Journal of

FOREST SCIENCE

Volume 46, No. 12, December 2000

PRAGUE 2000 CZECH ACADEMY OF AGRICULTURAL SCIENCES
ISSN 1212-4834 INSTITUTE OF AGRICULTURAL AND FOOD INFORMATION




JOURNAL OF FOREST SCIENCE (continuation of the journal LESNICTVI-FORESTRY)

Mezindrodni védecky Casopis vydavany z povéfeni Minister-
stva zemédélstvi Ceské republiky a pod gesci Ceské akademic
zemédélskych véd

An international journal published under the authorization by
the Ministry of Agriculture and under the direction of the
Czech Academy of Agricultural Sciences

Managing Editorial Board — Redak¢ni rada

Chairman - Predseda
Prof. Ing. Vladimir Chalupa, DrSc., Praha

Members - Clenové

Prof. Ing. Jiti Bartunék, DrSc., Brno
Ing. Josef Béle, CSc., Praha

Doc. Ing. Josef Gross, CSc., Praha

Doc. Ing. Jaroslav KobliZek, CSc., Brno
Prof. Ing. Jan Kouba, CSc., Praha

Ing. Vladimir Kre¢mer, CSc., Praha

Ing. Viaclav Lochman, CSc., Praha

Ing. FrantiSek Sach, CSc., Opocno

RNDr. Stanislav Vacek, CSc., Opo¢no

Advisory Editorial Board — Mezinarodni poradni shor
Prof. Dr. Don J. Durzan, Davis, California, U.S.A.
Prof. Dr. Lars H. Frivold, Aas, Norway

Prof. Ing. Milan Hladik, CSc., Zvolen, Slovak Republic
Prof. Dr. Andrzej Jaworski, Krakow, Poland

Prof. Dr. Hans Pretzsch, Freising, Germany

Prof. Dr. Franz Schmithiisen, Zurich, Switzerland
Prof. Dr. Dr. h. ¢. Branislav Sloboda, Gottingen, Germany
Dr. Jack R. Sutherland, Victoria, B.C., Canada

Prof. Dr. Sara von Arnold, Uppsala, Sweden

Prof. Dr. Nikolaj A. Voronkov, Moskva, Russia

Dr. Sven de Vries, Wageningen, Netherlands

Executive Editor - Vedouci redaktorka
Mgr. Radka Chlebedko v, Praha, Czech Republic

Scope: The journal publishes original results of basic and ap-
plied research from all fields of forestry related to European
forest ecosystems.

Abstracts from the journal are comprised in the databases:
Agris, CAB Abstracts, Czech Agricultural Bibliography, Tox-
line Plus.

Periodicity: The journal is published monthly (12 issues per
year), Volume 46 appearing in 2000.

Acceptance of manuscripts: Two copies of manuscript
should be addressed to: Mgr. Radka Chlebeckova, executive
editor, Institute of Agricultural and Food Information, Slez-
skd 7, 120 56 Praha 2, tel.: 02/24 25 51 06, fax: 02/24 25 39 38,
e-mail: forest@uzpi.cz. The day the manuscript reaches the editor
for the first time is given upon publication as the date of receipt.

Subscription information: Subscription orders can be entered
only by calendar year (January—December) and should be sent
to: Institute of Agricultural and Food Information, Slezsk4 7,
120 56 Praha 2. Subscription price for 2000 is 195 USD (Eu-
rope), 214 USD (overseas).

Actal information are available at URL address: http//www.uzpi.cz

© Institute of Agricultural and Food Information, Prague 2000

Odborn4 néplii: Casopis publikuje piivodni vysledky ziklad-
niho a aplikovaného vyzkumu ze viech obort lesnictvi, majici
vztah k evropskym lesnim ekosystémim,

Abstrakty z Casopisu jsou zahrnuty v téchto databdzich: Agris,
CAB Abstracts, Czech Agricultural Bibliography, Toxline
Plus.

Periodicita: Casopis vychdzi mési¢né (12x ro¢ng), ro¢nik 46
vychdzi v roce 2000.

Prijimani rukopisii: Rukopisy ve dvou vyhotovenich je tfeba
zaslat na adresu redakce: Mgr. Radka Chlebeckova, vedouci re-
daktorka, Ustav zem&d@lskych a potravinaiskych informaci, Slez-
skd 7, 120 56 Praha 2, tel.: 02/24 25 51 06, fax: 02/24 25 39 38,
e-mail: forest@uzpi.cz. Den dorudeni rukopisu do redakce je pub-
likovin jako datum pfijeti k publikaci.

Informace o predplatném: Objednavky na predplatné jsou
pfijimdny pouze na cely rok (leden—prosinec) a mély by byt
zasldny na adresu: Ustav zemédélskych a potravindfskych in-
formaci, Slezska 7, 120 56 Praha 2. Cena pfedplatného pro rok
2000 je 816 K&.

Aktudlni informace najdete na URL adrese: http//www.uzpi.cz

F 1329


mailto:forest@uzpi.cz
http//www.uzpi.cz
mailto:forest@uzpi.cz
http//www.uzpi.cz

JOURNAL OF FOREST SCIENCE, 46, 2000 (12): 537-542

IN VITRO PROPAGATION OF MATURE TREES OF PEDUNCULATE
OAK (QUERCUS ROBUR L.)

IN VITRO ROZMNOZOVANI DOSPELYCH STROMU DUBU LETN{HO
(QUERCUS ROBUR L.)

V. Chalupa

Czech University of Agriculture, Faculty of Forestry, 165 21 Praha-Suchdol

ABSTRACT: Methods of in vitro propagation of mature trees of pedunculate oak via somatic embryogenesis and organ
cultures are described in the paper. Juvenile explants from epicormic shoots (induced by partial girdling of basal part of
trunk) and from stump sprouts were used as initial explants. Shoot multiplication was stimulated on modified BTM and
WPM supplemented with low concentration of cytokinin (BA) and auxin (IBA). Produced microshoots were rooted on
modified WPM supplemented with auxin (IBA). For induction of embryogenic tissue, multi-stage treatment was re-
quired, and development of embryogenic structures was stimulated by lowering of growth regulators concentration in nu-
trient media. Germination and conversion of somatic embryos to plantlets was promoted by desiccation treatment.

in vitro oak propagation; oak micropropagation; shoot multiplication; somatic embryogenesis; somatic embryo
conversion; Quercus robur L.

ABSTRAKT: V prici je popsano rozmnoZovéni dospélych stromi dubu letniho (Quercus robur. L.) metodami in vitro
pomoci organovych kultur a somatickou embryogenezi. Jako po&ate¢ni explantaty byly pouzity juvenilni pryty odebrané
z pafezovych vymladki nebo z kmenovych vymladki indukovanych k ristu v bazélni Casti kmene. Nodalni segmenty
téchto prytl, které byly péstovany na modifikovaném médiu BTM a WPM, obsahujicim cytokinin (BA) a auxin (IBA),
vytvafely mnozici se kultury. Mikrofizky odebrané z t&chto kultur byly zakofenény na Zivnych médiich obsahujicich niz-
ké koncentrace auxinu (IBA). U listovych a internodalnich segmentli pé&stovanych na Zivnych médiich obsahujicich cyto-
kinin (BA, TDZ) a auxin (NAA) bylo stimulovano vytvafeni kalusovych pletiv, u kterych po piesazeni na média
obsahujici nizkou koncentraci ristovych fytohormont bylo stimulovéno vytvafeni embryogennich pletiv. Ze somatickych
embryi byly regenerovany rostliny, které byly pfesazeny do nesterilniho substratu.

in vitro rozmnoZovéani; mikropropagace; mnoZeni prytl; somatickd embryogeneze; konverze somatickych embryi;
Quercus robur L.

INTRODUCTION creasing capacity for vegetative propagation. However,

in forest trees that reach considerable age and dimensions,

In vitro propagation of selected mature oak trees can
speed up tree improvement programs and will be useful
for the gene pool preservation of trees with valuable ge-
netic traits. Breeding of oak species is a slow and diffi-
cult process, because the juvenile non-flowering stage
lasts a long time. Forest tree improvement programs might
be accelerated by application of new biotechnology tech-
niques. /n vitro propagation of selected trees is a flexible
way of breeding and genetic gain may be obtained and
utilized in practical forestry without delay.

In vitro propagation of forest trees old enough to
demonstrate their superior characteristics if often diffi-
cult, The mature phase of trees is characterized by a de-
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the transition from juvenile to mature phase occurs gradu-
ally and different parts of tree are in different degree of
maturity. Some parts of tree retain juvenile tissue for a long
time. The basal parts of tree often contain tissue with the
high degree of juvenility. During the process of tree
growth, meristems produce new cells that are as mature
as the meristem itself. Buds produced in young seedling
may stay dormant for decades and their physiological
age does not change. Juvenile tissues may occur naturally
(root suckers, stump and epicormic shoots), or may be
induced by various treatments. New shoots originated
from the juvenile tissue exhibit juvenile characteristics.
Micropagation of mature trees is favoured by the use of ex-
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plants taken from the youngest tissue available. Selection
of suitable explants from juvenile parts of mature trees is
important for successful in vitro propagation of mature
trees.

Two approaches are possible to solve the problem of
mature tree micropropagation. Firstly, the selection of
explants from the juvenile part of tree (stump sprouts, or
epicormic shoots) is important. Experiments are carried
out to find and identify biochemical or genetical markers
associated with juvenile and adult phases of tissue.
Nuclear and cytoplasmic changes occur in cells during
plant maturation. It was observed that tissues of mature
trees have different biochemical characteristics from
those of juvenile seedlings. Old tissue had often higher
levels of polyphenols, peroxidases, abscisic acid.

The second approach is to induce rejuvenation. Natu-
ral rejuvenation occurs during sexual process when dis-
tinct nuclear and cytoplasmic changes occur. For
induction of rejuvenation we need better understanding
of processes occuring during the sexual process. Partial
rejuvenation was achieved by the use of various horti-
cultural treatments such as repeated grafting into seed-
lings, serial cutting propagation, hormonal treatments,
and pruning or hedging. Partial rejuvenation can be
achieved during in vitro propagation, by serial subcul-
tures of meristematic tissue on media containing phyto-
hormones. Observations indicate, that the formation of
adventitious buds and somatic embryo formation is a reju-
venating process.

For micropropagation of mature oak trees, juvenile
parts of trees were often used. Stump and epicormic shoots
were used as a source of primary explants for establish-
ment of in vitro culture of mature oak trees (Chalupa,
1983, 1984, 1987, 1988, 1993, 1995; Vieitez etal., 1985,
1994; Meier-Dinkel, 1987; Favre, Junker, 1987,
San-José et al., 1990). In case that juvenile shoots of
selected mature tree were not available, special treatments
were applied to induce growth of juvenile shoots.

Our recent experiments were focused on in vitro propa-
gation of mature trees of oak using organ cultures and
somatic embryogenesis. This study was carried out to in-
vestigate the influence of tree age, explant source, geno-
type, and plant growth regulators on in vitro propagation
of selected mature trees of oak (Quercus robur L.).

MATERIALS AND METHODS
Plant material

Tissue cultures of Quercus robur L. were initiated
from explants taken from mature trees (45 year-old ) grow-
ing in two oak stands in central part of Czech Republic
(30 km east of Prague). For explant collection 12 trees
and 6 stumps (of cut trees) were selected. Epicormic
shoots (induced by partial girdling of basal part of trunk)
and stump sprouts were used as initial explants. Partial
girdling stimulated development of epicormic shoots in
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basal part of stem. Tree trunks were partially girdled
(30-50 cm above ground) using a pruning saw, by cutting
horizontal incision (4-7 cm long), penetrating through
the cambium into xylem. Epicormic shoots also devel-
oped on increment cores removed from basal part of trunk,
and placed on moist mixture of peat and perlite in growth
cabinet and kept under high relative humidity, 16 h pho-
toperiod and 25 °C. Developed epicormic shoots were
used as a source for culture initiation.

Explants from stump sprouts and epicormic shoots
were divided into leaves and nodal segments, and were
surface sterilized by immersion in mercuric chloride so-
lution (0.1% HgCl,) for 2040 min, followed by three
rinses in sterile distilled water. Expanding leaves were
cut transversally into halves and the petiolar leaf halves
were placed with their abaxial surface on nutrient medium.

Culture media and conditions

The basal media used for experiments were BTM
(Chalupa, 1984, 1988), WPM (Lloyd, McCown,
1980), MS (Murashige, Skoog, 1962) and SH
(Schenk, Hildebrandt, 1972). The basal media were
supplemented with glutamine (100 mg.1™"), casein hydro-
lysate (100 mg.I"") and 20-30 g.I"" sucrose. The media
were solidified with 7 g.I"' Difco Bacto agar and adjusted
to pH 5.7 before sterilization by autoclaving at 121 °C
for 20 min. Growth regulators and glutamine were filter-
sterilized. Growth regulators added to culture medium
included 6-benzylaminopurine (BA), thidiazuron (TDZ),
I-naphthaleneacetic acid (NAA), indole-3-butyric acid
(IBA). Cultures were grown either in dark or in light in
growth cabinets at 24 & 1 °C with 16 h photoperiod under
cool white fluorescent light with a photon flux density
of 35 pmol.m s

The explants were cultured in 100 ml flasks containing
25 ml of nutrient medium. In most cases explants were
cultured for six week culture period, and were trans-
ferred into fresh medium every three weeks. Shoot multi-
plication was stimulated by combinations of various
concentrations of cytokinin and auxin. The rooting medium
for excised microshoots consisted of basal WPM (half
strength, 20g.I"" sucrose) supplemented with 2.46 pM
IBA. Rooted plantlets were transplanted into containers
and grown in a potting mixture (peat and perlite 1:1, v/v)
at high relative humidity under long photoperiod.

RESULTS
In vitro shoot multiplication and rooting
Shoot cultures were initiated from induced epicormic
shoots of all selected mature trees and from stump sprouts.
Within 2-3 weeks, new shoots developed from axillary

buds of nodal segments cultured on BTM or WPM
supplemented with a low concentration of cytokinin

J. FOR. SCI., 46, 2000 (12): 537-542



1. Effects of explant source, tree age and medium composition on in vitro shoot multiplication of Quercus robur L. (nutrient media were supple-

mented with 2.22 uM BA and 0.49 uM [BA)

Nutrient medium

Explant source

BTM

WPM

number of shoots

mean shoot length
(cm)

number of shoots

mean shoot length
(cm)

stump sprouts” 2613 1.8+0.8 25+12 1.7+£0.7
Mature trees

induced epicormic shoots*™ 25+14 1.7+09 25+13 1.6 0.6
Seedlings stem shoots™ 2814 1.9+0.9 27%13 1.8+0.7

*  Based on 6 stumps, mean of four subcultures, mean + SD

Based on 12 trees, mean of four subcultures, mean = SD
*** Based on 14 seedlings, mean of four subcultures, mean + SD

++

(2.22 pM BA) and auxin (0.49 uM IBA). Shoot cultures
derived from stump sprouts and epicormic shoots (Fig. 1)
maintained sufficient multiplication coefficient during
the experimental period, without a significant decrease
in regeneration capacity. Multiplication rates of cultures
derived from induced epicormic shoots were not signifi-
cantly different from those of cultures derived from
stump sprouts (Table I). Multiplication coefficients of
shoot cultures derived from seedlings were slightly
higher than those of mature tree cultures, however, values
were not significantly different. Experiments showed
that stump sprouts and epicormic shoots arising in basal
part of stem possess juvenile characteristics. The results
indicate that explants from stump sprouts and from induced
epicormic shoots can be successfully used for initiation
of shoot cultures and for in vitro propagation of mature
oak trees.

Microshoots excised from cultures and transferred on
modified WPM supplemented with auxin (2.46 uM IBA)
started to form adventitious roots within 2-3 weeks.
Short dark period (5-7 days) in the beginning of rooting
process stimulated initiation and growth of roots. Micro-
shoots of cultures derived from stump sprouts and from in-
duced epicormic shoots in basal part of stem, exhibited
good rooting response, indicating a high degree of juve-
nility (Table II). Rooting behavior of cultures derived from
mature oak trees, was influence by genotype. Significant
differences in rooting percentage were recorded among
individual genotypes.

11. Effects of explant source and tree age on in vitro rooting of micro-
shoots of Quercus robur L.

Explant source Rooting | Mean number
(%) of roots
Mature trees |stump sprouts* 84+£54 2203
induced epicormic shoots™| 81 6.1 | 2.1x0.3
Seedlings  |stem shoots™" 87+47| 24x04

*  Based on 6 stumps, 16 shoots per clone, mean + SD

Based on 12 trees, 12 shoots per clone, mean + SD
*** Based on 14 seedlings, 12 shoots per clone, mean + SD

++
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1. Multiple shoot culture of Quercus robur produced from nodal seg-
ment of epicormic shoot induced in basal part of mature oak tree

Rooted plantlets were transplanted into potting mixture
and were grown under high relative humidity and long
photoperiod to stimulate shoot growth. Survival rates of
micropropagated plants derived from mature trees were
high (86-94%). After acclimatization, micropropagated
plants were planted outdoors.

Induction of somatic embryogenesis
and plant regeneration

Initiation of callus tissue was stimulated in leaf segments
and internodal stem segments of stump and epicormic
shoots of mature oak trees cultured on WPM, BTM, MS
and SH medium, supplemented with low concentrations
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of cytokinin (2.2-8.8 pM BA or 0.04-0.9 uM TDZ) and
auxin (10.7-21.5 uM NAA). Within 3-4 weeks, callus
tissue with nodular formation was produced on petiole
leaf segments and on cut surfaces of main leaf veins. Some
epidermal cells of leaf segments also produced callus tis-
sue. Internodal stem segments of stump and epicormic
shoots of mature oak trees produced callus tissue on the
cut surface within 3—4 weeks on tested media containing
auxin (10.7-27.0 uM NAA) and cytokinin (2.2-8.8 uM
BA or 0.04-0.9 uM TDZ). For induction of embryo-
genic tissue, multi-stage initiation treatment was required.
Development of embryogenic tissue was stimulated by
gradual lowering of plant growth regulators in nutrient
medium. After transfer of callus cultures on media con-
taining lower concentration of growth regulators or lacking
growth regulators, embryogenic structures developed.
After 4-5 weeks, the cultures were transferred on nutrient
media supplemented with 0.4 pM BA and 0.5 uM NAA
and later the cultures were subcultured on medium lacking
plant growth regulators. Embryogenic structures devel-
oped on the surface of white callus were separated and
transferred to proliferation medium (Fig. 2).

2. Induction of embryogenic tissue and developing somatic embryos
in culture derived from epicormic shoot induced in basal part of mature
oak tree

The embryogenic cultures produced from leaf and in-
ternodal segments were maintained by secondary em-
bryogenesis. Secondary somatic embryogenesis led to
the formation of new adventive embryoids. Various stages
of embryogenic structures, normal and abnormal, were
observed. Embryogenic tissue kept their embryogenic po-
tential for more that one year.

Maturation of somatic embryos was promoted by ABA
and elevated osmoticum treatment (Fig. 3). The use of ABA

540

3. Somatic embryo development in embryogenic culture derived from
epicormic shoot of mature oak tree

4. Plantlet regenerated from somatic embryo developed in embryo-
genic culture iniciated from epicormic shoot of mature Quercus robur

J. FOR. SCI., 46, 2000 (12): 537-542



(7.6-38.0 uM) together with the non-permeating osmo-
ticum (2-5% PEG 4000) promoted maturation, stimu-
lated accumulation of storage proteins and increased the
ability of somatic embryos to survive the drying treat-
ment. Germination and conversion of somatic embryos
to plantlets was promoted by desiccation treatment. The
mature embryos were slowly dried in controlled environ-
ments (92-63% RH). Slow drying of somatic embryos
increased germination and improved shoot elongation.
Conversion of mature somatic embryos to plantlets
ranged from 3% to 18%.

Plantlets developed from somatic embryos (Fig. 4)
were transplanted into potting mixture and were grown
under long day conditions and high relative humidity for
4-6 weeks. The humidity was gradually reduced to normal
values and acclimated plants were transferred outdoors.

DISCUSSION

In vitro propagation of oak is an important method for
production of large number of trees with valuable ge-
netic traits. One of the main problems of tree micropro-
pagation is a problem of aging. The capacity of trees to
be propagated vegetatively decreases with increasing
age, and maturity is often associated with the loss of
rootability. Our approach to overcome the problem of
aging consists in using juvenile parts of mature trees for
micropropagation. Selection of explants and methods
chosen for oak micropropagation have significant effects
on multiplication rates and plant quality. The quality of
plants produced by in vitro methods has to be as good as
those produced by conventional methods. Experiments
presented in the paper are a continuation of our previous
investigations (Chalupa, 1983, 1984, 1988, 1990, 1993,
1995) focused on possibilities to propagate in vitro ma-
ture oak trees using juvenile parts of trees as explant
sources. Our recent experiments with various sources of
plant material inicated that explants taken from stump
sprouts and from epicormic shoots induced in basal part
of stem, exhibit juvenile characteristics. Organ cultures
initiated from these explants showed high shoot multipli-
cation rate and good rooting capacity. The efficiency of
shoot multiplication was affected by the medium compo-
sition and concentration of external growth regulators.
Low concentration of cytokinin (BA) and auxin (IBA) in
culture medium stimulated axillary bud elongation and
shoot multiplication. Rooting experiments demonstrated
the capacity to form roots of cultures derived from mature
trees.

Propagation of oak trees via somatic embryogenesis
is a promising method for fast clonal propagation of se-
lected superior genotypes. Embryogenic cultures of mature
oak trees were established from male catkins of Quercus
robur (Chalupa, 1985) and Q. bicolor (Gingas, 1991).
Féraud-Keller, Espagnac (1989) described initation
of embryogenic tissue of Q. ilex from leaves of adult trees
and Fernandez-Guijarro et al. (1995) initiated somatic
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embryos from leaf segments of Q. suber. Cuenca et al.
(1999) induced somatic embryogenesis using leaf and
internodal segments of pedunculate oak seedlings. Our ex-
periments demonstrated the feasibility of somatic embryo-
genesis induction in mature Quercus robur trees. Juvenile
shoots induced in basal part of mature trees were used as
explant sources for initiation of somatic embryogenesis.
For induction of embryogenic tissue, multi-stage initia-
tion treatment was required. Development of embryo-
genic tissue was stimulated by lowering of growth regulator
concentration in nutrient medium. Secondary somatic
embryogenesis was efficient method for production of
large number of adventive somatic embryos. Germination
and conversion of somatic embryos to plantlets was pro-
moted by desiccation treatment.
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IN VITRO ROZMNOZOVANI DOSPELYCH STROMU DUBU LETNIHO

(QUERCUS ROBUR L.)

V. Chalupa

Ceska zemédélska univerzita, Lesnicka fakulta, 165 21 Praha-Suchdol

Vegetativni rozmnozovani dospélych stromi dubu ma
znaény vyznam pro zichranu odolnych genotypti dubu
a pro zachovani genofondu cennych populaci dubu. Pfi
nasich pracich byly provadény experimenty s rozmno-
zovanim dospélych stromit dubu letniho metodami in
vitro, pomoci organovych kultur a somatickou embryo-
genezi. K zaloZeni explantatovych kultur byly pouzity
pryty odebrané z dospélych stromi dubu (vék 45 let)
rostoucich ve dvou dubovych porostech ve stfednich
Cechéch. Jako po&atedni explantity byly pouZity juve-
nilni pryty z kmenovych vymladk® indukované v bazalni
¢asti kmene nebo pafezové vymladky. Nodalni segmenty
ziskané z odebranych prytii byly po sterilizaci péstovany
na modifikovaném médiu BTM nebo WPM. Nizké kon-
centrace cytokininu (BA) a auxinu (IBA) v zivnych
médiich stimulovaly vytvafeni prytl z axilarnich pupent
(tab. I). Bylo dosazeno zna¢ného koeficientu mnozeni
pryti na téchto Zivnych médiich. Mikrofizky odebirané
z mnoZicich se kultur byly zakofenény na modifikovaném
WPM obsahujicim nizkou koncentraci auxinu (IBA).

Bylo dosazeno vysokého procenta zakofenéni mikrofizki
na zivném médiu (tab. II). Zakofenéné pryty byly pfesa-
zeny do nesterilni smési raseliny a agroperlitu (1 : 1, v/v),
kde byly péstovany po 4-6 tydnt pii vysoké relativni
vzdusné vlhkosti. Po aklimatizaci byly zakofenéné
sazenice vysazeny na venkovni plochy a byl sledovan
jejich dalsi rist.

U listovych a internoddlnich segmentt ziskanych
z kmenovych nebo pafezovych vymladku, které byly po
sterilizaci péstovany na Zivnych médiich obsahujicich
cytokinin (BA, TDZ) a auxin (NAA), bylo stimulovano
vytvareni kalusovych pletiv. Po pfesazeni na Zivna média,
ktera bud’ obsahovala nizkou koncentraci ristovych
fytohormoni, nebo neobsahovala zadné fytohormony,
bylo stimulovano vytvéafeni embryogennich pletiv a so-
matickych embryi. Kli¢eni a konverze somatickych
embryi v rostliny byla stimulovéna desikaci pfi nizsi re-
lativni vzdu$né vlhkosti. Rostliny vypéstované ze soma-
tickych embryi byly po otuZeni vysazeny na venkovni
plochy.
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Prof. Ing. Vladimir Cha lu p a, DrSc., Ceska zemédélska univerzita, Lesnicka fakulta, 165 21 Praha-Suchdol, Ceska republika

542

J. FOR. SCI., 46, 2000 (12): 537-542



JOURNAL OF FOREST SCIENCE, 46, 2000 (12): 543-568

BEECH GALL MIDGE (MIKIOLA FAGI HTG.) AND ITS NATURAL
ENEMIES

BEJLOMORKA BUKOVA (MIKIOLA FAGI HTG.) A JEJI PRIROZEN{
NEPRATELE

J. Urban

Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood Technology,
Lesnicka 37, 613 00 Brno

ABSTRACT: In 1998 and 1999, there was a mass outbreak of beech midge (Mikiola fagi Htg.) reported from many areas
of the Czech Republic. The midge gradation was recorded also in the Bohemian-Moravian Upland in the Polni¢ka For-
est District situated at an altitude of about 600 m. This was the locality where the development of the midge and its
insect parasitoids was studied on early and late budding 30-year-old beech trees and in an unevenly budding 6-year old
beech plantation. The pest winters mainly at a stage of the grown-up larvae (rarely pupae). Protandrous adults hatch to-
wards the end of March and at the beginning of April. They deposit eggs on buds (39%) and twigs (61%) in the close
vicinity of the buds, on young cultures and on the ground parts of the crowns of older beech trees. Egg larvae make their
way into the scales to the leaf rudiments of the early budding beech trees much easier than into the more compact buds of
the late budding beeches. Due to larvae sucking, there are galls of up to 1 mm in height developing on the abaxial face of
the leaves from mid-April to the beginning of May, which further grow only on the adaxial face of the leaves into the
characteristic single-chamber galls. One gall can house up to 3 growing larvae until mid-July. At the beginning, the male
galls (unlike the larvae) exhibit a much slower growth than the female galls. The development in the galls is usually
completed only by 3-8% of the midge larvae. Up to 82% of mortality can be attributed to insect parasitoids (particularly
to the ectoparasitoids Torymus cultriventris Ratz. and Aprostocetus elongatus Forst., and the endoparasitoid Omphale lu-
gens Nees). T. cultriventris deposits eggs mainly in June and July, 4. elongatus by 1-2 weeks later. At the beginning, the
larvae of the two species feed in a zoophagous way (4. elongatus sometimes also as a hyperparasitoid), later on in a phyto-
phagous or saprophagous way. The both species usually winter in the stage of larvae. O. lugens hatches in the 1st half of
June and lays eggs mainly into the male larvae of the beech midge. It winters at the stage of the grown-up larvae and
pupae. The development of all three species is univoltine. 14-22% of midge larvae are killed by the defensive activity of
the plant tissues. The paper also describes the influence of particular factors of mortality on the size and general appear-
ance of the beech midge galls.

Mikiola fagi Htg.; occurrence; development; natural enemies; gall polymorphism

ABSTRAKT: V letech 1998 a 1999 se v mnoha oblastech CR pfemnozila bejlomorka bukova (Mikiola fagi Htg.). Jeji
gradace byla zaznamenana také na Ceskomoravské vrchoving na polesi Polnicka v nadmofské vysce kolem 600 m. Tam
byl studovan vyvoj bejlomorky a jejich hmyzich parazitoidii na asné a pozdné radicich 30letych bucich a nestejnomé&rné
radici Sestileté bukové vysadbé. Skiidce zimuje vétdinou ve stadiu dorostlych larev (zfidka kukel). Protandriéti dospélci
se lihnou koncem bfezna a za¢itkem dubna. Vaji¢ka kladou na pupeny (39 %) a vétévky (61 %) pobliZ pupent, a to na
mladé kultury a na pfizemni &4sti korun star§ich buki. Vaje¢né larvy pronikaji mezi Supiny k zdkladim listd ¢asné
radicich bukl snadnéji nez do kompaktnéjsich pupenti pozdné radicich bukl. Od poloviny dubna do zaditku kvétna se
sanim larev na abaxidlni strané listll vytvafeji 1 mm vysoké halky, které se dale vyvijeji jen na adaxidlni stran& listd
v charakteristické jednokomirkové halky. V téze halce se az do poloviny &ervence mohou vyvijet az tfi larvy. Saméi
halky (na rozdil od larev) rostou zpoc¢atku mnohem pomaleji nez sami¢i. Vyvoj v halkach ukonéi jen 3-8 % larev bejlo-
morky. Na mortalité se az 82 % podileji hmyzi parazitoidi (pfedev§im ektoparazitoidni Torymus cultriventris Ratz.

The paper was prepared within the Ministry of Agriculturc of CR Rescarch Project No. 9 SZ 011 Biology and harmfulness of insect leaf-eating
pesis on forest tree species.
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a Aprostocetus elongatus Forst. a endoparazitoidni Omphale lugens Nees). T. cultriventris klade vaji¢ka hlavn& v ervnu
a Cervenci, 4. elongatus o jeden aZ dva tydny pozdéji. Larvy obou druhii se zpo&atku Zivi zoofagné (4. elongatus n&kdy
i jako hyperparazitoid), pozdéji fytofagné ¢i saprofigné. Oba druhy zimuji obvykle ve stadiu larev. O. lugens se lihne
v prvni poloviné Cervna a vaji¢ka klade hlavné do sam&ich larev bejlomorky. Zimuje ve stadiu dorostlych larev a kukel.
Vyvoj viech tfi druhl je untivoltinni. Obrannou ¢innosti rostlinnych pletiv je zahubeno 14-22 % larev bejlomorky.
V préci je dile podrobné popsén vliv jednotlivych mortalitnich faktorl na velikost a celkovy vzhled hélek bejlomorky.

Mikiola fagi Htg.; vyskyt; vyvoj; pfirozeni nepfatelé; polymorfismus hélek

INTRODUCTION

Beech gall midge (Mikiola fagi Htg.) belongs to the large
family of gall midges (Cecidomyiidae, syn. Itonididae),
represented in the territory of the Czech Republic by
503 species (Skuhrava, 1997). It is one of the biologi-
cal group of phytophagous midges, similarly as 75% of
other family representatives. Larvae of these gall midges
grow phytophagously, mainly monophagously in the
young vegetative and generative organs of plants. As
many as about 90 gall midge species live on the forest
tree species (Skuhravy, Skuhrava, 1998).

Similarly as the majority of gall midges which feed
on plants, the beech midge is cecidogenic. The gall-
forming capacity is missing only in the species that grow
in the reproductive plant organs (flowers, seeds and fruits)
and in the inquiline species. Galls of the same midge
species always appear only on a certain part of the host
plant. The shape, size and appearance of the galls formed
by particular midge species are so characteristic that they
can very often help at a reliable determination of the
midge species. :

The beech midge is one of 5 species from the family
of cecidomyids which develop on European beech (Fagus
sylvatica L.). Its larvae live in neat cecidia developing
on the adaxial face of young beech leaves. Thanks to these
conspicuous and often very numerous new formations it
is one of the gall-forming midges and gall-formers at all.
It can be most frequently found on young bushy beeches
and in the ground parts of the crowns of older solitary
standing or marginal beech trees. Its frequent mass out-
breaks and high population densities can significantly
impair the assimilative capacity of the host species. It is,
therefore, justly ranked with the most harmful gall midge
species in the forest tree species such as pine midge
(Thecodiplosis brachyntera Schwigr.), larch midge
(Dasineura kellneri Hensch. = laricis F. Low), and fir gall
midge (Resseliella piceae Seitn.).

The beech midge is a widely spread European species
with its natural range stretching as far as to the Atlas and
the Caucasus mountain ranges. It appears almost any-
where where European beech is a common species and is
most abundant in the areas of its natural range, i.e. in cen-
tral Europe and its central mountains, in northern Europe
(Denmark and southern Scandinavia) mainly in lowlands,
and in southern Europe (Spain, Italy) mainly in moun-
tains. Its occurrence in southern Europe (e.g. in Bulgaria)
has also been recorded on eastern beech (Fagus orientalis
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Lipsky) (Stalev, 1989, 1991). On beech trees in Bulgaria
and Caucasus it is said to be represented by the gall
midge Mikiola orientalis Kieff. Nevertheless, it should
be only more precise morphological studies of the adults
and larvae that would be decisive for the statement that
the found species is actually a separate one (Skuhravy,
Skuhravi, 1996). In the Czech Republic, the beech midge
can be found above all in the locations of medium and
higher altitudes (400-1,100 m) and much less also in low-
lands (e.g. in parks on the ornamental forms of beech).
Beech gall midge was found in 260 localities in the Czech
Republic and is considered one of the very abundant
species of the Czech fauna (Skuhravy, Skuhrava,
1998).

Thanks to the above mentioned facts and some other
circumstances the beech midge is one of the best studied
gall-formers in the numberry with data on its morphol-
ogy, systematic classification, occurrence, bionomics
and harmfulness being available in various entomologi-
cal and entomological-protection oriented compendia
(e.g. Darboux, Houard, 1901; Kieffer, 1913;
Wimmer, 1931; Escherich, 1942; Schwerdtfeger,
1944, 1970; Gibler, 1955; Stakelberg, 1955; Skuh-
rava, Skuhravy, 1960, 1973, 1998; Brauns, 1964;
Buhr, 1964; Skuhrava, 1977, 1986, 1987; Postner,
1982; Alvarez, 1998) and in many other technical and
scientific essays (e.g. Biisgen, 1895; Baudys$, 1954,
1956; Wahlgren, 1960; Skrzypczynska, 1969,
1983; Paclt, 1973; Schnaider, 1974; DZzanokmen,
1978; Kostjukov, 1978; Nikolskaja, Zerova, 1978;
Trjapicyn, 1978; Segebade, Schaeffer, 1979;
Hrubik, 1985; Cwiklinski, Koziol, 1987; Stalev,
1989, 1991; Schmidt, 1991; Skuhrava, Skuhravy,
1974; Skuhravy, Skuhrava, 1988, 1991, 1993, 1996,
etc.). Gall morphology, anatomy and histology were
studied in details by e.g. Kiister (1911, 1925, 1930)
and Ross (1932). Gall-forming process induction and
control was dealt with e.g. by Boysen-Jensen (1948,
1952) and Weidner (1957). The chemical composition
and physiology of galls were discussed e.g. by Kirst
(1974), Kirst, Rapp (1974), Rapp, Kirst (1974) and
Brewer, Skuhravy (1989). Some authors mention gall
dimorphism (or polymorphism) which is being ascribed
to parasitoids or to the larvae of female or male sexes
(Molliard, 1926; Vorms-Ravillard, 1935; Coutin,
Riom, 1967; Urban, 1999a,b, 2000a,b, etc.).

Beech midge brought an evidence of its great grada-
tion tendencies in 1997-1999 when its simultaneous
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mass outbreaks occurred in many areas of the Czech Re-
public (e.g. in the Orlické Mts., Jeseniky Mts., Moravian-
Silesian Beskids, Drahanskd Upland and Bohemian-
Moravian Upland). The pest gradation in young beech
plantations and on low-branching older beeches in the Pol-
nicka Forest District (Forest Administration of Dr. R. Kin-
sky, Zd’ar nad Sazavou) was used to study its incidence
and bionomics including the so far little known influence
of the male and female larvae and natural enemies on the
size and general appearance of the galls. The paper discus-
ses the beech gall midge incidence and development, the
incidence and development of its insect parasitoids in
the galls on the early and late budding beech trees in the
stand and in a young beech plantation.

LOCALITY UNDER STUDY AND METHODS

Systematic investigations were made in 1998 and 1999
in Stand 208E in the Polni¢ka Forest District (Forest Ad-
ministration in Zd’ar nad Sézavou). The forest district is
situated in the Protected Landscape Area of the Zd’rské
vrchy Hills at an altitude ranging from 640 to 660 m
(fir/beech forest vegetation zone). More details on the
area under study see Urban (2000a).

The locality was visited in 2-week intervals in 1998
(in 3-week intervals and shorter as necessary in 1999)
from the end of March (snow thaw) to the end of Octo-
ber (end of beech leaf fall). The course of imago swarm-
ing and the egg laying procedure were studied in the
open in early spring. The hatching of midge adults and
larval (pupal) parasitoids was investigated in more detail
in the laboratory. The largest set of galls to be investi-
gated (370 pcs) was collected in the open on 9 October
1998. Unfallen midge galls were cut out from the leaves
in the laboratory. Groups of unfallen and fallen galls of
the same size were placed into the test tubes (50 x 8 mm)
and then into the outdoor conditions. From 28 February
1999, the galls were displaced into the laboratory for the
hatching of gall midges and parasitoids. Similar investi-
gations were made with galls collected in the open from
the time of the culminating summer to the end of the
growing season or early in the spring. The course of the
hatching of adult midges and their insect parasitoids was
monitored in 2-day intervals.

Another survey was to define the intensity of the in-
festation, the course of gall growth and the course of the
midge pre-imaginal development and the development
of the beech midge natural insect enemies on the early
and late budding low branching 30-year-old marginal
beech trees and in the young, very unevenly budding
beech plantation of about 6 years. The infestation of the
early and late budding beech trees was monitored from
the early spring, i.e. from the time of the oviposition and
the midge larvae invasion into the unbroken buds. There
were two selected beech trees from which the originally
unbudding annual shoots were collected in 3-week inter-
vals with the midge eggs and later the shoots with the in-
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fested leaves. From 7 August 1999 the sampling was also
made from the young beech plantation. Laboratory mea-
surements were made to find out the number of leaf ru-
diments in the buds and the number of leaves emerged
from them including the infestation and size of the leaf
blade (according to the location in the buds and the or-
der on the current year shoots). The sets of galls taken
from the early and late budding beech trees and from the
young beech plantation were analyzed in the laboratory
the galls being first ton off the leaves either by merely
a certain pressure or by a careful cut running through the
narrow neck at the gall base. Each gall was then carefully
cut along its length with the scalpel under the microscope
and its length, width and gall wall thickness (in the middle
of its length) were measured micrometrically. The size
of the living or dead midge larvae and parasitoid larvae
was then measured by the same method. By combining
different traits, particularly those of gall dimensions, gall
wall thickness and midge larvae size, the galls with the
living (possibly also parasitized) midge larvae collected
in July and in later control terms were differentiated into
the male and female galls by the sex of the midge larvae.
A special attention was paid to the category of galls with
the larvae which died due to the ectoparasitoids, endo-
parasitoids, plant tissue defensive activity, and insect or
bird predators.

The data on the swarming of adults, oviposition, em-
bryonal development, penetration of the midge larvae to
the leaf rudiments of buds on the early and late budding
beech trees etc. will be worked out in more details in
a separate paper.

RESULTS AND DISCUSSION
WINTERING, HATCHING AND EGG DEPOSITION

The beech midge winters in galls fallen on the ground.
Shortly before the gall fall from the leaves, which starts
as soon as towards the end of August and culminates to-
wards the end of September and at the beginning of Octo-
ber at Polnicka (Table I), the mature larvae close the
narrowed neck at the gall base with a white woven cap.
The male larvae grow up on average somewhat earlier
than the female larvae, which means that the first capped
galls are always the male galls. For example in 1998,
there were 77% of male (and only 3% of female) sub-
population capped in their galls from the end of August
until the end of September, and the process of gall cap-
ping and fall onto the ground was finished in mid-Octo-
ber. The great majority of galls with the mature midge
larva get separated from the leaves prior to the proper
leaf fall from the tree species. Galls with dead male and
female midge larvae that were in the later period of time
(in September or even at the beginning of October) in-
fested by insect ectoparasitoids often use to fall from the
leaves, too and are usually capped. However, predominant
part of the parasitized galls and all galls with the midge
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I. Average size (mm) of beech midge (M. fagi) galls with live male and female larvae on the early (late) budding beech. Number of galls

measured — see Tables IIT and IV. Polni¢ka, 1999

Male galls Female galls Galls - total
£ length width wall length width wall length width wall
thickness thickness thickness

23 April - - - - - - - - -
7 May ? ? ? ? ? ? 04 0.9 0.1
0.1) 0.7) 0.1)

23 May 2 ? 7 ? ? ? 32 2.1 0.3
(1.6) (1.8) 0.2)

6 June ? ? ? ? ? ? 5.5 32 0.7
(3.6) (2.5) 0.4)

26 June 54 3.0 0.6 73 4.7 1.1 5.8 34 0.7
[©) (?) () (7 ) [©) (3.9) (2.7) (0.5)

16 July 5.6 3.0 0.6 7.6 5.6 1.2 6.5 4.2 0.9
(3.6) (2.5) (0.5) (5.5) 3.2) (0.8) 4.2) (2.8) (0.6)

7 August 49 2.5 0.5 7.2 49 1.3 5.8 34 0.8
.1 (2.8) (0.6) (-) (=) (=) 4.1) (2.8) (0.6)

27 August 5.1 32 0.6 74 33 1.3 59 4.0 0.9
(4.5) (2.7) (0.5) (-) (=) () (4.5) (2.7) (0.5)

17 September 6.5 34 0.7 9.0 6.2 1.3 79 5.0 1.0
(3.3) (1.9) 0.4) (6.0) (5.3) (1.7) 4.7) (3.6) (1.0)

19 October - - - 83 58 12 83 58 1.2
(=) (=) (-) (=) (=) (=) (=) (=) (=)

larvae killed due to the defensive activity of the plant
tissues never fall down from the leaves.

The midge usually survives the unfavourable winter
period in th stage of mature larvae. At Polni¢ka, there
were 87% of the midge population as a larva in 1998
(and even 100% in 1999), and only 13% (0% in 1999) as
an uncoloured pupa. The higher percentage of the win-
tering pupae can be anticipated in this area in years with
the very warm growing period and naturally also at all
places with better climatic conditions (e.g. at lower alti-
tudes exposed to the south). The length of the mature male
and female larvae is 4.0 mm and 5.0 mm, resp., the width
being 1.2 mm and 1.5 mm, resp.

The midge larvae pupate in the galls usually in March
of the coming year (at Polnicka as early as about 10 March)
and the adult individuals hatch after 2-3 weeks of the
stage of pupa. Prior to the hatching, the midge pupae
lift off or break through the woven cap by using apices
of the cervical armature (sclerotized apices on the head),
and slide with their anterior body into the opening
in the gall neck, which was left in the base of the gall af-
ter its separation from the leaf. After the adult has flown
out, the white exuvia of the pupa stick out from the gall for
a certain time until torn off by the atmospheric agents.

The hatching of adults exhibits protandry which is
rather conspicuous. The first male swarms appeared at
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Polnicka in 1999 as early as on 25 March when the thickets
and young beech stands were covered (with the exception
of some 50 cm wide thawed spots around the stem bases)
with up to 20 cm snow. The mass swarming of imagoes
(85% males and 15% females) was observed on 27 March.
At hatching in the laboratory, the total of 351 galls col-
lected on 27 March 1999 brought to life only the midge
females. The snow cover in the stands thawed (with minor
exceptions) before the end of March and the swarming
ceased on about 7 April. Due to different microclimatic
conditions (resulting particularly from the uneven snow
thaw) and individual development deviations the total
time of swarming was prolonged to about 2 weeks.
Rather interesting is the fact that there were no more
midge adults hatching in the laboratory from the set of
206 galls brought on 10 April 1999 although the set con-
tained 5 more living (unparasitized and at first sight vital)
larvae. The living midge larvae which did not pupate in
the coming year out of reasons so far unclear occurred
not infrequently also in galls collected from the open on
9 October 1998 (and stored in outdoor conditions until
28 February 1999). At analyzing the galls by cut, there
were 3 more galls (0.8% from the total of 370 galls) with
the living larvae found as late as on 1 May 1999. If there
was a total of 14 adult midges hatched from this set of
galls, then the 3 vital larvae which did not pupate repre-
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sent 20% of the number of the living midges. The facts
intrusively raise a question of a hitherto not evidenced
but possible existence of the diapause in part of the beech
midge larvae population.

The fertilized female midges deposit eggs not only on
the so far enclosed leaf buds as claimed in the hitherto
literature, but also on twig sections adjacent to the buds
(up to the distance of 2 cm from the bud base). The analy-
sis made at Polni¢ka on 9 April 1999 revealed that there
were only 39.2% of eggs localized at the bud base and
60.8% were found on shoots whose diameters ranged
between 1.5 and 2.5 mm, either on the smooth bark or
on the scars after bud scales, or on the last year’s leaves,
sometimes also on the long (up to 3 years on the leaves
persisting) dead stipules left after the last year’s leaves.
The eggs are of brownish-red colour, spindly, and their
length and width is 0.44 mm and 0.14 mm, respectively.
Their deposition on the buds and shoots is usually length-
wise, either individual or in small groups (max. 35). Total
numbers of eggs deposited by the female midges range
between 276 and 410 (av. 300) (according to Escherich,
1942; Skuhrava, Skuhravy, 1960, and other authors
it is only 200-300 eggs). The adult midges live just a few
days, not taking in any food, just sucking water; after
finishing their reproduction, they die soon.

The adult beech midges (females in particular) are far
from being good fliers. They fly zig-zag usually only close
above the ground and often sit down on the ground or on
the ground vegetation. Their dispersion to more distant
localities in the neighbourhood is passive and can rather
be attributed to air streams than to their active flying.
With regard to their limited flying capability the females
implement their entire oviposition on young bushy beech
trees or on ground parts of crowns of older solitary or
marginal beeches (up to max. 5 m above the ground).
This is the reason why it is particularly young planta-
tions and thickets to be damaged by the beech midge at
its gradations.

GROWTH OF GALLS AND LARVAE
WITH UNDISTURBED DEVELOPMENT

The st instar larvae hatch from the eggs in 2-3 weeks
(in the laboratory conditions as early as in 10 days). Their
emergence is signalled by inconspicuous greyish white
egg covers (built mainly of chorion) which persist on the
tree species for several more days or weeks. The 1st instar
larvae are red, with their anterior and posterior narrow
and with a slightly dorso-ventral flattening of the body.
Their average length and width is 0.38 mm and 0.16 mm,
respectively. After a short rest, the larvae start wandering
into the bud scales to reach the leaf rudiment.

In 1999, the first larvae at Polni¢ka were hatched in
mid-April and the last ones as late as on 3 May. At approxi-
mately half of this period of time (on about 23 April),
there were 30.9% eggs and 69.1% larvae occurring on
the tree species with the larvae being usually hidden in

J. FOR. SCI., 46, 2000 (12): 543-568

the buds. At the time of the larvae penetration into the
buds, the buds of the early budding (and naturally also
the late budding) beeches were still entirely closed and
their length ranged from 1.5 cm to 3.5 cm and width from
0.3 cm to 0.4 cm. The bud scales and leaf rudiments had
a rather tight mutual contact.

The leaf rudiments in the buds have their future adaxial
leaf face turned to the inside of the buds, being folded to
the inside along the central leaf vein and — in addition —
pleated to the inside in deep folds along the lateral veins.
Both external and internal faces of the veins are densely
overgrown with grey and tight-fitting fine hairs whose
length is about 2.5 mm. This arrangement of the leaf ru-
diments in the beech buds makes it difficult for the lar-
vae to easily get to the leaf parenchym and this is why
the larvae settle down with their anterior in the parenchym
tightly adhering to the main or lateral leaf veins.

The stand under study exhibited 2-8 (av. 3.5) leaf rudi-
ments in one bud of the early budding beech, and 2—7 leaf
rudiments (av. 4.0) in one bud of the late budding beech.
At all times, the outer leaf rudiment in beech overlaps at
least to some extent the leaf rudiment located beneath.
There are certain gaps developing among the individual
leaf rudiments at the beginning of the budding through
which the midge larvae can penetrate deeper into the bud.
These interspaces are doubtlessly larger in the early open-
ing buds, and, therefore, the larvae settle down on the in-
ternal leaf rudiments (at Polnicka most frequently between
leaf rudiments 2 and 3, sporadically up to leaf rudiment 7).
In contrast, the late-budding beech trees show a conspicu-
ous incoincidence of the beginning of budding and the
hatching of the larvae. It is this incoincidence that pre-
vents the larvae to get inside the buds between the leaf
rudiments and the reason why the larvae most frequently
settle down on leaf rudiment 1 (outer) which is located
immediately beneath the bud scales.

It was proven during the investigations made at Polni¢ka
that the beech midge deposits the eggs on the early budding
beech trees more often than on the late budding beeches.
The loosened (although not yet opened) buds of the early
budding beeches offer an easier penetration to the larvae
which soon settle down at a suitable place and start
sucking. The late opening buds have the closely clinging
leaf scales and tightly enclosed leaf rudiments (protected
with the densely haired veins) which represent a very
difficult obstacle for the larvae. A considerable percent-
age of the larvae will never get into the scales and 5-15%
of them die being imprisoned among the scales or in the
vein hairs. The leaves on the early budding beech trees
were engaged by on average 3-times larger numbers of
galls than the late-budding beeches due to the preferred
oviposition on the early budding beeches and due to the
high mortality of the 1st instar larvae on the late budding
beeches.

The gall-forming substance contained in the salivary
glands of the sucking larvae stimulates the young mer-
istematic tissues of the leaf rudiments from the abaxial face
(i.e. from the future lower face of the leaf) to the acceler-
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ated growth and to the multiple cell division. The patho-
logical hypertrophic and hyperplasic response of the
cells, which occurs at a distance of 15-20 cells from the
place of the incidence of the larva (Skuhrava, Skuh-
ravy, 1960) results in the gradual development of a cir-
cular fornix around the larva. The space which surrounds
the sucking larva gets larger and the original approxi-
mately perpendicular position of the larva towards the
leaf changes after a certain time of sucking to a parallel
position. Toward the end of April, the edges of this
fornix get ever more closer and grow together at the be-
ginning of May. This results in a tiny wartlike protuber-
ance developing on the abaxial face of the young and
fast growing leaf, whose height is hardly 1 mm. The pro-
tuberance with a whitish to rusty-brownish coloured top
nearly stops growing at the beginning of May. From the
end of April and at the beginning of May, there is an
originally conical and later rather spindle-like outgrow
appearing on the opposite (adaxial) leaf face, which gets
fast larger in May and June to reach its final size at the
beginning of Autumn.

The young and intensively growing, little differenti-
ated gall tissues get ever more differentiated and the galls
harden in the 2nd half of June. There is a thick hard layer
of thick-wall polyedric cells with lignified walls devel-
oping between the superficial epidermis and the thin in-
ternal nutritive layer built of thin-wall parenchymatic
cells. The gall is nourished by means of a modified cola-
teral vascular strand which is located between the hard
and nourishing layers. A spacious hollow develops in-

1. Female galls of the beech midge (Mikiola fagi Htg.) at the lateral leaf
veins on the carly budding beech. Polnicka, 30 August 1998
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side the gall. In terms of their development the single-cell
beech midge galls represent one of the most perfect type
of the leaf galls and galls in general (Figs.1 and 2).

It is mentioned in some references that there is always
only a single larva developing in the beech midge gall.
Nevertheless, the studies conducted in Polni¢ka indicate
that the statement is not entirely precise. There were e.g.
only 87.5% galls occupied by a single larva, 9.1% galls
with two larvae, and 3.4% galls with three larvae found
on the early budding beech observed on 7 May 1999.
The larvae in the galls with more than one larva reached
the length and width of about 0.53 mm and 0.18 mm,
resp. and did not differ in terms of their body size from
the individually sucking larvae in any way. However, as
early as on 26 June 1999, i.e. not even two months later,
the sampling showed 97.2% galls with one larva,
2.8% galls with two larvae, and a zero number of the galls
with three larvae, The galls with two larvae were of above-
average size as in contrast to the larvae themselves whose
size was below-average. While the length and width of
the individual larvae was 1.8 mm and 0.8 mm, resp., the
larvae living in couples were on average only 1.3 mm long
and 0.7 mm wide.

Similarly, the galls on the late budding beech exhibited
a lower multiple occupation by the larvae. From mid-July,
however, all galls both on the early budding and late
budding beeches had only a single larva — even those
that had two or three developing larvae at the beginning.
It follows, therefore, from the “co-existence”of the larvae
in one and the same gall that a greater number of the lar-

2. Female galls of the beech midge (M. fagi) at the central and lateral leaf
veins in the young plantation. Polni¢ka, 28 June 1999
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vae accelerates the initial growth of the gall and hampers
the growth of the larvae. The severe interference and com-
petition which starts to show as early as after a month of
the co-existence eventually always results in the elimina-
tion of the weaker larvae. This means in final consequences
that it is at all times only one midge larva to achieve the
final stage of its development in one gall.

The beech midge galls develop on the adaxial face of
the leaf blade, usually at places closely adjacent to the main
or lateral leaf veins. There were on average 40.4% of galls
at the main veins and 58.8% of galls at the lateral veins
with 0.8% of galls located entirely out of the veins in the
stand under study. It is interesting that with the increas-
ing leaf size the average number of galls at the main leaf
veins was markedly increasing and the number of galls
at the secondary veins decreasing (Urban, 2000a).

The mature midge galls with the grown-up larvae are
3.3-12 mm long and 1.9-6.5 mm wide with wall thickness
ranging between 0.4-1.7 mm. Their usual shape is oval,
with the pointed, spindle-like or conical end. Their surface
is smooth, dull to sheeny. Their colour is usually light-
green, later often yellow or reddish (particularly on the sun-
exposed side). The big-bellied galls get seated on the leaf
blade with their narrow base and the conical galls with
their unnarrow base. The grown-up galls with the living
midge larvae get separated from the leaves towards the end
of summer and at the beginning of autumn with the place
of separation being the gall base, i.e. the place where the
gall is connected to the leaf. The process of gall fall from
the leaves begins as early as in mid-August and ends in
mid-October. Prior to the gall fall, the midge larva would
enclose the neck-like gall opening with the woven cap
whose diameter is on average 1.3 mm in the male galls
and about 1.7 mm in the female galls.

The beech midge galls vary in terms of their size and
appearance. Some authors (e.g. Molliard, 1926;
Vorms-Ravillard, 1935; Dziurzynski, 1961, in
Coutin, Riom, 1967, etc.) mention, therefore, gall di-
morphism which is being attributed mainly to the influ-

(mm)

Male Female Ectopara-  Ectopara- Endopara-  Midge
midge midge sitoids sitoids sitoids larvae-
larvae- larvae in male in female -dead
<live live galls galls

J. FOR. SCI., 46, 2000 (12): 543-568

ence of the insect parasitoids. However, Coutin, Riom
(1967) provided an evidence in France of the primary
modification of the galls by the larvae of male and fe-
male sexes. In the Czech Republic, the different devel-
opment of androcecidia and gynocecidia raised the
attention of Skuhravy, Skuhrava (written communica-
tion, 1998) and Urban (1999a,b, 2000a,b). Specific se-
cretions of male and female larvae stimulate the division
tissues to develop galls of a certain size, shape and to
a certain extent also colour, affecting at the same time
also the characteristic dynamics of gall growth. The met-
ric parameters of the galls with the undisturbed develop-
ment of the midge larvae are to a considerable extent
depending on phenological, physiological and other prop-
erties of the host tree species including their ecological
environment. Differences between the male and female
galls become evident as late as in the second half of June.
Research results from Polni¢ka indicate that the size
and wall thickness of the male galls after the end of the
growth are considerably smaller than in the female galls.
In 1998, the male galls on the early budding beech were
5-8 (av. 6.7) mm long, 3-5.5 (av. 4.2) mm wide and 0.8-1.1
(av. 1.0) mm thick. The female galls were 7.5-12 (av. 9) mm
long, 5.0-6.4 (av. 5.8) mm wide and 1.0-1.7 (av. 1.4) mm
thick. The same metric characters were studied in 1999
during the whole period of gall growth on both the early-
and late-budding beech trees, and for a certain time of the
growing period also in the very unevenly budding young
beech plantation (Table I, Figs. 3-5). Due to the midge
larvae mortality that reached 97% and was caused mainly
by the insect parasitoids, the size of the galls with the un-
disturbed development could not be defined precisely
enough. The very first look at Table I and Figs. 3-5 indi-
cates apparent differences in the gall wall size and thick-
ness in the androcecidia and gynocecidia found on the early
and late-budding beeches. In contrast to the galls on the
early budding beech (and the galls in the young beech
plantation), both the male and female galls on the late bud-
ding beech were on average considerably smaller and

Order by length

[0 Eary budding beeen
Late budding beech
Young beech plantation

3. Average length (mm) of the beech
midge (M. fagi) galls after the end of
growth (by their contents). Polni¢ka,
1999
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5. Average wall thickness (mm) of the
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their walls thinner. The greatest average size and wall
thickness were recorded in the galls from the young beech
plantation.

Not negligible are also the differences in the shape and
colour of the male and female galls. The male galls are
usually more conical, i.e. widest in their lower third or at
the base. The female galls are usually more big bellied,
i.e. widest at approximately the half of their body length.
While the male galls are usually of an inconspicuous
light-greenish colour, the female galls often get yellow or
red from July, particularly on their sun-exposed side.

Very interesting is the growth dynamics of the male
and female galls when the growth of the male galls is gen-
erally slower (particularly at the beginning) than the
growth of the female galls. The growth of the female galls
which is at the beginning very rapid (especially the in-
crement of their width and wall thickness) nearly comes
to an end toward the end of July (Urban, 2000a,b).

The size of the grown-up male and female galls is closely
connected with the size of the mature male and female
midge larvae. The mature male larvae are 3.4—4.5 mm
long and 1.0-1.5 mm wide while the mature female larvae
are 4.5-5.5 mm long and 1.3-1.8 mm wide. In contrast
to the female larvae, the male larvae (unlike the galls) grow
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at the beginning much faster and get mature on average
somewhat earlier (Figs. 6-8). For example, in mid-July
1998 the male larvae in galls on the early budding beech
reached 45% (40% in 1999) of the length and 60% (56%
in 1999) of the width of the grown-up larvae. At this time,
the female larvae reached only 30% (26% in 1999) of the
length and 35% (32% in 1999) of the width of the grown-
up larvae (Table II). The growth of the female larvae ac-
celerates in the 2nd half of the growing period so that
the average size of the male and female larvae gets equal
as early as in August and in the course of September the
growth of the female larvae is considerably faster than
that of the male larvae. The growth of the larvae without
regard to sex is illustrated in Fig. 9.

The larvae in the galls moult three times in the course
of their development. Nevertheless, they do not secrete
any excrements which get accumulated in the hindgut
and are unrepeatedly removed as a so called meconium
as late as prior to the pupation. As mentioned above, the
great majority up to the entire gall midge population
(87-100%) in the natural conditions of the Polni¢ka for-
est district winters at a stage of the grown-up larvae with
only a minimum percentage (0-13%) being at a stage of
the pupae.
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6. Lengthwise section of the male beech midge
(M. fagi) gall on the carly budding beech with
the midge larva of 1.9 mm in length. Polni¢ka,
28 Junc 1999

7. Lengthwise section of the female beech
midge (M. fagi) gall on the carly budding
beech with the midge larva of 0.9 mm in
length. Polni¢ka, 26 June 1999

8. Lengthwise section of the female beech
midge (M. fagi) gall in the young plantation
with the midge larva of 0.9 mm in length.
Polni¢ka, 28 Junc 1999

1. Average size (mm) of the live beech midge (M. fagi) male and female larvae in galls on the early (late) budding beech. Number of galls

measured — see Tables 111 and IV. Polnicka, 1999

Date Male galls Female galls Galls - total
length width length width length width
9 April - - - - - -
23 April ? 7 ? 2 038 0.16
7 May ? 2 ? ? 0.5 0.2 ¥
(0.4) 0.2)
23 May ? ? ? ? 0.9 03
0.7) 0.2)
6 June ? ? ? ? 1.1 04
(1.0) 0.4)
26 June 1.8 0.8 1.5 0.6 1.8 0.7
? (?) (?) (7 (1.5) 0.7)
16 July 1.6 0.7 1.3 0.5 1.5 0.6
(2.2) 0.8) (1.4) (0.5) (1.9) (0.7)
7 August 2.0 0.8 20 0.9 2.0 0.9
' (1.5) (0.6) =) (=) (L.5) 0.6)
27 August 2.1 1.0 24 1.1 22 1.0
(2.0) (1.0) (=) (-) (2.0) (1.0)
17 September 2.6 1.1 3.1 1.4 29 1.3
(1.8) 0.9) 3.2) (1.4) (2.5) (1.1)
19 October - - 4.5 1.7 45 1.7
(=) ) (-) (=) (=) (=)

—
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9. Average body length and width (mm)
of the beech midge (M. fagi) larvae in
galls on the early- (full line) and late-
(dashed line) budding beech. Polnicka,
1999
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BEECH GALL MIDGE MORTALITY FACTORS
AND THEIR GENERAL IMPACT ON THE SURVIVAL
OF THE LARVAE IN GALLS

The preceding chapter pointed out the not negligible
percentage of the 1st instar beech midge larvae which die
soon after hatching on the buds or inside them when try-
ing to penetrate to the leaf rudiments (particularly on the
late budding beech trees).

In the midge galls there are very numerous insect para-
sitoids, or hyperparasitoids and phytophagous inquilines.
A comprehensive list of 32 insect species brought up
from galls collected in different comers of Europe mentions
Fulmek (1968). In the course of the last 30 years, the spe-
cies spectrum of the insects dwelling in the beech midge
galls got further extended (e.g. Graham, Graham, 1994;
Askew, Lampe, 1998, etc.). In the former Czechoslo-
vak Republic, Skuhrava, Skuhravy (1960) brought up
the following species from galls: Torymus cultriventris
Ratz., 7. fagi Hoffm., T fulgens F., T. hederae Walk.
(= speciosus Boh.) (family Torymidae), Aprostocetus
elongatus Forst. (family Eulophidae), and Eumacepolus
saxeseni Ratz. (family Pteromalidae). 1t is also Aprosto-
cetus luteus Ratz. that occurs in the galls of this beech
midge in the Czech Republic, which is morphologically
related to the species A. elongatus Forst. Torymus cultri-
ventris Ratz., Aprostocetus elongatus Forst.,, Omphale
lugens Nees (= coacta Ratz.) (family Eulophidae) and
Eupelmus urozonus Dalm. (family Eupelmidae) (all deter-
mined by Dr. Z. Boucek, London) were brought up in 1998
and 1999 from galls collected at Polni¢ka.

The principal influence of parasitoids 7. cultriventris
and A. elongatus on the suppression of beech midge popu-
lation density is mentioned already by Biisgen (1895)
according to whom the adult beech midges hatch from
hardly 20% of the galls due to the parasitism. The fact is
corroborated e.g. by Skuhrava, Skuhravy (1960),
Skuhravy, Skuhrava (1998), Cwiklinski, Koziol
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(1987) and other authors. In 1998, the insect parasitoids
at Polnicka killed about 80% of larvae (seldom pupae)
of the midge in galls on the early budding beech. The
mortality rate was shared by ectoparasitoids and endo-
parasitoids at approximately an identical share (Urban,
2000a). As many as 82% galls on the early budding beech
were parasitized in 1999 (19% ectoparasitoids, 63%
endoparasitoids — Table III). 74% of galls on the late
budding beech were occupied by 22% ectoparasitoids
and 52% endoparasitoids (Table IV). The occupation of
the galls in the young beech plantation amounted to 75%
(51% ectoparasitoids and 24% endoparasitoids — Table V).

A much smaller portion of the beech midge larvae die
due to the defensive activity of the plant tissues. At
Polnicka, there were nearly 10% of the midge larvae po-
pulation in the galls on the early budding beech killed by
the activity in 1998. In 1999, there were about 14, 22
and 15% of larvae killed due to the defensive activity of
the plant tissues in the galls on the early budding beech,
on the late budding beech and in the young beech plan-
tation, respectively (Tables I1I-V).

The beech midge larvae can be severely decimated by
frosts reaching below —20 °C (Stalev, 1991). The galls
are being pecked up by grosbeak (Sala¢, 1924), and parti-
cularly by great tit (Parus major L.) (Turcek, 1951, in
Skuhravé, Skuhravy, 1960). Sporadically, the galls
are eaten out also by insect predators. Tables IT1I-V docu-
ment that the birds and insects attacked at Polnicka
about 1% of the galls on the early budding beech and in
the young beech plantation in 1999, and about 2% of the
galls on the late budding beech. A somewhat higher per-
centage of these galls on the late budding beech can
probably be related to the conclusively thinner walls of
these galls.

The collaboration of the natural enemies (incl. the de-
fensive activity of the plant tissues) results in the fact
that the greatest deal of the beech midge population dies
in the galls. At Polni¢ka, there were only about 6% of
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I11. Health condition of the population of beech midge (M. fagi) larvae in galls on the early budding beech. The percentage of particular gall

categories given in brackets. Polnicka, 1999

Date Live larvae Ectoparasitoids | Endoparasitoids Dead Eaten out Fallen Total
and unparasitized | and pecked up

23 April 154 = = - = = 154
(100.0) (100.0)

7 May 104 - - - - - 104
(100.0) (100.0)
23 May 36 - - 8 - - 44
(81.8) (18.2) (100.0)
6 June 74 3 - 21 - - 98
(75.5) 3.1 (21.4) (100.0)

26 June 49 12 32 13 2 - 108
(45.4) (11.1) (29.6) (12.0) (1.9) - (100.0)
16 July 20 34 147 41 - - 242
(8.2) (14.1) (60.8) (16.9) (100.0)

7 August 16 52 211 38 - - 317
(5.1) (16.4) (66.5) (12.0) (100.0)

27 August 14 66 261 61 1 15 418
(3.3) (15.8) (62.5) (14.6) 0.2) (3.6) (100.0)
17 September 9 45 285 60 2 3 404
2.2) (1L (70.6) (14.9) (0.5) 0.7) (100.0)
19 October 3 56 185 41 3 10 298
(0.3) (18.8) (62.8) (13.8) (1.0) (3.3) (100.0)

Total 479 268 1,121 283 8 28 2,187
(21.9) (12.3) (51.2) (12.9) 0.4) (1.3) (100.0)

the midge larvae that accomplished their development in
the galls on the early budding beech in 1998. In 1999, there
were only about 3, 4 and 8% of the beech midge larvae
surviving until the autumn in the galls on the early bus-
sing beech, late budding beech and in the young beech
plantation, respectively (Tables III-V, Fig. 10). The find-
ings indicate that the natural resistance of the environ-
ment was least exhibited in the galls from the young
beech plantation. In this plantation, the beech midge ap-
peared about a year later due to the remoteness of the
plantation from the regular beech stands its abundance
reaching the least values. An earlier break in the grada-
tion of the beech gall midge can, therefore, be expected
rather in the stand portion with the early and late-budding
beech trees.

THE CHALCID TORYMUS CULTRIVENTRIS RATZ.
AND ITS DEVELOPMENT

Together with Aprostocetus (= Hyperteles) elongatus
Forst. the chalcid T. cultriventris is one of the most impor-
tant ectoparasitoids of the beech midge larvae. The chalcid
T. cultriventris is also known from the galls of Harti-
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giola annulipes Htg. (Fulmek, 1968; Nikolskaja,
Zerova, 1978, etc.), which is the second most abundant
gall-forming midge on beech.

The chalcid winters in galls, mainly in the stage of the
mature larvae. The majority of galls occupied by the
chalcid stick firmly to the shed leaves. Only a small por-
tion of the galls fall down from the leaves in the autumn
or during the winter time. In the falling parasitized galls,
the beech midge larva was killed only towards the end of
the growing period and the hole in the gall base developed
after its separation from the leaf was closed with a cap
woven by the midge larva prior to the gall fall. 7. cultri-
ventris larvae hatched from eggs deposited at the end of
the growing season wintered at the early stages of devel-
opment (sometimes even at a stage of the egg) and finished
their development mainly on the dead beech midge lar-
vae as late as after wintering. The galls firmly attached
to the leaves are being left by the adult chalcids through
a tiny circular aperture in the gall wall. The galls fallen
from the leaves are being left by the adult chalcids via
the aperture in the woven cap.

The first eggs of T. cultriventris in the beech midge
galls on the early budding beech were found as early as
at the beginning of June with the first larvae being ob-

553



IV. Health condition of the population of beech midge (M. fagi) larvae in galls on the late budding beech. The percentage of particular gall categories

given in brackets. Polni¢ka, 1999

Date Live larvae Ectoparasitoids | Endoparasitoids Dead Eaten out Fallen Total
and unparasitized | and pecked up

23 April 69 - - - - - 69
(100.0) (100.0)

7 May 75 - - - - - 75
(100.0) (100.0)

23 May 32 - - 5 - - 37
(86.5) (13.5) (100.0)

6 June 24 - - 7 - - 31
(77.4) (22.6) (100.0)

26 June 14 - 12 8 2 - 36
(38.9) (33.3) (22.2) (5.6) (100.0)

16 July 3 9 61 29 2 - 104
2.9 8.7) (58.6) (27.9) (1.9) (100.0)

7 August 5 16 82 35 4 - 142
(3.5) (11.3) (57.8) (24.6) (2.8) (100.0)

27 August 2 24 87 48 4 1 166
(1.2) (14.5) (52.4) (28.9) (2.4) (0.6) (100.0)

17 September 2 40 81 36 2 1 168
(1.2) (23.8) (48.2) (21.4) (1.2) 4.2) (100.0)

19 October - 33 83 27 1 5 149
(22.1) (55.7) (18.1) (0.7) (3.4) (100.0)

Total 226 122 406 195 15 13 977
(23.1) (12.5) (41.6) (20.0) (L.5) (1.3) (100.0)

V. Health condition of the population of beech midge (M. fagi) larvae in galls in the young beech plantation. Polni¢ka, 1999
Date Live larvae Ectoparasitoids | Endoparasitoids Dead Eaten out Fallen Total
and unparasitized | and pecked up

7 August 44 36 25 8 1 - 114
(38.6) (31.6) (21.9) (7.0) 0.9) (100.0)
27 August 47 27 30 18 - 1 123
(38.2) (22.0) (24.4) (14.6) (0.8) (100.0)
17 September 27 33 37 23 - 4 124
’ (21.8) (26.6) (29.8) (18.6) 3.2) (100.0)
19 October 3 56 26 16 1 7 109
@7 (51.4) (23.9) (14.7) (0.9) (6.4) (100.0)
Total 121 152 118 65 2 12 470
(25.8) (32.3) (25.1) (13.8) (0.4) (2.6) (100.0)

served about 10 June. The chalcids settle in the galls
mainly at the end of June and in July (much less also in
August and September). The main hatching period of the
adults lasts about 10 days in the laboratory (Figs. 11 and
12), and much longer in the open. After the main hatch-
ing period in the 2nd half of March, there were addi-
tional 3 imagoes hatched from 197 galls brought from
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Polnicka on 9 October 1998 and kept in outdoor conditions
until 28 February 1999 — as late as in September 1999.
Of 351 galls brought to the laboratory on 27 March 1999
a small portion (1/6) of the chalcid larvae pupated and
hatched as late as in the period from May to August 1999.
The findings correspond very well with a rather frequent
occurrence of small T. cultriventris larvae (or eggs) in
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10. Percentage of the beech midge

%) (M. fagi) galls with a live larva on the
early- (light columns) and late- (dark
100 - columns) budding beech. Polnicka,
1999
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¥l 11. Hatching of the insect parasitoids
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the galls of the beech midge towards the end of the grow-
ing season. The chalcid hatching is of a conspicuously
diurnal course (Table VI).

VI. Diumnal hatching of adult parasitoids of the beech gall midge (M. fagi)
in the laboratory from galls collected at Polni¢ka on 27 March 1999

Time of day (hrs) Hatched adults (%)
up to 07.00 4 34
07.00-08.00 7 6.0
08.00-09.00 10 8.6
09.00-10.00 11 9.5
10.00-11.00 16 13.8
11.00-12.00 19 16.4
12.00-13.00 21 18.1
13.00-14.00 12 104
14.00-15.00 6.0
15.00-16.00 52
16.00-17.00 3 2.6
Total 116 100.0

The females of 7. cultriventris deposit eggs into both
male and female galls (Tables VII and VIII). At the time
of the oviposition, the size of the midge galls achieves
approximately an average size of the mature male galls
(Table IX, Figs. 3-5). First to be attacked are the larvae

in the galls on the early budding beech trees. These galls
are on average obviously larger at the time of the ovipo-
sition than the galls on the late budding beeches, and
they are usually more lignified, too. The percentage of
the galls with the chalcid on the early budding beeches
practically does not change from the end of July. On the
other hand, the slower growing, on average much
smaller, and later lignifying galls on the late budding
beech trees were colonized by the ectoparasitoid chalcid
T. cultriventris only later (from the 2nd week in June to
mid-September) (Tables III and IV).

At depositing the eggs, the female of T. cultriventris
first paralyzes the midge larva by running into it its ovi-
positor and depositing at all times only one egg on the larva
or in its close vicinity. The eggs are on average 0.62 mm
long and 0.17 mm wide, spindle-like and colourless. After
a period of several days of the embryonal development,
there are larvae hatching from the eggs which at the be-
ginning feed on the body contents of the larva flowing
out through its skin that was injured by the chalcid’s mouth
organs. When the larva is properly sucked out, there is
only its skin left which darkens after some time. At the
time of occurrence of the first young larvae of the chalcid
T. cultriventris (i.e. in the 1st half of June), the midge lar-
vae are still very small (only 1-1.5 mm long and 0.4-0.6 mm
wide — Fig. 9), which means that the midge larvae are
soon sucked out by these early occurring chalcid larvae.
Then (from mid-July at the earliest), the chalcid larvae
feed in a phytophagous way, i.e. on plant juices spring-

VII. The number and percentage of the beech midge (M. fagi) male and female galls with the larvae of T. cultriventris and A. elongatus on the early
(late) budding beech. Total number of galls measured ~ see Tables III and IV. Polnicka, 1999

Date Male galls Female galls Galls with
Torymus Aprostocetus Torymus + Torymus Aprostocetus Torymus + ectoparasitoids
Aprostocetus Aprostoceltus total
6 June - - - ) - - 3
(=)
26 June 7 - - 4 1 - 12
(=)
16 July 14 - - 9 6 5 34
(6) (1) (=) (2) 9)
7 August 30 2 - 15 3 2 52
(10) (2) (3) (1) (=) (16)
27 August 31 3 - 26 5 1 66
(16) (1) (5) (1) (1) (24)
17 September 32 2 - 6 4 1 45
(31) (3) (1) (2) (3) (=) (40)
19 October 28 6 - 13 9 - 56
(21) (2) 4) (6) 33)
Total 142 13 - 76 28 ) 9 268
(84) (8) (1) (15) (11) 3 (122)
Percentage 53.0 49 - 28.3 10.4 34 100.0
(68.8) (6.6) (0.8) (12.3) (9.0) (2.5) (100.0)
556 J. FOR. SCI., 46, 2000 (12): 543-568



VIIIL. The number and percentage of the beech midge (M. fagi) male and female galls with the larvae of T. cultriventris and A. elongatus in the young

beech plantation. Total number of galls - see Table V. Polni¢ka, 1999

Male gall Female gall.
Date — — Galls with
Torymus Aprostocelus Torymus + Torymus Aprostocetus Torymus + ectoparasitoids
Aprostocetus Aprostocetus total
7 August 10 6 - 13 5 2 36
27 August 11 1 1 8 4 2 27
17 September 16 2 - 8 7 - 33
19 October 20 - - 24 12 - 56
Total 57 9 1 53 28 4 152
Percentage 375 59 0.7 349 184 2.6 100.0

IX. Average size (mm) of the beech midge (M. fagi) male and female galls with ectoparasitoids on the early (late) budding beech. Number of

galls measured — see Tables I and II. Polni¢ka, 1999

Male galls Female galls Galls - total

Date length width wall length width wall length width wall
thickness thickness thickness

6 June - - - 83 5.7 14 83 57 14

(=) (=) (-) (=) (-) (=)

26 June 5.9 33 0.6 6.8 4.7 1.0 6.2 39 0.8

(=) (=) (-) (=) (=) (-) (-) =) (=)

16 July 6.1 3.5 0.7 7.0 4.5 1.0 6.7 4.1 0.9

(5.0) (3.6) 0.7) 5.4) 4.3) 0.9) 5.1 3.8) (0.8)

7 August 6.2 36 0.7 T 47 1.1 6.5 4.0 0.9

(4.9) 3.3) (0.6) (7.4) (5.5) (1.2) (5.5) 3.9 (0.8)

27 August 55 32 0.6 6.9 42 1.0 6.2 3.7 0.8

4.4) 3.1) (0.6) (5.6) (4.6) (1.1) (4.8) 3.5) 0.7)

17 September 5.6 33 0.6 6.7 44 1.0 59 3.6 0.7

(4.4) 3.2) (0.6) .1 4.5) (1.1) (4.5) 3.4) 0.7)

19 October 6.0 35 0.7 7.1 44 1.0 64 38 0.8

(4.6) 3.2) (0.6) (6.5) (5.2) (1.3) (5.2) (3.8) 0.8)

ing out from the cells of the internal nutritive gall layer.
The chalcid larvae hatched from the later deposited eggs
feed on the animal food for a longer time.

The larvae of T. cultriventris develop in the beech midge
galls from mid-June to mid-October. Their average length
and width in the galls on the early- and late-budding
beech trees at the beginning of autumn was 1.9 and 0.65 mm,
respectively (Table X, Fig. 13). The larvae in the galls in
the young beech plantation exhibited on average larger
sizes their length and width in mid-October being on av-
erage 2.5 and 0.9 mm, respectively (Table XI).

The development of the chalcid is obligatorily uni-
voltine. As mentioned above, the minor part of the chalcid
adults hatched at Polni¢ka (and in the laboratory) from
the last-year galls as late as towards the end of the grow-
ing season. There were larvae hatched from by them de-
posited eggs usually in the same year, which further fed
on the paralyzed midge larvae and wintered as egg larvae
or eggs. In the next year, they showed a necrophagous or
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saprophytic development in the slowly decomposing galls.
It is probable that there are pupae and adults hatching in
the 2nd half of the growing season from these late devel-
oping larvae, which deposit eggs towards the end of sum-
mer and at the beginning of autumn. In the laboratory,
the T. cultriventris adults lived for 6-14 days.

THE CHALCID APROSTOCETUS ELONGATUS
FORST. AND ITS DEVELOPMENT

According to Kostjukov (1978), 4. elongatus devel-
ops only in the galls of the beech midge. The research at
Polni¢ka revealed that the adults of A. elongatus hatch
a week or two later than the adults of T. cultriventris.
They deposit eggs into the so far unparasitized galls, less
often into galls infested by chalcid T cultriventris — mainly
in July (Table VII). There is always only one egg depos-
ited in a beech midge gall. Larvae hatch from eggs soon
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X. Body size (mm) of the chalcid T. cultriventris larvae in beech midge (M. fagi) galls on the early (late) budding beech. Number of larvae

measured — see Tables IX and X. Polnitka, 1999

Dite Male larvae Female larvae Larvae - total

length width length width length width

6 June - - ? ? ? ?

(=) ()
26 June 0.5 0.15 0.5 0.15 0.5 0.15

(=) ()

16 July 0.6 0.2 0.6 0.2 0.6 0.2
(0.6) 0.2) (0.5) 0.2) (0.6) 0.2)

7 August 1.0 04 0.9 0.3 1.0 04
0.7) (0.2) (0.6) 0.2) 0.7) 0.2)

27 August 09 0.3 1.2 04 1.0 03
(1.1) 0.4) (0.8) 0.3) (1.0) 0.4)

17 September 1.8 0.6 21 0.7 18 0.6
(1.6) (0.5) (1.8) (0.6) (1.6) (0.6)

19 October 2.1 09 19 0.7 2.0 0.8
(1.8) (0.6) (1.8) 0.7) (1.8) (0.6)

XI. Body size (mm) of the chalcids T. cultriventris (A. elongatus) in galls of the beech midge (M. fagi) in the young beech plantation. Polnicka, 1999

Date Male larvae Female larvae Larvae - total

length width length width length width

7 August 0.9 0.3 1.1 04 1.0 04
(0.6) 0.3) 0.7) (0.3) 0.7) (0.3)

27 August 1.1 04 1.5 0.5 1.3 04
(0.6) 0.2) 0.8) 0.3) 0.8) 0.3)

17 September 2.1 0.7 27 0.9 23 0.8
(2.0) (0.8) (1.8) 0.7) (1.8) ©0.7)

19 October 24 0.8 2.6 1.0 25 0.9
(=) () 2.1) 0.9) (2.1) (0.9)

XII. Body size (mm) of the chalcid A. elongatus larvae in beech midge (M. fagi) galls on the early (late) budding beech.

measured — see Tables IX and X. Polni¢ka, 1999

Dt Male galls Female galls Galls — total

length width length width length width

26 June - - 0.5 0.2 0.5 0.2

() (=)

16 July - - 0.6 0.2 0.6 0.2
0.7) 0.2) 0.7) (0.2)

7 August 0.6 02 0.6 0.2 0.6 0.2
0.7) 0.2) 0.7) 0.2) 0.7) 0.2)

27 August 0.9 0.3 0.7 0.2 0.8 0.3
0.8) 0.2) (1.2) 0.3) (1.1) 0.3)

17 September 1.6 06 0.6 0.2 09 03
0.5) 0.2) (L.1) 0.3) (0.8) 0.3)

19 October 1.7 0.7 1.9 0.8 1.8 0.8
(2.0) 0.7) (1.8) 0.7) (1.9) ©0.7)
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being similarly as the larvae of T. cultriventris zoopha-
gous at an early stage of their development since they
feed on the body contents of the beech midge larva, oozing
through its mechanically damaged skin. The co-exist-
ence of the A. elongatus larvae and T. cultriventris lar-
vae in one gall is not permanently possible. In this duel,
it is always the 4. elongatus larvae (without regard to
their size) that win, kill the chalcid larvae and suck them
up. The statement of Kostjukov (1978) that 4. elon-
gatus is a phytophagous inquiline is, therefore, not precise.

In mid-October, the A. elongatus larvae in galls on the
early and late budding beeches reached an average length
of 1.9 mm and width of 0.75 mm (Table XII, Fig. 14).
The A. elongatus larvae in galls in the young beech
plantation reached an average length of 2.1 mm and
width 0.9 mm (Table XI). The results suggest that it was
also the development of the A. elongatus larvae that was
best in the galls in the young beech plantation. In other
words, it is both the larvae of 7. cultriventris and the larvae
of 4. elongatus that do best in larger galls with a greater
average thickness of the gall wall.

A. elongatus winters at a stage of the half-mature or
mature larvae in the galls. The galls with A. elongatus

stick firm to the leaves, even after having fallen on the
ground. The larvae accomplish their development in
spring of the next year and pupate in the galls. Only excep-
tionally, the larvae pupate in the same year. On 26 August
1999, there were e.g. A. elongatus pupae found in 3 beech
midge galls, from which imagoes hatched in the labora-
tory as early as at the beginning of September 1999.
However, any further fate of these pupae or imagoes in
the nature is not known.

THE INFLUENCE OF INSECT ECTOPARASITOIDS
ON THE GROWTH OF GALLS

The formation of galls is induced only by the live
(and mainly young) larvae of the beech midge. When the
larva dies, the production of the gall-forming secretion
ends and the gall stops growing (Nolte, 1954; Godan,
1955, etc.). The larvae of insect parasitoids and in-
quilines do not have the capacity of generating growth
metabolites.

The study of the influence of the ectoparasitoid chalcids
T. cultriventris and A. elongatus on the size and general

(mm)
2.0 ~—
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1.0 —~
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0s - .
- 13. Average body length and width (mm)
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7] 14. Average body length and width
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appearance of the beech midge galls conducted at
Polni¢ka in 1998 and 1999 indicated that the both chalcids
take up both male and female galls of the beech midge
(Tables VII and VIII). It follows that 7. cultriventris pre-
fers at the oviposition the male galls while 4. elongatus
prefers the female galls. At the time of the gall coloniza-
tion by ectoparasitoids in 1999, the male galls of the beech
midge on the early budding beech were on average 6.1 mm
long and 3.5 mm wide, the thickness of their gall wall
being on average 0.7 mm. At the same time, the female
galls were on average 7.0 mm long, 4.5 mm wide and their
gall wall was 1.0 mm thick. These sizes of the parasitized
galls did not change until the end of the growing season
(Table IX, Figs. 3-5). The size of the mature galls with
the live beech midge male larva was identical as the size
of the male galls engaged by the ectoparasitoids. The
mature galls with the live beech midge female larva were
clearly larger than the galls with the ectoparasitoids. At
the time of the oviposition by ectoparasitoid females, the
female galls reached larger average sizes than the male
galls. It follows that the galls with the ectoparasitoids were
conclusively smaller than the galls with the live larvae.
At the time of beech midge larvae death due to the ecto-
parasitoids, the male galls on the late budding beech
were on average 5.0 mm long and 3.4 mm wide, their gall
wall being on average 0.6 mm thick. At the same time,
the female galls were on average 5.4 mm long, 4.5 mm
wide and the thickness of their wall was 1.0 mm. Neither
the size of the galls on the late budding beech recorded
any changes from the death of the beech midge larvae
until the end of the growing season. Results from the
young beech plantation were similar with only one ex-
ception: both male and female galls with both disturbed
and undisturbed development of the beech midge reached
greater average sizes than those on the early and late
budding beeches (Table IX, Figs. 3-5). In terms of their
shape, the parasitized galls resembled either the male
galls or the female galls (depending on the sex and on
the developmental cycle of the dead beech midge larva).

THE CHALCID OMPHALE LUGENS NEES
AND ITS DEVELOPMENT

O. lugens is the primary endoparasitoid of the beech
midge larvae (Trjapicyn, 1978). Cwiklinski, Koziol
(1987) take it for the most important natural enemy of
the gall midge in Poland. Also in the Polni¢ka Forest
District the chalcid O. lugens showed a considerable
share in the control of the beech midge larvae. In 1998,
it infested about 40% of galls on the freshly budding
beech. In 1999, it took up 63, 56, and 24% of galls on
the early budding beech, late budding beech and in the
young beech plantation, respectively (Tables I1I-V).

Larvae of the chalcid O. lugens usually winter at a stage
of the mature larva or pupa. At the end of 1998, there
were 36% of larvae and 63% of pupae of the chalcid in
the locality under study in the beech midge galls on the
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early budding beech; 1% of the galls were left by the
chalcid O. lugens imagoes. In 1999, there were 44% of
chalcid larvae and 56% of chalcid pupae to start winter-
ing in the galls on the early budding beech. In the same
year, there were 30% of chalcid larvae and 68% of chal-
cid pupae wintering in the galls on the late budding
beech (2% of the galls were left by the chalcid imagoes),
and 38% of chalcid larvae and 62% of chalcid pupae win-
tering in the galls in the young beech plantation. The chal-
cid O. lugens will accomplish its development in spring
of the next year with adult chalcids hatching as early as
in the Ist half of June. In the laboratory conditions, the
O. lugens imagoes hatched at approximately the same
time as imagoes of 7. cultriventris (Figs. 11 and 12).

Soon after hatching and copulation, the O. lugens fe-
males start depositing eggs into the body of male and fe-
male beech midge larvae. There is always only one egg to
be deposited into one larva. At the time of the oviposi-
tion at Polnicka in 1999, the beech midge galls on the
early budding beech were on average 5.0 mm long, 3.0 mm
wide with the gall wall thickness being about 0.5 mm. At
the time of the oviposition, the beech midge larvae were
approximately 1.5 mm long and 0.7 mm wide. The galls
with the eggs of this endoparasitoid on the late budding
beech were on average only 3.5 mm long and 2.2 mm wide
with the walls thick about 0.4 mm. At the time of the
chalcid attack, the beech midge larvae were about 1.3 mm
long and 0.6 mm wide. In the 2nd half of June, there
were the chalcid larvae occurring in the beech midge lar-
vae on the early budding beech, whose average length
and width was 0.5 mm and 0.27 mm, respectively. As
early as in mid-July, the chalcid larvae in the galls on the
early budding beech reached the average length and
width of 1.9 mm and 0.8 mm, respectively. In mid-July,
the chalcid larvae in the galls on the late budding beech
were on average 1.7 mm long and 0.8 mm wide. The first
pupae of the chalcid O. lugens began to appear in the
dead beech midge larvae as early as toward the end of
July 1999.

Unlike the females of T. cultriventris and A. elongatus,
the females of O. lugens do not kill their victim at de-
positing their eggs. The parasitized beech midge larvae
continue living at least some three weeks more being
nimble and taking in food. During this period, their aver-
age size — e.g. in the galls on the early budding beech — in-
creased from the length of 1.5-2.7 mm and from the
width of 0.5-0.9 mm. The average size of the galls with
the endoparasitoids, however, did not essentially change
from the end of June to the end of the year. In 1999, these
galls on the early budding beech were on average 5.2 mm
long and 3.2 mm wide after the end of their growth with
the gall wall thickness being about 0.6 mm. As com-
pared with the galls on the early budding beech, the galls
with the endoparasitoids on the late budding beech were
of a lesser average size (Fig. 15). The relatively greatest
average size among the galls with the endoparasitoid
chalcid O. lugens was exhibited by the galls in the young
beech plantation (Table XIII, Figs. 3-5).
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15. Beech midge (M. fagi) galls on the early budding beech. The ma-
jority of the galls is engaged by the chalcid Omphale lugens Nees.
Polni¢ka, 26 Junc 1999

The research results indicate that O. lugens attacks
the beech midge larvae at the same time (or even several
days earlier) as 7. cultriventris. Regarding its very small
size (1.6-2.6 mm), the females deposit eggs primarily
into the male beech midge galls which are much smaller
at that time in comparison with the female galls and their

walls are considerably thinner. The male beech midge
galls are, therefore, better accessible for the oviposition
than the female galls. In addition, the male larvae reach
a greater average size at the time of the oviposition thus
providing a sufficient amount of food and a sufficient
space for the development of O. lugens.

The whitish colour of the killed beech midge gradu-
ally gets yellow with the growth of the O. lugens larva,
and its skin hardens in the 2nd half of July. The parasit-
ized beech midge larvae are characteristic of a rather
firm fixation of their ventral part of the body to the inter-
nai wall of the gall and of a parallel orientation to the
longitudinal gall axis with their heads facing the gall
base. The maturing and mature larvae, pupae and young
imagoes are placed in the body covers of the midge always
with their head facing the front part of the midge. The
colouring of the pupae (or imagoes) of the chalcid can
be also seen through a slightly transparent skin of the
dead beech midge larvae. The beech midge galls containing
O. lugens are rather characteristic by their very frequent
local browning of the internal yellow-greenish gall wall.

One beech midge gall contains nearly at all times only
one beech midge larva parasitized by O. lugens. A gall
with two larvae with the parasitoid was found on 17 Sep-
tember 1999. The beech midge larvae (more precisely
their body integuments) were 2.8 mm long and 0.9 mm
wide. Inside the larvae, there were normally developed
and coloured chalcid pupae. It is mentioned in the above
chapter The growth of beech midge galls and larvae
with undisturbed development that there was at all times
only one beech midge larva in the beech midge galls at
Polnic¢ka due to the competition and interference. Since
the chalcid O. lugens attacks the beech midge as early as
in the Ist half of June, the occurrence of the two parasit-
ized beech midge larvae in one gall is not surprising.

XIIT. Average size (mm) of the beech midge (M. fagi) galls with the endoparasitoid O. lugens. Average size (mm) of the beech midge larvae
killed by the endoparasitoid in brackets. Number of larvae measured - see Tables I- I11. Polni¢ka, 1999

Early budding beech Late budding beech Young beech plantation
Date
length width wall length width wall length width wall
thickness thickness thickness
6 June - - - - - - ? ? ?
? 7 ?
26 June 54 3.1 0.6 39 24 0.5 ? ? ?
2.1 0.8) (1.8) (0.8)
16 July 57 34 0.7 4.0 27 0.5 ? ? ?
2.7 (0.9) (2.4) (0.9)
7 August 5.6 32 0.7 3.7 2.6 0.5 5.7 33 0.6
(2.5) (0.9) (2.4) 0.9) (2.8) (1.0)
27 August 52 29 0.6 37 25 0.5 59 35 0.6
(2.7) (0.9) (2.5) 0.9) (2.7) (1.0)
17 September 53 29 0.6 4.0 26 0.5 54 32 0.6
2.7) (0.9) (2.4) 0.9) 2.7 (0.9)
19 October 52 31 0.6 38 25 0.5 5.5 34 0.6
2.7) 0.9) (24) (0.9) 2.7) (0.9)
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An interesting finding was made at Polnicka on 17 Sep-
tember 1999. There was a normally developed coloured
pupa of the chalcid O. lugens found in one beech midge
gall in a dead beech midge larva (1.6 mm long and 0.6 mm
wide) on the late budding beech. The gall also contained
a mature larva of 7. cultriventris whose length was 2.0 mm
and width amounted to 0.7 mm. A similar case of the
joint occurrence of the endoparasitoid and ectopara-
sitoid in one gall was found also on 19 October 1999.
These sporadic observations, too, provide a good evi-
dence to the mainly phytophagous feeding of 7. cultri-
ventris which does not exclude its co-existence with the
endoparasitoid chalcid O. lugens.

The developmental cycle of O. lugens is obligatorily
univoltine. The adult chalcids hatch from the wintering
larvae and pupae only in the next year’s spring. Only
a negligible portion of the pupae (about 0.5% at Pol-
nicka) hatch in the same year (in the 2nd half of Septem-
ber) and leave the galls through a tiny circular hole of
0.4-0.6 mm in diameter, eaten out in the gall wall or
base (in contrast to the major part of the ectoparasitoids
which build their leaving holes usually through the wall
of galls near their apical part).

The galls with the beech midge larva killed by the para-
sitoid chalcid O. lugens are not attached to the leaves in
the autumn as firmly as the great majority of the galls
with the ectoparasitoids. A small percentage of these
galls (10-20% at Polni¢ka) get separated from the
leaves as early as at the time of leaf fall from the trees.
Nevertheless, a great majority of the galls with the endo-
parasitoid keep on the leaves through the winter time.
After the galls got separated from the leaves, there is an
oval aperture of about 1.1 mm in diameter developing
on their base. The apertures in the galls remain opened
and the larvae (pupae) of the chalcid O. lugens are pro-
tected from adverse conditions only by the walls of the
opened gall and by the hardened skin of the dead midge.
As mentioned above, it is particularly all galls with the
living beech midge larvae, which separate from the
leaves in the autumn (and usually fall from the leaves
before the regular leaf fall) in addition to the smaller

part of the galls with O. lugens and the galls with the
eggs or small larvae of T cultriventris. The process of
the fall of galls with the endoparasitoids (less frequently
also with the ectoparasitoids) is continuous and lasts
during the whole winter and the next spring (Fig. 16).

THE INFLUENCE OF PLANT TISSUE DEFENSIVE
ACTIVITY ON THE MORTALITY
OF THE BEECH MIDGE LARVAE

A considerable percentage of the beech midge larvae
die due to the defensive reactions of the plant tissues.
The defensive activity of the plant tissues was the reason
why nearly 10% of the larvae were killed in the galls on
the early budding beech at Polnicka in 1998 (about 15%
in 1999 — Table III). In 1999, about 22% of larvae
(Table 1V) died in the galls on the late budding beech
due to the same reason, and some 15% of larvae (Table V)
in the galls in the young beech plantation. The highest
natural mortality of the unparasitized larvae was, there-
fore, found in the galls on the late budding beech but
neither here it can be considered a factor with the con-
clusive reflection into the population dynamics and
gradology of the beech gall midge.

The defensive activity of the plant tissues affects above
all the larvae at the youngest developmental stage. Since
the dead larvae are incapable of inducing any further
formation of the gall, these galls reach only very small
sizes (Table X1V, Figs. 3-5). Their average length on the
early budding beech was e.g. 3.0 mm (1.5 mm on the late
budding beech), and average width 2.0 mm (1.7 mm on the
late budding beech). Minimum (0.3 mm/0.4 mm) was
also the average thickness of the gall wall. Due to the
defensive activity of the plant tissues of the host tree spe-
cies the galls with the dead beech midge larvae have a green-
ish colour during the whole growing season and never fall
from the leaves (not even in winter or in the next spring).

Other factors of mortality (bird and insect predators)
did not show any significant impact on the health condi-
tion of the beech midge larvae population in the Polnicka

XIV. Average size (mm) of the beech midge (M. fagi) galls with the dead unparasitized midge larva. Numbers of galls measured — see Tables I-III.

Polnicka, 1999
Early budding beech Late budding beech Young beech plantation
Date
length width wall length width wall length width wall
thickness thickness thickness
7 May - - - - - - ? 7 ?
23 May 1.4 1.6 0.2 1.2 1.7 0.2 ) ? ?
6 June 25 1.8 03 1.0 1.2 0.2 ? ? ?
26 June 2.1 1.6 0.2 1.1 1.5 03 ? ? T
16 July 2.1 20 0.3 1.9 20 03 ? ? ?
7 August 2.7 2.2 0.3 1.5 1.7 03 3.1 23 04
27 August 25 2.0 0.3 1.6 1.7 03 2.7 2.1 03
17 September 1.9 1.7 0.2 1.4 1.7 0.3 2.8 20 0.4
19 October 3.0 22 0.4 13 1:7 03 3.0 23 03
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16. The percentage of the beech midge (M. fagi) galls fallen from the leaves
(light columns) and unfallen from the leaves (dark columns). Polni¢ka

locality and they are, therefore, not discussed in detail
(Tables III-V).

SUMMARY

Beech gall midge (Mikiola fagi Htg.) is one of the most
abundant gall-forming representatives from the family
of gall midges (Cecidomyiidae) and one of the most abun-
dant gall-forming species at all. Its galls occur on the
adaxial face of beech leaves and their incidence is some-
times so massive that it can significantly reduce the assimi-
lative area in the host tree species. In 1998 and 1999, the
beech midge exhibited exceptional mass outbreaks in
many regions of the Czech Republic. The midge grada-
tion in young beech plantations and ground parts of crowns
of older beech trees in the Polni¢ka Forest District (Forest
Administration of Dr. R. Kinsky, Zd'ar nad Sazavou)
was used to study the occurrence and bionomy of the pest.
The main goal of the research was to study the develop-
ment of the beech gall midge and its insect parasitoids
including the growth of galls on the early- and late-bud-
ding, low branching beech trees of 30 years of age, and
in a young (about 6 years old) beech plantation with un-
even budding. At field surveys made in 2-week intervals
in 1998 (in 3-week intervals in 1999) during the growing
season, sets of current year shoots with the beech midge
eggs and galls were collected from the early- and late-
budding beeches and from the young beech plantation in
order to be analyzed in the laboratory. The galls were
collected outside the main growing season in order to
study the hatching of adult midges and their parasitoids.

The main results of the research are as follows:

1. The beech gall midge winters as a mature larva

(87-100%), very seldom as an uncoloured pupa. As

early as about 10 March of the next year the larvae pu-

1. FOR. SCL, 46, 2000 (12): 543-568

pate in the galls and the adults hatch after 2-3 weeks of
the pupal stage (from 25 March). The hatching lasts
for about 2 weeks and exhibits the protandry of at least
two days. A certain percentage (about 20% in the labo-
ratory) of the vital larvae do not hatch after the win-
tering a probable reason being their diapause.

2. The females deposit eggs on buds (39%) and on twigs
(61%) at a distance of up to max. 2 cm from the buds.
The average natality is 330 eggs. Covered are usually
young plantations and the ground parts of crowns of
older beech trees to the height of up to 5 m.

3. The larvae hatch from the eggs in 2-3 weeks
(in 10 days in the laboratory), which — after a short
rest — wander amongst the bud scales to the leaf rudi-
ments. At the time of the larvae penetration into the
buds (from mid-April to the beginning of May) the
buds are still unbroken. In the early breaking buds
which are much looser the larvae settle down most
frequently on the 2nd and 3rd leaf rudiments (sporad-
ically up to the 7th). At penetrating the more compact
late breaking buds, some 25% of the larvae die and
the rest would settle down most frequently on the 1st
leaf rudiment (outer). The arrangement of leaf rudi-
ments in the bud makes the access of the larvae to the
leaf parenchym difficult and this is the reason why the
larvae settle down with their anterior body on the
abaxial face of the leaf rudiments in the parenchym
closely adjacent to the main and lateral leaf veins.

4. Galls of 1 mm in size come into existence by the larvae
sucking on the abaxial face of the leaf rudiments which
do not further develop from the beginning of May. In-
stead, there are initially conical and later mainly spindle-
like galls developing on the adaxial face of the young
leaves from the end of April and the beginning of
May, which grow fast during May and June and develop
into conspicuous one-cell galls.

5. At the beginning, there might be more larvae develop-
ing in one gall. An example can be 7 May 1999 when
87.5% of galls were engaged by one larva, 9.1% of galls
by two larvae and 3.4% of galls by three larvae. The
growing competition and interference result in the elimi-
nation of weaker larvae in the 2nd half of June and the
1st half of July and thus there is as a rule only one
midge larva developing in one gall from mid-July.

6. The mature male galls with a live midge larva on the

early- and late-budding beech as well as in the young
beech plantation are on average smaller than the fe-
male galls both in terms of their actual size and in
terms of the gall wall thickness. As compared with
the galls on the early budding beech and with the
galls in the young plantation the androcecidia and gy-
nocecidia on the late budding beech had the size and
the gall wall thickness even lesser.

. Differences can also be seen in the growth dynamics
of the male and female larvae and galls. At the begin-
ning, the male galls develop much slower than the fe-
male galls. The growth of the female galls is very fast
at the beginning, but almost ceases toward the end of

~
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July. The male larvae (unlike the galls) grow much
faster at the beginning than the female larvae. The
size of the two sexes gets equal in August and the female
larvae conspicuously overgrow the male larvae in the
course of September. The mature male larvae are on
average 4 mm long and 1.3 mm wide while the female
larvae are on average 5 mm long and 1.6 mm wide.

8. Due to the high mortality, there were only about 6%
of larvae which accomplished their development in
the galls on the early budding beech in 1998. In 1999,
it was about 3, 4 and 8% of beech gall midge larvae
that survived until the autumn in the galls on the early-
and late-budding beech, and in the galls in the young
beech plantation, respectively. The insect parasitoids
(particularly the ectoparasitoid chalcid Torymus cul-
triventris Ratz. from the family of Torymidae, and the
chalcid Aprostocetus elongatus Forst. from the family
of Eulophyidae, and the endoparasitoid chalcid Om-
phale lugens Nees from the family of Eulophidae)
were responsible for 78-82% of the mortality. The male
galls on the early and late-budding beech exhibited at
about ten times greater number of T. cultriventris
(six times greater in the young beech plantation) than
that of A. elongatus. The female galls on the early and
late-budding beech exhibited approximately the same
numbers in both species; yet, the abundance of T. cul-
triventris in the young plantation was 2-times greater.

9. The chalcid 7. cultriventris winters in the galls, usu-
ally as a mature larva, sporadically as a young larva
or egg. It deposits eggs from the beginning of June to
the end of July (less frequently even later). The eggs are
first placed into larger and earlier lignifying galls on
the early budding beech trees and then — some 3 weeks
later — into much smaller and later lignifying galls on
the late budding beeches. At the beginning, the larvae
feed on the body contents of the beech gall midge lar-
vae which at that time reach an average length of 1.5 mm
and width of 0.5 mm. Later on (from mid-July at the
earliest) their nutrition is phytophagous or sapropha-
gous and their development univoltine. The greater
part of the parasitized galls does not separate from
the shed leaves. The only galls to separate from the
leaves are not that much abundant galls with the chal-
cid which, however, fall from the leaves as late as to-
ward the end of the growing season.

10. The chalcid 4. elongatus winters in the galls at a stage
of the half-mature to mature larvae. Its adults hatch
1-2 weeks later than those of T cultriventris. They
deposit eggs into the unparasitized galls, less fre-
quently also into the galls engaged by T. cultriventris.
The larvae first feed in a phytophagous way that be-
come saprophagous after the wintering. Similarly as
in 7. cultriventris, the largest larvae can be found in
galls in the young plantation. Their development is
univoltine. The parasitized galls usually stick firmly
to the shed leaves.

11. The chalcid 7. cultriventris prefers the male galls at de-
positing eggs, A. elongatus does not differ between
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the male and female galls, engaging them both at about
the same rate. The galls with the ectoparasitoids are
on average always smaller than the galls with the living
larvae. The size of the parasitized galls does not get
larger after the midge larvae have died. In terms of their
shape, the galls resemble the male or female galls (de-
pending on the sex and on the stage of development
of the dead midge larvae).

12. The chalcid O. lugens took up about 63, 56 and 24%
of galls on the early- and late-budding beech and in
the young beech plantation, respectively. About 40%
of the chalcid population winter at a stage of the ma-
ture larvae and some 60% winter at a stage of the pupae.
The adult chalcids hatch as early as in the st half of
June and deposit eggs particularly into the much better
accessible male midge larvae whose average length at
that time is 1.4 mm and width 0.65 mm. In contrast to
T. cultriventris and A. elongatus, the females do not
kill the beech midge larvae during the oviposition.
The larvae continue living for at least 3 weeks, their
length and width before the time of their death increas-
ing up to 2.7 mm and 0.9 mm, respectively. However,
the average size of the galls does not change from the
end of June. The galls with O. lugens are on average
smaller than those with the ectoparasitoids. These galls
reach the relatively smallest size on the late budding
beech and the largest size in the young plantation.
Their development is obligatorily univoltine. The galls
are far from sticking to the leaves as firmly as the ma-
jority of the galls with the ectoparasitoids and 10 to
20% of them fall from the leaves in the autumn.

13. A considerable percentage of the beech midge larvae
(at the youngest stage of development in particular)
die due to the defensive activity of the plant tissues.
In 1999, there were e.g. some 14% of larvae killed due
to this reason in the galls on the early budding beech,
22% of larvae in the galls on the late budding beech,
and some 15% of larvae in the galls in the young
plantation. Regarding the early death of the midge
larvae, the galls are very small.

14. Other mortality factors such as bird and insect preda-
tors did not significantly affect the health condition of
the beech gall midge larvae (pupae) studied at Polnicka.
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Bejlomorka bukova (Mikiola fagi Htg.) patii v Ceské
republice k nejhojnéjdim héalkotvornym zéastupcim celedi
bejlomorkovitych (Cecidomyiidae) a nejhojnéjsim
halkotvorciim vibec. Jeji halky se vyskytuji na adaxidlni
strané listd buku, a to nékdy v tak vysokych poétech, ze
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vyrazné snizuji asimila¢ni plochu hostitelskych dfevin.
V letech 1998 a 1999 doslo k mimofadné rozsahlému pfe-
mnoZeni této bejlomorky v mnoha oblastech CR. Jejiho
premnozeni na mladych bukovych kulturach a pfizemnich
¢astech korun starSich buki na polesi v Polniéce (Sprava
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lesniho hospodafstvi Dr. R. Kinského ve Zd’aru nad Sa-

zavou) bylo vyuzito ke studiu vyskytu a bionomie. Hlavnim

cilem Setfeni bylo prozkoumat vyvoj bejlomorky a hmy-
zich parazitoidi véetné riistu hélek na ¢asné a pozdné
rasicich nizko zavétvenych 30letych bucich a v mladé

(asi Sestileté) nestejnomémé rasici bukové vysadbé. Pii
terénnich kontrolach, provadénych v roce 1998 ve dvou-
tydennich (v roce 1999 ve tfitydennich) intervalech

b&hem vegetaéni sezony, byly z éasné a pozdné rasicich

okrajovych bukt a mladé vysadby odebirany soubory

letorostii s vajicky a halkami bejlomorky k laboratornim

analyzam. V mimovegetaénim obdobi byly odebirany

halky ke sledovani lihnuti dospélcii a jejich parazitoidi.
Ziskali jsme tyto hlavni vysledky:

1. Bejlomorka bukova zimuje z 87-100 % jako dorostla
larva, zfidka jako nevybarvena kukla. Jiz kolem 10. brez-
na nasledujiciho roku se larva v halkach zakukli a po
dvou az ttech tydnech kuklového stadia (od 25. bfezna)
se lihnou dospélei. Lihnuti trvd kolem dvou tydni a pro-
jevuje se v ném minimélné dvoudenni protandrie. Cést
(v laboratofi kolem 20 %) vitalnich larev se po prezi-
movani nelihne a pravdépodobné diapauzuje.

2. Samicky kladou vajicka z 39 % na pupeny a ze 61 %

na vétévky (do vzdalenosti maximalné 2 cm od pupenti).

Primérna natalita je 330 vaji¢ek. Byvaji pokladeny

mladé kultury a prizemni &asti korun star$ich bukt do

vy$ky maximalné 5 m.

. Za dva az ffi tydny (v laboratofi za 10 dnil) se z vajicek
lihnou larvy, které po kratkém odpocinku putuji mezi
Supiny pupent k zdkladim listd. V dobé& pronikani
larev do pupent (od poloviny dubna do za¢4tku kvétna)
jsou pupeny jesté nevyra$ené. V rozvolnénéjSich ¢asné
ra8icich pupenech se larvy usazuji nej¢astéji na druhém
a tfetim (sporadicky az na sedmém) listovém zakladu.
Pfi pronikani do kompaktnéjsich pozdné rasicich pu-
pent kolem 25 % larev hyne a zbytek se usazuje nejcas-
t&ji na prvnim (vnéjsim) listovém zakladu. Usporadéni
listovych zaklad v pupenu komplikuje larvam pfistup
k listovému parenchymu, a proto se larvy svou piidi
usazuji na abaxialni strané listovych zakladi v paren-
chymu t&sné& ptiléhajicimu k hlavnim a boénim listo-
vym Zilkam.

4. Sanim larev na abaxialni strané€ listovych zakladi
vznikaji 1 mm velké hélky, které se od za¢atku kvétna
dale nevyvijeji. Zato na adaxidlni strané mladych listii
se od konce dubna a zagatku kvétna zaénou vytvaret
zprvu kuZelovité, pozdé&ji vétsinou vietenovité halky,
které se v kvétnu a Cervnu rychle zvétSuji v ndpadné
jednokomurkové halky.

5. Ve stejné hélce se miiZe zpo&atku vyvijet vice larev —
napf. 7. 5. 1999 bylo 87,5 % halek obsazeno jednou,
9,1 % dvéma a 3,4 % tfemi larvami. Nartstajici kom-
petice a interference vede ve druhé poloviné cervna a
v prvni poloviné ¢ervence k eliminaci slabsich larev,
takze od poloviny Cervence se v hélkach vyviji vzdy
jen jedna larva bejlomorky.

6. Dorostlé sam¢i halky s zivou bejlomorkou na casné
a pozdné rasicich bucich i v mladé vysadbé maji v pri-

w
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méru mengi velikost i tloustku halkové stény nez
halky samiéi. Androcecidie i gynocecidie byly na
pozdné rasicim buku proti halkdm na Casné raSicim
buku a halkdm v mladé vysadbé v priiméru podstatné
mensi a tenkosténnéjsi.

7. Rozdiln4 je i dynamika riistu saméich a samicich halek
i larev. Sam¢i halky rostou hlavné zpocatku mnohem
pomaleji nez sami¢i. Rist samiéich halek je zpocatku
velmi rychly, koncem Cervence viak v podstaté ustdva.
Sam¢i larvy (na rozdil od hélek) rostou zpo&atku rychle-
ji nez larvy samiéi. V srpnu se velikost larev obou
pohlavi vyrovnava a béhem zafi samici larvy vyrazné
predristaji larvy samé&i. Dorostlé saméi larvy jsou
primémé 4 mm dlouhé a 1,3 mm §iroké, kdezto larvy
sami¢i jsou primémé 5 mm dlouhé a 1,6 mm Siroké.

8. V roce 1998 v dusledku vysoké mortality dokon¢ilo
sviij vyvoj v hilkdch na ¢asné radicim buku kolem 6 %
larev. V roce 1999 v halkach na ¢asné rasicim buku
ptezilo do podzimu kolem 3 % larev, v halkach na
pozdné rasicim buku kolem 4 % larev a v halkéch v mla-
dé vysadbeé kolem 8 % larev bejlomorky. Na této mor-
talité se 78-82 % podileli hmyzi parazitoidi (pfedevsim
ektoparazitoidni krasenka Torymus cultriventris Ratz.
z &eledi Torymidae a lesknatka Aprostocetus elonga-
tus Forst. z Celedi Eulophidae a endoparazitoidni
lesknatka Omphale lugens Nees z Celedi Eulophidae).
V sam¢ich halkdch na Casné i pozdné raSicim buku
byl T. cultriventris zhruba desetkrat (v mladé vysadbé
Sestkrét) hojnéjsi nez A. elongatus. V sami¢ich halkach
na asné i pozdné rasicim buku byly oba druhy zhruba
stejné pocetné, ale v mladé vysadbé byl T. cultriven-
tris dvakrat hojné;jsi.

9. Krasenka T cultriventris zimuje v halkéach, a to vétSinou
jako dorostla larva, fid¢eji mlada larva &i vajicko. Va-
jicka klade od zacatku cervna do konce ¢ervence
(fidceji i pozdé&ji). Nejdiive je umistuje do vétsich
a drive dfevnatgjicich héalek na ¢asné rasicich bucich.
Do mnohem drobnéjsich a pozdéji dfevnatéjicich
halek na pozdné rasicich bucich klade asi o tfi tydny
pozdéji. Larvy se zpocatku Zivi t€lnim obsahem larev
bejlomorky, které v té dobé dosahuji primérné délky
1,5 mm a $itky 0,5 mm. Pozdégji (nejdtive od poloviny
Cervence) se zivi fytofagné, pfipadné saprofagné.
Vyvoj je univoltinni. Vé&tsina parazitovanych halek se
z listd opadlych na zem neoddé€luje. Z listi opadévaji
pouze nepfili§ hojné halky obsazené krasenkou az kon-
cem vegetacni doby.

10. Lesknatka 4. elongatus zimuje v halkach ve stadiu
poloodrostlych az dorostlych larev. Dospélci se lih-
nou o jeden az dva tydny pozdéji nez T. cultriventris.
Vajicka kladou do neparazitovanych hélek, fidCeji do
halek obsazenych T. cultriventris. Larvy se Zivi nejdiive
zoofagné (larvami bejlomorky nebo T. cultriventris),
pozdéji fytofagné, po prezimovani saprofigné. Po-
dobné jako u T. cultriventris nejvétsich velikosti
dosahuji larvy v halkach v mladé vysadbé. Vyvoj je
univoltinni. Parazitované halky vét§inou pevné drzi
na opadlych listech.
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11. T cultriventris davé pii kladeni pfednost halkdm
saméim, 4. elongatus obsazuje hilky obou pohlavi
zhruba stejné intenzivné. Halky s ektoparazitoidy
jsou v priméru vzdy men$i nez halky s Zivymi lar-
vami. Velikost parazitovanych halek se po uhynu
larvy bejlomorky dale nezvétsuje. Tvarové se tyto halky
podobaji halkam sam¢éim nebo samicim (v zavislosti na
pohlavi a vyvojovém stupni uhynulé larvy bejlomorky).

12. Lesknatka O. lugens obsadila na ¢asné raSicim buku
kolem 63 % halek, na pozdné rasicim buku kolem 56 %
halek a v mladé vysadbé kolem 24 % halek. Kolem
40 % populace lesknatky zimuje ve stadiu dorostlych
larev a kolem 60 % ve stadiu kukel. Dospélci se lih-
nou jiz v prvni poloviné éervna a vajicka kladou
ptedevsim do mnohem pristupnéj§ich saméich larev
bejlomorky, které v té dobé dosahuji primérné délky
1,4 mm a 8itky 0,65 mm. Na rozdil od 7' cultriventris
a A. elongatus samicky pfi kladeni larvy bejlomorky
nezabijeji. Ty jeSté minimalné tfi tydny Ziji a jejich
délka se do doby thynu zvétsi na 2,7 mm a $itka na

0,9 mm. Primérna velikost halek se vSak od konce
¢ervna neméni. Halky s O. lugens jsou v priméru mensi
nez halky s ektoparazitoidy. Tyto halky dosahuji rela-
tivné nejmensich rozmért na pozdné rasicim buku
a nejvétsich rozmérl na mladé vysadb&. Vyvoj je
obligatorné univoltinni. Halky na listech nedrzi zdale-
ka tak pevné jako vétSina halek s ektoparazitoidy
a 10-20 % jich z listd na podzim opadéva.

13. Znacna Cast larev bejlomorky bukové (pfedevsim
nejmladsiho vyvojového stupné) hyne vlivem obran-
né ¢innosti rostlinnych pletiv — napf. v roce 1999
bylo touto pfi¢inou v hédlkdch zahubeno na ¢asné
raicim buku kolem 14 % larev, v halkdch na pozdné
rasicim buku kolem 22 % larev a v halkach v mladé
vysadbé kolem 15 % larev. Vzhledem k casnému
thynu larev bejlomorky dosahuji tyto halky velmi
malych rozmérd.

14. Ostatni faktory mortality, napf. ptaci a hmyzi preda-
tofi, v Polni¢ce vyznamnéji neovliviiovali zdravotni
stav larev (kukel) bejlomorky bukové.

Contact Address:

Prof. RNDr. Ing. Jaroslav U rb an, CSc., Mendelova zemédélska a lesnickd univerzita, Lesnické a dievaiska fakulta, Lesnicka 37,
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HODNOCENI MEZINARODNIHO OBCHODU S LESNICKYMI
A DREVARSKYMI VYROBKY CESKE REPUBLIKY VE VZTAHU
K ZEMIM EVROPSKE UNIE

EVALUATION OF INTERNATIONAL TRADE IN FOREST
AND WOOD PRODUCTS OF THE CZECH REPUBLIC IN RELATION
TO THE COUNTRIES OF EUROPEAN UNION

J. Bartunék, M. Novotny

Mendelova zemédélska a lesnicka univerzita, Lesnickd a dFevarskad fakulta, Lesnickad 3,
613 00 Brno

ABSTRACT: The analysis of imports and exports of forest and wood products was based on a comparison of the Czech
Republic and European Union in the sectors of production, consumption and international trade as well as the relations
between the Czech Republic and the countries of European Union in 1996 and 1998 were analyzed. The analysis provided
data on the volume and trends of international trade in these products and information on their competitiveness in foreign
markets.

export engagement; import and export prices; comparative advantages; commodity aggregates; import and export
dynamics; per kilogram prices; foreign trade outlets

ABSTRAKT: Analyza importu a exportu lesnickych a dfevafskych vyrobki se uskute¢nila jednak porovnanim Ceské re-
publiky a Evropské unie ve vyrobg, spotifebé a mezinarodni sméné v obdobi 1993-1996, jednak rozborem vztahi mezi
Ceskou republikou a zem&mi Evropské unie za roky 1996 a 1998. Vysledkem analyzy jsou poznatky o Grovni a ten-
dencich mezinadrodniho obchodu s t¢mito vyrobky a informace o jejich konkurenceschopnosti na zahraniénich trzich.

exportni angaZovanost; dovozni a vyvozni ceny; komparativni vyhody; komoditni agregaty; dynamika dovozu a vyvozu;
kilogramové ceny; orientace zahrani¢niho obchodu

UVOD a trovni a zjistili miru konkurenceschopnosti CR u téchto
komodit.
Ceska republika se fadi mezi zemg usilujici o &lenstvi

v Evropské unii. Kandidatskym zemim — a tedy i Ceské

republice — stanovila Evropska unie fadu podminek, které
musi pfed pfijetim splnit. Kromé& legislativnich a metro-
logickych zmén patii mezi nejzdvaznéjsi z nich zvyseni
urovné narodnich ekonomik. Jde o velmi naro¢ny tkol,
k jehoz splnéni miiZze vyznamnou mérou pfispét uspes-
nost vyrobkl ur¢ité kandidatské zemé na zahrani¢nich
trzich.

Za ucelem ovéfeni takové lispéSnosti u lesnickych a dfe-
vaiskych vyrobkii CR jsme uskuteénili analyzu mezi-
narodniho obchodu s nimi ve vztahu k zemim EU. Touto
analyzou jsme ziskali ramcovy pfehled o jeho tendenci

METODIKA

Pro analyzu jsme méli k dispozici jednak data z mezi-
nérodni statistiky FAO o lesnickych a dfevaiskych vy-
robcich za obdobi 1992-1996, jednak statistické idaje
podle Celniho sazebniku CR za rok 1996 a 1998. Ptipo-
mindme, Ze do dfevaiskych vyrobki statistika FAO
zahrnuje i vyrobky celul6zo-papirenského primyslu;
proto jsme tyto vyrobky zahrnuli do hodnoceni i my.

Konstatujeme, Ze udaje v obou statistikach se od sebe
1i§i, a to jak v poctu sledovanych komodit, tak i v jejich

Pricc byla pfipravena s finanéni podporou Grantové agentury CR v ramci projcktu 421/1021/8 GA 538.
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vymezenich. Ve statistice FAO je evidovano celkem 55 ko-
modit. V tomto souboru jsou zahrnuty jednak jednotlivé
komodity, jednak jejich agregaty. Napf. statistickd
polozka ,,primyslovéa kulatina* (industrial roundwood)
je agregat, ktery zahrnuje veskeré surové prumyslové
drivi jehli¢naté i listnaté, tj. pilafskou kulatinu, dyharen-
skou kulatinu, vlakninové dfivi a ostatni primyslové
drivi, odpad a zbytky dfeva a v pfipadé obchodu i §tép-
ky a tfisky. Slozky tohoto agregatu jsou pak déle uva-
dény jesté jako jednotlivé komodity. Celni sazebnik CR
rozliSuje celkem 57 komoditnich agregéti, které zahmuji
415 jednotlivych komodit. Statistika FAO podchycuje ve
sledovanych zemich vzdy cely objem jejich mezinarod-
niho obchodu, kdeZto v celni statistice CR jsme vyhledali
pouze komodity a objem vzajemného obchodu mezi CR
a zemémi EU.

ProtoZe jsou obé statistiky rozdilné, analyzovali jsme
udaje kazdé z nich samostatné. Pro analyzu jsme si pak
vybrali vzdy jen urcité komodity jako reprezentanty
mezindrodni smény. Tyto reprezentanty jsme volili podle
jejich naroénosti na ekonomické faktory a podle velikosti
objemu jejich dovozu ¢&i vyvozu z hlediska celkového
objemu dovozu &i vyvozu lesnickych a dfevaiskych
vyrobki CR.

U vybranych reprezentantii jsme celkovou uroveii
zahrani¢niho obchodu charakterizovali procentudlnim
podilem vyvozu z objemu vyroby, vyjadieném v tech-
nickych jednotkédch, procentudlnim podilem dovozu
z objemu spotieby, vyjadfeném v technickych jednot-
kach, dynamikou vyvozu, dynamikou dovozu a velikosti
vyroby a spotfeby i velikosti vyvozu a dovozu na tisic
obyvatel. Udaje o poétu obyvatel v CR a v zemich EU
jsme pievzali z Ilustrovaného atlasu svéta pro nové sto-
leti a uvadime je v poznamce k tab. IX.

Dynamiku vyvozu a dynamiku dovozu vybranych
komodit jsme vyjadfili pomoci fetézovych pomérnych
ukazatelll vyvoje (PUV) poéitanych z objemu vyvaze-
nych & dovazenych komodit v technickych jednotkach
(t.].) podle vzorce (Egermayer et al., 1958):

i+l
PUV=k - (1)

1

kde: K- objem komodity vi+ 1 roce vt j.,
¥- objem komodity v i-tém roce v t. j.

Hodnoty PUV se pohybuji od 0 do +eo. Hodnota PUV
v mezich 0 < 1 znamena pokles ve vyvoji hodnocené
veli¢iny. Hodnota PUV = 1 piedstavuje jeji stagnaci
a hodnota v mezich 1 az +oo vyjadfuje pozitivni vyvoj
hodnocené veliCiny.

U jednotlivych pomémych ukazatell vyvoje jsme stano-
vili jejich odchylky (d;) od aritmetického priméru celého
souboru PUV. Odchylky jsme vyjadfili v absolutni
hodnoté a z nich vypoditali primérnou odchylku, ktera
vyjadfuje intenzitu ménlivosti dynamiky vyvoje analyzo-
vaného jevu.
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Hodnotovou stranku vyvozu a dovozu CR a zemi EU
jsme posuzovali pomoci cen za jednu mérnou jednotku
dané komodity a podle ukazateli realnych smé&nnych
relaci (terms of trade — TT). Ukazatele 77 jsme pogitali
podle vzorce (Kubista et al., 1999):

77 = Ler 100 @

im

kde:  Pex—cenovy index vyvozu,
Pim —cenovy index dovozu.

K ovérovani statistické vyznamnosti zji§ténych roz-
dili analyzovanych ukazatell jsme pouzivali Studentova
t-testu (Andél, 1978). K doplnéni hodnoceni relaci jed-
notkovych cen vybranych komodit mezi EU a CR jsme
vyuzili jejich vzdjemného regresniho vztahu. Ten jsme
stanovili podle vzorcl uvedenych v odborné literatufe
(Andél, 1978; Egermayer et al., 1958).

Pfi hodnoceni typu obchodu mezi dvéma partnery
rozeznava teorie mezinarodniho obchodu tzv. jedno-
smérny obchod a tzv. obousmérny obchod. V ramci
jednosmérného obchodu pfevlada na celkovém obratu
obchodu — pfi vyvozu nebo pii dovozu — mezi dvéma
partnery produkce jednoho odvétvi (oboru). V rdmci
obousmérného obchodu se mezi partnery vyméuji — pri
vyvozu i pfi dovozu — vyrobky stejného odvétvi (oboru).

Z celni statistiky, kterou jsme pro analyzu méli k dispo-
zici, vyplyva, Ze v pfipadé obchodu s lesnickymi a dfe-
vafskymi vyrobky mezi CR a zemémi EU jde o obchod
obousmérny. Ke stanoveni intenzity této obousmérnosti
jsme pak pouzili tzv. Grubel-Lloydiav index (GLI)
pocitany podle vzorce (Ne§vera, 1999):

GLI =1-|X; - M }/(X; + M;) A3)

kde:  Xi— vyvoz produktii odvétvi (i),
M; — dovoz produkti odvétvi (7).

Hodnoty tohoto indexu se pohybuji od 0 do 1. V pfi-
padé, ze GLI = 0, jde vyhradné o meziodvétvovy
obchod, v pfipadé, Ze GLI = 1, jde o obchod zaloZeny vy-
hradné na vnitroodvétvové sméné.

Dalsi vyznamnou strankou nasi analyzy bylo zjist'o-
vani konkurenceschopnosti lesnickych a dfevafskych
vyrobkil v porovnani se zemémi EU. Podle Plchové
(Kubista et al., 1999) je tato ekonomicka kategorie
mnohoznacnd. Obsahuje totiz jak faktory kvantitativni
(méfitelné), tak faktory kvalitativni (neméfitelné bud’
vibec, nebo jen obtizng). Podle autorky existuje fada
definic konkurenceschopnosti, ale Zddné z nich neni
vSeobecné prijata. Jedna z definic, ze které jsme ve své
analyze vysli, je nésledujici definice ¢eskych autori —
Capka, Hajka a Mertlika (in Plchové, 1999): ,Mezi-
narodni konkurenceschopnosti se chape schopnost zemé
proniknout se svym obchodovatelnym zbozim a sluz-
bami na zahranicni trhy a z takové mezinarodni smény
ziskdvat komparativni vyhody.“
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Komparativni vyhodou se zde rozumi komparativni
uspora, kterd vznika tim, Ze ve vyvozu zemé jsou shro-
mazdény vyrobky, jejichz hodnotovy vztah k hodnoté
mezindrodni je pfiznivéjsi neZ u vyrobk, které napliiuji
dovoz této zemé.

Konkurenceschopnost vyrobki Ize hodnotit ukazateli,
zalozenymi bud’ na bézi zdroji, nebo na bazi vystupt.
Ve své analyze jsme zvolili hodnoceni na bazi vystupi
jednak pomoci tzv. ukazatele relativné komparativnich
vyhod (relative comparative advantage — RCA), jednak
pomoci cen za mérnou jednotku, v niZ se vyjadfuje
vyrobek. V nafem ptipadé to byly tuny, m®a kilogramy.
Pro vypocet RCA jsme pouzili vzorec (Ne§vera, 1999):

RCA; = (X, -M,;Y|X,;+M,) (4)

kde:  Xj— vyvoz komodity (i),
M; — dovoz komodity (7).

Hodnota tohoto ukazatele se pohybuje v mezich od -1
do +1. Kladné hodnota vypovida o komparativni vyhodé
v obchodu s komoditou (i) dané zemé, zatimco zdporna
hodnota o komparativni vyhodé partnerskych zemi v ob-
chodu s touto komoditou.

Protoze jsme v na$i analyze usilovali o ramcovy po-
hled na tendenci a troveii mezinarodniho obchodu CR
s lesnickymi a dfevaiskymi vyrobky a na jejich konku-
renceschopnost ve vztahu k zemim EU jako celku,
vytvofili jsme si z udaji jednotlivych zemi EU také
agregétni udaje za EU jako celek.

Na zavér metodiky je§té poznamenavame, Ze obé
statistiky neposkytovaly zcela identické udaje, takze
jsme je nemohli vyhodnocovat zcela stejnym zptisobem.

VYSLEDKY ANALYZY STATISTIKY FAO

Jako reprezentativni komodity, prip. jejich agregaty
pro analyzu statistiky FAO jsme volili: palivové dfivi
a dievéné uhli, primyslovou kulatinu, dfevni odpad,
jehli¢naté fezivo a praZce, listnaté fezivo a praZce, dyhové
tabule, pteklizky, dfevotfiskové desky, dievovlaknité
desky, sulfitovou buniéinu nebélenou a bélenou, sulfa-
tovou buni¢inu nebélenou a bélenou, novinovy papir,
tiskovy a psaci papir, sanitarni papir a papir pro domacnost.

Z hlediska narokti na ekonomické faktory (kapital, ener-
gie, kvalifikovanost prace, naro¢nost na védecko-vy-
zkumny potencial, pfirodni zdroje, Zivotni prostredi) jsme
tyto reprezentativni komodity rozdeélili do tii kategorii:

I. kategorie:  palivové dfivi + dfevéné uhli, primyslova

kulatina, jehli¢naté fezivo + praZce, list-

naté fezivo + praZce, dfevni odpad;
dyhové tabule, pieklizky, dfevottiskové
desky, dfevovlaknité desky;

III. kategorie: sulfitova bunicina, sulfatova bunicina,
novinovy papir, tiskovy a psaci papir,
sanitdrni papir a papir pro domécnost.

Procentualni podily vyvozu vybranych komodit, vy-
poéitané z velikosti objemu jejich vyroby vyjadfené v t. j.,
uvadime v tab. L

I1. kategorie:

1. Podily vyvozu z objemu vyroby — Proportions of exports out of production volume

Rok'®
—_— 1993 1994 1995 1996
CR EU CR EU CR EU CR EU
(%)

1. Palivové dfivi a dfevéné uhli? 10,9 1,8 153 2,3 26,6 23 25,2 23

2. Priimyslova kulatina® 17,4 9,0 21,3 9.4 24,0 7S 26,3 1.6

3. Dievni odpad* 414 13,2 48,8 14,7 49,3 9,7 49,7 10,0

4. Jehli¢naté fezivo a prazce® 28,4 43,7 40,0 44,3 47,0 42,7 43,0 443

5. Listnaté fezivo a praZce® 12,5 224 11,3 21,0 133 217 8,5 22,5

6. Dyhové tabule’ 15,4 26,0 50,0 29,6 167,7 37,9 112,5 34,5

7. Preklizky® 92,0 57,9 72,4 61,3 39,0 56,6 74,1 57,1

8. Dievottiskové desky’ 17,0 259 41,0 27.4 39,2 26,8 41,7 29,1

9. Dievovlaknité desky'® 157 59,0 50,4 62,2 56,2 53,2 52,2 59,2
10. Sulfitova buni¢ina'' 38,5 32,8 76,5 34,4 69,2 29,9 87,2 35,6
11. Sulfétov4 buni¢ina' 13,8 353 10,6 40,5 15,5 30,9 17,5 37,0
12. Novinovy papir" 47,5 61,2 66,3 61,1 59,6 553 61,4 58,7
13. Tiskovy a psaci papir'* 87,3 63,7 40,0 66.5 41,6 67,8 33,0 60,4
14, Sanitdmi papir a papir pro domacnost'® - 17,3 31,2 16,4 222 17,8 25,0 18,9

'commodity, *fuelwood and charcoal, *industrial roundwood, *wood waste, *coniferous sawnwood + cross-ties, *non-coniferous sawnwood +
cross-ties, "veneered boards, *plywood, “particle boards, '“fiberboards, ''sulfite pulp, '*sulfate pulp, “*newsprint, “printing and writing paper,

Bsanitary tissue and household paper, "®year
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V tab. II jsou priméry procentuélnich podili vyvozu
z tab. I a jejich variacni koeficienty, které vyjadfuji
meénlivost hodnot v souborech, z nichZ byly poéitany
aritmetické praméry.

Z variaénich koeficientt v tab. II vyplyva vétsi ¢asova
nerovnomérnost vyvozu komodit vzhledem k objemu
vyroby u CR proti vyvozu té&chto komodit u EU. Hod-
noty aritmetickych primeéri vyvozu svéd¢i pak o vétSich
podilech vyvozu CR u ekonomicky méné naroénych

komodit (kategorie I. a II.) nez u vyvozu EU. Rozdily
mezi vyvozem CR a EU jsou u jednotlivych komodit
nékdy znaéné. Jejich statistickou vyznamnost jsme
zji§tovali pomoci Studentova t-testu. Ten prokézal jeji
existenci na hranici 99 % u komodit ¢. 1,2,3,5a 11, na
hranici 90 % u komodity €. 10, na hranici 80 % u komodit
¢. 6 a9 a na hranici 50 % u komodit ¢. 4, 7, 8 a 13.
Rozdily ve vyvozu mezi CR a EU u komodit & 12 a 14
se ukazaly jako statisticky zcela nevyznamné.

11. Priiméry podilii vyvozu z objemu vyroby za obdobi 1993-1996 — Means of the proportions of exports out of production volume for 1993-1996

Aritmeticky pramér'® Variaéni koeficient'?
Komodita' CR EU CR EU
(%)
1. Palivové dfivi a dievéné uhli® 19,50 2,25 339 12,8
2. Priimyslova kulatina® 22,25 8,48 14,9 89
3. Dfevni odpad* 47,30 11,90 72 17.8
4, Jehli¢naté fezivo a prazce® 39,60 43,75 17,5 1,5
5. Listnaté fezivo a prazce® 11,40 21,90 16,0 2.8
6. Dyhové tabule’ 86,40 32,00 67,6 14,2
7. Preklizky® 69,38 58,22 27,6 1,8
8. Dievotiiskové desky’ 34,72 27,30 29,6 43
9. Dievovlaknité desky'" 43,65 58,40 373 56
10. Sulfitové buni&ina' 67,85 33,18 26,7 6,4
11. Sulfitové bunigina'? 14,35 35,92 17,6 96
12. Novinovy papir" 58,70 59,08 11,8 4,1
13. Tiskovy a psaci papir'* 50,48 64,60 42,6 44
14, Sanitdrn{ papir a papir pro domdcnost"® 19,60 17,60 17,6 5,1
For 1-15 see Table 1, "®arithmetic mean, "coefficient of variation
111. Podily dovozu z objemu spotifeby — Proportions of imports out of consumption volume
Rok'®
Komodita' 1993 1994 1995 1996
CR EU CrR EU CR EU CrR ] EU
(%)
1. Palivové dfivi a dfevéné uhli® - 6,3 1,2 53 34 5,6 36 6,3
2. Priimyslové kulatina® 32 15,6 3,0 18,2 3.6 20,7 23 17,6
3. Dievni odpad* 2,0 12,6 1,0 13,1 1,6 10,1 0,7 10,4
4. Jehlinaté fezivo a prazce® 2,1 459 12,2 47,7 55 41,5 56 428
5. Listnaté fezivo a prazce® 1,3 51,8 35,0 48,7 39,1 49,0 38,5 453
6. Dyhové tabule’ 353 38,7 66,7 46,4 1428 46,8 1059 429
7. Preklizky* 63,2 78,8 41,7 80,3 29,8 772 62,7 78,0
8. Dfevotfiskové desky’ 7.6 26,0 21,0 23,2 18,3 252 13,5 254
9. Dievovlaknité desky'” 2,6 58,2 17.5 60,2 29,0 52,3 30,1 56,7
10. Sulfitové bunigina' 438 45,7 236 48,6 12,5 389 27,0 43,0
11. Sulfdtova buni¢ina'? 27,5 49,3 333 50,5 31,8 48,5 35,0 52,1
12. Novinovy papir*? 50,8 63,0 43,1 63,8 21,7 57,6 13,3 60,1
13. Tiskovy a psaci papir'* 92,1 56,9 57,0 59,1 59,1 59,9 54,8 51,2
14. Sanitdri papir a papir pro domécnost™* - 18,2 83 14,7 22,2 16,4 250 17,3

For 1-16 see Table I
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Obdobné jako procentualni podily vyvozu vybranych
komodit, pocitané z objemu jejich vyroby a vyjadiené
v technickych jednotkach, jsme analyzovali i procentudlni
podily dovozu téchto komodit, poéitané z objemu jejich
spotieby a vyjadiené v technickych jednotkach. V tab. III
uvadime jednotlivé podily téchto dovozi a v tab. IV
aritmetické praméry a varia¢ni koeficienty téchto podili
za obdobi 1993-1996 ziskané stejnym metodickym
postupem jako u vyvozu komodit.

Z variacnich koeficientil v tab. IV opét vyplyva vétsi
nerovnomeérnost dovozu analyzovanych komodit u CR
proti dovozu stejnych komodit u EU. Téméf u viech
komodit — kromé tiskového a psaciho papiru — je jejich
dovoz v relaci ke spotfeb& vétsi u EU nez u CR.

Statistickou vyznamnost zjiténych rozdili u jednotli-
vych komodit jsme opét testovali Studentovym ¢-testem.
Ten prokézal jeji existenci na hranici 99 % u komodit
¢.1,2,3,4,8,9,10 a 11, na hranici 98 % u komodit
¢. 7 a 12, na hranici 90 % u komodity €. 5, na hranici 80 %
u komodity €. 6 a na hranici 50 % u komodity €. 13.
Rozdil u komodity €. 14 se ukézal jako statisticky zcela
nevyznamny. Ve srovnani s vyvozem jsou rozdily v do-
vozu hodnocenych komodit mezi CR a EU presvédgive;ji.

Dynamiku vyvozu a dynamiku dovozu analyzovanych
komodit jsme vyjadtili pomoci fetézovych pomérnych
ukazatelli vyvoje pocitanych z objemu vyvazenych &i
dovazenych komodit, vyjadieného v technickych jednot-
kach. V tab. V uvadime tyto ukazatele u dovozu komodit
za obdobi 1994-1996 a jejich aritmetické priméry.

Z tab. V vyplyva, Ze u dovozu byla dynamika jeho
vyvoje v hodnoceném obdobi mnohem vétsi u komodit
CR nez u komodit EU. Zvl4$t k extrémnimu narfistu
dovozu do CR doslo u jehli¢natého a listnatého feziva.

Z celkového poétu pomémych ukazateli vyvoje u CR
signalizuje 25 ukazatell (tj. 60 %) progresivni vyvoj
v dovozu, zatimco 14 ukazateli (tj. 35 %) vyvoj negativni.
V jednom piipadé byla zaznamenana jeho stagnace.
Progresivni hodnoty z celkového poétu 42 ukazatelii
u EU byly zaznamenany v 21 pfipadech, (tj. v 50 %),
negativni ve 20 pfipadech (tj. ve 47,6 %) a stagnace
v jednom pfipadé.

Velkou vypovidaci schopnost o dynamice vyvoje at’ uz
u dovozu, ¢i u vyvozu maji odchylky jednotlivych hodnot
pomérnych ukazatell vyvoje (d)) od jejich aritmetického
priméru. Jejich hodnoty u dovozu uvadime v tab. VI
spolu s priiméry jejich absolutnich hodnot (| d; |).

Z tab. VI vyplyva, Ze extrémni hodnoty priméri (| d; |)
se pohybuji u dovozu do CR od 0,07 PUV u sulfitové
buni¢iny do hodnoty 54,11 PUV u jehli¢natého feziva
a prazct. Obdobné extrémni hodnoty u EU jsou 0,02 PUV
u dfevovlaknitych desek a 0,33 PUV u sulfitové buniiny.
Aritmeticky primér absolutnich hodnot (| d; ) za cely
soubor dovozu analyzovanych komodit byl 5,46 PUV
u CR a 0,12 PUV u EU. Viechny tyto uvddéné hodnoty
jednoznac¢né potvrzuji mnohonésobnost ménlivosti dovozu
v ¢ase u CR proti pom&rné malé ménlivosti dovozu u EU.

Stejnym zplsobem jako u dovozu jsme hodnotili
i dynamiku vyvozu. V tab. VII uvadime pomé&mé ukazatele
jeho vyvoje (PUV) rovnéz za obdobi 1994-1996 spolu
s jeho aritmetickymi priméry.

Z tab. VII je vidét, ze v hodnoceném obdobi doslo
k progresivnimu vyvoji vyvozu u analyzovanych ko-
modit u CR v 29 ptipadech (tj. v 70 %), k jeho degresi
v 11 ptipadech (tj. ve 28 %) a v jednom pfipadé ke
stagnaci. Obdobné idaje za vyvoz u EU jsou 31 pfipadl
(tj. 74 %), 11 ptipadu (tj. 26 %) a zadny piipad stagnace.

IV. Priméry podilii dovozu z objemu spotfeby za obdobi 1993-1996 — Means of the proportions of imports out of consumption volume for

1993-1996
Aritmeticky pramér'® Varia&ni koeficient'?
Komodita' ¢rR EU CR EU
(%)
1. Palivové diivi a dfevéné uhli? 2,73 588 39,8 74
2. Primyslova kulatina® 3,02 18,02 15,6 10,1
3. Dievni odpad* 1,32 11,55 384 11,4
4, Jehli¢naté fezivo a prazce® 6,35 44,48 57,6 55
5. Listnaté fezivo a prazce® 28,48 48,70 554 47
6. Dyhové tabule” 87,45 43,70 46,2 15
7. Preklizky® 49,35 78.58 28,8 1.5
8. Dievotfiskové desky’ 15,10 24,95 33,7 42
9. Dfevovlaknité desky' 19,80 56,85 56,0 5,1
10. Sulfitové buni&ina'' 16,90 41,68 529 37
11. Sulfitov4 buni¢ina" 31,90 50,10 8,7 2,7
12. Novinovy papir'® 32,22 61,12 47,4 4,0
13. Tiskovy a psacf papir'* 65,75 56,78 232 6,0
14. Sanitdrni papir a papir pro domacnost' 13,88 16,65 73,5 7.8

For 1-17 see Table I
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V. Dynamika dovozu v obdobi 1994-1996 — Import dynamics in 1994-1996

Rok'® Aritmetické
Komodita' 1994 1995 19% priméry'”
CR EU CR EU CR EU CR EU
Pomémé ukazatele vyvoje'® (PUV)
1. Palivové dfivi a dfevéné uhli® - 0,84 2,12 1,03 1,12 1,13 1,62 1,00
2. Primyslova kulatina® 1,03 1,33 1,23 1,05 0,65 0,80 0,97 1,06
3. Dievni odpad* 0,50 1,09 1,68 0,77 0,40 1,02 0,86 0,96
4, Jehli¢naté fezivo a pmit:cs 122,50 1,18 041 0,83 1,08 1,02 41,33 1,01
5. Listnaté fezivo a prazce® 36,67 0,99 1,36 1,02 1,03 0,81 13,02 0,94
6. Dyhové tabule’ 1,33 1,39 2,50 0,87 091 0,80 1,58 1,02
T Pi‘eklitky’ 1,25 1,06 1,33 0,98 1,86 1,02 1,48 1,02
8. Dievottiskové desky’ 247 092 0,95 1,15 0,84 0,96 1,42 1,01
9. Drevovlaknité desky'® 5,00 1,13 2,00 1,12 1,40 1,08 2,80 1,11
10, Sulfitové buni&ina'' 1,54 092 0,58 0,93 1,00 1,00 1,04 0,95
11. Sulfitové bunitina' 1,09 1,10 0,90 0,99 1,01 1,03 1,00 1,04
12. Novinovy papir" 0,69 1,10 045 0,93 0,60 0,97 0,58 1,00
13. Tiskovy a psacf papir'* 1,37 1,12 1,16 0,99 1,16 0,86 1,23 0,99
14, Sanit4rnf papir a papir pro domécnost'® - 0,86 4,01 1,12 0,75 1,08 2,38 1,02

For 1-16 see Table 1, "arithmetic means, "*relative trend indexes (RTI)

VI. Odchylky pom&mych ukazateli vyvoje (PUV) dovozu od jejich aritmetického priiméru (d)) a priméry jejich absolutnich hodnot (| d; D-
Deviations of relative trend indexes (RTT) of imports from their arithmetic means (d;) and means of their absolute values (| d; |)

; Rok'¢ Aritmeticky primér
Komodita' 1994 1995 19% absolutni hodnoty"”
CR EU CR l EU CR | EU CR l EU
; di | d|

1. Palivové diivi a dievéné uhli? - -0,16 0,50 0,03 -0,50 0,13 0,50 0,11
2. Primyslova kulatina® 0,06 0,27 026 | -0,01 -0,32 -0,26 021 0,18
3. Dfevni odpad* -0,36 0,13 082 | -019 | -046 0,06 0,55 0,13
4, Jehli¢naté fezivo a prazce® 81,17 0,17 | -4092 | -0,18 |-40,25 0,01 54,11 0,12
= Listr-\a(é tezivo a prazce® 23,65 0,05 |-11,66 0,08 |-11,99 -0,13 15,77 0,09
6. Dyhové tabule’ -0,25 0,37 092 | -015 -0,67 -0,22 0,61 0,25
7. Preklizky® -0,23 004 | -0,15 -0,04 0,38 0,00 0,25 0,03
8. Drevottiskové desky’ 1,05 -0,09 | -047 0,14 | -0,58 -0,05 0,70 0,09
9. Drevovléknité desky'® 2,20 0,02 -0,80 0,01 -1,40 | -0,03 1,47 0,02
10. Sulfitové buni&ina'' 0,50 | -0,03 -046 | -0,02 -0,04 0,05 0,33 0,33
11. Sulfétov4 buni¢ina'? 0,09 006 | 0,10 | -005 0,01 -0,01 0,07 0,04
12. Novinovy papir" 0,11 0,10 -0,13 -0,07 0,02 -0,03 0,09 0,07
13. Tiskovy a psaci papir' 0,14 0,13 -0,07 0,00 -0,07 -0,13 0,09 0,09
14. Sanitdrni papir a papir pro domécnost' - -0,16 1,63 0,10 -1,63 0,06 1,63 0,11

For 1-16 see Table I, "arithmetic mean of absolute value

Odchylky jednotlivych hodnot pomérnych ukazateli  extrémni hodnoty priimérii absolutnich hodnot u vyvozu

vyvoje (PUV) u vyvozu a aritmetické priméry jejich
absolutnich hodnot uvadime v tab. VIIIL.

Extrémni hodnoty primért absolutnich hodnot ve
vyvozu CR jsou 0,02 PUV u sanitarniho papiru a papiru
pro domacnost a 1,09 PUV u dyhovych tabuli. Obdobné

574

EU jsou 0,01 PUV u sanitarniho papiru a papiru pro do-
macnost a 0,17 PUV u palivového drivi a dfevéného uhli.
Aritmeticky primér absolutnich hodnot (| d;|) za cely
soubor vyvozu analyzovanych komodit je 0,38 PUV
uCR a 0,08 PUV u EU.
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VIL. Dynamika vyvozu v obdobi 1994-1996 — Export dynamics in 1994-1996

Rok'® Aritmetické
Komodita' 1994 1995 1996 prlley’”
CR EU CR ] EU CRrR EU CR EU
Pomé&mé ukazatele vyvoje'* (PUV)
1. Palivové dfivi a dfevéné uhli® 1,57 1,32 1,45 1,14 1,00 0,86 1,34 1,11
2. Primyslové kulatina® 141 1,17 1,13 0,88 1,21 0,89 1,25 0,98
3. Dfevni odpad* 1,42 1,18 1,01 0,69 1,02 1,01 1,15 0,96
4. Jehli¢naté fezivo a prazce® 1,49 1,12 1,29 1,01 091 1,02 1,23 1,05
5. Listnaté fezivo a prazce® 0,81 1,01 1,37 1,06 0,64 0,99 0,94 1,02
6. Dyhové tabule’ 2,00 1,21 3,76 1,23 0,60 0,92 2,12 1,12
7. Preklizky® 0,80 111 0,54 0,97 2,11 1,01 1,15 1,03
8. Dievotfiskové desky’ 2,58 1,12 1,04 1,02 1,36 1,07 1,66 1,07
9. Drevovliknité desky'® 343 1,19 1,31 1,06 1,11 1,14 1,95 1,13
10. Sulfitov bunicina'' 1,31 1,09 0,88 0,87 1,20 1,10 1,13 1,02
11. Sulfitov4 bunicina' 0,61 1,06 1,50 0,88 1,04 L1 1,05 1,03
12. Novinovy papir'® 2,04 1,06 0,93 095 1,17 1,02 1,38 1,01
13. Tiskovy a psaci papir'* 1,16 1,16 1,12 1,02 0,96 0,88 1,08 1,02
14. Sanitdmi papir a papir pro domacnost' ~ 1,05 0,80 1,08 0,76 1,08 0,78 1,07

For 1-18 see Table V

VIIL Odchylky pomémych ukazatell vyvoje (PUV) vyvozu od jejich aritmetického priméru (d)) a priiméry jejich absolutnich hodnot (| d D-
Deviations of relative trend indexes (RTY) of exports from their arithmetic means (d;) and means of their absolute values (| d; )

Rok'® Aritmeticky priimér
Keoadiia! o~ 1555 1905 absolutni hodnoty'”
CR EU CR EU CR EU CR l EU
d; | di

1. Palivové dfivi a dfevéné uhli? 0,23 0,22 0,11 0,03 -0,34 -0,25 0,23 0,17
2. Primyslové kulatina® 0,16 0,19 -0,12 -0,10 -0,04 -0,09 0,11 0,13
3. Dfevni odpad* 0,27 0,22 -0,14 -0,27 -0,13 0,05 0,18 0,18
4, Jehli¢naté fezivo a prazce® 0,26 0,07 0,06 -0,04 -0,32 -0,03 0,21 0,05
5. Listnaté fezivo a prazce® -0,13 -0,01 043 0,04 -0,30 -0,03 0,29 0,03
6. Dyhové tabule’ -0,12 0,09 1,64 0,11 -1,52 -0,20 1,09 0,13
7. Preklizky® -0,35 0,08 -0,61 -0,06 0,96 -0,02 0,64 0,05
8. Dievotfiskové desky’ 0,92 0,05 -0,62 -0,05 -0,30 0,00 0,61 0,03
9. Dievovlaknité desky' 1,48 0,06 -0,64 -0,07 -0,84 0,01 0,99 0,05
10. Sulfitov4 buni&ina"' 0,18 0,07 -0,25 -0,15 0,07 0,08 0,17 0,10
11. Sulfitov4 buni¢ina" -0,44 0,03 045 -0,15 -0,01 0,12 0,30 0,10
12. Novinovy papir" 0,66 0,05 -0,45 -0,06 -0,21 0,01 0,44 0,04
13. Tiskovy a psaci papir' 0,08 0,14 0,04 0,00 -0,12 -0,14 0,08 0,09
14. Sanitérni papir a papir pro domécnost'® - -0,02 0,02 0,01 -0,02 0,01 0,02 0,01

For 1-17 see Table VI

Uvedena ¢isla jasné svéd¢i o tom, Ze i u vyvozu byla
ménlivost jeho vyvoje v &ase vétdf u komodit CR nez
u komodit EU, i kdyZ je tfeba konstatovat, Ze tento rozdil
u vyvozu (475 %) neni tak velky jako u dovozu (4 550 %).

V dalsi etapé analyzy jsme u vybranych komodit hod-
notili velikost dovozu a vyvozu v relaci k potu oby-
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vatelstva tak, Ze jsme objemy dovozu a vyvozu vyjidiené
v USD prepoéitali na tisic obyvatel. Vysledek pfepo&tu
uvadime v tab. IX.

Z udaji obsazenych v tab. IX vyplyvaji tyto relace
mezi analyzovanymi komoditami:
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IX. Objem zahrani¢niho obchodu CR a EU vyjadfeny v USD na 1 000 obyvatel v obdobi 1993-1996 — The volume of foreign trade of CR and EU
expressed in USD per 1,000 capita for 1993-1996

Rok'®
sy 1993 1994 1995 1996
Romadis ¢R_| EU ¢R_| EU ¢R | EU ¢R_| EU
USD
1. Palivové dfivi a dfevéné uhli?
vyvoz'? 218 81 338 107 490 134 490 106
dovoz' - 325 - 276 - 301 - 351
2. Primyslova kulatina®
vyvoz" 9612 2848 | 10668 3288 | 12867 2997 | 14486 3153
dovoz" 2010 5949 2057 8 189 2740 9987 1300 7573
3. Dtevni odpad*
vyvoz' 485 251 682 273 689 234 587 225
dovoz'® - 223 = 263 = 259 = 251
4. Jehli¢naté fezivo a prazce®
vyvoz' ) 9232 61 | 14460 69 | 15201 69 | 21081 71
dovoz'* 873 67 981 79 704 66 1394 67
5. Listnaté fezivo a prazce®
vyvoz' 776 2105 371 2479 797 2712 7 2346
dovoz'® 191 7 460 1879 8 367 1945 9295 2 508 7052
6. Dyhové tabule’
vyvoz' 156 1284 405 1599 596 1877 1136 1 676
dovoz'® 1059 1963 1215 2447 1734 2 695 2 590 2 095
7. Preklizky®
vyvoz' 3280 2785 2 640 3281 1440 3568 3394 3148
dovoz'® 679 5001 854 5484 1137 5 883 1298 5246
8. Drevotfiskové desky’
vyvoz'! 1137 3524 1663 4237 1739 5145 4949 5351
dovoz'® 876 3413 922 3892 1170 4630 2537 4220
9. Dfevovlaknité desky'
vyvoz" 298 1622 1183 1930 1675 2376 1735 2585
dovoz" 117 1479 403 1950 371 2336 1169 2431
10. Sulfitov4 bunigina'*
vyvoz' 5532 828 7319 1117 | 11646 1490 7488 1001
dovoz'"® 670 1247 1043 1442 1061 1 809 429 1332
11. Sulfitova buni&ina'"
vyvoz" 1615 5647 992 8072 2418 | 11348 1 689 8394
dovoz' 4021 | 11132 4562 | 15344 7034 | 21357 4171 | 16422
12. Novinovy papir"
vyvoz'’ 1174 5410 2426 5958 3142 8244 5370 8969
dovoz'® 1271 5822 922 6737 658 8610 452 9 020
13. Tiskovy a psacf papfr'!
vyvoz'! 4290 | 32655 4988 | 39178 7021 | 53391 6057 | 42949
dovoz'* 7279 | 26176 9899 | 29627 | 15809 | 36162 | 16943 | 29289
14, Sanitédrmni papir a papir pro domdcnost"®
vyvoz'’ - 1901 415 1949 399 2682 327 2775
dovoz'® = 2226 155 2 140 282 2619 281 2 909

Poznimka: Po&et obyvatel v mil.: EU 374, CR 10, Rakousko 8, Belgie 10, Lucembursko 0,4, Dansko 5, Finsko 5, Francie 59, SRN 82, Recko
11, Irsko 4, Itlie 58, Nizozemsko 16, Portugalsko 10, Spanélsko 39, Svédsko 9, Velka Britanie 58 — Note: The population in million: EU 374,
CR 10, Austria 8, Belgium 10, Luxembourg 0.4, Denmark 5, Finland 5, France 59, FRD 82, Greece 11, Ireland 4, Italy 58, Netherlands 16,
Portugal 10, Spain 39, Sweden 9, United Kingdom 58

For 1-16 see Table I, exports, *imports
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Vyvoz vztazeny na tisic obyvatel byl v CR vétsi nez
vyvoz zemi EU u nasledujicich komodit:

— palivové dfivi a dfevéné uhli v r. 1993, 1994, 1995, 1996,

— pramyslova kulatina v r. 1993, 1994, 1995, 1996,

— dfevni odpad v r. 1993, 1994, 1995, 1996,

— jehlicnaté fezivo a prazce v r. 1993, 1994, 1995, 1996,

— preklizky v r. 1993, 1996,

— sulfitova buniéina v r. 1993, 1994, 1995, 1996.
Dovoz do CR vztazeny na tisic obyvatel byl vétsi nez
dovoz do zemi EU u nésledujicich komodit:

— jehli¢naté fezivo a prazce v r. 1993, 1994, 1995, 1996,

— dyhové tabule v r. 1996.

Tab. IX obsahuje o vybranych komoditich celkem
224 \idajti, z toho o vyvozu i dovozu 56 tidaji, a to jak u CR,
tak u EU. Pokud budeme povaZovat vy$§i vyvoz u ob-
chodovatelnych komodit za narodohospodéisky klad,
pak se tato pozitivni skute¢nost vyskytla u CR celkem
v 39 % pripadt ze vSech moznych pfipadi au EU v 61 %
pripadil ze vSech moznych pfipadi. Jestlize problém
zjednodusime a odhlédneme od zékladnich produkénich
podminek jednotlivych zemi, napf. zasoby dfeva na pni,
kapacity a technologické tirovné dievozpracujiciho pri-
myslu apod., tak je mozné Fici, Ze zemé& EU jsou v tomto
sméru Gspésnéjsi nez CR. Exportni uspéchy zemi EU
jesté podtrhuje skuteénost, ze vyssi vyvoz z CR se ze 73 %
soustfed’uje na komodity I. kategorie, tedy na komodity
méné ndro¢né na vyrobni faktory a docilujici na trhu i niz-
§iho zpenéZeni.

Jestlize vy3$8i vyvoz danych komodit v USD na obyva-
tele evokuje pfedstavu Uspé3nosti, pak naopak vyssi
dovoz téchto komodit analogicky vyvolava pfedstavu
nedspénosti. V tomto piipadé vyplyva z tab. IX i to, Ze
pocet piipadii vy$siho dovozu v USD na obyvatele je
uEUS1auCRS.

V tab. X uvadime piehled dosazenych dovoznich a vy-
voznich cen v USD za jednu mérnou jednotku analyzo-
vanych komodit. Tab. XI pak obsahuje aritmetické
pruméry téchto jednotkovych cen a jejich varia¢ni koefi-
cienty (V7).

Variac¢ni koeficienty v tab. XI sv€d¢i o vyrazné mensi
proménlivosti cen komodit v ¢ase u EU proti cenovym
zméndm u komodit CR. Toto konstatovéni neplati pouze
v jednom pfipadé, a to u vyvozu tiskového a psaciho
papiru, kde je variaéni koeficient o néco malo vétsi
u EU nez u CR. Z aritmetickych primérti cen za mémé
jednotky komodit v této tabulce dale vyplyva, ze jak
u vyvozu, tak u dovozu existuji mezi témito cenami
urgité rozdily. Dovozni ceny do CR jsou u vétsiny
komodit vétsi nez dovozni ceny do zemi EU. Vyjimkou
v tomto sméru jsou primérné dovozni ceny u jehli¢na-
tého a listnatého feziva, u dfevotfiskovych desek a u sa-
nitarniho papiru a papiru pro domécnost. U vyvoznich
cen je viak tento trend opaény. DosaZené vyvozni ceny
u vétsiny komodit jsou u EU vyssi nez ceny dosazené pii
vyvozu komodit z CR. Vyjimkou jsou vyvozni ceny u novi-
nového papiru a u tiskového a psaciho papiru.

Rozdily v cenach zjisténé podle tab. XI jsme podro-
bili rozboru z hlediska jejich statistické vyznamnosti,
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a to opét pomoci Studentova z-testu. Rozbor ukazal, Ze
u dovozu je na hranici 90 % statistické vyznamnosti-pouze
rozdil v cené jehli¢natého feziva (cena u EU je vyssi nez
cena u CR), na hranici 80 % v cené listnatého feziva a sa-
nitarniho papiru a papiru pro domdacnost (ceny u EU
jsou opét vyssi nez u CR) a na hranici 50 % rozdily
v cené primyslové kulatiny, dyhovych tabuli a sulfitové
buni&iny (u véech téchto komodit je dovozni cena do CR
vy$si nez dovozni cena do zemi EU). U ostatnich komo-
dit jsou zji§téné rozdily statisticky nevyznamné.

U vyvoznich cen rozbor prokdzal statistickou vy-
znamnost rozdilt na hranici 99 % u palivového diivi
a drevéného uhli, u listnatého feziva, u preklizek a u dtevo-
vlaknitych desek, na hranici 95 % u jehli¢natého feziva
a drevottiskovych desek, na hranici 90 % u primyslové
kulatiny, dfevniho odpadu, u sanitarniho papiru a papiru
pro domacnost. Rozdily ve vyvoznich cenach u ostatnich
komodit jsou statisticky nevyznamné.

Primérné ceny v tab. XI dale signalizuji, Ze jak u CR,
tak u EU existuji u jednotlivych komodit urcité rozdily
mezi dovoznimi a vyvoznimi cenami. Protoze mérné
jednotky jsou stejné jen u jednotlivych kategorii eko-
nomické naro¢nosti komodit, testovali jsme zjit&né
rozdily mezi dovoznimi a vyvoznimi cenami v rozdéleni
komodit podle nich, a to opét pomoci Studentova roz-
déleni (s-test). Vysledky tohoto testovani jsou obsazeny
v tab. XII. Primérné dovozni ceny v USD v této tabulce
jsme oznatili symbolem x, primérné vyvozni ceny sym-
bolem y.

Z tab. XII vyplyva, Ze rozdily mezi dovoznimi a vy-
voznimi cenami u souboru komodit jsou u CR o néco
vétsi nez u EU. Statistickd vyznamnost rozdili u CR je
na hranici 50 % (tabulkova kriticka hodnota ¢ pro tuto
hranici je 0,706). Rozdily u souboru komodit EU jsou
statisticky nevyznamné.

Pfi hodnoceni primérnych cen za mérnou jednotku
jednotlivych komodit podle kategorii jejich ekonomické
naro¢nosti jsme zjistili, Ze existuje urdity regresni vztah
mezi cenami EU a CR. Grafické znazoméni tohoto vztahu
ukézalo, zZe jde o vztah linearni, u néhoZ jsme proto
obvyklym zptisobem (Andél, 1978) vypocitali para-
metry regresnich pfimek a korelacni koeficienty. Za ne-
zdvisle proménnou (x) jsme zvolili ceny EU, za zavisle
proménnou (y) ceny CR.Vypoéitané parametry uvadime
v tab. XIII

Regresni rovnice pfimek maji tyto tvary:

Dovoz: I. kategorie: y =53 + 0,386 x

1L kategorie: y=-38,1 + 1,213 x

I1I. kategorie: y = 338,7 + 0,542 x
L. kategorie: y=19,5 + 0,426 x
1I. kategorie: y =-9,86 + 0,664 x

I11. kategorie: y =270,8 + 0,520 x

Regresni koeficienty (,.) udavaji, o kolik USD se zméni
ceny u pislusnych komodit CR, zméni-li se ceny komo-
dit EU. Z hodnot (b,,) v tab. XIII vyplyva, Ze pfi naristu
cen komodit u EU rostou také ceny komodit u CR, ale
pomaleji. Pii poklesu cen komodit u EU dochazi také k po-
klesu cen u komodit CR, ale opét pomaleji. Vyjimkou

Vyvoz:
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X. Dovozni a vyvozni ceny v USD v CR a EU v obdobi 1993-1996 — Import and export prices in USD in CR and EU for 1993-1996

Rok'®
Komodita' 1993 1994 1995 1996
CR EU CR EU CR EU CR EU
UsD
1. Palivové drivi a dievéné uhli?
dovoz'® - 50 1) 50 1) 53 1) 55
vyvoz'’ 29 47 29 47 29 52 29 48
2. Primyslovi kulatina®
dovoz' 78 66 78 68 84 68 62 75
vyvoz'! 59 60 46 59 49 62 46 72
3. Drevni odpad*
dovoz' 1) 25 1) 27 1) 34 1) 32
vyvoz'! 24 27 24 25 24 32 20 30
4. Jehli¢naté fezivo a prazce®
dovoz'® 209 199 41 213 72 233 133 229
vyvoz'’ 121 180 127 216 104 234 157 218
5. Listnaté fezivo a prazce®
dovoz'® 695 463 176 525 134 569 167 530
vyvoz' 250 479 147 555 228 575 348 503
6. Dyhové tabule’
dovoz'® 1818 1174 1565 1053 893 1332 1483 1143
Vyvozt 7 Uty 803 1381 1043 1418 409 1340 1301 1306
7. Preklizky® '
dovoz" 583 472 587 487 587 532 361 460
vyvoz'? 490 708 495 749 495 838 555 733
. 8. Dievotiskové desky’
. dovoz'"® 266 219 113 271 151 279 384 265
vivoz'! 138 227 78 245 78 291 163 279
9. Dievovliknité desky"
A dovoz™ 604 305 415 355 191 382 430 372
vyvoz'” 219 323 254 323 274 345 255 358
10. Sulfitov4 bunigina"
dovoz"® 627 408 632 514 1093 704 442 516
vyvoz'! 416 409 421 | 539 764 829 406 500
11. Sulfitovi buni¢ina' ) ,,-
. dovoz'® 487 406 |- 505 508 863 716 500 529
" vyvoz' 462 366 465 493 755 790 512 509
12. Novinovy papir'
dovoz'® 409 432 432 454 678 628 777 671
vyvoz'’ 432 433 439 451 611 657 893 707
13. Tiskovy a psaci papir'*
dovoz" 806 842 803 849 1116 1053 1027 986
vyvoz'’ 804 804 803 828 1 005 1107 904 1004
14. Sanitarni papir a papir pro domdcnost'*
dovoz'® = 1295 1599 1434 726 1569 964 1621
vyvoz'! 1) 1179 855 1149 587 _| 1457 1123 1413

Poznidmka - Note: 1) chybi ddaj - data not available

For 1-18 see Table IX
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XI. Aritmetické priméry dovoznich a vyvoznich cen ( x) v CR a EU za obdobi 1993 1996 a jejich varia&ni koeficienty (V) — Arithmetic means
of import and export prices ( x ) in CR and EU for 1993-1996 and their variation coefficients (V,)

Dovoz'® Vyvoz"

Komodita' i V. P V.
¢R EU CR EU ¢rR EU ¢R EU

USD (%) USD (%)
1. Palivové dfivi a dfevéné uhli? - 52,00 - 4,0 29,00 48,50 0 42
2. Priimyslova kulatina® 75,50 69,25 10,8 49 50,00 63,25 10,7 82
3. Dfevni odpad* = 29,50 - 12,3 23,00 28,50 7.5 94
4, Jehli&naté fezivo a prazce® 113,75 | 218,50 56,4 62 127,25 212,00 15,0 93
5. Listnaté fezivo a prazce® 283,00 | 521,75 76,1 73 24325 528,00 294 73
6. Dyhové tabule’ 1439,75 | 1175,50 23,5 8.6 889,00 | 136125 36,9 3,1
7. Preklizky® 529,50 | 487,75 184 5.6 508,75 757,00 53 6.5
8. Dievotiiskové desky’ 228,50 | 258,50 46,4 9,0 114,25 260,50 32,7 9.8
9. Dievovlaknité desky' 410,00 | 353,50 358 84 250,50 337,25 79 44
10. Sulfitov4 bunigina'! 698,50 | 535,50 344 19,9 501,75 569,25 30,2 27,6
11. Sulfitov4 bunigina' 588,75 | 539,75 26,9 20,7 548,50 539,50 22,0 28,7
12. Novinovy papir® 574,00 | 546,25 27,5 19,2 593,75 562,00 31,5 21,6
13. Tiskovy a psaci papir'* 938,00 | 932,50 14,6 9,7 879,00 935,75 9,5 134
14, Sanit4mf papir a papir pro domdcnost'* 1096,33 | 1479,75 33,6 8,6 855,00 | 1299,50 25,6 10,5

'commodity, *fuelwood and charcoal, *industrial roundwood, *wood waste, *coniferous sawnwood + cross-ties, ®non-coniferous sawnwood +
cross-ties, "veneered boards, *plywood, “particle boards, "*fiberboards, "'sulfite pulp, '*sulfate pulp, "*newsprint, *printing and writing paper,

Ysanitary tissue and household paper, “imports, exports

XIL Vysledky testovéni rozdili mezi dovoznimi a vyvoznimi cenami 14 komodit pomoci /-testu — Results of testing the differences between import

and export prices of 14 commodities by r-test

Kategorie ekonomické niro¢nosti komodit'
I 1L 1L
CR EU CR EU CR EU
sl sl sl vl sl v s v =1 51 &1 5
USsD
157 ] 94 J 178 J 176 | 662 | 441 | 569 | 679 | 779 J 676 [ 807 I 781
Vypogitané hodnoty 7
I 1L 111
CR EU CR EU CR EU
0,966 0,016 0,708 0,337 0,797 0,108

Pozndmka — Note: X — priim&maé dovozni cena — mean import price
¥ — primé&ma vyvozni cena — mean export price

'category of commodity requirements for economic factors, *calculated values ¢

jsou v tomto sméru pouze dovozni ceny u komodit II. ka-
tegorie, které se méni v zdvislosti na zménach cen ko-
modit II. kategorie u EU vZdy rychleji.

Z hodnot korelaénich koeficientl v tab. XIII vyplyva,
Ze 81 % zmén vyvoznich cen u komodit I. kategorie lze
vysvétlit zménami téchto komodit u EU, 76 % zmén
dovoznich cen II. kategorie zavisi na zménach téchto
cen u komodit EU, podobné 74 % vyvoznich cen II. ka-
tegorie, 58 % zmén vyvoznich cen komodit III. kate-

J. FOR. SCIL, 46, 2000 (12): 569-586

gorie, 49 % zmén dovoznich cen komodit III. kategorie
a 21 % zmén dovoznich cen 1. kategorie vzdy zavisi na
zménach analogickych cen u komodit EU. Ostatni zmg-
ny cen jsou na zménach cenovych relaci k souboru ko-
modit EU nezavislé.

Posledni strankou nasi analyzy statistickych dat FAO
bylo zhodnoceni efektl ze zahraniéni smény lesnickych
a drevafskych vyrobkl. Mezinirodné pouzivanym uka-
zatelem pro takové hodnoceni je tzv. ukazatel redlnych
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XIIL Parametry regresnich pfimek (b,) a korela¢nich koeficientii (r,,) — Parameters of regression lines (b,,) and correlation coefficients (ry,)

Druh obchodn{ smény'
Dovoz? | VYvoz’
Kategorie ekonomické naro&nosti komodit*
1 l 1L I 1IL | L l IL I I
Iy
0.46 | 0,87 I 0,70 l 0,90 J 0,86 I 0,76
by
0,386 | 1,213 | 0,542 I 0,426 I 0,664 | 0,520
Pozndmka — Note: x — ceny v zemich EU je nezdvisle proménné - prices in EU countries are independent variables
y - ceny v CR je zavisle proménna — prices in CR are dependent variables
'type of trade exchange, %imports, *exports, ‘category of commodity requirements for economic factors
XIV. Ukazatel redlnych smé&nnych relaci (77) v obdobi 1993-1996 — Real terms of trade index (77) for 1993-1996
Rok'®

Komodita' 1993 1994 1995 1996 Primeér'’
1993-1996
CR | EU [ ¢CR | EU | ¢CR | EBU | CR | EU | CR | EU

(%)

1. Palivové dfivi a dfevéné uhli? - 94 - 94 - 98 - 87 - 93
2. Primyslové kulatina® 76 91 59 87 58 91 74 96 66 91
3. Dfevni odpad* - 108 - 92 - 94 - 94 - 97
4, Jehli¢naté fezivo a pmice’ 58 90 310 101 144 100 118 95 112 97
5. Listnaté fezivo a prazce® 38 103 84 106 170 101 208 95 86 101
6. Dyhové tabule’ 44 118 67 135 46 101 88 114 62 116
7. Preklizky® 84 150 84 154 84 158 154 159 96 155
8. Dievottiskové desky’ 52 104 69 90 52 104 42 105 50 101
9. Dfevovlaknité desky'" 36 106 61 91 143 90 59 96 61 95
10. Sulfitové buni&ina'" 66 | 100 67 | 105 70 | 118 92 97 72 | 106
11. Sulftov4 bunigina" 95 90 52 97 87 | 110 | 102 96 93 | 100
12. Novinovy papir" 106 | 100 | 102 99 90 105 115 105 103 103
13. Tiskovy a psacf papir'* 100 95 100 98 90 105 88 102 94 100
14. Sanitdmf papir a papir pro domécnost'* = 110 53 80 81 93 116 87 78 88

For 1-15 see Table X1, "®year, "average

smeénnych relaci (77). V tab. XIV uvadime jeho hodnoty
vypoditané pomoci jednotkovych cen komodit naseho
souboru.

Z tab. XIV je vidét, Ze v obdobi 1993-1996 z celko-
vého poétu 47 ukazateld T7T u souboru komodit CR
hodnoty jen 14 ukazateld, tj. asi 30 % z jejich celkového
podtu, ukazuji na pfiznivy efekt mezinarodni smény.
U souboru komodit EU z celkového poétu 56 ukazateli
je to 36 ukazateld, tj. 64 % z jejich celkového poctu, tedy
vice nez dvakrat tolik.

V tab. XIV jsou také vypogitany ukazatele 77 z pri-
mérnych hodnot jednotkovych cen za analyzované
obdobi. Z jejich velikosti vyplyva, Ze i tyto primérné
hodnoty TT potvrzuji skute€nost, Ze ve srovnani se
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zemémi EU je mezinarodni sména lesnickych a dfevar-
skych vyrobki CR méné efektivni.

VYSLEDKY ANAlfY'ZY CELNI STATISTIKY
CESKE REPUBLIKY

V celni statistice CR jsme vyhledali (daje o mezi-
narodni sméné lesnickych a dfevafskych vyrobki mezi
CR a zemémi EU za rok 1996 a 1998. Celkovy dovoz
téchto vyrobki ze zemi EU do CR éinil v roce 1996
15 029 890 tisic K& a v roce 1998 15 311 443 tisic K¢&.
Celkovy vyvoz z CR do zemi EU ¢&inil v roce 1996
23 450 074 tisic K& a vroce 1998 21 177 830 tisic K¢.
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Pomémy ukazatel vyvoje (PUV) za obdobi 1996-1998,
pocitany z uvedenych finanénich objeml, ma tedy
hodnotu u dovozu: PUV = 1,02 a u vyvozu: PUV = 0,90.
Z téchto hodnot PUV vyplyva, ze dovoz za toto ¢asové ob-
dobi prakticky stagnoval, zatimco vyvoz se 0 10 % sniZil.

V tab. XV uvadime procentualni podily jednotlivych
zemi EU u dovozu a vyvozu za rok 1996 a 1998. Vy-
plyvé zni, Ze nejvétsimi partnery CR v mezinrodnim
obchodu s lesnickymi a dfevaiskymi vyrobky ze zemi
EU jsou Spolkové republika Némecko a Rakousko.
Jejich spole¢ny podil z celkového objemu dovozu téchto
vyrobkii do CR ¢&inil v roce 1996 64,5 % a v roce 1998
62,6 %. Z celkového objemu vyvozu téchto vyrobki
zCR to bylo v roce 1996 76,3 % a v roce 1998 69,2 %.
Vyznamn&j$im partnerem u jejich dovozu do CR jsou pak
jesté Finsko, Francie a Svédsko, jejichZ spole&ny podil
z celkového objemu dovozu &inil v roce 1996 21,4 %
a vroce 1998 22,3 %. U vyvozu byla vyznamnéjsim
partnerem CR jen Itilie s 9,4 % vroce 1996 a 13,3 %
vroce 1998 z celkového objemu vyvozu. Podily ostat-
nich zemi EU se pohybuji u dovozu od 0,1 % (Irsko 1996)
do 4,0 % (Italie 1996) a u vyvozu od 0,1 % (Irsko 1998)
do 4,3 % (Velka Britanie 1996).

Jak jsme uvedli v metodice, v mezinarodnim obchodu
s lesnickymi a dfevafskymi vyrobky mezi CR a zemémi EU
se jedna o obchod obousmémy. Grubel-Lloydiv index této
obousmeérnosti ma v roce 1996 hodnotu GL/ = 0,78 a v roce
1998 GLI = 0,84. Z obou t&chto hodnot vyplyva, Ze obou-
smérnost obchodu CR a EU v této oblasti byla velmi
intenzivni a vnitroodvétvovost v ném vysoce pievazovala.

V dalsim kroku analyzy jsme sefadili komoditni agre-
gaty podle procentudlni velikosti jejich podilu na celko-
vém dovozu Ci vyvozu, vyjadieném v tisicich K¢. Poradi

prvnich deseti mist uvadime v tab. XVI. Z ni vyplyva, ze
v obou letech jak u dovozu, tak u vyvozu bylo v prvni
desitce komoditnich agregati vzdycky pét komoditnich
agregatl stejnych. To svéd¢i o urdité stalosti struktury
dovozu i vyvozu mezi CR a zemémi EU.

Finanéni podily ostatnich komoditnich agregatd,
dovazenych v roce 1996 do CR, které nejsou uvedeny
v tab. XVI, se pohybovaly od 0,001 % (polozka Celniho
sazebniku 1999 — CZ ¢&. 4402 zahrnujici dfevéné uhli) az
po 2,7 % (polozka CZ &. 4407 zahrnujici dfevo roziezané
nebo §tipané podélng). Finanéni podily komoditnich
agregatll vyvazenych v roce 1996 z CR do zemi EU,
které rovnéz nejsou uvedeny v tab. XVI, se pak pohybo-
valy od 0,001 % (polozka CZ ¢. 4501 zahrnujici pfi-
rodni korek) az po 2,5 % (polozka CZ &. 4804 zahrnujici
nenatirany sulfatovy papir).

Obdobné hodnoty v roce 1998 ¢inily u dovozu 0,01 %
(polozka CZ ¢. 4702 zahrnujici dfevni buni¢inu) a 3,8 %
(polozka CZ ¢. 4407 zahrnujici dfevo roziezané nebo
Stipané podéln€) a u vyvozu 0,01 % (polozka CZ ¢. 4812
zahrnujici filtraéni bloky) a 2,1 % (polozka CZ ¢&. 4703
zahrnujici natronovou nebo sulfatovou buniéinu).

Jednim z vyznamnych ukazatelii v mezinarodnim
obchodu je (viz Metodika) tzv. koeficient kompara-
tivnich vyhod (RCA). Spocitali jsme jej u vSech 57 ko-
moditnich agregitt z celni statistiky CR. Z tohoto po&tu
bylo 25 koeficienti kladnych, tedy ptiznivych pro obchod
CR, pohybujicich se od hodnoty RCA = 0,01 az do hod-
noty RCA = 0,99, a 32 koeficientli zapornych, tedy
nepfiznivych pro obchod CR, pohybujicich se od hodnoty
RCA = -0,03 az do hodnoty RCA =-1,00. To znamena,
Ze v souhmné obchodni bilanci miré pfevladly kompa-
rativni vyhody zemi EU.

XV. Podily zem{ EU na zahrani&nim obchodé s CR v letech 1996 a 1998 — Shares of EU countries in foreign trade with CR in 1996 and 1998

Procento dovozu do CR? Procento vyvozu z CR®

Zemée EU'

1996 1998 1996 1998
Rakousko 22,1 19,4 26,3 27,7
Belgie 25 22 1.8 28
Némecko 424 43,2 50,0 41,5
Dansko 14 08 03 04
Spanélsko 05 0.8 03 1,8
Finsko 7,7 7,6 0,1 0,2
Francie 48 5,1 2,6 38
Velka Britdnie 1,7 2,1 43 2,6
Recko 0,6 0,4 1,6 2,1
Irsko 0,1 02 pod 0,05 0,1
Itdlie 4,0 37 94 133
Lucembursko pod 0,05 03 0,1 0.1
Nizozemsko 2,0 3,6 22 19
Portugalsko 1,3 1,0 0,1 0,6
Svédsko 8,9 9,6 09 1,1
Celkem EU 100,0 100,0 100,0 100,0

'EU countries, *percentage of imports to CR, *percentage of exports from CR
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XVI. Podil komodit na zahraniénim obchodé CR vyjadfeny v K& v letech 1996 a 1998 — Shares of commodities in foreign trade of CR expressed in K&

in 1996 and 1998

Dovoz' Vyvoz*

1996 1998 1996 1998
Polozka (%) Polozka (%) Polozka (%) Polozka (%)

Celniho sazebniku® Celniho sazebniku® Celniho sazebniku® Celniho sazebniku®
4810 16,0 4810 24,1 4407 239 4407 278
4819 16,0 4811 10,0 4403 15,2 4403 19,6
4802 10,8 4818 7,6 4418 7,7 4704 83
4811 6,0 4802 6,5 4415 6,9 4804 8,0
4818 4,1 4410 6,0 4805 58 4412 54
4408 37 4403 50 4704 48 4802 38
4410 3,6 4804 43 4819 42 4805 35
4823 35 4801 42 4801 3,6 4409 2.7
4418 3,1 4703 4,1 4412 35 4410 2,6
4821 29 4805 40 4421 2,6 4818 24

Oznaceni poloZzek Celniho sazebniku — Customs Tariff Items:

4810 — papir, karton nebo lepenka natirand anorganickou ldtkou — paper, cardboard or paperboard coated with inorganic substance
4819 — obaly z papiru, kartonu, lepenky, bunigité vaty — paper, cardboard, paperboard and cellulose cotton wool packages
4802 — papir, karton, lepenka uréena k psani a tisku nebo na démé stitky nebo na démé pasky — paper, cardboard, paperboard for writing or printing,

or for punch cards and punch tapes

4811 — papir, karton nebo lepenka nebo buniita vata apod., natfené, napudténé, barvené, zdobené, potisténé — coated, impregnated, colored, fancy,
printed paper, cardboard or paperboard or cellulose cotton wool, etc.

4818 — hygienicky a sanitdrni papir — sanitary tissue
4408 - dyhy a listy na preklizky — veneers and skillets for plywood

4410 - dtevottiskové desky a podobné desky z dfevitych materili — particle boards and similar wood-containing boards

4823 - kartony, papir nebo lepenky, buni&ita vata a pasy z plsténych buni¢inovych vlaken fezané do formatii nebo do tvarii — formatted and textured
cardboard, paper or paperboard, cellulose cotton wool and strips of felt cellulose fibers

4418 — vyrobky stavebniho truhlafstvi a tesafstvi — products of constructional joinery and carpentry

4821 — etikety vieho druhu z papiru nebo kartonu — paper or cardboard labels of all types

4403 - surové dfivi nebo dfevo na hrubo opracované — raw timber or roughly machined timber

4804 - nenatirany sulfdtovy papir — uncoated sulfate paper
4801 - novinovy papir — newsprint
4703 — dfevni buni&ina — wood pulp

4805 - jiny nenatirany papir, karton nebo lepenka déle nezpracovany nebo zpracovany urgitymi postupy — other kinds of uncoated paper, raw card-

board and paperboard or processed by specific methods

4415 - drevéné obaly jako jsou bedny, klece — wooden containers such as boxes, crates

4412 - preklizky, dyhované desky — plywood, veneered boards
4421 - ostatni vyrobky ze dfeva — other wood products

4407 ~ dievo roziezané nebo Stipané podéIn& nebo na kusy, loupané, téZ hoblované — longitudinally cut or cleft timber, timber cut or split into

pieces, peeled and also planed timber
4704 ~ dfevna buni¢ina sulfitova — wood sulfite pulp

4409 - dfevo profilované na jedné nebo nékolika hrandch, téZ hoblované, brousené nebo spojované klinovymi ozuby — timber molded on one

or several edges, timber planed, sanded or finger-jointed

'imports, Zexports, *Customs Tariff Item

Komparativni vyhody zemi EU jsou pfi tom soustie-
dény pfedev§im na vyrobn& naro¢ngjsi komodity, jako je
napf. buni¢ina, rizné druhy papiru apod. Komparativni
vyhody CR jsme nejéastéji zjistili naopak u komodit vyrob-
né méné naro¢nych, jako je napf. palivo, surové diivi apod.

Pro nazomost uvadime v tab. XVII koeficienty RCA u do-
vazenych a vyvéazenych komoditnich agregati z tab. XVI.

Udaje v tab. XVII potvrzuji, Ze orientace u lesnickych
a drevafskych vyrobki na dovoz a vyvoz je z ekono-
mického hlediska spravna, nebot’ u dovozu za analy-
zované dva roky bylo 80 % dovézenych vyrobki pro CR
komparativné nevyhodnych a naopak u vyvozu 80 %
vyvéazenych vyrobku komparativné vyhodnych.
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Poslednim ukazatelem, ktery jsme z celni statistiky CR
podrobili analyze, byla kilogramové cena komoditnich
agregatli. U v8ech jsme porovnavali jejich kilogramové
ceny, dosahované pfi dovozu, s kilogramovymi cenami,
dosahovanymi ve stejném roce pfi vyvozu. Z porovnani
vyplynulo, Ze jen u 17,5 % cen byla cena dosazena pfi
vyvozu z CR vyssi nez cena daného komoditniho agre-
gatu pfi dovozu ze zemi EU. U 82,5 % cen tomu pak bylo
naopak, vyvozni ceny z CR byly vzdy nizsi nez ceny
dovozni ze zemi EU.

Priméma dovozni cena za cely soubor komoditnich
agregath byla 69,07 K¢ za 1 kg, primérna vyvozni cena
46,92 K& za | kg. Varia¢ni koeficient dovoznich cen ¢inil
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XVIL komparativnich vyhod (RCA) dovozu a vyvozu CR u vybranych komodit — Coefficients of relative comparative advantages (RCA) for

imports and exports of CR in some commodities

Dovoz' Vyvoz?

1996 1998 1996 1998
Polozka RCA Polozka RCA Polozka RCA Polozka RCA

Celniho sazebniku® Celniho sazebniku® Celniho sazebniku® Celniho sazebniku®
4810 -0,83 4810 -0,86 4407 0,87 4407 0,82
4819 -0,41 4811 -0,61 4403 0,88 4403 0,69
4802 -0,58 4818 -0,39 4418 0,60 4704 0,99
4811 -0,84 4802 -0,09 4415 091 4804 045
4818 -0,31 4410 -0,24 4805 0,50 4412 0,65
4408 0,15 4403 0,69 4704 0,94 4802 -0,09
4410 -0,05 4804 045 4819 -041 4805 0,10
4823 -0,51 4801 -0,37 4801 0,77 4409 0,31
4418 0,60 4703 -0,17 4412 0,83 4410 -0,24
4821 -0,84 4805 0,10 4421 0,59 4818 -0,39

For 1-3 see Table XVI

99,6 %, variacni koeficient vyvoznich cen pak 112,6 %.
Oba tyto koeficienty jsou pomémné velké, ale logicky
odpovidaji znaénému kolisdni cen u sménovanych ko-
modit, které se u dovozu pohybovaly od 1,21 K¢ za 1 kg
palivového dfivi az po 315,64 K¢ za 1 kg etiket z papiru
¢i kartonu. U vyvozu byl nejlevnéjsi 1 kg palivového
drivi za 1,10 K¢ a nejdrazsi 1 kg materidli na uplety ¢i
uplety samotné za 253,90 K¢.

Rozdil dovoznich a vyvoznich cen za cely soubor ¢inil
22,15 K¢&. Rozdil jsme testovali z hlediska statistické
vyznamnosti. Test prokdzal, ze s 90% pravdépodobnosti
je rozdil v cendch zavisly na tom, zda se jedné o dovoz
nebo vyvoz.

QOd dosazenych dovoznich a vyvoznich kilogramovych
cen jsme odvodili ukazatel redlnych sménnych relaci
(TT). U smény CR mé&l hodnotu 77 = 67,9 % a u smény
zemi EU mél hodnotu 77" = 147,2 %. Tyto hodnoty vy-
povidaji, Ze v souhrnném vyjadieni obchodovaly zemé
EU s CR efektivnéji nez CR s nimi.

ZAVER

Mezinarodni obchod s lesnickymi a dfevaiskymi vy-
robky CR ve vztahu k zemim EU jsme analyzovali ve
dvou rovinéach. V prvni roviné jsme porovnavali celkovou
situaci CR a zemi EU ve vyrobg, spotfebé a mezinarodni
sméné lesnickych a dfevafskych vyrobki v obdobi
1993-1996, zatimco v druhé roviné jsme se zabyvali uz
jen obchodnimi vztahy CR a zemi EU v této sféfe za rok
1996 a 1998. Z uskuteénéné analyzy vyplynuly nasledu-
jici poznatky a zavéry:
1. Obchodni sména mezi CR a zemémi EU ma vyslovené
vnitroodvétvovy charakter. Struktura dovazenych
a vyvazenych komodit potvrzuje, Ze si obé strany
timto obchodem dopliiuji své tuzemské potieby eko-
nomicky vyhodnym zptisobem.
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2.

Lze konstatovat, ze z CR se vyvazi vétsi podil z objemu
vyroby lesnickych a dfevafskych vyrobki, nez je
tomu v zemich EU. Zretelné pfevaha tohoto podilu je
u komodit méné naro¢nych na podil pfidané hodnoty,
jako je palivové diivi, primyslova kulatina, dfevni
odpad aj., zatimco u komodit s vét§im podilem pfi-
dané hodnoty, jako je tiskovy a psaci papir, sulfitova
bunicina aj., je pfevaha na strané zemi EU. Pfevahu
zemi EU v ekonomicky naro¢néjSich komoditach
viak nelze oznacit za jednoznac¢nou, protoZe u nékte-
rych z nich, jako je napf. novinovy papir nebo sani-
tarni papir a papir pro domécnost, jsou podily CR
a zemi EU pfibliZzné stejné.

. Z hlediska dynamiky v ¢ase byl vyvoj vyvozu zemi

EU vzhledem k vyrobé v analyzovaném obdobi mno-
hem vyrovnanéjsi nez obdobny vyvoj v CR. Svéd¢i
o tom zcela presvédcivé variacni koeficienty v tab. II.

. Rozbor dovozu vybranych komodit ve vztahu k jejich

spotiebé prokazal, ze zemé€ EU musely v analyzo-
vaném obdobi tuto spotfebu zajist'ovat dovozem
v relativné véti mife nez CR.

. Vzhledem k relaci vyvozu k objemu vyroby v CR je

mozné vyslovit nézor, Ze trh v zemich EU je pro CR
vysoce perspektivnim trhem. Varia¢ni koeficienty
v tab. IV pak dokladaji rovnomérnost dovozu lesnic-
kych a dfevaiskych vyrobkl do zemi EU, ktera jen
podtrhuje bezpecnost jejich trhu pro exportéry.

. Konstatovani o rozdilné dynamice vyvoje dovozu a vy-

vozu v &ase do CR a do zemi EU a ze zemi EU a CR,
které jsme vyslovili v souvislosti s analyzou vyroby
a spotfeby v uvedenych zemich, jednoznaéné po-
tvrdil specialni rozbor dynamiky jejich dovozu a vy-
vozu za obdobi 1993-1996.

. Rozbor velikosti dovozu a vyvozu vztazeny na tisic oby-

vatel prokazal, ze dovoz i vyvoz v obdobi 1993-1996
byl ptiblizné ze 60 % vétsi u zemi EU nez u CR.
Soucasné potvrdil, Ze tam, kde hodnota dovozu &i
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vyvozu na tisic obyvatel byla u CR v&tii nez u zemi
EU, $lo opét o komodity méné naroéné na vyrobni fak-
tory.

8. Rozbor dosazenych dovoznich a vyvoznich cen pro-
kazal, Ze ceny analyzovanych komodit pfi dovozu do
CR byly vy3si nez pfi dovozu do zemi EU a naopak
pti vyvozu z CR zase niZsi nez pfi vyvozu ze zemi
EU. Tuto skute¢nost ukédzal nejen rozbor celkovych
\idajti obou obchodnich partnerti (EU a CR) za obdobi
1993-1996, ale i rozbor primych obchodnich vztaht
mezi CR a zemémi EU za rok 1996 a 1998. Ukaza-
tele redlnych sménnych relaci, odvozené od téchto
vyvoznich a dovoznich cen, pak potvrdily vyssi efek-
tivnost mezinarodni obchodni smény u zemi EU.

9. Celkové tedy lze shrnout, Ze analyza prokazala ve sféfe
mezindrodniho obchodu s lesnickymi a dfevatskymi
vyrobky uréitou konkurenéni schopnost CR viiéi ze-
mim EU. Jeji existenci dokazuje pomémé velky podil
vyvozu téchto vyrobki z CR do zemi EU, a to jak
v absolutnim hodnotovém vyjadfeni, tak v relaci na
tisic obyvatel. Tato konkurenceschopnost je predevsim
diisledkem komparativnich vyhod CR viiéi zemim
EU v této ndrodohospodaiské sféfe. Mezi takové vy-
hody patii hlavné velikost, struktura a kvalita pfirod-
ni surovinové zakladny pro vyvazené vyrobky a jeji
geografické rozlozeni, dale kvalifikovana, ale z hle-
diska zemi EU levnd pracovni sila a mens$i naro¢nost
téchto vyrobki na védecko-technicky potencial,
jehoZ sougasna troveii v CR zaostéva za jeho trovni
v zemich EU. Disledkem téchto komparativnich vy-
hod je moZnost existence niz$ich kilogramovych cen
u vétsiny komodit vyvazenych z CR pfi zachovéni
pozadované kvality jejich odbératelem. Niz§i kilo-
gramova cena sice umoziiuje na jedné strané ziska-
vani trhil pro vyvoz z CR, ale na druhé stran& zpiisobuje

niz$i efektivnost mezinarodni smény CR ve srovnani

s efektivnosti, které dosahuji zemé EU.

Je viak tfeba si uvédomit, Ze uvedené komparativni
vyhody CR se budou postupné sniZovat. Proto je uz dnes
tieba hledat cesty, jak jejich pusobeni nahradit. Jednou
z nich je zvy3ovéni technické a technologické trovné
vyrobniho cyklu v lesnim hospodafstvi i dievaiském
komparativni ndklady prace a tim pfispélo k udrzeni
niz8ich kilogramovych cen, které jsou hlavnim pilifem
konkurenceschopnosti ¢eskych lesnickych a dfevaiskych
vyrobkt v mezinarodni obchodni sméné.
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A number of conditions were laid down to applicant
countries by European Union, i.e. also to the Czech Re-
public, that should be fulfilled before their accession.
Besides legislative and metrological amendments, im-
provement of the national economy level is one of the
most important conditions. It is a great challenge neces-
sitating among other things successful placement of
products of an applicant country in foreign markets.

To verify the competitiveness of forest and wood prod-
ucts of CR, international trade in these products with EU
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countries was analyzed. The analysis provided a frame-
work survey of its trends and volume and helped deter-
mine the level of CR competitiveness in these commodities.

Data from FAO international statistics of forest and
wood products over 1992-1996 were available on the one
hand, on the other statistical data from Customs Tariff of
CR for 1996 and 1998 were used.

The total volume of foreign trade was characterized
for selected representative commodities by percentage
proportion of exports out of production volume expressed
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in technical units, by percentage proportion of imports

out of consumption volume expressed in technical units,

by export dynamics, import dynamics, and by the vol-
ume of production and consumption and the volume of
exports and imports per 1,000 capita.

Export dynamics and import dynamics of selected
commodities were expressed by means of chain relative
trend indexes (RTI) calculated from the volume of ex-
ported or imported commodities in technical units. The
value of exports and imports of CR and EU countries
was assessed from prices per unit of a given commodity
and from indexes of real terms of trade (TT). Student’s
t-test was used to test statistical significance of differ-
ences in the analyzed indexes. Mutual regression rela-
tions were employed to evaluate the relations of unit prices
of selected commodities between EU and CR.

Trade in forest and wood products between CR and
EU countries is a two-way process. To determine the in-
tensity of this two-way process, so called Grubel-Lloyd
index (GLI) was used. Product competitiveness can be
evaluated by either resource-based or output-based in-
dexes. Our analysis consisted in evaluation based on
outputs using the index of relative comparative advan-
tages — RCA and unit prices.

Commodities were classified into three categories with
respect to requirements for economic factors (capital,
energy, skilled labor, requirements for scientific and re-
search potential, natural resources, environment):
Category I:  fuelwood + charcoal, industrial roundwood,

coniferous sawnwood + cross-ties, non-
coniferous sawnwood + cross-ties, wood
waste;

Category II: veneered boards, plywood, particle boards,
fiberboards;

Category III: sulfite pulp, sulfate pulp, newsprint, printing
and writing paper, sanitary tissue and house-
hold paper.

Conclusions from the analysis:

1. Trade between CR and EU countries is evidently of
intrasectoral character. The structure of imported and
exported commodities confirms that domestic needs
are satisfied in an economically advantageous way
on both sides.

2. It is to state that the proportion of production volume
of forest and wood products exported from CR is
higher than that exported from EU countries. This
proportion is obviously higher in commodities with
lower added value such as fuel wood, industrial
roundwood, wood waste, etc. while it is higher for
EU countries in commodities with higher added val-
ue such as printing and writing paper, sulfate pulp,
etc. But it is not possible to say that it is higher in all
commodities with higher added value because in
some of them such as newsprint or sanitary tissue
and household paper the proportions of CR and EU
are roughly identical.

3. As for dynamics in time, export trends of EU coun-
tries in relation to production in the analyzed period
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were much more balanced than the trends of CR. It is
convincingly documented by coefficients of variation
in Table II.

. Analysis of imports of selected commodities in relation

to their consumption showed that the EU countries
had to cover this consumption by imports at a larger
scale than the CR in the analyzed period.

. Taking into account the export proportion to the pro-

duction volume in CR it is evident that the market of
EU countries is a highly promising outlet for CR.
Coefficients of variation in Table IV document bal-
anced imports of forest and wood products to EU
countries that underline the security of their market
for exporters.

. The statement about different dynamics of import

and export trends in time to CR and to EU countries,
and from EU countries and from CR, which was for-
mulated with respect to the analysis of production
and consumption in the countries concerned, was ex-
plicitly confirmed by a special analysis of dynamics
of their imports and exports over 1993-1996.

. Analysis of import and export volumes per 1,000 capita

demonstrated that the imports and exports over
1993-1996 were approximately by 60% higher in
EU countries than in CR. It was also confirmed that
where the value of imports or exports per 1,000 capi-
ta was higher for CR than for EU countries, it ap-
plied to commodities with lower consumption of
economic factors of production.

. Analysis of realized import and export prices demon-

strated that the prices of the commodities for imports
to CR were higher than for imports to EU countries
and vice versa, on the contrary they were lower for
exports from CR than for exports from EU countries.
This fact was documented not only by an analysis of
total data of the two business partners (EU and CR)
for 1993-1996, but also by an analysis of direct
trade relations between CR and EU countries for
1996 and 1998. The indexes of real terms of trade,
derived from these export and import prices, confirmed
higher effectiveness of international trade for EU
countries.

. It is possible to generalize that the analysis demon-

strated a certain level of competitiveness of CR in re-
lation to EU countries in the sphere of international
trade in forest and wood products. It is documented
by a relatively high proportion of exports of these
products from CR to EU countries, both in absolute
values and in relative values per 1,000 capita. The com-
petitiveness stems from comparative advantages of
CR in relation to EU countries in this sphere of na-
tional economy. Such advantages involve the size,
structure and quality of natural resources of exported
products and their geographic distribution, skilled la-
bor, but cheaper than in EU countries, and smaller
requirements of these products for the scientific and
technical potential because its present level in CR is
lagging behind the level in EU countries. These com-
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parative advantages result in lower per-kilogram
prices in most commodities exported from CR while
their quality required by the buyer is maintained.
The lower per-kilogram price favors the acquisition

of markets for CR exports on the one hand, but on
the other it causes the lower effectiveness of interna-
tional trade of CR in comparison with that of EU
countries.

Kontaktni adresa:

Prof. Ing. Jiti Bartuné&k, DrSc.,, Mendelova zemédélska a lesnicka univerzita, Lesnicka a dfevafska fakulta, Lesnicka 37,

613 00 Brno, Ceska republika

RECENZE

WALD, FORSTWIRTSCHAFT UND UMWELT

(LES, LESNI HOSPODARSTV{ A PROSTRED)

Thomasius H. — Schmidt P. A.

Nakladatelstvi ECONOMICA, GmbH, Bonn, 1996, 435 s., 50 tab., 70 obr.,

ISBN 3-87081-572-8

Némecka lesnickd literatura zaméfena na problematiku
ekologie lesa se v poslednich letech rychle rozriista. Prv-
ni rozsahlé a vyznamné dilo s timto zaméfenim predsta-
vovala tfisvazkovéa publikace G. Mitscherlicha (1970,
1971, 1975) Wald, Wachstum und Umwelt (Les, rust
a prostfedi), vydana ve Frankfurtu nad Mohanem. Zaby-
vala se ristem lesa a jeho prostfedim; pattila tedy do
obdobi tzv. stanovistné ekologického hodnoceni lesa. Na
tizemi byvalé NDR bylo prakticky ve stejném obdobi
vydéno &tyfsvazkové dilo kolektivu 76 autortl; editorem
byl H.Thomasius (1972), kniha vysla pod nazvem Wald,
Landeskultur und Gesellschaft (Les, kultura zemé a spo-
leénost) v Drazd’anech, druhé vydani v r. 1978 v Jené.
Toto dilo (v rozsahu vice nez 2 400 stran) pfedstavovalo
pokus o komplexni hodnoceni sou¢asného ohrozovani
i ochrany Zivotniho prostfedi ¢lovéka, v némz nej-
vyznamnéj§i tlohu ma les. Mélo vSechny pfednosti
(8itku zabéru) i nedostatky (ur¢itou nevyvéaZenost
i nejednotnost obsahu) tak Sirokého autorského kolekti-
vu. Znaéna pozornost byla vénovéna nejen vlivu lesa na
atmosféru a klima, ale i vztahu spoleénosti k lestim (les
ve vytvarném umeéni, v literatufe, v hudbé apod.).

Vyznamné misto, i kdyZ trochu jiného zaméfeni, patfi
i dilu B. Ulricha, v&novaného zejména latkové vyméné
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v lesnich ekosystémech (1980, 1982), stabilité lesnich
ekosystémi (1981, 1987) a antropogennimu poskozovani
lesti (1987, 1989, 1991). Po teoretické strance je na $pic-
kové urovni prace H.-J. Otta (1994) Waldokologie
(Ekologie lesa), ktera vysla ve Stuttgartu; vénuje se
hlavné vlivu vnéj§iho prostfedi na les a zp&tnému pi-
sobeni lesa na prostedi, dale vyvoji lesnich ekosystému
(recenze vysla v Lesnictvi-Forestry, 1998, s. 331-332).
Nelze ptehlédnout ani u nds méné znamou publikaci,
jejimz editorem byl H. Hatzfeld (1994), Okologische Wald-
wirtschaft (Ekologické lesni hospodafstvi), kterd vysla
v Heidelbergu. Je vénovana slozkdm (specializacim)
lesniho hospodaistvi (p&stovani lesa, ochrané lesa atd.).

Problematika Zivotniho prostfedi se v poslednich dese-
tiletich pfesunuje stéle vice ke globdlnim problémim —
naruSeni ozonové vrstvy, globalni klimatickd zména,
umirani lesti a rychly ubytek druht. To jsou hlavni ekolo-
gické oblasti, které si vynucuji podrobnéjsi zpracovani.
Proto v Némecku doslo k vydani komplexniho dila o 17 svaz-
cich s ndzvem Umweltschutz — Grundlagen und Praxis
(Ochrana zivotniho prostfedi — zaklady a praxe), jehoZ
10. svazek je pfedmétem recenze.

Tato publikace si klade za cil odpovédét na velice nalé-
havé otazky, napf.: Co je les, jak vznikal a jak se ménil
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pfi zméndch podminek prostifedi? Jak jsou lesni eko-
systémy strukturovany a jak funguji? Které Géinky vy-
chazeji z lesa a ovliviiuji prostfedi? Ktera pfirodni
spolecenstva se vyskytuji ve stfedni Evropé, jakymi pod-
minkami prostfedi jsou charakterizovédna a které jejich
specifické efekty prostiedi ovliviiuji? Jaké zpisoby hos-
podateni se uplatiiuji v lesnim hospodéfstvi a jak ovliv-
fuji prosttedi? Které dalsi ikoly les plni kromé produkce
suroviny a jak se realizuji?

Podrobné odpovédi na tyto otazky podéava Sest hlavnich
kapitol knihy, ktera ma kromé uvodu jesté dopliujici
kréatkou kapitolu Legislativni zédklady, v niZ jsou uvedeny
a struéné komentovany nejdulezitéj$i némecké zakony,
vztahujici se k lestim a k Zivotnimu prostfedi. Publikace
obsahuje i iplny seznam vSech pedagogickych a vyzkum-
nych pracovist’ v oblasti lesniho hospodarstvi v SRN.
Zéavér knihy tvofi glosaf, v némz je na deseti stranach
struéné vysvétlen obsah 90 pojmii, o nichZ nelze predpoklé-
dat, Ze jsou vieobecné znamé a nebyly vysvétleny v textu.

Publikace vychazi z obecnych zakladi ekologie lesa,
ma v8ak prevazné praktické zaméfeni (tim se vyrazné
lisi od Ottovy publikace). Vychazi ze zékladni teze, ze
mezi prostfedim a lesem (ktery je také slozkou Zivotniho
prostfedi) existuji neoddélitelné vzajemné vztahy.
Vyskyt a struktura lest jsou v rozhodujici mife uréovany
stavem jejich prostredi. Soucasné vsak lesy (jako eko-
systémy) pusobi globalnim zpisobem zpétné na pro-
stiedi — zv14sté na klima, vodni reZzim a pidu. Zejména je
mozné uvést vyznamny vliv na sluneéni zafeni, na
poutani oxidu uhli¢itého a uvoliiovani kysliku, intercep-
ci, vliv na zasak vody do pidy ¢i povrchovy odtok, vliv
na tvorbu ptd i erozi a ¢etné vlivy na élovéka (termické,
hygienické, lécebné, psychické, rekreaéni a estetické).

Pii hodnoceni téchto krajinné i humanné ekologic-
kych uc¢inku lesnich ekosystémi, které pivodné sledo-
vali pracovnici lesnickych instituci, je mozné konstatovat
zvySujici se zajem piirodovédeckych disciplin a jejich
instituci (geologie, pedologie, meteorologie a klimato-
logie, botaniky, zoologie a v posledni dobé zejména
ekologie). Tento v zasadé potésitelny jev, ktery umoz-
fiuje prohlubovéni a dopliovéni lesnickych poznatki,
viak s sebou pfinasi i uréité nebezpeci— Ze totiz pfi stale
se prohlubujici specializaci poznani se mize ztracet
nezbytny celostni (holisticky) pfistup k chapani a hod-
noceni lesnich ekosystému (véetné jejich plisobeni). Zde
zfetelné vystupuje rozsahla problematika ekologického
poznavani lest. Zadny lesni hospodaf — ale ani lesnicky
védecky pracovnik — neni schopen permanentné zvladat
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progresivné se zmnoZzujici poznatky jednotlivych spe-
cialnich useku lesnich ekosystémi. Ukolem apliko-
vanych lesnickych véd proto musi byt nejen ziskavani
novych védeckych poznatki, ale i jejich dalsi cileve-
domé zpracovani a naslednd integrace a adaptace pii
rozvoji lesniho hospodafstvi.

Jesté pred nékolika malo lety stala produkce dieva jed-
noznaéné v popfedi lesnického vyzkumu a mnozi pra-
covnici tohoto odvétvi se pfiklanéli ke zjednodusujicimu
pojeti ekologickych u¢inki a funkei lesti ve smyslu , teo-
rie uplavu®, podle které jsou pfi ,,fddném* lesnim hospo-
dafstvi automaticky plnény i vSechny mimoprodukéni
funkce lesa, tak jako se §ifi viny za plujici lodi. Proto se
viceugelovému lesnimu hospodafstvi vénovala pouze
maléd pozornost. Tato situace se vSak v soucasnosti jiz
zlepSuje. Thomasius v této souvislosti upozorfiuje na
zavaznou skute¢nost, kterd ma pro spravnou interpreta-
ci mnoha lesnickych poznatki a pro odvozovani hospo-
daiskych pravidel rozhodujici vyznam:

,»Les je pfirodou dany, sam se trvale obnovujici statek.
Je proto v zdsadé mozné a ekonomicky nutné, aby les
udrzujici, obnovujici a utvérejici pfirodni sily byly vyuzi-
vany i pfi jeho obhospodafovéni, coZ umoziiuje omezovat
vklady dodatkové energie na minimum. Takové lesni
hospodafstvi se zietelné odlisuje od zemédélstvi, ovoc-
nafstvi, vinafstvi a zahradnictvi, které pracuji pouze
s umélymi ekosystémy, které nejsou schopny se samy
obnovovat, a proto vyZaduji permanentni dodatkovou
energii.”

Tento zasadni rozdil viak nebyl pfi vytvéaieni védeckych
zasad pro hospodafeni v lesich dostate¢né respektovan.
Proto se pfirodou vytvofené lesy nahrazovaly ¢lovékem
uméle vytvafenymi lesy hospodaiskymi a ekologicky
zalozZené lesni hospodafstvi bylo zaménéno za tech-
nokratické hospodareni v lesich hospodafskych.

V disledku stale Castéjsich katastrof, projevujicich se
zniéujicimi vétrnymi, snéhovymi a hmyzimi kalamitami
a dal$imi nahodnymi udélostmi, se vét3ina lesniki jiz dnes
shoduje na tom, Ze dosavadni strategie primarné na zemé-
délském myslenkovém zéakladé spocivajiciho lesniho
hospodarstvi musi byt kriticky pfehodnocena, aby se
mohly nastoupit pfi obhospodafovéni lesti nové cesty.
Je pfitom tfeba se orientovat na vzor pfirodnich lest,
jak to pozadoval jiZz v roce 1886 K. Gayer. Je nutné
opustit cestu pouhé poétaiské trvalosti hospodateni na
urovni hospodaiského celku (¢i hospodaiské skupiny)
a nastartovat cestu ekologické trvalosti v kazdém jed-
notlivém lesnim porostu.

Prof. Ing. Zdenék Poleno, CSc.,
Ceska zemédélska univerzita, Praha-Suchdol
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