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Abstract. The research objectives were to determine the species
community, composition and diversity of pine litter insects and
compare effects of chemical and biological insecticide
treatments on non-target organisms in forests undergoing
outbreaks of pine beauty moth (Panolis flammea Shiff.). Pine
beauty moth is one of the most important insect pests in
Lithuania. Periodic outbreaks of defoliating insects can change
the microclimatic conditions in forest ecosystems. The research
was conducted in Scots pine (Pinus sylvestris) stands that were
damaged by pine beauty moth in the Druskininkai forest
enterprise in 2001. The chemical insecticide Arrivo, independent
of concentration, had a negative effect on the abundance of pine
litter insects. The Shannon diversity index was >2 in all plots,
indicating medium diversity of pine litter insects.
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I. Introduction

Damage from defoliating insects usually expands to big
areas and in many cases it may cause extensive dieback of
trees in pine forests. The pine beauty moth (Panolis flammea
Shiff.) is the one of the most damaging insects pests in
Lithuania. Periodic outbreaks of defoliating insects can
change the microclimatic conditions in forest ecosystems.
This may help explain the arrival of new insects species. For
example, 52.9% of all the Carabus arcensis ground beetles
collected were from the epicenter of an insect defoliator
outbreak whereas only 37.4% were collected from the
peripheral part of the outbreak [1].

Chemical and biological insecticides are often applied to
avoid defoliation. In 2001, approximately 3150 ha of Scots
pine (Pinus sylvestris) stands were sprayed with the
insecticide Foray — 48 B and 1547 ha were treated with the
insecticide Arrivo to control the pine beauty moth in the
southern part of Lithuania. Litter insects and other arthropods
like spiders are very important in the self — regulation
processes of forest ecosystems, because they are predators
and can efficiently control the abundance of insect pests in
the forest [6]. Therefore, investigations of side effects during
area — wide pest suppression campaigns, including the
impacts of chemical and biological insecticide treatments on
non-target organisms, are always of high importance.

Species diversity is very important in the sustainability of
forest ecosystems. Species diversity, or the taxonomic variety
of living organisms, is one of the three principal levels of
biological diversity, which include genetic diversity within
species, species diversity and ecosystem or community

diversity [8]. In most environmental assessments, however,
biodiversity is identified as synonymous with species
diversity and is measured by the number of species occurring
in an area [5].

The objective of this research was to investigate the effects
of chemical (Arrivo) and biological (Foray-48 B) insecticides
on the abundance and diversity of pine litter insects.

II. Methods

The research was conducted in 2001 in Scots pine stands
in the Druskininkai forest enterprise that were damaged by
pine beauty moth. Insecticide treatments of Arrivo
(conventional pyrethroid) and Foray-48 B (biological
insecticide) were applied right on the pine litter. Three
different doses of Arrivo (4 g/a, 40 g/ha, 400 g/ha) and
Foray-48 B (0.4 1/ha, 4 1/ha, 40 1/ha) were used. Litter insects
and other arthropods (spiders) were collected in pitfall traps
(150 ml plastic cups) filled with 10% formalin. Twelve pitfall
traps were installed per each dose tested of Arrivo and Foray-
48 B and another 12 traps were placed in the unsprayed area
(control). Traps were placed in a 2x2 m rectangular design
with three replications; the distance between the replications
was 20 m [4]. Traps were emptied about once a month from
May to October 2001. The catch results were calculated for
20 day periods to avoid problems due to irregularities in the
collecting dates among treatments.

The diversity of pine litter insects was calculated using the
following diversity indices [2, 3]:

Shannon diversity index (H’):

H'=2p(In p;),
where: p;= proportional abundance of i" species (n;/N);
Evenness (E):
E=H’/InS,
where: H’ = Shannon diversity index,
S = species number;
Berger — Parker diversity index (d):
d=N,a/N,
where: N ,,,. = number of individuals for the most abundant
species,

N = number of individuals.

Diversity indices are typically used to estimate the variety
of organisms in an area. Indexes, where mentioned, usually
show the diversity of wide taxonomical groups (mammals,
insects, birds, trees). Results can vary from species richness
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to evenness [11]. These indexes were calculated with Bio-
Dap program.

III. Results

The abundance of insects (mean + SE number per trap per
20 days) significantly decreased from 4.4 £ 0.32to 1.7 £ 0.13
(t=12.32) on plots after treatment with Arrivo at 4 g/ha, from
4.0 £ 0.22 to 2.3 £ 0.21 (t = 1.29) on the plots treated with
Arrivo at 40 g/ha, and from 4.7 £ 0.24 to 1.5 £ 0.16 (t=2.21)
on plots treated with Arrivo at 400 g/ha (compared May —
before treatment, with June — after treatment). Moreover, the
insect community was almost 1.5 times more abundant in the
unsprayed control plots (3.3 = 0.22 number per trap per 20
days) than in plots treated with Arrivo (in June, Fig. 1).
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Fig.1. Influence of different concentrations of the insecticide Arrivo
on pine litter insects.

The chemical insecticide Arrivo, independent of
concentration, had a negative effect on the abundance of pine
litter insects. However, this effect occurred immediately after
spraying, in June. The number of insects on the Arrivo
treated plots exceeded the number on the control plots (3.8 +
0.35) in July, one month after the treatments were applied;
there were 5.9 + 0.64 insects per trap in the plots treated with
Arrivo at 4 g/ha, 4.6 + 0.42 in the plots treated with Arrivo at
40 g/ha and 3.9 £ 0.38 in the plots treated with Arrivo at 400
g/ha (Fig. 1).

The dynamics of the pine litter insect’s community
was the same for treatments using Foray — 48 B (Fig. 2).

Foray — 48 B is a biological insecticide, made with
Bacillus thuringiensis. This insecticide impacts only the
larvae of butterflies (in the order Lepidoptera); it is
innocuous to warm — blooded animals and the environment
[9, 10].

The number of species (S) and the number of individuals
(N) were the same in only two research plots (Table 1). A
total of 59 species were collected in the plot treated with
Arrivo at 4 g/ha and Foray — 48 B at 40 I/ ha. Furthermore,
the number of individuals was greatest in these same plots:
1816 (Arrivo 4 g/ha) and 1818 (Foray — 48 B 40 I/ha). Only
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50 species and 1022 individual insects were collected in the
untreated control plots.
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Fig. 2. Influence of different concentrations of the insecticide
Foray — 48 B on pine litter insects.

The range of Evenness (E) is from 0 to 1. That means
evenness of species was lowest (0.59) in the plots sprayed
with the highest dose of Arrivo. Species were distributed
most evenly (E = 0.65) in the control and Foray — 48 B at 40
I/ha plots (Table 1). The number of individuals for the most
abundant species (Nmax) was 571 in the Arrivo at 400 g/ha
plots and 349 individuals in the Foray — 48 B at 4 I/ha plots.
There were only 196 individuals of the most abundant
species in the control plots (Table 1).

Table 1. Main parameters of species diversity.

Diversity parameters
Research plots N S E Nmax
Arrivo 4 g/ha 1816 59 0.61 322
Arrivo 40 g/ha 1553 53 0.61 278
Arrivo 400 g/ha 1796 52 0.59 571
Foray 0.4 I/ha 1803 55 0.61 331
Foray 4 I/ha 1701 57 0.64 349
Foray 40 I/ha 1818 59 0.65 330
Control 1022 50 0.65 196

The Shannon diversity index depends on species number
(S) and evenness (E). The index increases with increasing
species number and then the abundance of species distributes
evenly. The range of the Shannon diversity index is from 0 —
(lowest diversity) to In (S) — (highest diversity) [7]. So, the
total number of insect species (S) was 107 in all research
plots and Ln (S) = Ln (107) = 4.67. The Shannon diversity
index values indicated medium diversity of pine litter insects,
because it was >2 in all plots (Table 2).

Furthermore, the Shannon diversity index H’ was 2.44 in
the Arrivo at 40 g/ha plots, 2.32 in the Arrivo at 400 g/ha
plots and 2.42 in the Foray — 48 B at 0.4 1/ha plots; H* was
2.55 in the control plots (Table 2). This result implies there is
a negative influence of insecticides on the species diversity of
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litter insects, because the diversity index was significantly
higher in the control plots (accordingly ¢ test was: 2.199,
4.602, 2.612, p=0.01). Diversity differences were not
significant in the other treatment plots (Arrivo at 4 g/ha,
Foray — 48 B at 4 and 40 1/ha) in comparison with the control
plots (Table 2). The Shannon index values show the influence
of strong doses of chemical insecticides on the diversity of
pine litter insects.

Table 2. Indexes of species diversity

Diversity indexes
Shannon | Berger —

Research plots H) Parker (d) 1/d

Arrivo 4 g/ha 247 0.177 5.64
Arrivo 40 g/ha 2.44 0.179 5.586
Arrivo 400 g/ha 2.32 0.318 3.145
Foray 0.4 I/ha 242 0.184 5.447
Foray 4 1/ha 2.58 0.205 4.874
Foray 40 1/ha 2.66 0.182 5.509
Control 2.55 0.192 5.214

The Berger — Parker index (d) is based on species
dominance. It is simple to measure, but is not widely used
[11]. To ensure that the index increases with increasing
diversity, the reciprocal form of the measure is usually
adopted (1/d). The lowest diversity was in the plots treated
with Arrivo at 400 g/ha. The Berger — Parker index was
0.318 in this plot, which shows only one species dominated
and comprised 31.8% of the individuals collected in the plot.
When the Berger — Parker index increases, it means one or a
few species predominated, so, diversity is lower. The index
was very similar for all the research plots, because a few
species dominated: 17.7% (individuals of most abundant
species) in plots treated with Arrivo at 4 g/ha, 17.9% in plots
treated with Arrivo at 40 g/ha, 18.4% in plots treated with
Foray — 48 B at 0.4 1/ha, 20.5% in plots treated with Foray —
48 B at 4 1/ha and 19.2% in the untreated control plots (Table
2).

Spiders (Aranei) were the most abundant species — 322
individuals were collected in the Arrivo at 4 g/ha plots, 278
individuals in the Arrivo at 40 g/ha plots, 349 individuals in
the Foray — 48 B at 4 g/ha plots and 330 individuals in the
Foray — 48 B at 40 g/ha plots. Spiders predominated in the
control plots too (196 individuals). The beetle Calatus
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micropterus (571 individuals) predominated in the Arrivo at
400 g/ha plots, whereas there were 331 individuals of the
beetle Pterostichus ablongopunctatum collected in the Foray
—48 B at 0.4 /ha plots (Table 3).

All dominant species, except Strophosomus capitatus are
entomophagous. They arrived at the research plots because of
the pine beauty moth. They are predators and the pine beauty
moth might be an indirect nutritive base, then it goes down to
the litter for hibernation.

IV. Conclusions

1. The chemical insecticide Arrivo, independent of
concentration, had a negative effect on the abundance of pine
litter insects. However, this effect occurred immediately after
spraying.

2. Evenness of species was lowest (0.59) in the research
plots sprayed with highest dose of Arrivo.

3. The Shannon diversity index values indicated medium
diversity of pine litter insects, because it was >2 in all plots.
4. The Berger — Parker index was lowest (0.318) in the plots
treated with the highest concentration of Arrivo (400 g/ha);
this indicates only one species dominated and comprised
31.8% of the individuals in these plots.
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