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Abstract

From 1998 to 2006 the sawfly Pachynematus (Pikonema) scutellatus (Hartig) was studied at 45 localities in the eastern Czech
Republic. A total of 3417 adults and 248 larvae were collected using Malaise traps, yellow sticky boards, emergence traps and
sweep-net. The sawfly occurs from 220 m to above 1000 m a.s.l. in the mountains. Numbers of cocoons correlated positively with
forest age. A profound decrease occurred in the numbers of P. scutellatus in mature forests during the 8-year study period. Less
than 10% of the sawflies had a prolonged 2-year diapause. More males than female sawflies were caught in the Malaise traps and
by sweeping with nets. Equal numbers of males and females were caught in emergence traps and on yellow sticky boards. The
flight period started about April 24 for both males and females and ended around May 27 for males and May 30 for females and
was strongly affected by the weather, which sometimes stopped flight activity. The period of flight varied according to year and
localities from 9 to 27 days in males and from 27 to 36 days in females. Most likely four instars occur in males and five in fe-
males. Larval development lasted about 5 weeks, ending at the beginning of June. Control measures already formulated for use

against Pristiphora abietina (Christ) are also suitable for P. scutellatus, because their phenology is closely similar.
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Introduction

Spruce tenthredinids seriously damaged several thou-
sands spruce forests during the second half of 20th cen-
tury in the Czech Republic (Holusa and Holusa, 2003).
Although Pristiphora abietina (Christ) is the most eco-
nomically important species, mainly in young forests,
the sawfly Pachynematus (Pikonema) scutellatus (Har-
tig) is one of the most abundant spruce tenthredinids in
the country (Holusa, 1999; HolusSa, 2002). Apart from
this, it could be an important predisposing stressed fac-
tor even at lower densities in spruce forests originated
from reforestation and suffering from drought, and the
honey fungus (Holusa and Liska, 2002). Historically,
this sawfly is already known to cause important eco-
nomic damage (Pschorn-Walcher, 1982), which has
prompted several studies on the insect (see Pschorn-
Walcher, 1982). Subsequent to these early studies P.
scutellatus has not been studied again in detail. Al-
though the above-mentioned authors conducted precise
studies some facts like a population densities and sex
ratio of adults were not reported or the numbers of in-
stars reported are high.

Because of its great abundance and economic impor-
tance, the purpose of the present studies was to deter-
mine the insect’s occurrence, period of flight activity,
correlation with bud break of trees, length of larval de-
velopment, population densities and proportion of
specimens with prolonged diapause and to implement
this knowledge in integrated pest management (IPM)
against P. abietina.

Materials and methods

Study sites

The studies were made at 45 sites in the eastern Czech
Republic over an 8-year period from 1998 to 2006 (ta-
bles 1-2). Most of the plots were located in intensively
managed forests (Ostravskd panev plateau, Podbesky-
dska pahorkatina Hills) with 9 to 20% forest cover con-
sisting of 30 to 50% Norway spruce in the Nizky Je-
senik Hills (70% forest cover) with a predominance of
Norway spruce (68%) and in the Moravskoslezské
Beskydy Mountains which are 90% covered with for-
ests, 76% of which is Norway spruce (Culek, 1996).
Two other study sites were in the Javorniky highlands,
which are 55% covered by forests consisting of 67%
Norway spruce. Eight other study sites were located
elsewhere in the country (table 1). Observations in the
main study area at Paskovsky les Wood (table 1) were
cut short as the result of intensive logging done to man-
age a severe outbreak of the honey fungus [Armillaria
ostoyae (Herink.) Schaffer] (Holusa and Liska, 2002).

Traps and trapping periods

The insects were collected using Malaise traps (Tow-
nes, 1972). The traps were installed in the Norway
spruce stands from March/April to October and were
emptied every 2 to 4 weeks. In 1998, most of the traps
were operated only from March to June and emptied
every 3 days. Additionally, insects were caught by using
sweep nets with 100 sweeps being made on a perma-
nent, 25 m long sample transect along the young forest
border (one sweep per each step of the operator). The
diameter of sweep net was 40 cm and the length of the



Table 1. Numbers of P. scutellatus caught at each study site. (Y = young forest-thicket, pole timber; M = mature,

high forest; number of specimens: male/female).

. . Yellow
Locality Longltude; Altitude Forest . Yea}r Of Malaise Sticky Sweeping Emergence Larvae
Latitude investigation ~ trap boards traps
Albrechtice 18935, 49°47 230 Y 1998 0 01
Brn4 16°20% 50°04' 440 Y 2002 5/1
Bystficenad Ol 18°41'; 49°38' 390 M 2000-2003  20/19  0/2
Celadni 18919, 49°27° 830 M 2001-2002  3/0
el 18922':49°29' 900 M 2001-2002  82/3
Celadné 18°22:49°29' 920 M 20012002 0
Geladné 18°19% 49°30' 1120 Y 2003 16/2
Celadné 1819 49°31' 1000 Y 1999 0 2
Celadng 18221 49°29' 850 M 20012002 0
Chlcbovice 18°16;49°39' 550 YM 1998 67/6 1/0 0
Tor 18°16'; 49°41' 340 Y 2001 0/1
Fry&ovice 18°15% 49°40' 315 Y/M 1998 4/4
Hodofiovice ~ 18°20; 49°37' 480 Y 2001 6
Hradists 1819 49°44' 300 M 2003 1/0
Janovice 15°15'; 49°19' 640 Y 2002 0/1
Karolinka 18°16 49°20' 540 Y 1999 2
Kngzpole 17°19% 49°51' 590 Y 2005 31
Krésna 18927 49°36' 750 Y 2001 1/0 3
e 18927 49°32 1170 Y 2002 35/4
Krésnd 189311, 49°34' 1150 Y/M 2003 20/4
Kyjovice 18°03'; 49°49' 385  Y/M  2005-2006 4629  22/5
Lhotka 18919 49°36' 700  Y/M 199563501’ 14/7 31 8/2
Morévka 18°36;49°33' 900 Y/M 2003 33/15
Morévka 18°33;49°35' 590 Y  2001,2003 218 4
Nydek 18°44' 49°39' 530 Y 2002263203 ’ 9/19
Oprechtice 18°16; 49°44' 260 Y 1998 4073 1/0 1/0
Ostravice 1825 49°31' 1060 Y/M 2003 56/4
Palkovice 1817 49°38' 560 Y/M 2002 073
Paskoy 1817 49°43' 275  Y/M 19982006 1272386 133 16/4  169/193 222
Peklo 16°20'; 50°08' 420 Y  2002-2003 713
5555110 18929, 49°36' 540 Y  2000-2001  1/16
Pribyslav 15922 16°09' 450 Y 2002 21
Prostiedni Bedva 18°15%49°29' 880 M 2001 3/0
, o oo 2001-2003,
PustPolom  17°59:49°39' 463 YM 20000 148 181 15
, IR 2001-2003,
Pustd Polom  18°00549°52° 430 YM 50020 ga74 4134
Sedliste 18921, 49%44' 310 Y 1998 13/7 3 3
R m— 18°16'; 49°54' 220 Y 1999 1/0
Skiipov 17955' 49°48' 490  Y/M 1992963(5)00’ 98/101  27/10
Spy 16°07;50°20' 300 Y 2002165202’ 24/9 27
Staré B&l4 18°14', 49°45' 260 Y 1998 29/0 40 31
Stozes 13°49', 48°47° 1230 M 2003 6/0
Trojanovice 18°15'; 49°31' 580 Y 2000 15/22
Velké Karlovice 18°19%49°20' 670 Y 2003 91
JelezndRuda  13°12;49°11° 1180 M 2003 8/0
Total 2003/757 149/104 31/10  170/193 248
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Table 2. Population density of P. scutellatus at the Paskov site from 1998 to 2003 (from 2004 to 2006 no specimen

was found).
Year of ’ Number Average + SD Percen‘gage't of cohorts from t'he same Proportion of ~ Deviation
installation/ of traps  (ex/0.25 m?) place beginning of the year of installation male from
emergence P ) 1998 2000 2001 2002 2003 (males/females) equality
z=2.37
1998 10 99+47 86.7 0.38 p <001
z=2.53
1998/1999 10 1.2+0.0 10.6 0.17 p <001
1998/2000 10 03+0.7 2.7 0 p<0.01
z=12.39
2000 20 43+34 95.4 0.57 p> 0.0l
1998/2001 10 0
z=1.88
2000/2001 8 05+0.8 4.6 1 p>001
z=138
2001 11 09+0.8 91.0 0.70 p>001
1998/2002 10 0
2000/2002 8 0
2001/2002 10 0.1+0.3 9.0
2002 11 04+0.7 100 0.5 p>0.01
2001/2003 7 0
2002/2003 5 0
2003 9 03=+0.5 100 0.5 p>0.01
Total 100 100 100 100 100

handle was 50 cm. The lower branches on trees along
the open, woodland borders (height of trees about 10m)
were swept every 3 days from the ground upward for
approximately 2.5 m in eight localities in 1998 (table 1).

In many localities yellow sticky board traps were used
for several years (table 1). These were made of 14.8 x
21 cm, yellow plastic boards, coated on both sides with
entomological glue (Temoocid®) suspended (from a
tree branch) about 2 m above the ground. They were
laid out in lines of 20 boards on every other tree on the
southeastern side of trees. All the traps were in place
from mid April to the mid June.

In 1998, 30 emergence traps (50 x 50 cm) were in-
stalled in a: (i) 6-year-old thicket (five traps), (ii) 12-
year-old, small, pole size stand (five traps), (iii) 27-
year-old, pole-size stand (10 traps) and (iv) 61-year-old
spruce stand (10 traps) at Paskovsky les (the main study
site). In 1999, all emergence traps were set out again at
these same places to determine how many individuals
underwent prolonged diapause. Following years some
traps were set out at the same place in the oldest forest
(61 years). The traps were in operation during the full
period of larval development when the present year lar-
vae were active above ground as well as when they en-
tered the ground to form cocoons. Ground was not
cleared from cocoons before installation of the traps.
The study sites and traps were often affected by logging,
which resulted in fewer traps (table 2).

In 1998 and 1999, larvae were beaten from 10 young,
spruce trees every 3 days. After strong storms many lar-
vae were collected which had fallen from the tree
crowns and climbed back onto the tree stems in the old-
est forest (61 years) at Paskovsky les. In 1999, all emer-
gence traps were covered with sticky transparent plastic

to catch falling larvae. Mature larvae, which fell from
the trees, were again collected and the widths of their
head capsules were measured.

During 2005-2006, correlation between swarming of
P. scutellatus and bud breake of spruces was studied in
five localities (Kyjovice, two at Pustd Polom, two at
Skiipov) in very young spruce forests (ca. 10-year-old)
in the Nizky Jesenik highlands. Five yellow sticky
boards and one Malaise trap were used in each locality.
They were exposed from the beginning of April to the
end of June and were emptied every 2 or 3 days. Parallel
to this, twenty spruces were observed and photographed
of them were taken to establish the percentage of trees
undergoing bud break.

The numbers of emerged adults, which had emerged
in the emergence traps and correlations were tested with
ANOVA and equality of sex ratio was tested by com-
paring two proportions using the Statistica 7.0 program
(a=10.05).

Results and discussion

Distribution

Three thousand, four hundred and seventeen specimens
were collected using all the sampling methods. P. scutel-
latus is a very common species found in all localities.
Malaise traps were the most effective method (table 1).
The results showed that P. scutellatus occurs over a
wide range of altitudes, from 220 m to 1000 m a.s.l. in
the mountains. These observations confirmed the results
of Kiistek (1973; 1980). The number of sawflies varied
from several to more than 100 specimens depending on
installation position of the Malaise traps, locality and
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year. The position of the trap strongly influenced the
number of sawflies caught as few sawflies were caught
in traps placed in young forests. The sawfly prefers
middle age forests, but it can live in older 60 to 80 year-
old forests or even thickets (Kolubajiv, 1952). Malaise
traps are more effective for catching sawflies that mi-
grate than are yellow sticky boards hung from trees.
Frequently no sawflies were caught in Malaise traps
placed in mature forests (table 1), probably because af-
ter emergence females and some males fly directly to
the upper forest canopy (Kfistek, 1657).

Population density and prolonged diapause

In 1998, 121 specimens were caught in all the emer-
gence traps compared to only 15 specimens caught in
these same traps at the same position in 1999. In both
years most of the insects were trapped in the oldest for-
est (61 years). In 1998, numbers increased significantly
(F =9.25; p <0.01) and were positively correlated with
the age of the forests (r = 0.9723**) with fewer adults
being caught in the youngest forest (6 year-old forest;
0.2 + 0.44 specimens/0.25 m?). The corresponding val-
ues for 12 and 27 year-old forests were 1.2 £ 1.13 and
1.8 = 1.79, respectively and in the oldest (61 years) 9.9
+ 4.7 specimens/0.25 m”. In subsequent years there was
a considerable decrease in adult numbers in mature for-
ests and none were caught in the emergence traps from
2002 to 2006 (table 2). The decrease in numbers of
adults at Paskovsky les is obvious even in male material
from Malaise traps although the position of the traps
was changed from 1998 to 2002 as a result of growth of
trees (figure 1).

In 2001, no adults were caught in the emergence traps,
which had been set out in the same positions as in 1998.
Only a few individuals emerged in 1999 and even fewer
in 2000 (table 2). A 1-year prolonged, diapause oc-
curred in 4.6% of the specimens in 2001 and 9.0% in
2002. No specimens with prolonged diapause were col-
lected in 2002 and 2003 (later no specimen was sam-
pled), probably because of the low populations of saw-
flies in those years. The percentage of specimens with
prolonged diapause is not high, although the percentage
of specimens emerging in the current year could have

876
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been overestimated, because the ground was not cleaned
from cocoons before experiments. Specimens with dia-
pause prolonged for more than one year could therefore
have been sampled during the first year of study.

Maximum of specimens with prolonged diapause
could be represented by 13.3% (10.6 + 2.7% emerged in
1999 and 2000, entered in 1997 or early), which corre-
spondents with the results of 13% in northern Germany
(Thalenhorst, 1954). These numbers are lower than
those reported by others, i.e. 27% reported from the Sty-
ria (Nigitz, 1974) and up to 72% in Saxony (Gébler,
1952).

Sex ratio

At Paskovsky les, the secondary sex ratio was female
biased in 1998 (portion of males was 0.38) but in 2000 it
was equal (0.57) and in 2001 male biased (0.70) (table 2).
Craig and Mopper (1993) found female-biased sex ra-
tios to be most common. They (Craig and Mopper,
1993) gave the sex ratios for 43 sawfly species, of
which a male biased sex ratio was reported for only four
species. Theoretically a higher proportion of males may
influence sawfly extinction probability (Craig and Mop-
per, 1993). The numbers of emerging adults decreased
considerably from 1998 to 2001 for both males (F =
12.10; p < 0.01) and females (F = 19.11; p < 0.01), plus
the number of males caught using the Malaise traps also
decreased during the study period (figure 1).

Although males dominated in the Malaise traps (z =
26.04; p <0.01) and swept material (z = 3.44; p < 0.01),
the sex ratio was equal for total number of specimens
caught in the emergence traps at total (z = 1.20; p >
0.01) and yellow sticky boards (z = 1.75; p > 0.01). Per-
haps this resulted from the fact that females run mostly
along twigs and are glued more often on boards. The
sex ratio of P. scutellatus has been studied by a few au-
thors and is based mainly on investigations of cocoons.
In Saxony the proportion of females was 68% (Gébler,
1952), in the Czech Republic 67 to 76% and 52 to 54%
in northern Germany (based on fallen larvae) (Thalen-
horst, 1966). The female-biased sex ratio can probably
be interpreted as the result of the outbreak levels of P.
scutellatus in those areas.

Hmale
Ofemale

4823 513 09 00 00

2003 2004

2002

year

2005 2006

Figure 1. Numbers of sawflies caught in Malaise traps near Paskovsky les.
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Figure 2. Emergence of P. scutellatus near Paskovsky les in 1998.
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Figure 3. Flight activity of P. scutellatus near Paskovsky les in 1998.

Emergence from the soil and flight activity

In 1998, adults first emerged from the soil at the end
of April and this continued until mid- May (figure 2).
Males started to fly during the peak of emergence from
the soil (figure 3). For females the time and duration of
emergence was less concise as flight ceased during cool
weather (figure 3). There is a weak proterandry; males
leave their cocoons about 3 days sooner, as Kifistek
(1657) recorded.

The flight period lasted from April 24 to May 27 for
male sawflies and from April 24 to May 30 for females
from 1998 to 2006. The flight period varied both ac-
cording to year and sampling locality, i.e., from 9 to 27
days for males and from 27 to 36 days for females and
was strongly influenced by rainy, cold weather that
sometimes caused flight activity to cease (figure 3).
These results agree with those reported (Gébler, 1952;
Kolubajiv, 1958; Kolubajiv and Kalandra, 1952; Kfistek,
1657; 1980; Nageli, 1936). During the present study the
weather was ideal for emergence and flight activity with
April and May mean day temperatures about double av-
erage and the total monthly precipitation was slightly
below normal (Zahradnik, 1999; 2000; 2001).

Because of the fact that flight activity coincides with
the spruce bud break of spruce (Pschorn-Walcher, 1982)
good correlation between swarming of sawflies and bud
break of the majority of trees could be one reason why
the outbreaks of sawflies are permanent and common in
lower altitudes in northern Moravia, Silesia and eastern

Bohemia (Holusa and Holusa, 2003). Statistically sig-
nificant correlation between percentage of total sawflies
sampled and percentage of flushing spruces was found
in 2005 (yellow sticky boards r = 0.9492** Malaise
trap r = 8583** all r = 0.8218*%*) as well in 2006 (yel-
low sticky boards r = 0.9386**). Curves are not identi-
cal but peaks are very similar to those for bud break of
trees (figure 4) although these coincided less closely in
2006 (figure 5).

30
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Figure 4. Percentage of sampled sawflies P. scutellatus

(full line) and percentage of bud break (dotted line)

spruces in 2005.
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Figure 5. Percentage of sampled sawflies P. scutellatus
(full line) and percentage of bud break (dotted line)
spruces in 2006.

On the other hand, the bud break of trees occupies a
longer period in mountains (Holusa personal observa-
tion). Damaged forests at higher altitudes are a result of
long-term outbreak. Even in the Czech Republic, spruce
tenthredinids have broken out in altitudes above 700 m
in Moravskoslezské Beskydy Mts and Krusné hory Mts
(Holusa and Holusa, 2003).

Larval development

Most larvae (198 specimens) were collected in the
older forest at Paskovsky les during descent of mature
larvae to the ground. In younger spruce forests the
number of larvae was very low with only a few lar-
vae being collected by beating the foliage (table 1). The
frequency curve for head capsule width of larvae has
several peaks (figure 6). Most likely the youngest larvae
were probably not collected because young spruce ten-
thredinid larvae can be firmly attached to the needles

30

20

number of larvae

10

Figure 6. Head capsule widths of P. scutellatus larvae.
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(Holusa, 1999). The width of head capsules for the first
instar larvae mentioned by Kfistek (1958) (0.450-0.540
mm) is smaller than all recent data. The peaks placed on
left side probably represent the second (head capsule
width 0.75-0.90 mm) and third instar larvae (0.95-1.35
mm). The two close peaks are probably for the fourth
instar male and female larvae (1.35-1.75 mm). The high
numbers of third and the fourth instar larvae resulted
from larvae being washed off by rain from May 21 to
June 10 with peaks on May 23 and June 2 1998 (n =
137) and cessation of larval feeding from May 27 to
June 11 1999 (n = 45). The tail of the curve probably
represents the fifth instar (1.75-2.05 mm), female lar-
vae, because sawfly males have usually one instar less
than females (Craig and Mopper, 1993). These findings
do not agree with those of Kfistek (1958) who recorded
five instars for males and six to seven instars for females
(head case width of 2 0.720-0.900 mm; 3™ 0.945-1.260
mm; 4™ 1.305-1.620 mm; 5" 1.530-1.890 mm; 6™ 1.710-
2.070 mm, 7™ 1.845-2.070 mm). He suggested that the
increased number of instars was the result of lower tem-
peratures during development, but his results are based
on a very small number of reared larvae (38), a possible
reason for the difference in the presented data. In con-
trast, Thalenhorst (1973) reported six instars at tempera-
tures below 30 °C. Pschorn-Walcher (1982) reported five
or six instars in Denmark. Based on the present study it
seems that four instars occur for males and five for fe-
males in the study area, as occurs for P. abietina (Ho-
lusa, 1999), however, more instars might occur.

Larval development was completed by the beginning
of June and in 1998 the last larvae were found on June
11 (maximum of dropped larvae was found on June 5).
Provided that the adults fly in the first 10 days of May
and the embryonic development takes 5 days (Kfistek,
1657), larval development lasted about 5 weeks. No lar-
vae had eggs of parasitoids on the body.

n=2438

head width (mm)



Notes on harmfulness and IPM against P. scutellatus

P. scutellatus is an abundant and common species in
the eastern Czech Republic but its economic importance
is rather limited. No total defoliation and death of trees
were observed in any of the studied localities. Although
P. scutellatus prefers older forests, P. abietina was more
important in these. The density of emerged adults of P.
abietina (6.0 = 8.5 specimens/0.25 m2) (Holusa, 1999)
was the similar to the 9.9 + 4.7 specimens/0.25 m” (see
above) of P. scutellatus in older forest in Paskovsky les
in 1998 [no statistically significant difference (p >
0.01)]. The abundance of dropped larvae was higher in
P. abietina (72 larvae per 2.5 m?) than in P. scutellatus
(45 larvae).

Recently, population densities of both species have
decreased in the studied area (tables 1-2) and damage
caused by spruce tenthredinids has decreased rapidly
not only in the eastern Czech Republic but in the whole
country (Liska and Holusa, 2006). Therefore continued
detailed study of the impact of P. scutellatus on forest
stands could not be undertaken.

Recommendations for the integrated pest management
(IPM) of P. abietina have been worked out by Holusa
and Drapela (2003). Heavy feeding on spruce is fol-
lowed by increased of height increment of trees
(Pschorn-Walcher, 1982). Using a very simple method
for evaluation of damage, the abundance of sawfly lar-
vae can be estimated. This method, which can be used
in forest practise, is based on the assessment of the per-
centage of defoliation of each whorl beginning from the
top of about 100 trees using four classes of defoliation
(Holusa and Holusa, 2002). The critical value influenc-
ing the height of current increment of trees by P. abiet-
ina in younger forest was established (HoluSa and
Drapela, 2003). Yellow sticky boards are used to estab-
lish the economic threshold of adults. Neither, assess-
ment of defoliation in older forests (evaluation is diffi-
cult here without cutting) nor use of yellow sticky
boards (in older forests only emergence traps can be
used) is useful in P. scutellatus. Because of close prox-
imity of damaged older spruce forests and high propor-
tion of P. abietina, older forest was taken as the areas of
measurements in 1998.

Bionomics of P. scutellatus are very similar to P. abi-
etina. Therefore it is possible to follow IPM for both
species. The small number of P. scutellatus individuals
with more than one — year diapause does not compli-
cate the control measures; a repetition of spraying in
the following year is not necessary. Timing of control
is the same because of identical development of both
species.
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