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Monitoring of sawfly (Hymenoptera: Tenthredinidae) infestation
on spruce
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ABSTRACT: A new method for evaluating damage caused by tenthredinids to Norway spruce stands is based on defoliation of the
top whorls. A scale with four classes of defoliation was established that is easy to use. Defoliation can be displayed graphically on
a grid map (Central European system), in which the map fields are delimited by parallels of latitude (6 by 6 minutes) and meridians
(10 by 10 minutes) with an approximate size of 11.2 x 12.0 km. The degree of defoliation for an entire forest can be marked by
circles of different size in the map field. The range and intensity of an infestation, and the change in defoliation from year to year

are easily seen.
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In recent years, spruce tenthredinids (Pristiphora spp., Pi-
konema spp.) have damaged several thousands of hectares
of forest stands in the Czech Republic (LISKA 2000; LISKA,
HOLUSA 2001). The little (gregarious) spruce sawfly Pristi-
phora abietina (Christ, 1791) is the most numerous tenthredi-
nid in both young and older spruce stands from the altitude of
250 to 700 m a.s.l. in the eastern part of the Czech Republic
(HOLUSA 1999, 2002; HOLUSA, SVESTKA 2000). Because
of severe defoliation, young spruce stands were sprayed from
1997 to 1999 with Trebon 10 F by ULV application, which
provided very good protection (LISKA 1999, 2000).

To provide a better evaluation of sawfly infestations and
to show changes in defoliation in the threatened stands, we
searched for a way to monitor sawfly abundance (HOLUSA,
SVESTKA 2000). At present there is no easy and exact method
to determine the population density of tenthredinids. Only
the assessment of defoliation (i.e. larval feeding) provides
an indirect, objective method to determine the intensity of
tenthredinid infestations. A highly significant relationship
between the number of adults captured on yellow sticky
boards and the percentage of defoliation has been found
(HOLUSA, DRAPELA 2002).

TRADITIONAL SYSTEM OF EVIDENCE

Currently, the annual report on forest pests and diseases
in the Czech Republic, which is produced by the Forest

Protection Service of the Forestry and Game Management
Research Institute Jilovisté-Strnady, is based on data rece-
ived from forest managers. The data are recorded in detail
on standardised forms. Formerly the data were worked
out for each forest district but recently town districts have
been used (LISKA 1999, 2000; LISKA, HOLUSA 2001). In
either case, the principle is the same.

However, there are two difficulties with the present
system of recording an infestation. First, the area to
be monitored is so large that it is not possible to detect
changes in the level of infestation, and monitoring is
not exact because of differences in the forested areas of
individual districts. Secondly, although we record infesta-
tions only as light or heavy, these classes are not defined.
Regulation No. 101/1996 of Ministry of Agriculture of
the Czech Republic dated March 28" 1996 distinguishes
three levels of infestation: basic occurrence, increased
occurrence and outbreak — according to population den-
sity of the most serious forest pests. Tenthredinids are
not included.

GRID MAPPING SYSTEM

A mapped biological phenomenon, most often the occur-
rence of certain species (faunistic and floristic works)
or even whole plant associations (CHYTRY et al. 2001),
can be recorded in maps divided into areas of similar size.
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In Europe, two systems of grid mapping (European and
Central European) are traditionally used:

1. European system (JALES, SUOMINEN 1967; HEATH
1971). The grid consists of squares 100 by 100 km with
compensation fields. Grids with squares 50 by 50 km or
10 by 10 km are more detailed. This system was used
in the former Czechoslovakia until 1980. The first atlas
showing the distribution of nesting birds is an example
(STASTNY et al. 1987).

2. Central European system (EHRENDORFER, HAMANN
1965). The latitudinal parallels (6 by 6 minutes) and meri-
dians (10 by 10 minutes) with approximate size of 11.2 x
x 12.0 km at the level of Central Europe delimit the map
fields. They are identified by four-figure numerical codes
where the first couple of figures means the row and the
other the slope (Fig. 1). It is possible to use a more detailed
division to quarters (marked for example as a, b, ¢, d).

An alphabetical list of all settlements (PRUNNER, MiKA
1996) and localities (NOVAK 1989) in the Czech Republic
is available with associated codes for the map fields. The
system has been widely used in entomofaunistic research
(BUCHAR 1982; ZELENY 1972). The advantage is that the
fields have the same size without the use of compensation
fields.

The occurrence of a species in a map field is commonly
marked with a circle. But it is possible to use several sizes
or colour combinations for the circle to define different
population densities. Sometimes in small areas, grid maps
with different sizes of map fields are used in forestry re-

search. It is possible then to show different intensities of
an infestation.

METHOD AND RESULTS

In the past, the method of non-exact assessment of de-
foliation caused by tenthredinids (without discrimination
of the species) was prescribed (CSN 48 2718 Ochrana
lesa proti pilatkdm na smrku, 1958). Loss of needles was
classified into four groups (loss of 1/3 of needles, 1/3-2/3,
more than 2/3, and total defoliation). We have made the
scale of damage on spruce (HOLUSA, SVESTKA 2000;
HOLUSA, DRAPELA 2002) to allow for an objective evalu-
ation of an insect defoliation and a comparison of damage
between plots (treated and untreated). About 100 trees in
each plot were investigated to assess the percentage of
defoliation of each whorl beginning from the top of the
tree using four classes of defoliation, as follows:

— rare (value 0.1) — very light defoliation of annual shoots
—below 10% of shoots were eaten off,

— light defoliation (value 1) — 10-50% of annual shoots
were eaten off,

— heavy defoliation (value 2) — 50-90% of annual shoots
were eaten off,

— total defoliation of annual shoots (value 3) — over
90%.

The values of defoliation were totalled for every tree.
A complex of 100 values can be statistically evaluated.
The median of tree defoliation was positively correlated
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Fig. 1. Grid map of the Czech Republic (circles — the study area)
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with the number of adults caught in yellow sticky boards

(HOLUSA, DRAPELA 2002). The method is easy and fast

(on average it is possible to evaluate 100 trees in less than

half an hour).

The defoliation of an entire young spruce stand (up to
40 years old) can be evaluated using this simple method.
A critical value is the mean defoliation of approximately
50% of trees. For the whole stand, a scale with four levels
of was used:

— light damage — throughout the stand only a single shoot
on trees is consumed (which is represented as a point
in the grid map of the Czech Republic),

— medium damage — half of trees with one or two top
whorls consumed (little circle),

— heavy damage — more than half of the trees with three
and more top whorls consumed (mid-size circle) (we
suspect that these infestations would reduce the growth
of trees in the following year),

— stunted trees (circle one quarter of the size of the map
field).

Map grid fields No. 6075-77, 6173-77, 6273-78, 6373—
78, 6473—79 in the eastern part of the Czech Republic
(Fig. 1) define the study area. In this hilly cultivated area,
only forests greater than several hectares were observed.
The map fields were classified according to the most in-
tensive feeding found in the field. The intensity of feeding
is usually similar throughout a stand.

USE OF THE METHOD IN THE EASTERN PART
OF THE CZECH REPUBLIC IN 1997-2001

March 1997. Spruce stands were heavily damaged
throughout the hilly area, beginning in the north on the
border with Poland and ending in the west at the foot of
the Nizky Jesenik hills and in the south at the Moravsko-
slezské Beskydy Mts. Stunted trees or trees with a dry top
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Fig. 2. The infestation caused by tenthredinids to young spruce
forests in the eastern part of the Czech Republic in 1997 (for the
marks see above Method and Results; dotted line — the border of
the treated area, bold line — margin of the studied area) (HOLUSA,
SVESTKA 2000, modified)
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Fig. 3. The infestation caused by tenthredinids to young spruce
forests in the eastern part of the Czech Republic in 1999 (for the
marks see above Method and Results; dotted line — the border of
the treated area, bold line — margin of the studied area) (HOLUSA,
SVESTKA 2000, modified)

occurred often (Fig. 2 — HOLUSA, SVESTKA 2000). At the
foot of the Moravskoslezské Beskydy Mts. the feeding
of tenthredinids larvae was observed only sporadically
(HOLUSA, SVESTKA 2000).

September 1999. Three years after spraying there
was no heavy infestation of the spruce stands in the hilly
territory. Only occasionally was light damage observed.
Even formerly stunted trees began growing quickly. On
the other hand, high defoliation commonly appeared
in the Moravskoslezské Beskydy Mts. at an altitude of
about 700 m a.s.l. as well as in the Nizky Jesenik hills
(Fig. 3 —HOLUSA, SVESTKA 2000). The increasing defo-
liation in this area is probably the consequence of warm
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Fig. 4. The infestation caused by tenthredinids to young spru-
ce forests in the eastern part of the Czech Republic in 2000
(for the marks see above Method and Results; bold line — margin
of the studied area)
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Fig. 5. The infestation caused by tenthredinids to young spruce
forests in the eastern part of the Czech Republic in 2000 (for the
marks see above Method and Results; dotted line — the border of
the treated area, bold line — margin of the studied area)

weather (favourable for insect development) at the end of
20" century.

Other plots with heavy damage were not sprayed for
various reasons (for example the pheasantry in field 6075).
Forests in field 6173 were observed until 1998 because of
a possible infestation there. In this area, the chemical treat-
ment against little spruce sawfly was applied previously in
1970-1972 (MARTINEK, SROT 1971, 1972, 1973).

September 2000. Chemical treatment was not applied
in 2000 (LISKA, HOLUSA 2001). No other significant
spread of the infestation was observed, which was a con-
sequence of the high mountain elevation (Fig. 4).

October 2001. The chemical treatment was applied,
mainly at the foot of the mountains and at other sites
where the density was still high. The treatment was very
successful despite unfavourable weather: it divided the
tenthredinid swarming into two parts, resulting in two sub-
populations with different stages of larval development.
As expected (HOLUSA, SVESTKA 2000), the tenthredinid
density in some parts of the early treated hilly area repeat-
edly increased but only weakly and on a small scale (Fig. 5).
On the other hand, the infestation intensity at the edges of
the studied area decreased regardless of treatment.

DISCUSSION

The range, degree of infestation, and the change in
defoliation from year to year, are easily displayed in the
grid maps (Figs. 2-5). The fact that it is not necessary
to assess the entire forest (total as well as damaged) is
a great advantage. One only has to monitor infestations in
chosen stands in each map field, not the entire forest. Map
fields without spruce stands or young spruce stands can
be marked, for example, with an empty circle.

The method shows the intensity of defoliation that reflects
the density of the tenthredinid population. Therefore it can be
an additional method for population dynamics studies when
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a much more detailed scale should be used. The method can
also show an eruptive outbreak in a small area in the scale
used. By contrast, the current system used for monitoring is
much less predicable. However, the new method cannot be
used every year for the entire Czech Republic.

Using the present method in combination with GIS and
including information on altitude, total annual precipita-
tion, average annual temperature, moisture and character
of habitat could be very useful.
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Monitorovani ziru pilatek (Hymenoptera: Tenthredinidae) na smrku
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ABSTRAKT: Hodnoceni ziru housenic pilatek bylo provedeno odhadem defoliace vrcholovych pieslent jednotlivych stromd.
Na tomto principu je zaloZeno i hodnoceni defoliace celych smrkovych porostti s pouzitim kritéria poctu poskozenych pieslent
vétSiny stromu. Pro zachyceni miry defoliace v krajiné byly uzity sitové mapy sttedoevropského systému, ve kterém jsou ma-
pova pole vymezena poledniky (6 x 6 minut) a rovnob&zkami (10 x 10 minut) s pfibliznou velikosti poli 11,2 x 12,0 km. Ctyfi
stupné defoliace celych porosti byly znazornény kolecky rtiznych velikosti v mapovych polich. Rozsah a intenzita napadeni

stejné jako zmény se tak mohou jednoduse graficky vyjadrit.

Kli¢ova slova: smrkové pilatky; hodnoceni Ziru; sitové mapovani; Ceska republika

Smrkové pilatky kazdoroéné poskozuji v Ceské repub-
lice n€kolik tisic hektarti smrkovych porostti. Proto se
proti nim na konci dvacatého stoleti opakovan¢ chemicky
zasahovalo. Pro lep§i a ndzorné zachyceni zmén byla
vytvoiena metoda monitorovani vysledného ziru.

K hodnoceni ziru jednotlivych stromt je vhodna stup-
nice, kdy se odhaduje mira ziru pro jednotlivé ptesleny
od vrcholu stromu ¢tyfmi stupni:
0j. — jen ojedinély zir (hodnota 0,1),

1 — letorosty tvofici obvod pfeslenu ozrany méné nez
z 50 %,

2 — letorosty tvofici obvod pieslenu ozrany z vice nez
50 %,

3 — letorosty tvofici obvod pfeslenu ozrany Uplné;

terminal byl hodnocen hodnotami 0 (neposkozen) nebo
1 (alesponi Caste¢né ozran).

Je mozné vypocitat primérné poskozeni jednotlivych
preslent, secist je a pouzivat vyslednou hodnotu jako
stupen charakterizujici poskozeni porostu. Také lze se-
¢ist poskozeni pieslent jednotlivych stromt a soubory
100 hodnot (stromil) porovnat statistickymi metodami.

Na zékladé tohoto principu byla pouzita jednoducha
stupnice pro ohodnoceni stupné poskozeni celych po-
rostnich skupin:
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0j. — ze vSech mist je vidét jen ojedinéle ozrané letorosty
(tecka),

slabé — vice nez polovina stromti s ozranymi 1-2 piesleny
od Spice stromu (malé kolecko),

silné — vice nez polovina stromud s ozranymi vice nez
3 ptesleny od vrcholu stromu (vétsi kolecko),

vyskyt krnicich smrkt (kolecko o velikosti celé ctvrtiny
faunistického pole).

Zjistény stav je zachycen v mapach siti poli (stiedoev-
ropsky systém — obr. 1), které se v nasi republice bézné
pouziva pfi faunistickém a floristickém mapovani. Kazdé
pole je vSak pro presnéjsi zachyceni situace rozdéleno
na &tvrtiny. Mapovani Ziru v severovychodni ¢asti Ceské
republiky bylo provedeno v unoru a bieznu 1997 a po-
sléze po tiech sezondch opakovanych zasaht v zati 1999
anasledné na podzim v dal$ich letech (2000 a 2001). Byly
navstiveny vSechny lesni porosty vétsi nez 10 ha a byly
hodnoceny smrkové porosty do véku 40 let.

V celé pahorkatinné oblasti se v roce 1997 vyskytova-
ly porosty se silnym poskozenim ¢i dokonce s krnicimi
stromy. Na tpati Moravskoslezskych Beskyd se znamky
ziru objevovaly jen ojedinéle (obr. 2). Po tiech letech
obrannych zasaht doslo v nizsich polohach k vyraznému
poklesu $kod na uroven, kdy znamky ziru v porostech
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jsou takika neznatelné (obr. 3). I ptivodné krnici stromy
rychle odristaly, takze piedchozi permanentni Ziry jiz
nebyly patrné. Nezavisle na tomto trendu doslo naopak
behem téchto let (1997-1999) k naristu popula¢nich
hustot a k rozsifeni zirové oblasti smérem na jih, tj. do
vys$sich nadmofiskych vysek na okraji Moravskoslezskych
Beskyd a na zapad do Nizkého Jeseniku (obr. 3). V roce
2000 se chemicka aplikace neprovedla, ale ani pfesto
nebyly pozorovany vyrazné zmény v poskozeni (obr. 4).
V roce 2001 se obranny zasah pouzil na mistech, kde se
v pfedchozim roce jeste vyskytly silné ziry. Na nékterych
neosetfovanych mistech doslo rovnéz ke snizeni intenzity
ziru, na jinych vsak doslo k mirnému naristu (obr. 5).

Rozsah, riizna intenzita a také zmény v defoliaci béhem
let jsou nazorn¢ doloZeny pripojenymi mapami. Velkou
vyhodou této metody je, Ze neni nutné znat absolutni
vymeéru porostu (jak poskozenych, tak i neposkozenych).
Potencialni moznosti je hodnoceni ziru pouze na urcitych
monitorovacich plochach v kazdém sitovém poli. Bylo by
mnohem méné Casové naroéné nez rekognoskace vsech
porostl. ProtoZze metoda umoziuje sledovat intenzitu na-
padeni, coz je indikator popula¢nich hustot, mize slouzit
také jako dopliujici metoda gradologickych studii. Pak
by bylo ovSem nutné pouzit mnohem jemnéjsi métitko.
Rovnéz se nabizi vyuziti této metody v GIS a srovnani
s vrstvou nadmotskych vysek, praimérnych teplot vzduchu
nebo s typem biotopu.
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