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Abstract. Lifespan, preoviposition and oviposition periods of Mamestra brassicae were unaffected by
larval rearing densities and the group effect. Fecundity of both mated and unmated females was correlated
significantly with pupal weight. Weight-related fecundity was not influenced by larval phase variation.
Mated females lived, on average, 2 days longer and had 2.2-3.8 times greater potential fecundity than un-
mated females. Positive fecundity/oviposition period and fecundity/lifespan relationships existed in mated
and unmated females, respectively.

INTRODUCTION

In common with some other Noctuidae, Mamestra brassicae L. shows a density-related
phase variation of juvenile stages as well as a pupal weight reduction at larval crowding
(Hirata, 1954; Kazimirovd, 1992). In a large number of Lepidoptera, larval crowding has
been correlated with changes in adult physiological and behavioural characteristics (Riv-
nay & Meisner, 1966; Hill & Hirai, 1986; Gunn & Gatehouse, 1987; Hammond & Fesce-
myer, 1987; Lewis & Keaster, 1989). Some noctuid moths, derived from gregarious-phase
larvae, have been suggested to be specifically adapted for migration (Iwao, 1968;
Woodrow et al., 1987).

In general, development of smaller and less fecund adults can be considered among the
mean consequences of larval crowding in insects (Peters & Barbosa, 1977). Fecundity is
positively related to size in several insect species (Hon¢k, 1993). However, the
fecundity/size relationships can often be masked by other factors of the environment
(Leather, 1988).

Food, diapause, population density and various abiotic factors have been shown to in-
fluence the cabbage moth reproductive performance (Bonnemaison, 1961, 1962; Noll,
1963). However, the impact of crowding and that of larval phase variation on adult
lifespan and reproduction of this species have not been studied in detail.

The main objective of this study was to determine, if crowding and the group effect, in-
ducing larval phase variation in M. brassicae, lead to subsequent changes in the lifespan
and reproduction potential of both mated and unmated females. Mechanical separation of
crowded larvae and the reduction of rearing space have been evaluated as possible factors
changing adult reproduction performance. Pupal weight-related fecundity and lifespan, as
well as fecundity/oviposition period and fecundity/lifespan relationships are reported on.
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MATERIAL AND METHODS

Eggs of M. brassicae (Lepidoptera: Noctuidae) were derived from a laboratory stock, reared on Brus-
sels sprout leaves, in an outdoor cage. Experiments were performed at 23+1°C, 65+ 5% RH and long day
conditions (16L : 8D). The first two larval instars were fed on Brussels sprout leaves and those following
by a semi-synthetic diet (Podmanickd & Weismann, 1975). Larvae were provided with excess food
throughout their development. From the fourth instar to pupation, larvae were reared in three experimental
conditions:

Experiment A. The effect of population density was investigated by rearing larvae at 1, 2, 4, 6 and 8 in-
dividuals in a petri dish (100 X 15 mm).

Experiment B. Larvae were reared as in experiment A, but they were separated from each other by
means of plastic barriers. In this way the influence of mechanical separation and rearing space reduction
was studied.

Experiment C. The influence of “group effect” was studied by rearing 1, 2, 4, 8 and 12 larvae in petri
dishes of 50 x 15, 70 x 15, 100 x 15, 120 x 20 and 150 x 25 mm, respectively (for details see Kazimirov4,
1992).

Pupae were weighed and sexed one day after pupation. In female pupae, taken at random from each
treatment A group, length was measured and moth weights were recorded after eclosion and voiding of
the meconium.

Just after emergence, the moths were placed in pairs (1 male, 1 female) into 600 cm’ plastic containers
with paper as a substrate for oviposition. Moths were provided with a cotton wool bud soaked with a 10%
honey solution. The cotton wool was moistened daily with distilled water and renewed once every 5 days.
The containers were checked daily for oviposition and dead moths. The paper sheets were removed and
egg masses cut out and counted. Dead females were dissected and the number of mature chorionate eggs
in their ovarioles was recorded. Another male was introduced into any container in which one had died
before the female. A group of females was maintained singly in the same manner. Females kept with
males and laying unfertile eggs were considered as unmated.

Data were analysed using one-way ANOVA, the Duncan multiple range test, two-sample analysis (t-
test) and simple linear regression.

RESULTS

Effect of larval density

Significant reduction of pupal weight of both sexes was found at increasing larval den-
sity, as well as under the influence of the group effect. However, these factors did not af-
fect considerably the lifespan, preoviposition and oviposition periods and fecundity of
mated females (Table 1). In unmated females the increase in larval population density
from 1 to 4 individuals per dish caused a significant decrease in potential fecundity. The
opposite was found in “the group effect” treatment, where the average fecundity of un-
mated females increased with the number of larvae per dish (Table 2). Rearing larvae in
reduced space did not show any effect on female life characteristics. In each experimental
group, the incidence of sterile females was observed. However, their proportion, ranging
between 0.86—19.56%, did not show any density-dependence. Male lifespan was not influ-
enced by larval rearing conditions (Table 2).

Effect of mating

In most experimental groups (except for experiment B, group of 4 individuals) mated
females lived longer than those unmated. These differences were significant in 8 out of 15
groups (t-test, Table 1). The potential fecundity of mated females was significantly higher
than in unmated females in all groups (Table 1, 2). On average, mated and unmated fe-
males laid 94.6% and 11.1% of their egg complement, respectively.
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TasLE 1. Pupal weight and some life characteristics in mated Mamestra brassicae females originating
from different larval rearing conditions.

Pupal weight Lifespan P.reovip(.)si- Ovipqsition Fecundity
N n (mg) (days) tion period period potential actual
(days) (days) (No. ofeggs) (%)
1 69 4053+ 9.0° 11.7x04 47+03 6703 1222+ 72 93.5
2 78 3746+ 86" 11.5x04 45+03 6.9+03 1182+ 57 96.9
A 4 63 3665+ 68 11.8+0.5* 48+04 6.8+03 1171 = 68 97.9
6 68 373.6+ 8.7° 11.5+04* 42+x03 6.8+04 1124 = 65 93.8
8 99 3733 62" 119203 44+03 72x03 1247+ 45 95.4
1 19 4424 +17.5" 9.8+04 35+05 62+0.5 1313 £ 129 95.8
2 47 3928+ 7.9° 11.2x0.6% 43+04 6.2+05 1164+ 73 98.5
B 4 54 4092+ 7.2% 10.6+04 4.1+03 63+04 1202+ 76 95.7
6 41 4217+ 9.7° 11.0+0.6* 36+03 65+04 1354+ 83 94.2
8 27  430.8+10.3° 10.1 +0.6* 3605 6.6+0.5 1173+ 80 96.8
1 36 4638=x11.0" 11.7+£0.6%** 47205 59+05 1073 + 94 85.8
2 31 42561077 11.6+0.6%** 45x05 58+05 983 + 64 91.9
c 4 30 4227+ 85° 11.3x07*** 37x04 6.6+0.5 1199 + 86 92.5
8 45 3624+ 87° 10905 3903 63+04 981+ 73 95.8
12 40 3648« 7.6 114+04 42+04 6.7+03 956 = 60 95.1

Results are expressed as the mean * standard error. Mean weights of pupae within the same experiment
followed by the same letter are not significantly different (ANOVA, Duncan multiple range test). A: F =
343,P<0.01; B: F=3.57, P <0.01; C: F=23.07, P < 0.001. N — number of larvae in a dish, n — num-
ber of examined individuals. * P < 0.05, *** P < 0.001 (t-test for comparison of the lifespan of mated
and unmated females, values for unmated females of the corresponding rearing groups are given in Ta-
ble 2). Actual fecundity expressed as a percentage of potential fecundity. A, B, C refer to experimental
designs (see material and methods).

Relationships between pupal weight, lifespan and reproductive performance

In cabbage moth females, the pupal weight depending on pupal length can be expressed
by the formula: Y = 48.44 X — 584.398 (R = 0.903; F = 2093.9; P < 0.001). Female wet
weight was calculated as 57.4% of pupal weight.

Joint evaluation of all data available for cabbage moth female lifespan and reproductive
performance showed that the potential fecundity of both mated and unmated cabbage moth
females was related significantly to pupal weight. However, the relationship was stronger
in mated (Fig. 1A) than in unmated individuals (Fig. 1B). A significant positive relation-
ship between lifespan and pupal weight was found in mated females only (R = 0.147; F =
18.04; P < 0.01; Y =0.01 X + 8.53, n = 814; for unmated females R = 0.048, n = 658). Fe-
cundity of mated and unmated females was most dependent on the duration of oviposition
(R =0.571; F = 392.56; P < 0.001; Y = 107.49 X + 450.38, n = 814) and lifespan (R =
0.429; F = 148.43; P < 0.001; Y = 25.105 X + 165.8, n = 658), respectively. For mated fe-
males the relationships between fecundity and lifespan (R = 0.056, n = 814) and oviposi-
tion period and pupal weight (R = 0.022, n = 814) were not significant. A positive
correlation was confirmed between their oviposition period and lifespan (R = 0.416; F =
170.49: P < 0.001; Y = 0.33 X + 2.75, n = 814). There was no relationship between the
lifespan and pupal weight of males (R =0.007, n = 1,672).
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TabLE 2. Pupal weight and some life characteristics in unmated females and males of Mamestra bras-
sicae originating from different larval rearing conditions.

Unmated females Males
N Pupal weight  Lifespan Fec.undlty Pupal weight Lifespan
n (mg) (days) potential  actual (mg) (days)
(No. ofeggs) (%)
1 43 4159+142° 107x0.7 484 + 46° 9.7 101 3662 +6.8° 9.2+04
2 27 4084+161° 11.0x0.8 494 + 42° 6.1 122 3453+58 99103
A 4 74 3757+ 88° 104+04 405+25° 119 116 330.8+5.1% 9.6%03
6 45 3792+ 97* 9.8+06 391£30° 12,0 96 3400x63° 9.7:+04
8 42 3702+ 98 11.7+07 36037  12.0 128 3203 +4.8° 99+03
1 31 4256+136 9.1+0.5 398 £45 9.1 71  3733+6.7° 84+05
2 30 4350 83 9306 432 +42 8.6 66 348.0x52° 90x04
B 4 10 4303%263 109+14 396 + 54 16.6 63 3720+72° 9.8+0.5
6 25 4406=%123 74+09 358 + 56 17.0 67 367.5+68" 8.6+£0.6
8 18  430.7+173 77+1.1 385+ 57 10.7 54 377.1+£73° 9.1+0.6
1 33 4793 +108° 78+07° 311x39 80 112 408.9+4.9° 72+04
2 36 4621105 7406 320+38 10.9 890 3914=x5.1° 8.0+04
C 4 33 44132 84 78+0.6° 382x44 11.0 94 3703 +50° 74+04
8 34  3806% 88 102x07° 421=x41 7.1 85 337.8%5.6' 7205
12 28 3789+ 8.8 9.9+0.8° 436x46 15.6 70 3209+46° 77+04

ANOVA -~ A: pupal weight of females — F = 3.11, P < 0.05; fecundity - F = 2.40, P < 0.05; pupal
weight of males — F = 8.97, P < 0.001; B: pupal weight of males — F = 2.98, P < 0.01; C: pupal weight
of females — F = 22.99, P < 0.001; lifespan of females — F = 3.68, P < 0.01; pupal weight of males - F =

49.17, P < 0.001. For others see Table 1.

To determine, whether larval rearing conditions could affect weight-, oviposition pe-
riod- and lifespan-related fecundity, separate regressions were performed for females from
each of the 15 experimental groups. The results showed that the relationship between fe-
cundity and pupal weight of mated females was not influenced by larval population den-
sity or the group effect. This relationship was altered to a negative one, though not
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Fig. 1. Relationship between pupal weight and fecundity in Mamestra brassicae females. A — mated
females. R = 0.285; F = 72.03; P < 0.001; Y = 2.08 X + 322.79 (n = 814). B — unmated females. R =
0.187; F=23.78; P < 0.001; Y = 0.62 X + 137.26 (n = 658).
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TasLE 3. Correlations (R) and probability of their significance for the relationships of: fecundity,
lifespan with pupal weight; oviposition period with lifespan; fecundity with oviposition period in mated
females; fecundity with pupal weight; fecundity with lifespan in unmated females of Mamestra brassi-
cae reared at different conditions during larval development.

Mated females Unmated females
Pupal weight Lifespan Ovipos. Pupal Lifespan
N n - B Ovipos. period n  weight
Fecundity  Lifespan period Fecundity Fecundity = Fecundity
1 69  0.474%%%  0.393%**  0427***  (.536%** 43 0.587%** 0.491%**
2 78 0.502%+*  0.200 0.599***  (,522%%* 27 0.429* 0.514%*
A 4 63 0.276* 0.277* 0.518***  0.600%** 74 0.350%* 0.381%**
6 68 0.397***  0.109 0.349%* 0.596*** 45 0215 0.382%*
8 99  0.329%%%  (.338%+*  (.344*%*%* (. 570%** 42 0226 0.364*
1 19 0.521% 0.137 0.362 0.482* 31 0.240 0.287
2 47 0.064 0.060 0.613%%*  0.660*** 29  0.206 0.206
B 4 54 0.134 0.025 0.579%**  (.595%** 10  0.063 -0.066
6 41 0.133 0.119 0.300 0.584%** 25  0.600** 0.487*
8 27 -0.076 0.200 0.483* 0.374 18  0.386 0.377
1 36 0.266 -0.021 0.069 0.479%* 33 -0.114 0.669***
2 31 0457%* -0.082 0.511** 0.515%%* 36  0.018 0.241
C 4 30 0.367* 0.093 0.571%%%  0.700%** 33 0127 0.571%+*
8 45 0.443** 0.357* 0.516%**  0.861%** 34 0134 0.303
12 40 0244 -0.112 0.319* 0.560** 28  0.468* 0.544%*

Significance of correlations: * P <0.05, ** P < 0.01, *** P < 0.001. For others see Table 1.

significantly, in females whose larvae lived in the smallest space (Table 3). Unmated fe-
male weight-related fecundity was affected positively by the group effect (females from
individually reared larvae produced about 70% of the amount of eggs produced by those
originating from gregarious larvae reared in group 12). Mated-female lifespan was related
significantly to pupal weight in a few groups only. Conversely, their oviposition period
showed a strong dependence on lifespan, irrespective of larval rearing conditions. Mated-
and unmated-female fecundity was related most strongly to the duration of oviposition and
lifespan, respectively, in almost all experimental groups. No effect of larval rearing condi-
tions on the above relationships was noted.

DISCUSSION

Density-induced pupal and adult weight reduction has been reported in a number of in-
sect species (Peters & Barbosa, 1977). Increasing population density and the group effect
in M. brassicae are known to induce larval phase polyphenism and pupal weight reduction
(Bonnemaison, 1962; Kazimirovd, 1992). However, data upon the density-dependent re-
sponse, in terms of adult life characteristics have been rather contradictory. Hirata (1956)
reported an increase in egg number in M. brassicae ovaries and a prolongation of the ovi-
position period at larval crowding. However, Bonnemaison (1962) found that group rear-
ing of larvae decreased fecundity of this species. Reduced fecundity as a result of larval
crowding in Lepidoptera has also been reported, e.g. by Zaher & Long (1959) and Hill &
Hirai (1986). Some lepidopteran insects have not shown any density-induced changes in
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their reproductive potential (Iwao, 1959; Sappington & Showers, 1992). Both lifespan and
oviposition period of Lepidoptera can be either extended (Gunn & Gatehouse, 1987),
shortened (Zaher & Long, 1959), or remain the same (Iwao, 1959) after subjection to
crowding. This study did not provide evidence about density-induced changes in adult life
characteristics and fecundity of the laboratory reared cabbage moth.

Physical disturbance in crowded populations is considered to affect development and
reproduction of Lepidoptera more decisively than simple space reduction (Krishna &
Mishra, 1985). These findings were supported by our study, showing that moth perform-
ance did not change considerably after mechanical separation of their larvae and rearing
them in reduced space. Hovewer, rearing larvae in a very small space appeared to cause a
negative weight-fecundity relationship, i.e., females originating from the heaviest pupae
had lower fecundity than those coming from smaller pupae.

In this study, lifespan and fecundity of the cabbage moth females were affected most
by their mating status. In comparison with other lepidopteran species in which unmated fe-
males lived longer than those mated (Steward & Philogéne, 1983; Smith, 1986), mating in
cabbage moth females appeared to extend their lifespan. Unmated females developed
about three times fewer eggs in their ovaries than those mated and laid 11% of their egg
complement only. This finding does not correspod with those of Wigglesworth (1966)
who claimed that an equal number of ripe eggs develop in both mated and unmated fe-
males, but unmated females laid about one-third of their egg complement only.

Fecundity of insects was observed to correlate positively with female body size. Honék
(1993) generalised the relationship between size and fecundity in insects using data of 68
species, indicating the size of the female as a principal constraint on potential fecundity.
This relationship in Lepidoptera can be influenced by genetic as well as different environ-
mental factors and, in some species, fecundity also correlates positively with female
lifespan, oviposition period and the factors influencing them (Cheng, 1972; Leather,
1988). Positive correlations between weight and fecundity and oviposition period and fe-
cundity have been confirmed in the cabbage moth.

Gunn & Gatehouse (1987) found differences in lifespan and fecundity between two
laboratory strains of Spodoptera exempta (Lepidoptera: Noctuidae) and a connection be-
tween phase variation and weight-related fecundity. When provided with distilled water,
females originating from solitary-phase larvae laid about 50% of their egg number in com-
parison with those originating from gregarious-phase individuals. Moths provided with su-
crose had comparable weight-related fecundities, irrespective of the larval phase. This
suggested that, at least in some points, the density-induced response of adult M. brassicae
might be similar to that observed in S. exempta and other noctuids displaying density-
dependent polyphenism, in all of which an absence of an effect of larval phase on fecun-
dity has been observed, when provided sucrose or honey solutions (Iwao, 1959; Hill &
Hirai, 1986). However, to understand the significance of phase polyphenism in cabbage
moth larvae, in relation to the population dynamics of this species, more laboratory and
field investigations are required.
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