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Abstract-The state of larvae when fed by the foliage of severely and slightly damaged plants was studied 
experimentally during the peak and subsequent decline in numbers of Gonioctena pallidus L. A decrease in 
the individual weight (fecundity) and the growth rate, as well as an increase in mortality, led to the decrease 
in the numbers of G. pallidus L. in nature. It was shown that the processes under observation were the result 
of changes not only in the quality of food, but also in the phyllophagous insects themselves, and did not exhibit 
zonal specificity. 

Most researchers presently acknowledge in some 
way the trophic theory of the dynamics of the numbers 
of phyllophagous insects that treats changes in the 
quality of food as the first cause of this phenomenon. 
This theory, however, is mainly based on the study of 
processes taking place in southern taiga and broad­
leaved forests. It was of interest to elucidate the situa­
tion on the northern border of the forest zone in the sub­
arctic region, where, in the opinion of Haukioja and 
Hakala (1975), sharp rises in the numbers of phylloph­
agous insects should be observed particularly often, 
and to find out whether some specific features of phe­
nomena observed in southern forest communities 
might be revealed there. 

In additition to well-known outbreaks in the num­
bers of Epirrita autumnata Bkh. in Fennoscandia 
(Tenow, 1963; Neuvonen, 1988), we found relatively 
few examples in the literature of manifestations of this 
phenomenon with respect to other Lepidoptera 
(Koponen, 1983), Chrysomelidae (Medvedev and 
Chemov, 1969), and Tenthredinidae (Koponen, 1981). 
The mass reproduction of phytophagous insects may 
escape notice because of the poor development of sub­
arctic areas. It is also possible that the practical value of 
the mass reproduction of phyllophagous insects here, 
unlike in forests of the temperate zone, is not obvious 
for researchers and has not attracted their attention. 
However, mass reproduction in this area is most likely 
rare indeed. In any case, an outbreak of Gonioctena 
pallidus L. recorded in the lower reaches of the Ob in 
1989-1990 was the first mass reproduction of a phyllo­
phagous insect that we observed during our work in the 
area since 1970. 

Even recorded outbreaks have been insufficiently 
studied. Only E. autumnata, whose cyclic fluctuations 
in numbers caused the extermination of forests in Fen­
noscandia over vast territories, attracted the attention of 

a large group of Finnish researchers; this made it possi­
ble to elaborate many aspects of the relations of the 
phyllophagous insect with the food plant. All the rest of 
the publications above typically concern noncyclic 
fluctuations in the numbers of phyllophagous insects 
and, at best, contain only very approximate assess­
ments of diminished primary production due to their 
activity and the consequences of this impact on the 
food plant: usually, only the fact of the loss and the 
intense drying of plants is reported. How and by which 
mechanisms do decreases in the numbers of phylloph­
agous insects take place remained unknown. Therefore, 
having recorded an outbreak in the numbers of G. pal­
lidus L., we set out to determine what were the conse­
quences for the population of G. pallidus L. of their 
feeding on the foliage of plants damaged by them. 

MATERIALS AND METHODS 

Special experiments were performed in 1990 and 
1992 in the polar Urals (the station Krasnyi Kamen', 
50 km north west of the city of Labytnangi) on the same 
plots used since 1984 for studying the biotopic variabil­
ity of damage done to the willow (Bogacheva, 1990). In 
1990, the numbers of G. pallidus L. were the highest; 
from 1991, they started to decrease, although they still 
remained higher than usual in 1992 (Fig. 1). 

In the experiments, we used larvae of G. pallidus L. 
collected in biotope 1, where, during 1989-1990, the 
leaves of Salix phylicifolia were almost completely 
eliminated, and in biotope 4, where the extent of dam­
age to willow was fairly low (see Fig. 1). Biotope 1 rep­
resented a plot of meadow overgrown with shrubs on 
the rock bank of the River Sob'; biotope 4 was a plot of 
willow brushwood in the floodplain; a more detailed 
description of the vegetation of the plots was given ear­
lier (Bogacheva, 1990). 
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Fig. 1. Course of the consumption of Salix phylicifolia 
leaves by a complex of leaf-eating insects prior to and dur­
ing an outbreak in the numbers of Gonioctena pallidus: 
(1, 2) severely damaged and (3, 4) slightly damaged biotopes. 

Each collected sample of larvae was divided at ran­
dom in two: half of the individuals were fed with plant 
leaves from biotope 1; the other, from biotope 4. Thus, 
in all, there were four variants of the experiments, each 
in ten replicates (a group of five individuals kept in a 
plastic container). The bottom of the container was cov­
ered with moistened filter paper or, when larvae 
attained the last instar, litter for pupation. As food, four 
or five foliated willow shoots were placed in the con­
tainer, so that food was constantly in excess; the shoots 
were replaced daily simultaneously with moistening 
the litter. Food from each biotope was always collected 
from several plants, different plants being used each 
time. We also weighed larvae in these experiments 
daily, recorded all changes in their state, and, five to 
seven days after the final larvae were transferred to lit­
ter, we carefully examined the moss to weigh pupae. 
The next time the litter was studied was upon imago emer­
gence (mid-August) in order to trace the fate of all individ­
uals kept in the container. During experiments, we kept the 
containers outside, shaded from direct sunlight. 

Hereafter, we shall name the four variants of exper­
iments DD, DN, ND, and NN (control), where the first 
letter designates the origin of larvae (D--from biotope 1, 
i.e., from formerly damaged plants, and N-from 
biotope 4, i.e., from undamaged plants), and the second 
letter indicates the food origin (plant leaves from 
biotopes 1 and 4, respectively). The low locomotive 
velocity in this species (imagines do not fly, and larvae 

do not crawl far away) enabled us to state that larvae 
originated from individuals that fed in previous years 
on the same plant or on neighboring ones. We assessed 
the growth rate (RGR) in the experiment for the period 
of experiments, calculating it by the formula: RGR = 
(lnPT-lnP0)/T, whereP0 andPTare the initial and ulti­
mate weights of the larva for the period T (in days). We 
also assessed the loss of G. pallidus L. and, in 1992, the 
weight of individuals (by the pupal weight). When we 
needed to compare mean values, we used the Student's 
t-test. 

EXPERIMENTAL RESULTS 

In 1990, the larval growth rate was distinctly lower 
only in variant DO (0.119 g per g body weight per day); 
in the other three variants, it was actually equal (0.172, 
0.196, and 0.193 gig body weight per day in variants 
DN, ND, and NN). In Fig. 2a, this is clearly seen from 
the slope of the curves, i.e., feeding larvae with leaves 
from undamaged bushes made their state better in vari­
ant DN, but feeding larvae with leaves from damaged 
bushes did not decrease the growth rate in larvae col­
lected from undamaged plants (note, however, that 
immature larvae in variant ND prior to the experiments 
fed on undamaged plants in nature). Similar results 
were obtained with respect to the mortality of G. palli­
dus L.: only variant DD, in which only 8.7% of the lar­
vae yielded normal imagines, reliably differed from 
variant NN (48%); the other two variants, DN and ND, 
showed intermediate values of survival (37 .5 and 
28.0%) that did not reliably differ from either NN or 
DD (Fig. 3a). Finally, although pupal weight was not 
recorded in 1990, it is evident that the weight of indi­
viduals in variant DD was the lowest (Fig. 2a). 

Experimental results obtained in 1992 exhibit a 
somewhat different pattern. Upon feeding with leaves 
collected from undamaged plants, the larval growth 
rate of G. pallidus L. in variant DN exhibited no greater 
increase and was actually equal in variants DD and DN 
(Fig. 2b) (0.277 gig body weight per day), differing 
from variants ND and NN (about 0.355 gig body 
weight per day). Mortality (Fig. 3b) was also almost 
equal in variants DD and DN (36 and 40% normal 
imagines emerged), noticeably differing from variants 
ND and NN (68 and 76%). Moreover, comparison of 
Figs. 3a and 3b revealed that G. pallidus L. perished at 
earlier stages, although their major portion was lost as 
before at the stage of larvae ready for pupation or 
pupae. It is unknown whether this loss was induced by 
disease or simply by physiological weakening of larvae 
as a result of their feeding on inadequate food. Larvae 
darkened and became inert, but, upon transferring to lit­
ter, did not exhibit clear evidence of bacterial or viral 
disease. It is true that pupae in the cradle were usually 
covered by mycelial down, but this was possibly of 
saprophytic fungi that might develop on the dead indi­
vidual. 
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Fig. 2. Larval growth of G. pallidus in experiments of (a) 1990 and (b) 1992 (see text for explanations of the designations of the 
experimental variants). 
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Fig. 3. Mortality of G. pallidus individuals in experiments of (a) 1990 and (b) 1992 (see text for explanations of the designations of 
the experimental variants). (J-5) Individuals that perished at the stage of (J) immature larvae, (2) the last instar larvae, (3) larvae in 
the litter prior to pupation, (4) pupae, (5) developing imagines, and (6) normal imagines. 

Both the growth rate and mortality show that the ori­
gin of larvae exerts a greater impact upon their state than 
does the food they use. The third criterion, that of pupal 
weight, behaves differently. Variant DD significantly dif­
fered from DN (13.72 ± 0.43 and 15.16 ± 0.51 mg, 
respectively; p < 0.05); and ND, from NN (14.24 ± 0.30 
and 15.42 ± 0.29 mg; p < 0.01). In comparing larvae 
that had different origins and fed on similar food, we 
did not reveal significant differences, i.e., when larvae 
could attain greater weight when fed on leaves of 
undamaged plants, irrespective of its origin. 

DISCUSSION 

The experimental results showed that feeding on the 
foliage of formerly damaged plants was unfavorable for 
a phyllophagous insect, i.e., increased larval mortality 
and decreased weight (and consequently, the fecundity 

of future imagines) were observed. The developmental 
period was lengthened, which, in nature, increases the 
danger of the phyllophagous insect's death from preda­
tors or parasites. All the above were usual phenomena 
repeatedly shown earlier in studies of the feeding of 
phyllophagous insects on leaf remains that were left 
intact on trees from the secondary foliage or foliage 
grown on trees in the year following an outbreak 
(Verzhutskii, 1969; Verzhutskii et al., 1971; Rafes, 
1974, 1981; Pleshanov, 1981; Haukioja and Niemela, 
1976; Werner, 1979; Niemela et al., 1980; Baltens­
weiler, 1984 ). As a rule, these phenomena are attributed 
to the increase in the concentration of secondary 
metabolites in leaves and a decrease in the nitrogen and 
water contents; the entire complex of changes occurs 
simultaneously. 

It is likely that these impacts caused a sharp decline 
in the numbers of the phyllophagous insect. It was cal-
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culated for Epirrita autumnata that the decrease in the 
weight (and, consequently, in fecundity) of individuals 
and the survival of caterpillars leads to a decrease in the 
total number of eggs produced by the generation of 
Epirrita autumnata in the year following the outbreak 
of its numbers by 70-80%. If we take into account the 
effect of retarded growth, the actual decrease in fecun­
dity in nature comprises about 90% (Haukioja et al., 
1985). The above is supplemented by direct starvation, 
interference, and cannibalism, observed in caterpillars 
at high population densities (Rafes, 1968, 1974), as 
well as predators, parasites, and diseases, "finishing 
off' the phyllophagous insect in the phase of its decline 
in numbers. The numbers of the phyllophagous insect 
G. pallidus L. likewise decreased in our study (see Fig. 1). 
It is likely that this was mostly accounted for by direct 
larval mortality due to deterioration of the food quality. 
An increase in larval weight with feeding on undam­
aged leaves in 1992 (variant DN) suggests that, with 
gradual improvement in the quality of food, i.e., willow 
leaves, the restoration of the level of numbers of G. pal­
lidus L. will start with an increase in fecundity. 

Experimental results showed that the growth rate of 
larvae was lower in 1990 than in 1992, whereas their 
mortality was higher. This phenomenon was present 
both in the experiment and in the control; hence, 
it would be incorrect to relate it to the deterioration of 
the food quality as a result of the mass reproduction of 
G. pallidus L. Instead, this is likely to be related to the 
change in weather: the extremely high temperatures 
and unusually small amount of precipitation in late 
June and July of 1990 not only affected the quality of 
leaves, but accelerated their development as well; as a 
result of this, indices of food moistening dropped by 
mid-July to values usually corresponding to those at the 
end of the growing season. Undoubtedly, the low mois­
ture concentration was accompanied by other changes 
in the chemical composition of leaves. However, it is 
probable, that, in 1990, high temperatures affected the 
phyllophagous insects directly as well. 

Against the background of distinctions caused by 
the different weather situation, we recorded additional 
changes in 1992 that require another explanation. The 
relative roles of two parameters changed in our experi­
ments, i.e., the food quality and the factor complex 
called "larval origin" (this includes the feeding of 
immature larvae in nature prior to the experiment, the 
feeding of their parents at the beginning of the current 
season and of their more distant ancestors in former 
years), was different in 1990 and 1992. Indeed, larval 
mortality in 1990 was an average of 24.4% lower with 
"good food" (comparison of variants DD with DN and 
ND with NN, (Fig. 3a)) than on leaves of damaged 
plants. At the same time "good origin" added only 
14.8% to the survival oflarvae (comparison of variants 
DD with ND and DN with NN). In 1992, "good food" 
added only 6.3% to the survival of larvae; and "good 
origin," 36.9% (Fig. 3b, the same comparisons). We 
derived the same conclusion on the basis of analysis of 

the growth-rate data: in 1990 with "good food," the 
growth rate of larvae collected from damaged plants 
increased, but there was no such response in 1992. 
Hence, it may be concluded that, by 1992, feeding on 
damaged plants changed the insects themselves. There 
is nothing unusual in this fact: similar changes in phyl­
lophagous insects at different stages of dynamics in 
their numbers have been already predicted and shown 
(Rafes, 1968; Haukioja and Hakala, 1975). No specific 
features exclusively inherent to the subarctic region 
were found in the aforementioned phenomena. 
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