the density was increased to more than two
farvae per rectangle the mortality increased rapidly
Less than 10% of the larvae survived at the higher
densities

Effects on size and weight of pupae and weight of
adults

The figures in Table 3 indicate that the density of
the larvae had a great effect on the size and weight of
the pupse and adults The mean size of the pupae
from larvae reared at low densities was greater but
the pupae and aduits reared singly were a little smaller
than those reared at two larvae/rectangle. This would
appear to support the supgestion made above that the
larvae need the presence ol other farvae for optimum
development.

The density of four larvae/rectangle could be con-
sidered to have a negative effect when the aumber of
feeding places of early stages are counted and also
when the mortality is calculated; however it had a
favourable effect on the pupal size and weight and
also on the adult weight (Table 3), when compared
with the density of 32 larvae/rectangle. This would
support the results obtained for developmental time
and suggests that at low density the larvae tend not
only to feed more quickly, but to make better use of

Table 3. Length (mm) and weight (mg) of pupae, and
weight (mg) of adults.

Number of larvae per rectangle

! 2 4 32
Mean pupal
fength (mm) 6.0 62 59 5.3
Mean pupal
welght {mg) 59 44 56 4.9
Mean adult
weight (mg) 35 40 34 27
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the {ood consumed, whicl eventually resuits in larger
size and higher weight of the pupae and adults
However there was a nullifying effect in terms of
mortality with the increase in density

The size and weight of the pupae are positively
correlated in both sexes as shown in Fig 2 In all
cases there was a high signilicance (P = 0.01) of the
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