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Abstract

An outbreak of Cephalcia lariciphila (Wachtl) (Hymenoptera Pamphiliidae) occurred in a mature spruce-larch forests near the
village of Vétrny Jenikov (15°30'E, 49°28'N) between 2001 and 2004, when there were from 122.2 + 118.8 (mean + SD) to
276.6 + 141.8 prepupae per m” of soil. The prepupae density declined to 23.0 + 21.2/m* by the spring of 2006 and continued to
decline to undetectable levels in 2007-2009. From 2002-2006, the percentage of larvae that were still eonymphs in the autumn and
spring ranged from 18 to 50%, and the percentage of prepupae parasitized by the wasps Notopygus bicarinatus Teunissen and
Ctenopelma lucifer (Gravenhorst) (Hymenoptera Ichneumonidae) ranged from 4.5 to 10.5%. The number of eggs detected was
similar in upper, middle, and lower parts of the tree crown. The average number of eggs per twig (length ca. 30 cm) was always < 1.
In the forest, the first larvae were observed on 15 May and the last on 10 June. In the laboratory at 20 °C, females laid 32.3 + 7.6
eggs, most eggs hatched 8 days after oviposition, and no egg parasitoid was detected. Examination of larvae that developed in the
laboratory and those found in the forest indicated the existence of four instars for males and five instars for females. Larvae live
individually and spin and live in their own webs. At 20 °C, the duration of individual instars was shortest for L1 (3.2 + 1.0 days)
and gradually increased with each successive stage (3.4 + 1.0 for L2; 4.3 + 1.6 for L3; 4.8 + 1.2 for L4; and 4.0 £ 0.0 for L5).
The duration for entire larval development was ca. 16 days in the laboratory and ca. 20 days in nature. The period during which

larvae were evident in the forest lasted about 25 days.
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Introduction

Web-spinning sawflies in the genus Cephalcia (Hymen-
optera Pamphiliidac) are important forest pests in
Europe. They have caused severe damage in Austria, the
Czech Republic, Denmark, Germany, Poland, Switzer-
land, and the United Kingdom (Huflejt, 1984; Jensen,
1988; Pschorn-Walcher, 1982). In the Czech Republic,
web-spinning sawflies have damaged more than
100,000 ha of spruce forests in recent years (LiSka et
al., 1991; Liska and Holusa, 2006; Martinek, 1980;
1991; 1992). Although the spruce-feeding Cephalcia
abietis (L.), Cephalcia alpina (Klug), and Cephalcia
arvensis Panzer are the most abundant species in central
Europe (Liska ef al., 1991), the larch specialist Cephal-
cia lariciphila (Wachtl) can also reach outbreak levels.
This species has become a serious forest pest, with sev-
eral outbreaks observed in the last 150 years in Europe
(summarized by Pschorn-Walcher, 1982).

In 2000, a C. lariciphila outbreak near the village of
Vétrny Jenikov resulted in total defoliation of larch trees
over a 4-ha area and large reductions in radial increment
(Vejpustkova and Holusa, 2006). C. lariciphila thus
represents a potentially significant pest that merits not
only monitoring (Holusa and Kuras, 2009) but also in-
tegrated control under expert guidance. Because the data
regarding C. lariciphila flight activity collected during
this outbreak differed from previously published data
(Holusa and Kuras, 2009), the present study was con-
ducted to clarify the ecology of this species and incor-
porate the information into IPM. The specific objectives
were to (i) define the length of C. lariciphila embryonic
development; (ii) compare the intensity of oviposition in
different sections of the crown; (iii) quantify the length

of larval development, the number of instars, and the
percentage of larvae that become flying adults; and
(iv) quantify the level of parasitism and identify the
species of parasitoids.

Materials and methods

Study area and plots

The study area was located near the village of Vétrny
Jenikov (15°30'E, 49°28'N and 650 m a.s.l.) in the cen-
tral part of the Czech Republic. The larch (Larix de-
cidua Mill.) trees in this area were growing in mono-
specific patches or groups within an 80- to 100-year-old
spruce [Picea abies (L.) Karst.] plantation. The vegeta-
tion zone is the Abieti-fagetum oligotrophicum associa-
tion (Pliva, 1991). The climate of the area is moderately
warm and dry (Culek, 1996). According to data for
1955-2001 from the nearest weather station (at Pribys-
lav, 15°45'45"E, 49°34'58"N; 530 m a.s.l.), the annual
mean temperature was 6.8 °C, the mean temperature dur-
ing the May-September growing season was 12.8 °C, the
mean annual total precipitation was 691.2 mm, and the
mean sum of precipitation during the growing season
was 442.6 mm. Weather in 2002 is described in figure 1.

Quantification of C. lariciphila larvae in soil beneath
larch trees and parasitism by ichneumonids

In the forest stand, eight isolated groups of larches,
approximately 50-100 m apart, were selected; the di-
ameter of the trees was about 30 cm. Five soil plots
(0.5 x 0.5 m each) were sampled in each of the eight
groups of larches. The plots were located beneath the
tree crowns, along a contour line, at intervals of 5-10 m.
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Figure 1. Mean daily temperature (filled circles) and total precipitation (empty circles) for 5-day intervals at the
Pribyslav hydrometeorological station in 2002. (www.worldclimate.com)

From 2002 to 2009, litter (ca. 15 cm deep) and the upper
layer of soil (the Ah horizon to a depth of 5 cm) were
collected separately in the spring of each year (in March
or April, depending on the accessibility of the terrain)
and also in October in some years; different plots were
designated and sampled each year. In the laboratory,
both samples (litter and soil) were placed on a coarse
sieve with 10 x 10 mm openings, and the material that
passed through the sieve was examined for C. lariciphila
prepupae. The prepupae were identified to species based
on Wiitassari (2002). The prepupae were counted and
determined to be eonymphs or pronymphs depending on
the presence/absence of the pupal eye. C. lariciphila
prepupae with adhering cocoons of ichneumonids (only
the head capsule and rolled skin of parasitized prepupae
remained) were considered to be parasitized by ichneu-
monids. For identification of ichneumonids, the cocoons
were placed in 10-cm-diameter Petri dishes (one dish per
plot per year) with forest litter. The dishes, which were
regularly moistened and were covered with monofila-
ment mesh with openings of 1 mm so that emerging
wasps could not escape, were kept at 20 °C and with
16 h of daylight until the adults emerged. The wasps
were identified according to Yu et al. (2005). All mate-
rial was collected by the Forestry and Game Manage-
ment Research Institute, and wasp determinations were
made by J. Sedivy for material from 2003 and by
K. Holy for material from 2004 to 2006.

Quantification of C. lariciphila eggs and larvae in
larch trees

At one plot in the centre of the study area, one sample
larch was felled on 15, 25, 31 May and 10 June 2002.
Ten branches from each of the upper, middle, and lower
sections of the crown were taken from each sample tree.
The number of brachyblasts with needles and the num-
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ber of C. lariciphila eggs and larvae were counted on
30-cm segments of these branches. Cephalcia eggs were
assumed to be those of C. lariciphila, and larvae were
identified according Lorenz and Kraus (1957). Older
larvae (from sample trees felled 25 May and 31 May
2002) were taken to the laboratory, and their head cap-
sule widths were measured to obtain information about
numbers of instar stages.

Fecundity and development times in the laboratory

Fecundity, the length of egg and larval development,
and the width of heads capsule for different instars were
determined in the laboratory. Adults were captured on
the ground in the study area on 27 April 2002 and 30
April 2003. One male and one female were reared to-
gether in one Drigalski dish (10 cm in diameter and 2 cm
high). They were temporarily fed from a small cotton
ball (0.5 cm diameter) that was saturated with sugar wa-
ter. One larch twig with two opening buds was placed in
the dish. The cut end of the twig was wrapped with wet
padding to prevent rapid wilting of the foliage. At the
end of each day, the twig with deposited eggs was re-
moved and replaced with a fresh twig until the adults
died. There were 42 replicate dishes in 2002 and 31 rep-
licate dishes in 2003, and the dishes were kept at 20 °C
and with a 16/8 h light/dark photoperiod. The number of
eggs produced by each female was determined.

After the eggs on the twigs were counted, each twig
with eggs was placed in one Drigalski dish at 20 °C and
with a 16/8 h light/dark photoperiod. The time required
for hatch was determined for 614 eggs.

When the eggs hatched, the larvae were kept in groups
of two or three for 7 days but were subsequently kept as
individuals in Drigalski dishes at 20 °C and with a
16/8 h light/dark photoperiod. For food, one larch twig
was placed in each dish. New shoots were given to the



larvae after they had consumed most of the old shoots or
if the shoots had wilted or decayed. Each larva (n = 71)
was examined daily. In 2002 and 2003, the number of
days required for the larvae (n = 38 in 2002 and 33 in
2003) to develop into adults was determined. The width
of the head capsule was also measured in 2002. When
the larvae were nearly mature, their colour changed
from greenish grey colour with dark stripes to yellow,
and soil was added to the dishes.

Statistical analyses

The numbers of larvae in litter and soil were compared
among sample dates with the Kruskal-Wallis test. The
numbers of eggs and larvae on single twigs in different
parts of the tree crown were compared using one-way
ANOVA. Development times determined in the labora-
tory were compared for 2002 and 2003 by a two-sample
t-test. Statistica 8.0 was used for statistical analysis.

Results

Quantification of C. lariciphila larvae in soil be-
neath larch trees and parasitism by ichneumonids

From spring 2002 to spring 2004, the mean number of
prepupae per m> of soil ranged from 122.2 + 118.8 to
276.6 + 141.8 (the differences were not statistically sig-
nificant; y* = 23.03; p > 0.01) (table 1). From autumn
2004 to autumn 2005, the means were lower and ranged
from 43.2 £ 37.6 to 78.9 £ 67.2 (the differences were
not statistically significant; x> = 10.28; p > 0.01). From
spring 2006 to spring 2009, the means ranged from 0 to
23.0 £ 21.2 (the differences were not statistically sig-
nificant; x* = 42.27; p > 0.01). From 18% to 50% of the
prepupae were still eonymphs from spring 2002 to au-
tumn 2006 (table 1).

The ichneumonids that hatched from the cocoons were
identified as Notopygus bicarinatus Teunissen and
Ctenopelma lucifer (Gravenhorst). The percentage of
larvae parasitized by N. bicarinatus and C. lucifer ranged
from 4.5 to 10.5% between 2002 and 2009 (table 1).

Quantification of C. lariciphila eggs and larvae in
larch trees

In 2002, eggs on a felled sample tree were detected
only on 15 May. The average number of eggs on one
twig (ca. 30 cm long) was always < 1. No significant
difference (F = 1.15; p > 0.10) was detected for num-
bers of eggs and larvae per twig in the lower, middle,
and upper sections of the crown (table 2, total number
of observed eggs was 275 and larvae was 162). None of
the eggs had a dark hue, i.e., none was parasitized by
chalcid wasps of the genus Trichogramma Westwood;
all were a light green (which is their colour when they
are laid) or grey (which is their colour before hatching)
(n = 117). A significant difference was detected be-
tween the numbers of eggs and larvae per twig during
individual examinations. Fewer numbers of eggs and
larvae were detected on 25 May 2002 than on 15 May
2002 but numbers were similar on 25 May 2002 and 31
May 2002 [F (3, 108) = 45.23, p < 0.0001] (table 2).
Only a single larva was discovered on 10 June 2002.

Table 1. Number (mean + SD) of C. lariciphila prepu-
pae, eonymphs, and prepupae and eonymphs with
parasitoid cocoons per m’ of soil. Prepupae and
eonymphs columns include individuals with parasitoid
cocoons.

Stage and presence of parasitoids

Parasitoid
Prepupae Eonymphs COCOONS
Spring 2002 177.4+131.5 62.7+63.0 16.8+114
Autumn 2002 276.6 +141.8 80.0+42.8 164+12.8
Spring 2003 1542+ 125.0 60.0+62.4 9.7+£16.0
Autumn 2003 122.2+118.8 302+474 79=+10.2
Spring 2004 216.0 +199.7 102.6+£97.1 18.1+234
Autumn 2004 432+37.6 7.8+12.2 1.7£24
Spring 2005 789+672 362+31.1 2.1+£32
Autumn 2005 57.0+47.3 15.0+15.0 2.6+3.1
Spring 2006  23.0+21.2 122+£12.5 22+25
Autumn 2006 5.8+9.7 29+52 05+1.8
Spring 2007 13.6+9.2 0 0
Autumn 2007 0 0 0
Spring 2008 0 0 0
Autumn 2008 0 0 0
Spring 2009 0 0 0

Table 2. Number (mean + SD) of eggs and larvae per
twig (30 cm long) in different crown sections in 2002
[F (6, 108) =0.86, p > 0.50].

Crown
section 15 May 25 May 31 May 10 June
Lower 0.31+0.16 0.11+0.11 0.13+0.13 0.01

Middle
Upper

0.21+£0.15 0.04+0.03 0.11+0.09 0
0.25+0.07 0.02+0.03 0.08 +0.05 0

The distribution of head capsule measurements for lar-
vae collected in the field (and for larvae reared in the
laboratory) indicated the existence of five instars for
C. lariciphila: L1, 0.70-0.80 mm; L2, 0.90-1.10 mm;
L3, 1.20-1.60 mm; L4, 1.70-2.10 mm; and L5, 2.2 mm)
(figure 2).

On 15 May 2002 in the forest, larvae had already be-
gun to hatch; of the total number of eggs, 7.8% had
hatched in the lower section of the crown, 13.5% in the
middle section, and 10.4% in the upper section
(n = 308). On 25 May 2002, eggs were no longer de-
tected. On this date, the proportion of larvae in L1 was
very small (2%), while older larvae predominated: 13%
were L2, 70% were L3, and 15% were L4 (n = 59). On
31 May 2002, no L1 larvae was found, the proportion of
larvae of L2 was very small (2%), and L3 dominated
(62% were L3 and 36% were L4; n = 69). On 10 June,
only one larva was detected, indicating that the devel-
opment of the entire population was complete and had
lasted ca. 25 days. If the last larvae hatched between 15
and 25 May, it can be assumed that the development of
a single larva in the field required fewer than 20 days.

On 22 May 2003, eggs were collected in the field, and
most were grey. The field-collected eggs hatched after
3.1 + 1.5 days (n = 112), indicating that they had under-
gone a substantial part of their embryonic development
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Figure 2. Width of head capsules of C. lariciphila larvae in 2002 (grey bars: larvae reared in the laboratory; white

bars: larvae from the forest).

in nature. No parasitoid was detected on the larvae that
developed from these field-collected (the number of
surviving larvae was 29).

Fecundity and development times in the laboratory

In the laboratory at 20 °C, the average number of eggs
laid by an individual female (n = 17) was 32.3 + 7.6
(SD). The females laid eggs immediately after enclosure
for rearing. Embryonic development lasted 8.5 = 0.9
days (n = 138).

In laboratory-reared larvae, four instars were detected
most often but five instars occurred for two individuals
(five instars required 17 days of larval development)
and three instars occurred for one individual (three in-
stars required 13 days of larval development). The lar-
vae were solitary, and each spun and lived in its own
web. The duration of the first instar L1 was shortest
(n=38; 3.2 + 1.0 days) and increased slightly with each
subsequent stage: 3.4 + 1.0 days for L2 (n = 34);
4.3 £ 1.6 days for L3 (n = 22); 4.8 £ 1.2 days for L4 (n
= 10); and 4.0 £ 0.0 days for L5 (n = 2). The average
duration of the entire larval development in the labora-
tory was 15.6 £ 1.3 days in 2002 (n = 12) and 16.2 £ 3.1
days in 2003 (n = 33) (the difference was not signifi-
cant; t = 0.77; p > 0.10). As noted earlier, the distribu-
tion of head capsule measurements for larvae reared in
the laboratory indicated the existence of five instars
(figure 2).
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Discussion

C. lariciphila is the only species of Cephalcia that is a
larch specialist in Europe (Pschorn-Walcher, 1982).
There were only very old records of C. lariciphila out-
breaks in the Czech Republic before 2000 (Wiehl, 1896;
1897), when an outbreak of the insect occurred around
the village of Vétrny Jenikov (Kapitola and Liska, 2001;
Holus$a and Drapela, 2004). It is possible, however, that
an outbreak occurred near Vétrny Jenikov in 1996 (Ve-
jpustkova and Holusa, 2006). In 2001, there were 200-
500 prepupae/m? of soil in the outbreak area (Kapitola
and Liska, 2001). According to the present study, the
number remained high (150-300 prepupae/m”) through
the spring of 2004. These values fall within the range of
values (57-650 prepupae/m”) reported by Pschorn-
Walcher (1982), even though the values in that study
related to young forests (sapling and pole stages) in
which the population of sawflies caused total defolia-
tion. Based on the numbers of prepupae, we conclude
that an outbreak of C. lariciphila species occurred near
Vétrny Jenikov from 2000 to 2004 and ended in the au-
tumn of 2005; since 2005, the population has been in
decline. Some outbreaks of C. lariciphila have been
shorter (summarized by Pschorn-Walcher, 1982 and
Ozaki et al., 2004), but an outbreak that lasted longer
than 4 years was documented in the United Kingdom
(Billany and Brown, 1980). For the entire period, the
outbreak near Vétrny Jenikov was restricted to 4 ha of



spruce-larch forest and did not expand, even though
larch forests are also present in the surrounding area. In
this case, site quality, which depends on the type, struc-
ture, and quality of the soil, may have greatly affected
sawfly outbreaks. Trees growing in poor sites are often
physiologically stressed, resulting in increased food
quality for sawflies (McMillin and Wagner, 1993).

C. lariciphila is a univoltine species that overwinters
as a prepupa either in eonymph (extended diapause) or
pronymph (annual development) form (Pschorn-
Walcher, 1982). Part of the population remains in the
eonymph phase longer than one winter, and adults of a
single generation can emerge at three or four different
times (Luitjes and Minderman, 1959). The observed
percentage of individuals with prolonged diapause
(from 18 to 50%) during the Czech outbreak is broadly
within the range of previous data (31-44%, reported by
Pschorn-Walcher, 1982), although the percentage can
also be much lower (Billany and Brown, 1980).

Factors influencing population dynamics of C. larici-
phila are not known. However, a strong bottom-up ef-
fect can be assumed to trigger outbreaks of this species
in part because strong bottom-up effects are thought to
cause eruptive outbreaks in tenthredinids and diprionids
sawflies on conifers (Price ef al., 2005). Larch appears
to be particularly favourable for tenthredinid sawflies as
these species evolve to use conifers rather than angio-
sperms as hosts (Price ef al., 2005). Larch is an unusual
conifer, being both deciduous and having indeterminate
growth of leading shoots (Kozlowski, 1964; Haack and
Mattson, 1993). Thus, it resembles angiosperms more
than other conifers and has been colonized relatively
frequently by tenthredinid sawflies (Price ef al., 2005).
Our results suggest that parasitism and mortality during
hatching do not affect population dynamics in that the
level of parasitism by wasps was approximately the
same during outbreak and non-outbreak years. Popula-
tion dynamics are probably affected by specialized
predators such as insectivores and possibly nematodes
but not by rodents (Holu$a and Turc¢ani, 2007). Al-
though a decline in C. lariciphila in the United King-
dom was attributed to the larval parasitoid Olesicampe
monticola Hedwig, which parasitized over 90% of the
prepupae (Billany and Brown, 1980), population control
by ichneumonids seems unlikely. Eichhorn (1990) con-
cluded that larval parasites have no regulatory effect on
C. abietis populations, and Battisti et al. (2000) con-
cluded that natural enemies are unable to keep C. arven-
sis populations at an endemic level.

In a previous study of the same outbreak reported
here, adult sawflies started to emerge from the ground in
the middle of April or during the last 10 days of April
(Holusa and Kuras, 2009). All or most sawflies had
emerged by the end of April, and only a small propor-
tion emerged later. The flight activity was continuous
and reached its peak at the end of April or the beginning
of May. The last ones had emerged by the beginning or
middle of May (Holusa and Kuras, 2009).

C. lariciphila fecundity in the current study (32.3 + 7.6
eggs/female) was similar to the fecundity (25
eggs/female) reported for the Netherlands (Luitjes and
Minderman, 1959) but was substantially lower than the

84 eggs/female reported by Pschorn-Walcher (1982).
The latter value seems unreasonably high because the
size of C. lariciphila adults is similar to that of Cephal-
cia species with lower fecundity, e.g., C. arvensis (Bat-
tisti and Stergulc, 1988; Battisti, 1993). Species with
higher fecundity, like C. abietis, are much larger than
C. lariciphila (Martinek 1980; Pschorn-Walcher, 1982).
Females apparently laid less than 1 egg per twig in the
forest but several dozens of eggs per twig in the labora-
tory (Billany and Brown, 1980; and the current study).
The fertility of C. abietis females can be influenced by
the temperature during swarming (Gruppe, 1998).

A previous report indicated that C. lariciphila females
laid most eggs in the upper sections of the tree crown
(Pschorn-Walcher, 1982), but in the present study the
number of eggs did not differ in the lower, middle, and
upper sections of the crown. The significant drop in
abundance of larvae between 15 and 26 May 2002 (ta-
ble 2) could be due merely to the selection of a sample
tree with an originally lower number of eggs. The drop
in abundance might also be explained by high mortality
of larvae of the youngest instars.

If C. lariciphila swarming had culminated before the
end of April and the larvae had hatched on 15 May
2002, then embryonic development lasted ca. 15-20
days in the forest. This agrees well with previous reports
that embryonic development required 3-4 weeks (Roe-
hrig, 1953) or 3.5-5.0 weeks (Luitjes and Minderman,
1959) in nature. In the current study, embryonic devel-
opment of eggs maintained at 20 °C in the laboratory
required only ca. 8 days, which corresponds to an earlier
observation of a shorter duration of development (10-20
days) in the laboratory than in the field (Billany and
Brown, 1980).

The observed total period of C. lariciphila larval de-
velopment in the current study (15 days at 20 °C) also
was significantly shorter than the 22-26 days at 16-20 °C
and 28 days at 13-16 °C reported by Pschorn-Walcher
(1982). Larval development of our population in the
field was also faster than previously reported, i.e., de-
velopment in the field required 2—3 weeks in the current
study versus 3.5-5.0 weeks in Luitjes and Minderman
(1959) and 4-5 weeks in Billany and Brown (1980). The
last mature larvae were found on 10 June 2002, by
which time the larches were already completely defoli-
ated (Holusa and Drapela, 2004). In Schleswig-
Holstein, most larvae were still in the third or fourth in-
star on 7 July and feeding extended into the second half
of July (Roehrig, 1953). The shorter larval development
times in the current study are surprising because the av-
erage temperature was higher in all previously studied
localities and the weather was normal in 2002 in the
current study (figure 1).

When C. lariciphila larvae were reared in the labora-
tory, three to five instars were recorded, which corre-
spond to four (or three) for male larvae and five for fe-
males (see also Pschorn-Walcher, 1982). A different
number of instars for males and females was unambigu-
ously confirmed for Cephalcia masuttii Battisti et Boato
(Battisti and Boato, 1998). The fifth instar was not de-
tected in nature in the current study because sample
trees were felled on 31 May and 10 June. That is to say,
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if larvae hatched on 15 May and the entire larval devel-
opment lasted 15-20 days, then larvae completed devel-
opment between 31 May and 10 June. Thus, larvae of
the fifth instar were probably present but undetected be-
cause of the time between sampling. The distribution of
head capsule measurements for 3" and 4™ instar larvae
shows two peaks, which could correspond to different
values of head capsule measurements for male and fe-
male larvae.

Although no egg parasitoid of C. lariciphila has been
reported (cf. also Pschorn-Walcher, 1982), we cannot
exclude the possibility of egg parasitism, which can be
as high as 90% for web-spinning sawflies of the genus
Cephalcia (Martinek, 1980; Eichhorn, 1990). The level
of larval parasitism over the years in the current study
ranged from 4.5 to 10.5%, which was lower than previ-
ously recorded for ichneumonids on C. lariciphila
(Pschorn-Walcher, 1982; Billany et al., 1985) and on
C. abietis (Bogenschutz and Eichhorn, 2000).

Larvae of C. lariciphila frequently cause complete de-
foliation on larch, which does not lead to tree death
(Billany and Brown, 1980) but does reduce tree height
and needle size (Billany and Brown, 1980) and radial
growth (Vejpustkova and Holusa, 2006). Because larvae
of C. lariciphila cause economic losses, they require
integrated pest management. A threshold value of 200
prepupae/m’ indicates the risk of total defoliation (Ho-
lusa and Dréapela, 2004). Although monitoring prepupae
via soil counts is useful, sufficient numbers of samples
must be collected to obtain reasonably accurate esti-
mates (Holusa and Drapela, 2004). It is also possible to
monitor the population by trapping imagos on yellow
sticky panels (HoluSa and Kuras, 2009). If chemical in-
tervention with larvicides is considered necessary, this
should be carried out when all females have emerged
and laid their eggs (Holusa and Kuras, 2009). In the
outbreak area of the current study, this would be in mid-
May. Because larvae develop very rapidly, a later inter-
vention date would fail to affect the majority of the lar-
val population. In addition to chemical controls, soil ap-
plications of the entomopathogenic nematode Stein-
ernema feltiae (Filipjev) have potential for biological
control of sawfly prepupae (Georgis and Hague, 1988).
This might represent a viable alternative to chemical
control of C. lariciphila and other Cephalcia species
(Battisti, 1994).
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