UDK 630 ISSN 0352 - 3861

GLAS. SUM. POKUSE Vol. 39 Str.1-153  Zagreb, 2002.

GLASNIK

ZA SUMSKE POKUSE

ANNALES

EXPERIMENTIS SILVARUM CULTURAE PROVEHENDIS

39

SVEUCILISTE U ZAGREBU
SUMARSKI FAKULTET
UNIVERSITAS STUDIORUM ZAGRABIENSIS
FACULTAS FORESTALIS

DIGITALNI REFOZITORY SUMARSKOG FAKULTETA

OZUJAK, 2017.



Glasnik za §umske pokuse



ANNALES

EXPERIMENTIS SILVARUM CULTURAE PROVEHENDIS

Volumen 39

UNIVERSITAS STUDIORUM ZAGRABIENSIS
FACULTAS FORESTALIS
ZAGREB MMII



GLAS. SUM. POKUSE Vol. 39 Str.1-153  Zagreb, 2002.

GLASNIK

ZA SUMSKE POKUSE

Knjiga 39

SVEUCILISTE U ZAGREBU
SUMARSKI FAKULTET
ZAGREB, 2002.



Izdavaé
Published by

Sumarski fakultet, Sveudilifte u Zagrebu
Faculty of Forestry, University of Zagreb
p. p. 422, HR — 10002 Zagreb

Glavni urednik
Editor-in-Chief'

JOSO VUKELIC

Tehni¢ki urednik
Technical Editor

IGOR ANIC

Lektori
Language Edifors

LJERKA VAJAGIC (za engleski jezik)
BRANKA TAFRA (za hrvatski jezik)

Urednistvo
Editorial Board

Walter Béiumler {Technische Universitit Miinchen, Germany), Vladimir Beus (University of Sarajevo,
Bosnia and Herzegovina), Milan Glavad (Faculty of Forestry, Zagreb, Croatia), Joso Gratan {Forest
Research Institute, Jastrebarsko, Croatia), Dusan Klepac (Croatian Academy of Sciences and Arts,
Zagreb, Croatia), Emil Klimo (Mendel University of Agriculture and Forestry, Brno, Czech Republic),
Jozsef Koloszar (University of Sopron, Hungary), Bo¥tjan Kedir (Biotehnical Faculty, Ljubljana,
Slovenia), Ante P. B. Krpan (Faculty of Forestry, Zagreb, Croatia), Branimir Prpi¢ (Academy of
Forestry Science, Zagreb, Croatia), Milan Saniga (Faculty of Forestry, Zvolen, Slovakia), Hardi Tullus
(Estonian Agricultural University, Tartu, Estonia)

Casopis je glasilo znanstvenih djelatnika Sumarskoga fakulteta Sveutilidta u Zagrebu. Tiska se
kao godi¥njak. Naklada 700 primjeraka. Clanci podlijeZu medunarodnej recenziji. Objavljeni se
¥lanci referiraju u publikacijama: CAB Abstracts, Foresiry Abstracts, Agris, Geobase. Tiskanje ove

publikacije omogudili su Ministarstvo znanosti i tehnologije Republike Hrvatske te «Hrvatske Sumes
d. 0. 0. Zagreb.

Tisak
Printed by

URIHO - TISAK, ZAGREB




GLAS. SUM. POKUSE Vol. 39 Str.1-153  Zagreb, 2002.

CONTENTS
SADRZAT

Original scientific papers
Izvorni znanstveni ¢lanci

Krefimir Krapinec
The results of Mouflon (Ovis anmon musimon Pal)) and Axis deer (Axis axis Erx.)
interaction with cultivated grasstands and the Jerusalem artichoke
(Helignthus tuberosus L.) plantation in the Kalifront hunting ground

O the FS1ANA OF RAD .eevcvver v ecrcrnereesersesserasssmsnsssesrsressussesamsesnsrmsssssmss sensssassssemeemseneas

Rezultati odnosa muflona (Ovis ammon musimon Pal,) i jelena aksisa
(Axis axis Erx.) prema kultiviranim travnjacima i nasadu éicoke

{Helianthus tuberosus L.} u lovistu Kalifront na otoku Rabu ..................ociiininnes

Josip Margaletié, Milan Glavas, Nenad Turk, Zoran Milas, Vilim Stareiina

Small rodents reservoires of leptospiroses in the forests of Posavina in Croatia ...
Sitni glodavei kao izvor leptospiroza u posavskim Sumama u Hrvatskoj ..............

Krefimir Krapinec
Plant preference by Mouflon (Ovis ammon musimon Pal.) and Axis deer
(Axis axis Erx.) in the forest community of Holm oak and Manna ash

(Fraxino orni-quercetum ilicis H-1€ /19567 1958) ....ccocrerecenenrcsniniomnssnsssssninsan

Preferabilnost biljnih vrsta zajednice hrasta crnike i crnoga jasena
{Fraxino orni-quercetum ilicis H-i¢ /1956/ 1958) u mufiona

{Ovis ammon musimon Pal.) i jelena aksisa (Axis axis Erc} ..ocoviieninninns

Tomislav Porsinsky
Productivity factors of timberjack 1210 at forwarding the main felling

roundwood in Croatian loWland fOIESLS .......vceveersrirrrerseenerrnesssesnnsreesiessssssesssssssens

imbenici proizvodnosti forvardera timberjack 1210 pri izvofenju obloga drva

giavroga prihoda hrvatskiht RiZinskil SUMQ ... e e

Azra Cabaravdié, Nikola Lukié :
The optimization in forest inventory on regional level
in Bosnia and Herzegoving ... ..o cecrensncess st
Optimizacija u inventuri Suma na regionalnoj razini
U BOSHI { HEFCEZOVIR <ottt cass st ssnss s smssnsssssassn s s vesn s seemene s

- 43

.67



K. Krapinec: The results of Mouflon (Ovis ammon musimon Pal.) and Axis Deer {Axis axis Erx.)
interaction with cultivated grasslands and ... Glas. $um. pokuse 39: 1 — 41, Zagreb, 2002.

UDK: 630*151 Criginal scientific paper
Izvorni znanstveni clanak

THE RESULTS OF MOUFLON (OVIS AMMON MUSIMON PAL.)
AND AXIS DEER (AXIS AXIS ERX.) INTERACTION
WITH CULTIVATED GRASSLANDS AND THE
JERUSALEM ARTICHOKE (HELIANTHUS TUBEROSUS L.)
PLANTATION IN THE KALIFRONT HUNTING GROUND
ON THE ISLAND OF RAB

REZULTATI ODNOSA MUFLONA (OVIS AMMON MUSIMON PAL.)
1 JELENA AKSISA (4XIS AXIS ERX.) PREMA KULTIVIRANIM
TRAVNJACIMA I NASADU CICOKE (HELIANTHUS TUBEROSUS L.)
U LOVISTU KALIFRONT NA OTOKU RABU
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Department of Forest Protection and Wildlife Management, Faculty of Forestry,
University of Zagreb, Svetogimunska 25, HR — 10000 Zagreb
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The paper deals with the utilisation of cultivated grasslands (two localities) and a
plantation of Jerusalem attichoke (Helfanthus tuberosus L.) by mouflon and axis deer. At the
time of research, the game counted 99 heads per hectare of cultivated grasslands, and 365
heads per hectare of Jerusalem artichoke plantation. However, during the count, only 17 heads
of game on average were found in the grazing areas. With the absence of hunting, mouflon
game formed one large herd of 22 heads and several smaller herds, which were concentrated
mainly in cne grassland area, while axis deer herds, amounting to 9 heads maximum per
herd, used both grasslands. It was observed that mouflon took the food from the storages
by themselves, damaging the storages in the process. For this reason, food storages need to
be protected with fences. During the research, neither mouflon nor axis deer consumed the
provided hey, which means that game animals need not be additionally fed with bulky food in
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eu-Mediterranean conditions since there is enough dry food in the nature. Moutlon and axis
deer used the Jerusalem artichoke exclusively as forage and did not root for tubers. In dry
season (summer), the Jerusalem artichoke is an important forage plant in the hunting ground,
with the most intensive grazing occurring in early June, while before June, game shows little
interest in this plant species. At the beginning of June, game primarily bites off the terminal
parts of the shoots, however, with growing drought, it also eats the leaves.

Key words: mouflon (Ovis ammon musimon Pal.), Axis deer (dxis axis Erx.), cultivated
grasslands, Jerusalem artichoke (Helianthus tuberosus L.), biting height, forage, herd size

INTRODUCTION
UuvoD

Establishing forage areas as an additional food source for game has been practiced in
hunting management for decades. As a rule, grassland areas dominate in the diet during the
summer, whereas areas supporting diverse forage cultures are primarily intended for game
nutrition during the unfavourable part of the year (winter months). For this purpose the cultures
are either left un-harvested or the crops are collected and stored.

In the Mediterranean, and especially in the eu-Mediterranean area, unlike continental
(Central European) areas, the unfavourable part of the year for game is not winter but summer,
when succulent food or even water is absent. The main problem concerns the provision of fresh
food in the dry part of the year so that game pressure on forests is alleviated. Forests in the
Mediterranean have a predominantly protective and aesthetic function, and harmful impacts of
ruminants on the forest ecosystems in this region are well known.

Although the general factors influencing animal feeding behaviour are known, the specific
feeding patterns of individual game species in a given habitat and time are still under research.

In the course of evolution, all animal species, including the ancestors of the present
domesticated animals, have developed specific feeding strategies based on the principle of
selecting the best quality foods from a large quantity of forage, at the same time avoiding lethal
dosages of phytotoxins (Havranek 1998, cit. Launchbauch 1996), which has enabled their
survival, growth and development (Havranek 1998, cit. Forbes 1995). In other words, animals
have developed feeding strategies involving the intake of large quantities of food in as little
time and with as little energy as possible and at a minimal risk of predation (Havranek 1998,
cit. Forbes 1995),

Despite the differences in the selective behaviour among different plant-eating groups, as
well as among species, some general principles of making dietary choices are very similar, but
the ways of their implementation are different. In this respect, all animals can be divided into
two groups - generalists and specialists (Figure 1).

According to the available literature in the field of stockbreeding, agriculture, physiology
and animal ecology, there are five différent, mutually complementary theories that explain the
selection of food (Havranek 1998, cit. Provenza & Balph 1990):
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Figure 1. Positions of ruminant species within the system of feeding types
Slika 1. Shematski prikaz prehrambenih strategija razlicitih vrsta prefivaca

* Euphagia
This theory is based on the existence of an inherent ability of an organism to select an
appropriate nutritious diet

® Hedyphagia

An organism selects food on the principle of palatability with special sensors which
have developed during evolution, where nutritious foods become “pleasing” to the
senses and toxic or low quality foods become “offensive”. It is important to mention
that neither euphagia nor hedyphagia take into account the post-ingestive processes.

® Morphophysiclogy and size of plant and animal

According to this theory, animal intake of foods is based on the differences in the
physical and chemical properties of the food. This theory does not explain individual
differences within species in consuming identical forage.

* Forage availability .
An organism usually selects the food that is available.

* Experience
It is believed that it is much harder and more complicated for ruminants to learn to select
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forages due to fermentative nutrient changes in nonglandular stomachs arising from
the nutrient ratio in certain foods and the absorbed nutrients.

Taking all these theories into consideration, it can be said that an animal will decide on the
selection of a given component in the environment on the basis of the following criteria:
1. Digesta fill
2. Physiology and reproductive condition,
3. Fitness, that is, the condition of body energy and nutrient reserves,
4. Water balance,
5. Nutrient and toxin levels in blood,
6. Experience,
7. Acclimatisation.

Small ruminants use more energy per kilogram of metabolic mass and therefore need a more
digestive meal with a high concentration of nutrients. For this reason, small ruminants consume
much less cellulose than cattle. Likewise, dry matter dissolves much faster in the rumen of small
ruminants than of big ruminants (Havranek 1998, cit. Kleiber 1955, and cit. Van Soest 1994).
This research was done on domestic livestock in the savannah, where rearing cattle was of a
fully extensive character.

The quantity of consumed forage is also affected by an increase in the volume of abdominal
organs, such as the abdominal fat and the uterus with embryo in that they cause a temporary
compression of the rumen and a decreased food intake (Havranek 1998, cit. Frame, 1992).
Next, at equal size, in obese and heavier animals a correlation between mass and food intake is
reversed, while in growing animals it is positive (Havranek 1998, cit. Forbes 1995).

Most scientists today are doubtful about the importance of the senses as it is difficult to
define their role (especially the sense of smell and taste, or their interactive relationship), as
well as the role of past experience and memory. They claim that the importance of the senses is
determined with the methods of their surgical removal, and that it is of little practical value in
studying diet selection (Havranek 1998 cit. Lynch er af. 1592). However, current insights speak
in favour of the importance of the senses in leaming to adapt to and consume new foods. Thus,
a test with sheep showed that they did not discriminate between the yellow (575 - 600 mn)
and green colour (550 - 575 mn) of the same intensity, but could discriminate between colour
intensities. It is a known fact that the intensity of the green colour of grass is proportional to the
protein content (Havranek 1998, cit. Bazeley & Susan 1989, and cit. Forbes 1995). Other senses
are also essential, with the difference that tactile experience is not acquired only with food
intake but also with swallowing and chewing food. Together with other sensory properties of a
plant, this contributes to the formation of its characteristic sensory picture.

To summarise, animals select the components according to their nutritional value orfand to
their organoleptic properties.

The majority of animal studies involved research on their activities over a shorter period
(and not over the whole day). This kind of research could not yield definite conclusions on
animal behaviour, Observation of animals over longer intervals led to some interesting findings
from the standpeint of nuiritive strategies. As for feeding itself, it can be seen that animals do
not feed only in the sense of continuous food intake, but also that feeding is a complex process
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that can further be divided into several mutually related activities, such as:
® Searching for food,
* Catching food,
® Preparing food,
® Eating,
* Moving to a new feeding ground.

An animal constantly makes decisions on the next step in its behavioural sequences - when
to stop with one activity and start with another. To understand these sequences, it is important
to study the probability of making a certain decision from the standpoint of optimising a certain
factor, such as, for example, the degree of net energy investment.

MATERIAL AND METHODS
MATERIJAL I METODE

AREA OF RESEARCH
PODRUCJE ISTRAZIVANJA

The state hunting ground VIII/6 “Kalifront™ (Map 1) is located in the south-west of the
island of Rab over a karst plateau of the same name, which is covered with the most valuable
forest on the entire island. In relation to the island, Kalifront is a kind of peninsula, since there
are two coves stretching deep along Kalifront:

*® St. Euphemia in the south-east,
* Kamporska Draga in the north-west.

yer 8%

90%
BFORESTED/ SUMSKO

OAGRICULTURAL/POLIOPRIVREDNO

B NON-HUNTING AREAS/NELOVNE POVRSINE

Graph 1. Percentage share of forested, agricultural and non-hunting areas in the hunting
ground “Kalifront”

Grafikon 1. Postotni udio sumskih, poljoprivrednih i nelovnih povrsina lovista “Kalifront”
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The hunting ground lies in the southeast - northwest direction in the length of 9 km from
Frkanj promontory in the south-east to Kalifront promontory in the northwest. Its widest point
of 3 km (2,950 m to be precise) is found between Planka promontory and Kamporska Uvala.
Territorially, it belongs to the County of Primorje-Gorski Kotar, while from the hunting aspect
it belongs to the Adriatic hunting area.

The boundary of the hunting ground begins on the promontory of Kalifront. From there it
follows the coast towards the north-east over the Gornja Punta cove, and then south-east along
the Kamporska Draga coast, then along the edge of the forest, or Kamporsko Polje, to the cove
of St. Euphemia, and on along the coast to end with the starting point on the promontory of
Kalifront. Based on the data from the Hunting Ground Foundation Act, the hunting ground
covers 1,475 ha, of which 1,319 ha is forestland, 32 ha agricultural land and 124 ha constitutes
non-hunting areas (Graph 1).

Graph 1 shows that 90% of the hunting ground is made up of forests, which favours natural
rearing of wild even-toad ungulates. The small share of agricultural land in the hunting ground
forces the breeder to construct and maintain light strips in the ground in order to provide the
wildlife with sufficient quantities of forage.

In terms of the percentage share of agricultural areas by cultures (Graph 2), the share of crop
fields is distinctly small. They cannot be used for the production of game food because they are
privately owned and cultivated by the local population.

1%

24%

~J
=

B CROP FILDS/ORANICE

B PASTURES/PASNIACT

OORCHARD AND VINEYARDS/VISEGOD. NASADI
OOTHERS/OSTALO

Graph 2. Percentage share of agricultural areas by cultures
Grafikon 2. Postotni udio poljoprivrednih povrsina po kulturama

Since the entire hunting ground is located on the peninsula, the central part is divided with
a partition (3.4 km long). However, the partitioning of the hunting ground has profoundly
changed the share of land by categories. Of a total of 840 ha of the enclosed area, about 825 ha
(98%) belong to forests and the remaining 15 ha to roads (8.8 ha), light strips (5.9 ha) and grass
areas - the nursery Topolje and the nursery A. Petra¢ic¢ (1.5 ha). It was for this reason precisely that
forage areas were established for feeding the game in the hunting ground, because it was assumed
that the game would not be able to satisfy its nutritional requirements in forest areas only.

In the enclosed part of the hunting ground during collecting the data for this paper, there were
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45 heads of mouflon game and 22 heads of axis deer in all. Together, this makes a population
density of all big game of 8 heads per 100 ha of the total ground area. According to Table I, in
the year of measurement the game population was suited to the carrying capacity. The enclosed
part in which research was done has an area of 840 ha, and the concrete number of heads relates
to the count in this part of the hunting ground.

Table 1, Site class, carrying capacity and growing area (GA) for mouflon and axis deer in
the hunting ground “Kalifront”!

Tablica 1. Bonitet, kapacitet stanista te LPP za muflona i jelena aksisa u lovistu

“Kalifront ™!
Mouflon Axis deer
Muflon Jelen aksis
Parameters From the Cancrete From the Concrete
Parametri working situation working situation
Pian Stvarno Plan Stvarno
iz osHave stanje iz osnove stanje
GA' 861 ha 840 ha 930 ha 840 ha
LPF
Site class First Second
Bonitet Prvi Drugi
Number of heads per 100 ha 5 5 3 3
Broj griana 100 ha
Commercial capacity
Gospodarski kapacitet 43 45 28 22
Hunting capacity
Lovnogosp. kapacitet 37 31 36 28

101, April 1999
2 GA=growing area/LPP=lovnoproduktivea povriina

THE METHODOLOGY OF DATA COLLECTING
METODOLOGIJA PRIKUPLJANJA PODATAKA

GAME — CULTIVATED GRASSLANDS INTERACTION
INTERAKCIJA DIVLIAC — KULTIVIRANI TRAVNJACI

During March 1998, the nursery Topolje and the nursery Andrija Petra€i¢ were ploughed
over and clover grass mixtures of the following species were sown (Sotari¢-Pisagi¢ 1967),
* Cock’s foot (Dactylis glomerata L.)
* Italian rye-grass (Loliwm italicum A. Br.)
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* Smooth meadow-grass (Poa pratensis .)

* Meadow fescue (Festuca pratensis A. Huds.)
* White clover (Trifolium repens L.)

* Lucerne (Medicago sativa L. ‘Elga’)

The sowing density is shown in Table 2 (Sostarié-Pisa&ié¢ 1967). The concrete sowing norms
were obtained in the following way: the quantity of seed was divided with the spatial share each
species would cover if it were sown as pure culture.

Actotal of 1,450 m? of grass mixtures were sown in Topolje, and 3,800 m? of grass mixtures
and 2,500 m? of white clover and lucerne mixture were sown in the nursery Andrija Petra&i¢.
However, mouflon game concentrated on the nursery Topolje, resulting in all the grass being
grazed or trampled in the first year. Of grass species, only cock’s foot and Italian rye-grass
occurred in both localities. White clover sprouted both in the nursery Topolje and in the nursery
A. Petrafi€, and so did lucerne. In the latter nursery, white clover and lucerne achieved a cover
of 90% as early as the first year.

Phytocoenology discriminates between two kinds of plant cover (Rau¥ & Vukeli¢ 1998):

* Concrete cover - is the cover that a plant achieves after the removal of its above-
ground parts and is independent of yearly seasons,

* Projected cover - represents the projection of all above-soil parts of a plant and
changes during the vegetation period, but also during the grazing period.

Table 2. The quantity of sown seed by grass species
Tablica 2. Kolidina zasijanoga sjemena po vrstama travnjackih biljaka

; Mass Concrete norm Recommended norm
Specics Colici Area Stvarni normativ Preporuéljiv normativ
Kolidina | ”
Vista Povr§ing ha
(ke) (ke/ha)
Cock’s foot
Klupcasta oitrica 8 0.54 37 30
Italian rye-grass
Talijanski ljulf 3 0.54 28 25
Smcfclh mcadnw.-gfa,r;s 3 0.54 . “
Livadna viasnjaca
Meadow fescue
Livadna viasulja 5 0.54 37 50
White clover .
_ Bijela djetelina 2 0.25 40 16
Lucemne ‘Elga’
Lucerna ‘Elga’ 8 0.25 40 30
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The majority of the researchers use the projected cover because it clearly shows natural
relationships in a stand in the peak period of its development. Therefore, the projected cover was
used here to determine the pasture cover.

For easier cover sampling, the areas in the nursery A. Petra¢i¢ were divided in three plots
as shown in Figure 2, and in the nursery Topolje in two plots (Figure 3). Since the game grazed
poorly in the nursery A. Petra¢i¢, the grass had to be mowed. During 1999, the same areas were
mowed four times in all: once in May, once in July, once in early September and once in early
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Figure 2. Plan of area distribution in the nursery A. Petraci¢
Slika 2, Shematski prikaz rasporeda povesina u rasadniku A. Petraéic
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October. The grass areas in the nursery Topolje were never mowed as it was not necessary. The
hay from these areas was bundled and offered to game in feeding places - hay racks.

During May 1999, one part of Topolje was ploughed over, and only plot 1 remained covered
with grass, so that the grass cover was assessed only in this plot.

The grass cover was assessed in October 1999. At that time of the year, grass vegetation was
well developed after summer droughts. To assess the grass cover, a wooden frame (square) with
1 x 1 m sides (1 m?) was constructed. For more accurate reading of the cover, thick thread was
used to further divide the square into 100 regular smaller squares sized 1 dm? (Figures 4 and
5). The cover was assessed for each square decimetre. Sample plots were set up at the diagonal
transect for each grassy plot. The sampling intensity was 10% for the plot in Topolje (higher
variability) and 1% for the plots in the nursery A. Petragic. Table 3 shows plot distribution by cover.

10



K. Krapinec: The results of Mouflon (Ovis ammon musimon Pal.) and Axis Deer (Axis axis Erx.)
interaction with cultivated grasslands and ... Glas. Sum. pokuse 39: 1 — 41, Zagreb, 2002.

i o7 AP -
/ S =i, / 7 - 7 /'--/ ==
// (?'(/B(RT\IF\/Y/%GDJI l'% /

ENCLOSURE COVERED WITH TREE HEATH/
BRANIEVINA OBRASLA VELIKIM VRITESOM
3In0m’

i

GRASS MINTURES/ TRAVNE SMIESE

PLOT 2PLOHA 2

&{\Eﬂamu L3

JERUSALEM ARTICHOKE/CICOKA
1837 m'

(“u{eﬁ.\u;
\\
o

GRASS MINTURES/ TRAFNE SMIESE

700 m'
FLOT UPLORA T

Szl

/V(}.aﬁ-/‘\mww/v(/z{l;mmf-: :z/', 7
(()\j‘(\}ﬁ\lF\T y_:}/nté?// /://

___‘_/ .4-.—./_/

Figure 3. Plan of area distribution in the nursery Topolje
Slika 3. Shematski prikaz rasporeda povrsina u rasadniku Topolje

Figure 4. The lowest grassland cover in the nursery Topolje
Slika 4. Najmanja pokrovnost travnjaka izmjerena u rasadniku Topolje
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Figure 5. The highest grassland cover in the nursery A. Petra¢ic
Slika 5. Najveca pokrovnost travajaka izmjerena u rasadniku A. Petracié

Table 3. Cover share by plots (1 plot =1 dm?)
Tablica 3. Prikaz zastupljenosti pokrovnosti po plohama (1 ploha = 1 dm?)

Plot distribution by cover
Cover Distribucija ploha po pokrovnosti
Pokrovnast Plott |  Plot1 Plot 2 Plot 3
Ploha t ‘ Ploha I Ploha 2 | Ploha 3
0-10% 237 \ 10 2 14
10-20 % 99 \ 42 22 ‘ 55
20-30% 65 | 34 4| 75
30-40% 65 | 43 o | 61
40-50 % s6 | 72 50 | 151
50 - 60 % 6 | 59 a | 300
60 - 70 % 106 | 84 50 | 269
70 - 80 % 91 | 188 103 479
 80-90% 98 | 24 197 742
_— 90 - 100 % 14| 1o4d | 428 554
UTI:::,:L 1000 1800 900 2700

In order to establish the grassland capacity, during 1999 game was monitored from closed
observation posts placed in each nursery. In both observation posts, the game was monitored
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at the same time one day in the morning and the next day before evening, Monitoring was
done every Thursday from 1 April 1999 to 28 October 1999. There were 31 monitoring
sessions in all.

GAME - JERUSALEM ARTICHOKE
(HELIANTHUS TUBEROSUS L.) INTERACTION

INTERAKCUA DIVLIAC - CICOKA (HELIANTHUS TUBEROSUS L.)

According to Grli¢ (1986), Jerusalem artichoke is a perennial plant achieving a height of
up to 2 m. It is related to and resembling the sunflower, with an erect, hirsute stalk, which is
bushy at the top and with knobbly tubers on underground stems. The flower heads develop from
September to November. It is native to North America. It was introduced to England in 1616,
and has become naturalised in the whole of Europe. It is used as livestock food, as a vegetable
and as an ornamental plant. It frequently grows in the wild. The tubers are very nutritious and
are dug out in late autumn.

Jerusalem artichoke has proved to be an excellent culture for game nutrition. It has very
modest soil requirements, is resistant to many diseases, and apart from the tubers, it also forms a
large above-ground mass. According to Timarac (2000), wild ruminants like to eat young stems,
but before, after and during the blossoming period the stems become hard and the leaves hirsute,
so the game avoids it. The same author recommends the stems to be used as silage or dried. It is
important to mention that, if there is sufficient food, game avoids Jerusalem artichoke. Table 4
gives the chemical content of different parts of Jerusalem artichoke.

Table 4. Cemical content of Jerusalem artichoke
Tablica 4. Kemijski sastav éidoke

Percentage share of individual matter

Cemical composition Postotni udio pojedinih tvari
Kemijski sastav Stem Tubers
Nadzemni dio Gomolfi
Dry matter
Stha tvar 16.5 15-25
Sugars - 13-20
Sederi
Raw protein
Dusicne tvari 1.8-2.7 1.7
Raw fibers
Gruba viaima 20-39 1.0
Fat
Masnoca 0.5-021 0.10-0.15
Ash 22-76 1.0-20
Pepeo

Source/Izvor: Timarac (2000)
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According to Table 4, the stem is almost as nutritious as the tubers. The intake of Jerusalem
artichoke by game was analysed in the mentioned hunting ground for this reason. Jerusalem
artichoke was brought to this ground by some hunters of Rab.

Figure 6. Jerusalem artichoke plantation in September 1998
Slika 6. Nasad cicoke u rujnu 1998. godine

Figure 7. Jerusalem artichoke
in June 1999

Slika 7. Biljke cicoke u lipnju
1999. godine

The chronology of Jerusalem artichoke grazing after
introducing mouflon game in the hunting ground is as
follows:
® The plot of Jerusalem artichoke, covering anarea of 1,837
m?, was left in the original condition. After introducing the
mouflon from the quarantine, the game literally devastated
the whole culture (Figure 6). In September 1998, the
remains of Jerusalem artichoke stems were as thick as
straw and bitten off 15 cm from the ground.

{ °® In May 1999, the field was ploughed over and 25 kg of

artificial fertilizers of the 15-15-15 NPK formulation were
used. In order to assess the tuber size, hazelnut-size tubers
of several plants were dug out. That same year, Jerusalem

B artichoke developed well (Figure 7).

Two measurements were made in order to see in which
period the game grazed on Jerusalem artichoke most. The
first was made on 2 June 1999, and the second on 31 July
1999. The measurements were made in sample plots sized
1 m?. There were 7 sample plots in all. Both measurements
were made in the same plots. The measurements involved
counting the leaves and measuring the height from the
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ground to the top of a plant. The plants were divided into damaged and undamaged groups. In
the leaf count, all undamaged leaves were counted.

RESEARCH RESULTS
REZULTATI ISTRAZIVANJA

GAME — CULTIVATED GRASSLANDS INTERACTION
INTERAKCIJA DIVLJIAC ~ KULTIVIRANI TRAVNJACI

The percentage share of grass species (by number) in the nurseries was as follows: Topolje
(Plot T, Figure 8) - Lolium multiflorum participated with 10% and so did Dactylis glomerata,
while the rest of the plot was taken by the following plant species: Cyvnodon dactylon, Digitaria
sanguinalis, Setaria glauca, Setaria viridis, Echinocloa crus-galli, Trifolium repens, Achillea
sp.. etc.

Figure 8. The impact of game on the plant cover in the nursery Topolje
Slika 8. Utjecaj divijaci na pokrovnost biljaka u rasadniku Topolje

The nursery A. Petracic:

® Plot 1 (Figure 9) - about 80% of the plot was taken by Agropyron sp., while about
20% of the plot was taken by Trifolium repens and Medicago sativa,
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Figure 9. Plant cover in Plot 1
Slika 9. Pokrovnost biljaka na plohi |
® Plot 2 (Figure 10) - about 20% of the plot was taken by Dactyvlis glomerata and
Lolium multiflorum, and about 80% by other plant species (the same as in Topolje),

Figure 10. Plant cover in Plot 2
Slika 10. Pokrovnost biljaka na plohi 2
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Figure 11. Plant cover in Plot 3
Slika 11. Pokrovnost biljaka na plohi 3

Table 5. Statistical parameters of grass cover
Tablica 3. Statisticki parametri pokrovnosti trava

* Plot 3 (Figure
11) - about 30%
of the plot was
taken by Dactylis
glomerata  and
Lolium  multiffo-
rum, 10% was
taken by Arte-
misia  vulgaris,
and the rest of the
plot  was taken
by other plant
species (the same
as in Topolje),

n

Parameters Plot T Plot 1 Plot 2 Plot 3
Parametri Ploha T Ploha 1 Ploha 2 Ploha 3
Mean . o
Arit. sredina 2 B £ ? & e
e 0.10 0.05 0.06 0.04
Stand. pogreska 2
Median .
Q
e Median _f | 3 - | i

Mode ‘

Mod 1 10 10 9
Shinel dioviation 33 21 1.9 20
Stand. devijacija
CAMNEE Nkt 10.7 45 35 42

Varijanca [
Range
Opseg ’ | 2 ” J 2
-
Minimum 1 ‘ | 1 1
Maximum 10 ‘ 10 10 10

St 5076 ‘ 15630 7799 | 21081

Suma - | y

taunt 1000 1800 900 | 2700

\




K. Krapinec: The results of Mouflon (Ovis ammon musimon Pal.) and Axis Deer (Axis axis Erx.)
interaction with cultivated grasslands and ... Glas. 3um. pokuse 39: 1 — 41, Zagreb, 2002.

Table 5 shows that the grass area in the nursery Topolje has the lowest cover (40 to 50%),
while plots 1 and 2 in the nursery A, Petradi¢ have the highest cover (80 to 50%), and plot 3 in
the same nursery has a cover between 70 and 80%.

Apart from the differences in the cover, which is obvious and need not, therefore, be tested
with statistical tests, there is also a difference in standard plot cover deviations. The plot in the
nursery Topolje displays high variability in the cover (s = 3.3), unlike the plots in the nursery
A. Petratic, where variability is much lower (s, =1.9 to s = 2.1). This is supported by Figure
4, taken in the nursery Topolje, which shows that there were even subplots in which the cover
was (% (placed in class 1). Figure 5 shows a much higher cover. In the same plots, higher cover
classes were better represented.

GAME - JERUSALEM ARTICHOKE .
(HELIANTH US TUBEROSUS L.) INTERACTION
INTERAKCIJA DIVLIAC — CICOKA (HELIANTHUS TUBEROSUS L.)

According to Graph 3, of 97,349 plants/ha, 16,182 plants/ha were damaged by game (17%)
by the beginning of June. Due to high game pressure on Jerusalem artichoke over a period of
two months (June and July), 51% of the plants perished. As a result, 49,573 plants/ha were
recorded, of which 49,317 (99%) were damaged.

100000 (——————97349—— DDamaged
B ObgriZeno
90000 : £ Undamaged
81167} o
80000 ; NeobgriZeno
= i Total
o
5 .8 70000 Ukupno
o S 60000 _
= : 2T 49573
g % 50000 s 4317 ——
T 3 40000 o S
5E | o
-’é 30000 =
2 20000 16182, . B —
10000 |.... ‘ _ N
0 i ;
02.06.1999. 31.07.1999.

Date of measurement
Datum zmjere

Graph 3. The share of damaged and undamaged plants of Jerusalem
artichoke in sample plots
Grafikon 3. Udio ostecenih i neostebenih biljaka Gicoke na primjernim plohama
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. 4500 4339 DP]ar}t 1.11_.|mber
4000 Broj biljaka
3500 | Total number of
leaves
E S 3000 Ukupan broj listova
E5 2500
Z Q
2000
1500
1000
500 L_379 193 g
I
02.06.1999, 31.07.1999.

Date of recording
Datum izmjere

Graph 4. Leaf and plant number ratio in sample plotss
Grafikon 4. Odnos broja listova i biljaka na primjernim plohama

The sampie plots contained plants whose vegetation tops were not bitten off, but whose
leaves were damaged. For this reason, the number of leaves for each plant in the sample plot
was counted. Graph 4 shows that by the beginning of June, each plant had 11 leaves on average,
while during June and July, the number of leaves on a plant dropped to 0.5, or one in two plants
in the sample had only one undamaged leaf.

In order to determine the height at which game bites the plants, the measured plants were
divided into:

* undamaged - these were the plants whose tops were not damaged (this category
also included plants whose leaves were damaged but the vegetation tops were not
damaged),

* damaged - this category included plants with bitten stems, that is, those in which the
vegetation tops of terminal shoots were bitten off.

Measurements of plant heights from the ground vertically to the vegetation top, that is, to
the biting point, showed that the plants with undamaged tops were 38.2 cm tall on average,
while the biting height was 47.0 cm on average. In Table 6, animals exhibit deviations in biting
heights, since s_=12.33 on 2 June 1999, ors = 17.61 on 31 July 1999.

To get a better insight into plant biting heights, the plants were placed into height classes of
10 cm according to the height and the biting height, as shown in Table 6.
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Table 6. Biting height of Jerusalem artichoke
Tablica 6. Visina odgrizanja biljaka didoke

Datc of measurement:
Datum izmjere:

Date of measurement:
Datwm izmjere:

Statistical parameters 02.06.1999, 31.07.1999.
Statisticki parametri
Undamaged Damaged Damaged
Neostedene Oitecene Oitecene
Mean
Arit. sredina 382 470 353
Standard crror
Stand. pogreska [.32 1.55 1.27
Median
Median 32 30 34
Mode
Mod 16 28 34
Stand. deviation
Stand. devijacija 23.50 12.33 17.61
Sample variance 552.29 152.14 309.93
Varijanca
Range 102 62 9
Opseg
Minimum 4 10 4
Maximum 106 72 100
Sum 12075 2958 6780
Suma
C";““ 316 63 192

Table 6 shows that the average height of damaged plants exceeded that of undamaged plants.

It is also clear that the height of damaged plants at the beginning of June exceeded the height of

plants measured at the end of July.

To determine the significance of the difference, a U-test was made in order to confirm the

above result. The hypotheses are as follows:

® Testing the difference between damaged and undamaged plants (measurement date:

2 June 1999)
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where
I ~ = average height of undamaged plants
h() = average height of plants with bitten tops (biting he1ght)

* Testing the difference between damaged plants measured on 2 June 1999 and 31 July
1999 (Table 10).

Hy; hy =hes
H; D0 > Ny
wllere

{1’_0, = average height of damaged plants (2 June 1999)
h,,,= average height of damaged plants (31 July 1997).

Table 7. Distribution of Jerusalem artichoke by height classes
Tablica 7. Distribucifa biljaka éicoke po visinskim razredima

Date: Date:
Datum: Datum:
02.06.1999. 31.07.1999.
Height classes o5 2
Visinski razredi - S 3 § - B TR
E % _§ ,§ E % _§ .é
8 5= A 52

0-10 1 6 17 14 0 14
10-20 0 78 78 29 1 30
20-30 7 58 65 31 0 31
3040 10 41 51 54 ¥ 54
40-50 17 34 51 34 -0 34
50-60 20 39 59 15 0 5
60-70 7 20 27 8 0 8
70-80 1 10 11 5 0 5
80-80 0 4 4 1 0 l
90-100 0 13 13 "1 0 !
100-110 0 3 3 0 0 0
Total 63 316 379 192 1 193
Ukupno

The U-test showed (with the significance boundary of 99%) that by 2 June 1999, game
preferred to damage higher plants. The test also showed that by the end of July, game
significantly lowered the biting height by 11 cm on average.
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The intake of different plant parts is essential for knowing the feeding habits of an animal
species. For this reason, we wanted to ascertain whether game preferred the shoots and stems
of Jerusalem artichoke, or its leaves, and in which period it preferred some of these categories.
For this purpose, all plants with undamaged stems and leaves were placed in the category of
undamaged plants, while those with damaged stems or leaves were placed in the category of
damaged plants.

Table 8. U-test for Jerusalem artichoke height category
Tablica 8. U-test za kategoriju visina biljaka éicoke (cm)

Plant height
Statistical parameters Visina biljaka - 02.06.1999.
Statisticki parameltri Undamaged Damaged
Neoitecene Oftedene
Mean
Arit. sreding 382 410
Sample variance 552.29 152.14
Varijanca
Count 316 63
n
Uiy -4.28
Upb, 233
o Damaged- plant height
Statl.stl-c?’liparameterF QOjtedene -vising biljaka
Statistichd parametri 02.06.1999 31.07.1999
Mean
Arit. sredina 47.0 35.3
Sample variance 152.14 309.93
Varijanca
Count 63 192
n
Uiz, 5.799
Uyp, 2326

Table 8 shows that the plants with damaged leaves (2 June 1999) still had a higher number of
leaves (©# = 13.4) than undamaged plants (10.4). Also, damaged plants were taller on average
(]1':.‘,.= 38.3) than undamaged plants (i;o: 42.3). A U-test was made in order to find out whether
there was a significant difference between the leaf number and the heights, or the biting heights
in damaged and undamaged plants, and damaged plants at the beginning of June and the end of
July. The following hypotheses were made:

* Testing the difference between the number of leaves in damaged and undamaged plants of
Jerusalem artichoke damaged by 2 June 1999.

Hy; i, =T,
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Hj; ny>ny,
where

hy = average number of leaves on Jerusalem artichoke plants whose leaves were not
damaged,

n,= average number of leaves on Jerusalem artichoke plants whose leaves were
damaged.

* Testing the difference between the number of leaves of Jerusalem artichoke damaged
by 2 June and those damaged by 31 July 1999,

Hy, 1o, =",

H, ng>itg,,
where

H = average number of leaves on Jerusalem artichoke plants whose leaves were damaged
(measurement data: 2 June 1999)

N, = average number of leaves on Jerusalem artichoke plants whose leaves were damaged
(measurement date: 31 July 1999).

Table 9. Leaf number and heights of damage and undamaged plants of Jerusalem
artichoke

Tablica 9. Brof listova i visine biljaka ostedenih i neoSteéenih biljaka Gicoke

Date of measurement: Date of measurement:
Datum izmjere; Datumt izmjfere:
o 02.06.1999. 31.07.1999.
Statistical Undamaged Damaged Damaged
]?ral?le.t:{:is Neostedene Oftedene Oftedene
falistici
. Plant Leaf R Leaf
!
parametrs height Lcaf number Plant height number Pla;t l}etght number
. .1 . a3, . sina .
Visina Broj listova Visina biljaka Broj bitiaka Broj
biljaka listova Ha listova
Mean 38.3 10.4 423 134 35.2 0.5
Arit, sredina
Standard error 144 0.37 1.86 0.98 1.27 0.05
Stand. pogreika
Median
Median 35 10 44 9 34 0
Mode
Mod 16 8 i7 7 34 0
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Date of measurement: Date of measurement:
Datum izmjere: Datum izmjere:
» 02.06.1999, 31.07.1999.
Statistical Undamaged Damaged Damaged
F?ri‘_“f.‘f;:s NeoStedene Oftecene Ostedene
fatistickl
. Plant Leaf . Leaf
X 1)
paramett height Leaf number Plant height number Pla;t }'mght number
: e . . isina N
Visina Broj listova Visina biljaka Broj e Broj
- ; biljaka ,
biljaka listova listova
Stand. deviation |, 4 5.34 21.26 11.22 17.63 0.75
Stand. deviacija
Sa",‘}"?.""‘“a“‘“: 515.43 34.16 451.80 125.78 310.67 0.56
arijanca
Range 102 46 93 59 96 3
Opseg
Minimum 4 4 10 4 4 0
Maximum 106 50 103 63 100 3
Sum 9494 2584 5539 1755 6794 89
Suma
Count 248 248 131 131 193 193
Table 10. U-test for Jerusalem artichoke leaf number
Tablica 10. U-test za kategoriju broj listova na biljkama dicoke
Leaf number
Statistical parameters Broj listova
e . 02.06.1999.
Statisticki parametri
Undamaged Damaged
Neostecene Ostedene
Mean
Arit. sredina 104 13.4
S“‘“;?l".."“““c"' 34.1554133 125.7797
wrifanca
Count 243 131
i
Wiz, -2.84
Ueab. 233
_— Leaf number- damaged
Statllsllf:?l.parameterf. Broj listova-ofteéeni
Statisticki parameiri 02.06.1999 31.07.1990
Mean
Arit, sredina i34 0.5
Sample variance 125.78 0.56
Varijanca
Count 131 193
"
Wiz, 13.18
Ugah, 2.33
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The U-test showed (with the significance boundary of 99%) a significant difference in the
average number of leaves per plant, This is undoubtedly caused by the fact that damaged plants
also had higher heights (42.3 cm) than undamaged plants (38.3 cm). The test also showed that
until the end of July game preferred to consume leaves.

DISCUSION
RASPRAVA

In Western and Central Europe, grass areas are mainly established to accommodate small
field or possibly roe deer game. Grass areas in this hunting ground are gaining value for the fact
that they support a population of brown hare (Lepus europaeus Pall.), which has for many years
now been at aminimal number (there is a total of 7 tails in the entire area of the hunting ground).
Such a condition of the hare population results exclusively from the unfavourable structure of
the area, where open spaces fare less than 196 (7.4 ha).

Open spaces are not important only as production areas of game forage (it is assumed that
game satisfies its browse requirements in the forest), but they also:

* Provide breeding space,

* Provide denning sites for the young,

* Enable wildlife animals easier drying from rain,

* Ease game stalking and hunting:

* Offer the protective function - namely, the established forage areas in central parts
of the hunting ground lure animals there, thus preventing them from wandering to
the coastal area for grazing, where they frequently fall prey to poachers who shoot at
them from boats at sea.

Only grasses and clovers listed in Table 6 were sown with the purpose of establishing grass
areas. However, the nutritive value of grass was enhanced with the addition of some herbaceous
plants in the mixture, which, apart from being more palatable for the game, also prolong the
grassland vegetation, making it available for a longer period.

During summer until mid-October, the grassiands and Jerusalem artichoke in this hunting
ground are dry and make poor forage for the game. This is generally a problem of arid habitats,
as there is a shortage of water and fresh food in this period. Yet, not all ruminants are dependent
exclusively on water. So, for example, mouflon rarely drink water (Piegert 1999), as they
compensate for the water through food. It should be mentioned that as early as the fifst year
after introducing mouflon game in this habitat, it was noted that the bark was stripped from
manna ash (Fraxinus ornus L.) and holm oak (Quercus ilex L.) - the tree species with smooth
bark, as well as from broad-leaved phillyrea (Phillyrea latifolia L.) and, to a lesser degree,
from strawberry tree (Arbutus unedo L.). Similar problems were noted by Tschiderer (1974) in
Austria, who points out that this occurrence was most probably linked to water shortage.

There is little written data on axis deer. In this game species, the most interesting facts are
the size of herd, the social structure and the way of life. In thickets and in grasslands, a herd size
correlates with the quantity of precipitation. In terms of precipitation quantity, the correlation is
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negative, but in terms of the number of wild fruit trees and leaf litter availability it is positive. In
summer, or in dry season, the population density is more than two times higher in forests than
in open spaces. If some nutritive components are dispersed, or the habitat is closed, bigger herds
are formed (Raman 1997).

Telemetric observation of 12 does and 7 bucks of this species in Nepal (Barolia National
Park) showed that annual and seasonal home ranges were relatively small, and that males had
a bigger action radius than females in the monsoon part of the year and in the hot part of dry
season. The area consists of sever types of habitats which are relatively regularly arranged in
the form of smaller areas. During hot and dry season, and especially during night, the does
preferred grasslands, where Imperata cylindrica was the dominant species. During cold and
dry season and hot and dry season, the bucks stayed in flocdplain forests, and in the monsoon
period and partly during a part of cold and dry season in the forests of salty terrains (Moe and
Wegge 1994).

Table 11. The number of game in grass arcas
Tablica I1. Broj divljacdi na travhatim povrSinama

Statistical Topolje A. Petratié
parameters Mouflon Axis deer Axis deer
Statisticki Muflon Aksis Aksis
parametri Moming Evening Evening Evening
Jutro Vecer Veder Vecer
Mean
Arit, sredina 9 2 2 4
Standard error
Stand. pogreska 14 10 0.5 0.8
Median
Median io 0 1 5
Mode
Mod 12 0 1 0
Stand. deviation
Stand. deviacija 3.3 38 1.8 32
Sanll}alc"vanance 104 142 13 106
arijanca
Range
Opseg 22 12 5 9
Minimum 0 0 0 0
Maximum 22 12
Sum
Suma 149 26 28 58
Co;mt 16 . s "

The interaction between axis deer and forest ecosystems is also interesting. In many regions
where axis deer is an autochthonous species, there is a distinct problem of successful forest
regeneration. Thus, the impact of this game on the regeneration of mangrove forests was
monitored in Bangladesh (the Sundarkans area). Plants (aged 10 months) of the following tree
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species were planted: Heritiera fomes, Xylocarpus mekongensis, Brugiera sexangula, Ceriops
decandra, Avicenia officinalis and Exoecearia agallocha. As early as after the first year,
damage assessment showed that this game critically damaged all plants in the unfenced area.
The survival percentage was nil for the species Xylocarpus mekongensis, Brugiera sexangula,
and Avicenia officinalis. The survival percentage of the three remaining species reached 40%
(Siddigi 1996).

~ Similar studies of this interaction on Hawaii showed that axis deer made a considerable
impact on the success of afforestation with the species Lewcaena diversifolia. Four-month-
old seediings were planted in the mixture with eucalyptus (Eucaliptus saligna). Leucaena
diversifolia was completely destroyed, whereas axis deer did not damage eucalyptus plants
(which is toxic, Krapinec), and so they prospered well. It is important to point out that axis
deer in Latin America did not damage plants of Leucaena diversifolia, but this tree species is
autochthonous there (Brewbaker 1988).

In the grass areas of the hunting ground “Kalifront”, axis deer was observed in differently-
sized herds. Calves herded by bucks were frequently noted, while one buck with three does was
also sormetimes observed. With regard to the time of the day, as a rule, axis deer grazed at night
(Table 11).

GAME — CULTIVATED GRASSLANDS INTERACTION
INTERAKCIJA DIVLJAC — KULTIVIRANI TRAVNJAC]

To get a better notion of grassland use in the hunting ground in 1999, the game was
monitored from two closed high seats, of which one was placed in each nursery.

Table 11 was made to simplify the issue. It should be menticned that mouflon did not appear
in the nursery A. Petradi¢, but regularly did so in the nursery Topolje. Axis deer foraged only
in the evening and remained in the grassland all night. Mouflon usually grazed early in the
morning. The hour of grazing changed over the year. According to Table fl, on average 13
heads of game, of which 11 were mouflon and 2 were axis deer, grazed in the nursery Topolje,
while 4 heads of axis deer grazed in the nursery A. Petrad¢i¢ on average. This number of game
in the nursery Topolje highly correlates with the low cover, because the size of the mouflon
herd grazing in the nursery ranged from 3 to 22 heads, and of axis deer from | to 5 heads. This
significantly reduced the nutritive potential of the grassland, and so they had to be re-ploughed
and re-sown with grass mixtures, It should be pointed out that in forage areas, and especially
in grasslands, large biomass does not have big importance as the game tramples over most
of it, causing the food to perish. Therefore, it is more important to have a smaller quantity of
biomass distributed over a larger area. Likewise, the term of the first sowing did not endanger
the growth of selected grasses, clovers and lucerne. Their growth was primarily influenced by
game activity, which gathered here in larger numbers for several reasons:

* The vicinity of the fence - after the fence - partition was erected in the hunting
ground, most game tracks continued to follow the fence itself, which means that
the game probably searches for non-existent gates.

* Immediately next to the meadow on the other side of the main road there is a holm
oak enclosure, providing excellent shelter for the game, especially for axis deer
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(it is almost impenetrable for man), from which game makes nocturnal visits to
the nursery.

® South-east from the riursery there is an old quarry, where mouflon has immediately
settled and from which it usually goes on forage sprees.

* The stretch of the forest between the nursery Topolje and the road serves as a
partition sheltering the game from man. This is the main road in the hunting
ground used by cars and tourists (Figure 2 and 3).

* The game was attracted to this plot by the Jerusalem artichoke plantation and the
food storage (corn), and it also grazed in the grasslands (Figure 2 and 3).

® The absence of hunting allowed mouflon to form a large herd (consisting of as
many as 40 heads already in the first year), always led by the same old ewe. In the
hunting sense, in such cases a herd must be broken into several smaller ones by
eliminating a herd leader. In our case, the herd size is probably the consequence
of transporting the game together, keeping them in the quarantine and introducing
them into the new habitat, rather than of poor nutritive conditions in the hunting
ground.

Plant composition and grassland cover are influenced by the game in several ways:

| * Game grazing and trampling destroys the plant cover,
* Game urine and defecations fertilise the soil, thus improving the conditions for
plant growth.

The breaking up of mouflon herds and the formation of more grass areas would relieve
the nursery Topolje and decrease game rearing costs, because grass species would need to
be regenerated (re-sown) much less frequently (every four or five years). Interestingly, the
game did not consume the hay in the feeding points or hay stacks, nor did it lick salt from salt
licks (rock salt was offered). This means that during the year animals have enough natural
dry food and that no additional bullky food need be ensured for mouflon and axis deer in eu-
Mediterranean conditions. The data concerning hay and salt consumption were not measured
since these were not consumed. Corn storages need to be enclosed to keep the game away
for two reasons:

* the game was noted to extract corn cobs itself, damaging the hunting facility in the
process,

* when the game extracts food, the cobs fall on the ground. The animals eat them
from the ground, which represents a hazard from the aspect of pathology and
health prevention. Around the storages there are animal faeces (non-polluted), but
in contact with the food on the ground, may become the breeding ground of vario
infections. To prevent this, grain food must be put into troughs.

Of other plant species in the nursery Topolje, game consumed the following: Setaria

viridis, Setaria glauca, Achileq sp. (only flower heads), Holcus lanatus, Digitaria sanguinalis,
Cynodon dactylon, Echinocloa crus-galli, Erigeron canadensis, Stenactis annua, Polygonum
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lapathifolium, Polygonum aviculare, Solidago serotina, Rumex acetosa, Rumex acetosella,
Chenopodium album and Hypericum veronense, while the species Inula viscosa was not
foraged. Artemis vulgaris began spreading in the nursery A. Petraéi¢, but the game did not

graze it.

Figure 12. Mouflon distribution in the nursery Topolje
Slika 12. Raspored muflonske divijaci pri koristenju rasadnika Topolje

GAME - JERUSALEM ARTICHOKE
(HELIANTHUS TUBEROSUS L.) INTERACTION
INTERAKCIJA DIVLIAC — CICOKA (HELIANTHUS TUBEROSUS L.)

By June, plants of Jerusalem artichoke were well developed, which is shown in Figure 8,
however, by the end of July half of the plants were destroyed by game. The destruction was
caused by leaf consumption, after which plants became too hard to forage. Table 11 can be used
to assess the Jerusalem artichoke plot capacity. The plant was not grazed only by mouflon (11
heads a day on average), but also by axis deer (2 heads a day on average). The use of Jerusalem
artichoke as forage is mentioned by Gleich er al. (1998) in connection with rearing the fallow
deer (Dama dama L.) in Eberswald (Germany).

In summer months, Jerusalem artichoke makes forage of very good quality and is for this
reason recommended for Mediterranean hunting grounds, especially in view of the fact that
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mouflon game is a poor water drinker. It is not necessary to plant thick tubers, because game
satisfies its nutritional needs by foraging and not by rooting out and consuming the tubers.
Planting a larger number of smaller tubers per unit area may result in Jerusalem artichoke
plantations used exclusively as forage. Fertilisation is important. In our case, fertilizing with 125
kg/ha of 15-15-15 NPK fertilizer increased the yield considerably. However, it was seen that
the area was not big enough to supply enough game food as total area devastation took place as
early as mid-July (Figure 13). Establishing larger plantations of Jerusalem artichoke in several
locations would provide more than sufficient food for consumption, which would alleviate the
pressure on the stands in the regeneration stage.

Figure 13, Jerusalem artichoke in mid-July 1999
Slika 13. Biljke ¢icoke sredinom srpnja 1999.

Data from the recording made at the beginning of June show poor grazing on Jerusalem
artichoke until early summer, therefore, it is not necessary to enclose the plantations. It is only
with the onset of dry conditions and the desiccation of most grasses and herbaceous plants that
game begins to forage on Jerusalem artichoke, starting with the tops and the stems and later
biting off the leaves rather than the stems.

The biting height of Jerusalem artichoke (47 ¢cm) coincides approximately with the results
obtained by Sajfert (2001), who measured the biting height of hawkweed ox-tongue (Picris
hieracioides L.), reaching 45 ¢cm. In the period of intensive Jerusalem artichoke grazing,
the biting height dropped to 35 cm, which means that the game, following worsening living
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conditions, started consuming the stalks. The comparison of the heights of damaged and
undamaged plants at the beginning of June shows a significant difference, the plants with
bitten tops were taller than undamaged plants. This could be explained with the following; the’
height of 47 cm is optimal for biting because the game not only bites the best quality part of the
plant, but also has the maximal field of sight at this height, which enables it to detect a possible
predator on time. Although there are no big predators on Rab who would prey on mouflon and
axis deer (except for man), this shows that caution in game is instinctive.

An important phenomenon detected in the hunting ground in 1998 and 1999 involves the
escape of axis deer from the enclosed part of the hunting ground. It was found that axis deer
swam from the enclosed part into the open part of the ground and vice versa, This corroborates
the fact that mouflon game is much more aggressive, which forces axis deer to search for other
habitats. Partitioning the hunting ground to suit the mouflon feeding strategy cannot be viewed
any more within the theory of optimal feeding, because this deprives this game of the possibility
of migrating to other, food-richer habitats in case the resources in the present hunting ground are
exhausted. Axis deer does not have this problem since water does not pose any serious barrier to
it. In order to increase game capacity, more attention should be paid to increasing the nutritive
potentials of the habitat in the future, although they are currently still undisturbed.

CONCLUSIONS
ZAKLIUCCI

The following conclusions can be drawn from the analyses:

1. The area of cultivated grasslands amounting to 6,760 m? is sufficient to satisfy the grazing
requirements of the game. However, excessive game in the nursery Topolje has seriously
disturbed grassland productivity, reducing the cover to 50%.

2. To reduce the number of game in the nursery Topalje, several smaller forage areas
{Jerusalem artichoke, oat, forage kale, corn and similar) should be dispersed over the hunting
ground. This would reduce the number of heads in a herd and lower the costs of regenerating
grass areas.

3. The game must be prevented from extracting food from feeding storages for several
reasons: consuming food from the ground, the danger of damaging antlers in the process of
extracting food from feeding places, and unnecessary herding in forage areas in which food
storages are placed. This can be successfully prevented with enclosing the food storages.

4. Additional nutrition with bulky foods is not necessary in eu-Mediterranean conditions
because there is sufficient food in the hunting ground,

5. Mouflon and axis deer use Jerusalem artichoke exclusively as forage and do not root out
tubers. In the dry period (summer), Jerusalem artichoke represents an important forage plant in
the hunting ground. The most intensive foraging takes place at the beginning of June, whereas
before June game shows very little interest in this plant. In early June, game starts with biting off
the terminal parts of the shoots, to transfer to the leaves as the drought increases.
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6. The quantity of Jerusalem artichoke in the plot of 1,837 m? (10 plants/m?) was not
sufficient to satisfy the nutritive requirements of 45 heads of mouflen and 22 heads of axis deer.
For this reason, in the dry eu-Mediterranean period it is necessary to establish several smaller
forage areas dispersed over the hunting ground, where game may satisfy their needs for fresh
food. These areas should be enclosed by the beginning of summer. This procedure would reduce
the pressure on the stands in the stage of regeneration, as the crops of woody species represent
the only source of fresh food in dry periods.
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REZULTATI ODNOSA MUFLONA (OVIS AMMON MUSIMON PAL.)
[ JELENA AKSISA (4XIS AXIS ERX ) PREMA KULTIVIRANIM
TRAVNJACIMA I NASADU CICOKE (HELIANTHUS TUBEROSUS L.)
U LOVISTU KALIFRONT NA OTOKU RABU

SAZETAK

Osnivanje krmnih povrdina kao dopune prirodne hrane za divljag u lovnom se gospodarstva
primjenjuje ve¢ desetlje¢ima. Dok travnjatke povrdine u nacelu sluZe za prehranu divljaéi
ljeti, povriine pod razli€itim krmnim kulturama namijenjene su ponajprije prehrani divljai u
zimskim mjesecima koji su za divlja& nepovoljni, i to tako da se kulture ostavljaju neubrane ili
da se s njih plodovi skupe i uskladiste.

U sredozemnim podruéjima, a napose u eumediteranskim, za razliku od kontinentalnih
(srednjoeuropskih), za divlja¢ je nepovoljni dio godine upravo ljeto jer tada pati od nedostatka
solne hrane ili ¢ak vode. Zbog toga je glavni problem osiguranje so€ne hrane kako bi se smanjio
pritisak divlja&i na $umu koja u sredozemnim krajevima ima ponajprije zaititnu i estetsku
funkciju.

Travnjacke povrdine u zapadnoj 1 srednjoj Europi uglavnom se osnivaju za sitnu poljsku ili
eventualno za smecu divijal. Zbog toga te povriine u ovom lovistu dobivaju na vrijednosti za
odrZavanje populacije obitnoga zeca (Lepus enropaeus Pall.), &ija je brojnost ovdje veé dulji
niz godina minimalna (na cijeloj povriini lovista ima ukupno 7 repova). Takvo je stanje zecje
populacije iskljutivo proizvod nepovoljne strukture povriina jer otvorenih ima manje od 1 %
(7,4 ha).

Drzavno loviste VIIL/6 “Kalifront” prostire se na jugozapadnom dijelu otoka Raba na
istoimenoj krikoj zaravni, koja je obrasla najvrjednijom ¥umom cijeloga otoka. Kalifront je
svojevrsni poluotok, ako gledamo cjelinu otoka Raba, jer se uz Kalifront u dubinu uvlaée dvije
uvale: s jugoistoka Uvala svete Eufemije i sa sjeverozapada Kamporska draga.

Na temelju podataka iz akta o ustanovljenju lovigta ukupna povr3ina lovista iznosi 1475 ha,
a odnos povrdina po lulturama vidliiv je iz grafikona 1. Iz njega je vidljivo da 90 % lovita ¢ine
fume, to pogoduje prirodnom uzgoju divljih dvopapkara. Zbog maloga udjela poljoprivrednih
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povrsina u loviitu uzgajivad ce biti prisiljen praviti i odrZavati svijetle pruge u loviitu kako bi se
divljagi osigurala pa%a u dovolinoj koli&ini.

Promatrajuéi postotni udio poljoprivrednih povriina po kulturi {(grafikon 2), uoéljiv je
malen udio oranica, osim toga nije ih moguce iskoristiti za proizvodnju hrane za divljag jer suu
privatnom viasnistvu, a stanovniStvo ih obraduje.

S obzirom na to da se radi o lovi§tu koje je u cijelosti smjedteno na poluotoku, ono je
pregradeno u duljini 3,4 km. Medutim, pregradivanjem se- lovista iz korijena promijenio udio
zemljidta po kategorijama. Od ukupno 840 ha ogradene povrine oko 825 ha (98 %) otpada na
Sume, a ostalih 15 ha na putove (8,8 ha), svijetle pruge (5,9 ha) i travnjacke povrine — rasadnik
Topolje i rasadnik “A. Petra€i¢” (1,5 ha). Upravo je stoga bilo nuZno osnovati krmne povriine
za prehranu divljagi u lovi#tu jer se pretpostavljalo da divlja& neée moéi zadovoljiti dovoljne
hranidbene potrebe isklju&ivo na fumskim povriinama.

U ogradenom dijelu loviita tijekom uzimanja podataka za ovaj rad ukupno je bilo 45 grla
muflonske divljadi i 22 grla jelena aksisa. To &ini gustoéu populacije sve krupne divijadi od 8
grla na 100 ha ukupne povriine lovi§ta. Iz tablice 1 je vidljivo da je u godini izmjere populacija
divljagi bila u skladu s kapacitetima stanifta. Razlika u lovnoproduktivnoj povrini nastala
Jje pregradivanjem lovidta ogradom na dva dijela. Pregradeni dio u kojem se istraZivalo ima
povriinu od 840 ha, a stvarni se broj grla odnosi na prebrojavanje u tome dijelu lovista.

Tijekom oZujka 1998. godine preorani su rasadnik Topolje te rasadnik “Andrija Petragi¢” i
na njima zasijane djetelinsko-travne smjese. Gustoéa sjetve prikazana je u tablici 6 (So¥tari¢-
Pisagi¢ 1967). Stvami normativi sjetve dobiveni su tako da se koli¢ina sjemena podijelila
povriinskim udjelom svake vrste koji bi zauzimala kada bi se zasijala u &istoj kulturi.

Na Topolju je zasijano1450 m? travnih smjesa, a u rasadniku “Andrija Petracié” je zasijano
3800 m? travaih smjesa te 2500 m? smiese bijele djeteline i luceme. Medutim, muflonska se
divlja¢ koncentrirala na rasadnik Topolje tako da je prve godine sva trava bila popasena ili
izgaZena. Od travnih vrsta iznikle su na oba lokaliteta samo klup&asta o$trica i talijanski Ljulj.
Bijela djetelina i lucerna iznikle su i na Topolju i u rasadniku “A. Petragi¢”. U rasadniku “A.
Petraci¢” bijela djetelina i lucerna su veé prve godine imale pokrovnost od 90 %. Prilikom
prikaza pokrovnosti koriStena je prividna ili projekcijska pokrovnost jer ju vedina istraZivaca
upotrebljava zato 3to ona jasno izraZava prirodne odnose u sastojini u doba njezina najboljega
razvitka.

Radi lak3ega uzimanja uzorka pokrovnosti povriine u rasadniku “A. Petra¢i¢” podjeljene su
na tri plohe kako je prikazano na slici 3, a u rasadniku Topolje na dvije plohe (slika 4). Buducida
se divlja¢ slabo napasala u rasadniku “A. Petraic”, trebalo ga je kositi. Tijekom 1999. godine
iste su povr¥ine pokoZene ukupno &etiri puta, i to jednom u svibnju, jednom u srpnju, poetkom
rujna i podetkom [listopada. U rasadniku Topolje travne povréine nikada nisu ko$ene zbog toga
jer nije bilo potrebno.

Tijekom svibnja 1999. godine preoran je jedan dio Topolja te je od travnih povrina ostala
samo ploha 1 tako da je pokrovnost trava mjerena samo na njoj.

U listopadu 1999. godine izmjerena je pokrovnost travnih povr§ina. U to je doba godine
trava dobro razvijena nakon ljetne sule. Za izmjeru pokrovnosti nainjen je drveni okvir
(kvadrat) stranica 1 x 1 m (1 m?). Radi preciznijega o€itavanja pokrovnosti kvadrat je debelim
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koncem podijeljen na 100 pravilnih manjih kvadrata plostine 1 dm? (slika 4 i 5 — o¢itavanje
povriine). Pokrovnost je oCitana za svaki kvadratni decimetar. Primjerne su plohe postavljene
dijagonalno za svaku travnu plohu. Intenzitet uzorkovanja bio je 10 % za plohu na Topelju (veéa
varijabilnost) te 1 % za plohe u rasadniku ,,A. Petragi¢. U tablici 7 dan je prikaz distribucije
ploha po pokrovnosti.

Radi odredivanja kapaciteta travnjaka pracena je divljag tijekom 1999. godine iz zatvorenih
osmatra¢nica, od kojih je svaka bila na jednom rasadniku. Divlja¢ je pracena jedan dan ujutro, a
drugi predveder na obje osmatra&nice u isto vrijeme. Motrilo se od 1. 4. 1999. do 28. 10. 1999.
godine, i to svaki etvrtak. Ukupno je bilo 31 pracenje.

Kronologija pasenja &i¢oke nakon pustanja u loviste muflonske divljaéi je sljedeéa:

* Ploha gidoke ostavljena je u zateSenom stanju i zauzimala je plostinu od 1837 m?.
Nakon puitanja muflonske divljagi iz karantene ona je doslovce opustosila kompletnu
kulturu (slika 6). U rujnu 1998. godine ostaci stabljika &itoke bili su debljine Zitne
slame i odgrizeni na visini od 15 cm od tla.

* U svibnju 1999. godine polje je preorano i na polje je bateno 25 kg umjetnoga gnojiva
NPK formulacije 15-15-15. Da bi se vidjela veliina gomolja, iskopani su gomolji
nekoliko biljaka, koji su bili veli¢ine lje¥njaka. Iste se godine &icoka dobro razvila
(slika 7).

Kako bi se utvrdilo u kojem razdoblju divlja& najvife pase &itoku, napravljene su dvije
izmjere. Prva je izmjera napravljena 2. lipnja 1999. godine, a druga 31. srpnja 1999. godine.
[zmjere su nadinjene na primjernim plohama veli¢ine 1 m® Ukupno je bilo naginjeno 7
primjernih ploha. Obje su izmjere obavljene na istim plohama. Na biljkama su prebrojeni
listovi, izinjerena visina od tla do vrha biljke te biljke razvrstane na o$tecene i neo3tecene. Pri
prebrojavanju listova brojeni su svi neo%teceni listovi.

Postomni udio travnih vrsta (po brojnosti) na povriini rasadnika bio je sljedeéi:

Topolje (ploha T, slika 8) — udio Lolium multiflorum bio je 10 %, a Daciylis glomerata
isto 10 %, ostatak plohe su zauzimale ove biljne vrste: Cynodon dactylon, Digitaria
sanguinalis, Setaria glauca, Setaria viridis, Echinocloa crus-galli, Trifolium repens,
Achillea sp. itd.

Rasadnik “A. Petrati¢”

* Ploha 1 (slika 9) — oko 80 % plohe zauzimao je Agropyron sp., dok su oko 20 % plohe
zauzimale Trifolium repens i Medicago sativa

® Ploha 2 (slika 10) — oko 20 % plohe zauzimale su Dactylis glomerata i Lolium
multiflorum, a 80 % su zauzimale ostale biljne vrste (iste kao i na Topolju)

* Ploha 3 (slika 11) — oko 30 % plohe zauzimale su Dactylis glomerata i Lolium
multifiorum, 10 % je zauzimala Artemisia vulgaris, a ostatak plohe su zauzimale
ostale biljne vrste (kao i na Topolju). '

Iz tablice 5 vidljivo je da najmanju pokrovnost ima travnjak u rasadniku Topolje (40 do 50
%), dok najvecu pokrovnost imaju plohe 112 (80 do 90 %) u rasadniku “A. Petra&i¢”, a ploha
3 u istom rasadniku ima pokrovnost od 70 do 80 %.
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Osim 3to postoji vidljiva razlika u pokrovnosti te je stoga nije potrebno ispitivati statistidkim
testovima, postoji razlika i u standardnim devijacijama pokrovnosti ploha. Ploha u rasadniku
Topolje pokazuje veliku varijabilnost u pokrovnosti (s;= 3,3), dok je na plohama rasadnika
“A. Petrali¢” varijabilnost mnogo manja (s =1,9 do s =2,1). U prilog tomu govori i slika
12 snimljena u rasadniku Topolje na kojoj je vidljivo da je &ak bilo potploha na kojima je
pokrovnost bila 0 % (svrstane su urazred 1).

Na slici 13 vidi se da je pokrovnost mnogo veéa. Na istim plohama zastupljeniji su bili visi
razredi pokrovnosti.

Iz grafikona 3 vidljive je da je do potetka lipnja od 97 349 biljaka/ha bilo o¥teéeno od
divlja¢injih 16 182/ha (17 %). Zbog velikoga pritiska divljagi na &i€oku u roku od dva mjeseca,
odnosno tijekom lipnja i srpnja, 51 % biljaka Eitoke se osudio. Zbog toga su bile zabiljeZene 49
573 biljke/ha, od kojih je o3teéeno bilo njih 49 317/ha (99 %).

Na primjernim je plohama bilo biljaka kod kojih vegetacijski vrh nije odgrizen, ali su bili
ofteceni listovi. Zbog toga je pobrojeno lisée za svaku biljku na primjernoj plohi. Iz grafikona 4
vidljivo je da je do po€etka lipnja svaka biljka u prosjeku imala 11 listova, dok je tijekom lipnja
i srpnja broj listova na biljci smanjen na 0,5, odnosno svaka je druga biljka u uzorku imala samo
jedan neosteden list.

Promatrajuci tablicu 8 vidljivo je da su biljke s o3teéenim listovima (2. 6. 1999) jo¥ uvijek
imale veci broj listova ( =13,4) nego neo3teéene biljke (10,4), a isto tako da su osteéene biljke
imale u prosjeku vece visine (=38,3 cm) nego neodtecene (=42,3). U-test je pokazao (uz granicu
signifikantnosti 99 %) signifikantnu razliku u prosjetnom broju listova po biljci. Uzrok tomu
nedvojbeno je i to 5to su o3teéene biljke imale i veée visine (42,3 cm) od neostecenih (38,3 cm).
Isto je tako test pokazao da je divljag, do kraja mjeseca srpnja, radije konzimirala listove.

Vainost otvorenih povi¥ina nije samo u proizvodnji pafe za divlja¢ (pretpostavlja se da
divlja¢ potrebe za brstom zadovoljava u $umi), nego je ovdje rijet o sljeded¢im funkcijama;

— Prostor za parenje

— Prostor za kocéenje (leZenje) mladunéadi

— Prostor na kojem se divlja¢ moZe brZe osuSiti nakon kie

— Olak3avanje osmatranja i odstrela

— Zagtitna funkcija ~ naime osnivanjem krmnih povriina u sredi¥njim dijelovima
lovista divlja¢ se primamljuje na njih te puno manje izlazi na obalni prostor na koji
dolazi na paSu gdje najée¥ce postaje meta zvjerokradica i krivolovaca koji na nju
pucaju iz barki, odnosno s pugine.

Prilikom osnivanja travnjaka sijane su iskljudivo trave i djeteline navedene u tablici 6.
Medutim, za divlja¢ je mnogo povoljnije da na travnjacima bude u smjesi i nedto zeljanica jer
neke imaju bolju hranidbenu vrijednost od trava, a osim toga produljuju vegetaclju travnjaka te
on dulje vrijeme stoji na raspolaganju divljagi.

Radi boljega uvida u koristenje travnjaka u lovistu tijekom 1999, godine praéena je divlja&
iz dviju zatvorenih osmatracnica, od kojih je svaka bila smje3tena u jednom rasadniku. (tablica
11). Pri tome se mora napomenuti da mufloni nisu izlazili u rasadnik “A. Petrati¢”, ali su
redovito izlazili u rasadnik Topolje. Jelen aksis na pasu izlazi samo naveger i drZi se travnjaka
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tijekom cijele noci. Mufloni obi¢ne izlaze na pa¥u rano ujutro. Sat izlaska na paSu tijekom
godine se mijenja. Iz tablice 11 moZe se vidjeti da je u rasadnik Topolje prosjedno izlazilo na
pa3u 13 grla divljagi, od toga 11 grla muflonske divljadi i 2 grla jelena aksisa, dok su u rasadniku
“A. PetraCic” pasla prosje€no 4 grla jelena aksisa. S tim u svezi moZe se re¢i da je ovaj broj
divlja¢i u rasadniku Topolje u visokoj korelaciji s malom pokrovno3éu jer se broj muflonskoga
krda koje je paslo u rasadniku kretao od 3 do 22 grla, a kod jelena aksisa od 1 do 5 grla. Pri tome
Je jedan od razloga za intenzivnije koristenje rasadnika Topolje bilo spremi’te za kukuruz koje
se nalazi u njemu. Time su se prehrambeni potencijali travnjaka znatno smanjili te se moralo
pribjeéi novom preoravanju travnih povriina i ponovnom zasijavanju travnim smjesama. Dakle,
ne moZe se rei da je termin prvotne sjetve bitno ugrozio rast selekcioniranih trava, djeteline i
lucerne. Na njihov razvoj u prvome je redu utjecala divlja& svojim djelovanjem koja se ovdje
nagomilala iz vide razloga:

* Blizina ograde — nakon podizanja ograde-pregrade u lovistu se jo uofava da glavnina
tragova divljadi vodi uz samu ogradu. Vjerojatno divljag traZi moguée prijelaze kojih
nema.

* Odmah pored livade s druge strane glavne ceste nalazi se branjevina hrasta crnike
te tako divlja¢ (osobito jelen aksis) u njoj nalazi prvoklasan zaklon (gotove je
neprohodna za ¢ovjeka), a na veder izlazi na pasu u rasadnik.

* JugoistoZno od rasadnika nalazi se stari kamenolom na koji se odmah smijestila
muflonska divlja te odatle obi&no kreée na pasu.

* Trasa Sume izmedu rasadnika Topolje i ceste sluZi divlja&i kao paravan kojim je
zakrita od €ovjeka. Naime, ovom cestom, koja je glavna u lovidtu, dosta prolaze
automobill i turisti,

* Nasad Cifoke privukao je divljaZ na ovu plohu pa se divlja¢ hranila i na travnjacima.,

*® Jzostanak odstrela pridonio je grupiranju muflonske divijaéi u veliko krdo (koje je
veé prve godine znalo brojiti 40 grla), koje je predvodila uvijek jedna te ista stara
ovca. Naime, poznato je da u takvim sluajevima treba razbiti krdo na vife manjih
odstreljivanjem vode krda, Ovdje je nuZno pretpostaviti kako je velifina krda
vijerojatno posljedica zajednitke dopreme, drZanja u karanteni i ispudtanja u novo
staniSte, a ne posljedica loih hranidbenih uvjeta u lovistu.

Na biljni sastav i pokrovnost travnjaka divljag utjete na vise nadina:
* Pa%om i gaZenjem uni¥tava biljni pokrov.
* Uriniranjem i defekacijom gnoji tlo ¢ime se pobol_]§ava_|u uvjeti za rast biljaka.

Razbijanjem krda muflonske divlja®i formiranjem viSe travnih povrina rasteretio
bi se rasadnik Topolje, a time bi se smanjili trofkovi uzgoja divlja&i jer bi travne vrste
(nadosijavanje) trebale obnavljati mnogo rjede (svake Cetvrte ili pete godine). Zanimljivo je da
divljaé nije uzimala sijeno s hranilica i iz stogova, te nije htjela lizati sol na soliftima (izlagala
se kamena sol). To pokazuje da divljag tijekom godine ima dovoljno prirodne suhe hrane te u
eumediteranskim uvjetim nije potrebno predvidati prihranu kabastom hranom za muflonsku
divlja¢ i jelena aksisa. Te podatke nije bilo potrebno mjeriti jer uzimanja sijena i soli nije bilo.
Isto je tako nuZno zbog divljadi ograditi spremista za kukuruz iz dvaju razloga:
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* Uo&eno je da divljaé iz njih sama vadi klipove te pri tom oftecuje lovni objekt.

* Pri vadenju klipova oni padaju na tlo te ih Zivotinje jedu s tla, §to nije dobro s gledista
patologije, odnosno zdravstvene preventive. Oko spremista se nalaze fecesi Zivotinja
koji se doduse giste, ali na tlu hrana dolazi u doticaj s izmetom te se prenose razligite
zaraze. Zbog toga se zrnata hrana mora izlagati u koritima.

Od ostalih biljnih vrsta u rasadniku Topolje divljaé je konzumirala sljedede: Setaria viridis,
Setaria glauca, Achilea sp. (samo cvatne glavice), Holcus lanatus, Digitaria sanguinalis,
Cynodon dactylon, Echinocloa crus-galli, Erigeron canadensis, Stenactis annua, Polygonum
lapathifolium, Polygonum aviculare, Solidago serotina, Rumex acetosa, Rumex acetosella,
Chenopodium album i Hypericum veronense, dok vrstu Inula viscosa divljaé nije pasla U
rasadniku “A. Petrati¢” pocela se §iriti Artemisia vulgaris, ali divlja¢ ju nije pasla.

Iako su se biljke ¢i€oke do lipnja dobro razvile, o femu svjedodi slika 8, divljaé je do kraja
srpnja uniitila polovinu biljaka. Uzrok je tomu konzumiranje listova, nakon &to je stabljika
postala pretvrda za pasu. Za odredivanje kapaciteta plohe &i¢oke moZe se upotrijebiti tablica I1.
Cigoku nisu brstili samo mufloni (prosjetno 11 grla dnevno), nego i jelen aksis (u prosjeku 2
grla dnevno). Citoka zbog svoje sotnosti u ljetnim mjesecima pruZa vrlo dorbu pasu. Zbog toga
ju je preporuéljivo saditi u sredozemnim lovistima, pogotovo kada se zna da muflonska divljaé
slabo uzima vodu s pojilista. Nije potrebno saditi krupne gomolje jer se divlja¢ zadovoljava
i njihovom pa%om, ne iskopavajuéi i ne jeduéi gomolje. Zbog toga je dovoljno saditi sitnije
gomolje, ali veci braj po jedinici povrSine, te formirati polja ¢i€oke isklju€ivo za potrebe pase.
Pri tome znadajnu ulogu ima gnojenje. U ovom slu¢aju gnojenjem se (125 kg gnojiva NPK 15-
15-15/ha) dobio znatan prirast. Medutim, pokazalo se da navedena povrdina nije bila dovolina
za prehranu divljaéi jer je u potpunosti opustofena veé sredinom srpnja (slika 28). Vjerojatno je
to jedan od razloga zasto je divljaé tijekom ljeta intenzivnije brstila. Ako bi se u lovi$tu osnovale
vece povriine Eifoke na viSe lokacija, tada bi je bilo vife nego dovlino za prehranu te bi se
smanjio pritisak na sastojine u fazi obnove.

Podaci dobiveni snimkom pofetkom lipnja upucuju na to da divlja¢ slabije pase icoku
do potetka ljeta, te ju nije potrebno ogradivati, Tek kada nastupe sudni uvjeti, a veéina trava i
zeljanica se osusi, divljaé pocinje s pafom ¢i€oke, u prvom redu odgrizanjem vrhova, odnosno
stabljika, a poslije viZe odgrizanjem listova, a manje odgrizanjem stabljike.

Visina odgrizanja biljaka &ioke (47 cm) pribliZzno se podudara s rezultatima koje je debio
Sajfert (2001) mjereéi visinu odgrizanja runjikastoga jaguca (Picris hieracioides L.}, a koja je
iznosila 45 cm. Tijekom intenzivne page &ifoke visina odgrizanja ja pala na 35 cm, §to znadi
da je divlja&, razmjerno pogorfanjem Zivotih uvjeta, posegnula za jadim iskoriftavanjem
stabljika ¢igoke. Usporedujudi visine oftecenih i neostecentih biljaka pocetkom lipnja, uoéljiva
je signifikantna razlika, odnosno biljke s cbgrizenim vrhom imale su vede visine od onih
neoitecenih. To bi se moglo objasniti sljedec¢im: visina od 47 c¢m optimalna je za odgrizanje
jer divlja¢ time ne samo §to odgriza najkvalitetniji dio biljke nego je pri toj visini osigurano
maksimalno vidno polje koje divlja&i omogucuje dobar pregled terena i pravodobno uogavanje
predatora. lako na Rabu nema velikih predatora koji bi se mogli hraniti muflonom i jelenom
aksisom (osim fovjeka), to pokazuje da je divljag oprezna instinktivno. ‘

Tijekom 1998. i 1999. godine u loviétu je uoZeno bjeZanje jelena aksisa iz ogradenoga dijela
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lovista. Naime, uoceno je da jelen aksis pliva iz ogradenoga u neograden dio lovidta i obratno.
To je u skladu s &injenicom da je muflonska divlja& mnogo agresivnija te da je jelen aksis
prisiljen traZiti druga stani$ta. Pregradivanjem lovista na prehrambenu strategiju mufionske
divljagi ne moZe se vide gledati u okvirima teorije optimalnoga hranjenja jer im je iskljuena
moguénost migracije u druga hranidbeno bogatija stanista, ako se resursi u sada¥njem lovitu
iscrpe. Jelen aksis nema tth problema jer mu vodena povr3ina nije znaZajnija prepreka. Zbog
toga bi se trebala veca pozomost posvetiti podizanju hranidbenih potencijala stanidta (koji
dodu3e jo¥ nisu naruSent), ako bi se kapacitet divljati Zelio povecéati.

Kljuéne rijedi: muflon (Ovis ammon musimon Pal), jelen aksis (dxis axis Erx.), Eitoka
(Helianthus tuberosus L.)

41



J. Margaleti¢, M. Glava¥, N. Turk, Z. Milas, V. Staregina: Small rodents reservoires of leptospiroses
in the forests of Posavina in Croatia. Glas. Sum. pokuse 39: 43 — 65, Zagreb, 2002.

UDK: 630*151 Original scientific paper
Izvorni znanstveni clanak

SMALL RODENTS RESERVOIRES OF LEPTOSPIROSES
IN THE FORESTS OF POSAVINA IN CROATIA

SITNI GLODAVCI KAO IZVOR LEPTOSPIROZA
U POSAVSKIM SUMAMA U HRVATSKOJ

JOSIP MARGALETIC*, MILAN GLAVAS*, NENAD TURK**,
ZORAN MILAS**, VILIM STARESINA **

* Department of Forest Protection and Wildlife Management, Faculty of Forestry,
University of Zagreb, P. O. Box 422, HR — 10002 Zagreb
** Department of Microbiology and Infectious Diseases with Clinic, Veterinary Faculty,
University of Zagreb, P. O. Box 466, HR — 10002 Zagreb

Received — Prispjelo: 22.7. 2002. Accepted — Prilivadeno: 7. 12. 2001.

Small rodents from the subfamilies Muringe and Arvicolinge are a reservoires of
infectious diseases affecting humans, domestic and wild animals. The paper presents the
results of research on these mammals as the reservoirs of leptospiroses. The samples were
collected from April to November 2000 in the forests of Posavina in Croatia. The forests
are managed by 11 forest administrations of the public enterprise “Croatian Forests”, Ltd.
The following species of small rodents were detected: Apodemus agrarius, A. flavicollis,
A. sylvaticus, Arvicolla terrestris, Clethrionomys glareolus, Microtus agrestis, M. arvalis
and Mus musculus. The dominant species in the studied plots {(44) were A. flavicollis and A.
agrarius. Most individuals were captured in the forests managed by forest administrations
Popovada (25.86 %) and Nova Kapela (17.94 %). 83.82 % of the animals were caught
in the forest communities of Genisto elatae - Quercetum roboris caricetosum remotae,
Genisto elatae - Quercetum roboris caricetosum brizoides and Carpino betuli - Quercetum
roboris ppicum. The majority of them were captured during autumn months, A total of
379 animals were analysed with the method of renoculture were down in Korthof’s liquid
medium and serological reaction to microscopic agglutination with 12 serological variants
of the Leptospira. A total of 17 Leptospira strains were isolated with rencculture from the
individuals of three rodent species (M. musculus, A. flavicoliis and A. agrarius) caught in
the localities in Kutina, Velika Gorica, Popovaga and Nova Kapela. The antibody titre to
Leptospira was identified in 48 animals of the following species: 4. agrarius, A. flavicollis,
M. musculus, C. glaveoufus-and A. sylvaticus.

Key words: small rodents, forest ecosystems, leptospiroses, Posavina, Croatia
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INTRODUCTION
UuvoD

Forests are complex ecosystems supporting a large variety of organisms. Biodiversity,
sustainable management and natural regeneration are the basic postulates of past, present
and future development of forests and forestry (Gracan et ol 1998). In Croatia, forests cover
about two million hectares. The total forest area with pedunculate oak (Quercus robur L.) as
the dominant species accounts for 201,739 ha, which is 10 % of the overall forest area (Klepac
1996, Klepac & Fabijani¢ 1996).

Small rodents from the subfamilies Murinae (the true mice) and Arvicolinae (the voles)
directly influence forest regeneration by damaging forest seeds, seedlings and young plants
(Margaletic 1998). Damage is particularly high in the years of their overproliferation.
Croatia’s lowland forests are inhabited by the following species of small rodents: bank vole
(Clethrionomys glareolus Schreib.), water vole (drvicola terrestris L.), common pine vole
(Microtus subterraneus de Sel.), common vole (M. arvalis Pall), field vole (M. agrestis
L.), Alpine pine vole (M. multiplex Fat), striped field mouse (Apodemus agrarius Pall),
wood mouse (4. sylvaticus 1..) and yellow-necked mouse (4. flavicollis Melch.) (Margaleti¢
1998, Glavas & Margaleti¢ 2001, Margaleti¢c & Glava$ 2001). The high population densities
and width of ecological valence make small rodents an important part of almost any forest
ecosystem. They represent a significant group of animals which link the primary producers with
higher trophic levels. These mammals have exceptionally sharp, characteristic front incisors
(Delany 1974). Their breeding potential is very high (Kowalski 1976).

Small rodents are reservoires of various infectious diseases (zoonoses) of human, as well
as domestic and wild animals and they play an important role in spreading zoonoses, infectious
and parasitic diseases (trichinosis, leptospirosis, tick encephalitis, Lyme disease, hemorrhagic
fever with kidney syndrome and others) (Béumler 1975, Geisel ef ol 1979, Barrow 1981,
Bordi€ ef al. 1982a, 1982b, 1983). This depends on the rodent population size, their distribution,
mobility, feeding intensity, habitat conditions and breeding potential, as well as the number
and distribution of wild and domestic animals susceptible to infectious diseases. Small rodents
transmit the causes of infectious diseases actively (secretions or excretions) or passively
(ectoparasites and endoparasites). The spread of diseases transmitted by mice and voles can
seriously endanger the health and the number of receptive wild animal species, disturb the
balance of the forest ecosystem, or inflict vast damage to organised management of good-quality
hunting game. In lowland oak forests, which are the most widespread in the Posavina region of
Croatia, zoonoses particularly affect people who work there or who occasionally spend some
time there (foresters, gamekeepers, hunters, natural scientists, soldiers, hikers and others). As
germ carriers, small rodents may occasionally or permanently secrete the causes of infectious
diseases and contaminate their living environment with their secretions or excretions, turning it
into intermediary and secondary sources of infectious diseases (Zaharija 1980, Cvetni¢ 1993).

This paper deals with leptospirosis. It is an acute septicaemic infectious disease affecting a
wide range of domestic and wild animals, as well as human, which usually occurs enzootically.
It is clinically manifested in icterus, sometimes in haemoglobinuriam, and in abortion in cattle

N
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and pigs. Leptospirosis is caused by pathogenic spiral-shaped bacteria of the genus Leptospira
{Noguchi 1918) which comprises several genomospecies (Ellis 1955, Brenner ef al. 1999),
24 serogroups and more then 250 serovars (Kmety & Dikken 1993). This research gives new
insights into the representation of some serological Lepfospira strains (serovars) in the studied
localities and identifies small rodents species infected with leptospiroses in the studied localities
of Posavina.

The results of research of small rodents as the reservoirs of zoonoses (leptospirosis,
tularaemia, rabies, hemorrhagic fever, etc.) in Croatia have been published in the following
papers: Bor€i¢ et al. 1982a, 1982hb, 1983, 1986, 1987, 1999, etc. These authors have recorded
a natural focus of tularaemia and leptospirosis in the lowland part of northern Croatia, while
hemorthagic fever and rabies were identified in the localities of Plitvice, Dinara, Turopolje,
Psunj, Papuk and Central Posavina.

Leptospiroses in micro mammals in the area of Croatia were also studied by Zaharija
(1968). He studied nine rodent species, 1,431 animals, of which leptospiroses were detected
in the following four species: M. arvalis, Mus musculus (1..), Crocidura sp. and A. agrarius.
On six localities in Podravina and Posavina he isolated 28 leptospira strains of the following
serological variants: grippotyphosa (21), sejroe (4) and ballum (2). Bor&ié et af. (1982a) studied
small rodents in the River Sava valley. In seven localities 1,734 animals were caught, of which
15 species were identified, dominated by M arvalis (38 %) and A. agrarius (32 %). A total
of 675 animals were analysed with renoculture and 580 animals were analysed serologically.
In the animals under study an infection with leptospires of the serologic variants pomona and
grippotyphosa was identified with isolation and serology. Earlier papers were mostly concerned
with small meadow and field rodents as sources of leptespiroses, while this paper deals with
infected small rodents inhabiting forest stands, which are natural foci of these diseases.

RESEARCH AREA
PODRUCIJE ISTRAZIVANJA

The research was conducted in the forests of Posavina in Croatia. The forests included
forest stands managed by 11 forest administrations of “Croatian Forests” Ltd (Figure 1).
Several sample plots were set up in each locality (a total of 44). Small rodents were collected
in between April and November 2000, In the majority of the localities samples of small rodents
were collected twice a year, in spring and autumn. Samples were not taken from the end of July
to the beginning of September.

Rodents were captured in the following forest communities: Gernisto elatae-Quercetum
roboris caricetosum remotae, Genisto elatae-Quercetum roboris caricetosum brizoides,
Carpino betuli-Ouercetum roboris typicum, Carpino betuli-Quercetum roboris fagefosum,
Carpino betuli-Quercetum roboris quercetosum cervis, Carici pilosae-Fagetum sylvaticae,
Epimedio-Carpinetum betuli, Leucoio-Fraxinetum angustifoliae and Frangulo-Alnetum
glutinosae (Vukeli¢ & Raui 1998). The forest communities of Carici pilosae-Fagetum
sylvaticae, Epimedio-Carpinetum betuli, Leucoio-Fraxinetuin angustifoliae and Frangulo-
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Alnetum glutinosae encompassed by the research, are distributed in the studied localities
of state hunting grounds “Garjevica™ (no. VII/4) (Carici pilosae-Fagetum sylvaticae and
. Epimedio-Carpinetum betuli) and “Radinje” (no. XII/16) (Leucoio-Fraxinetum angustifoliae
and Frangulo-Alnetum giutinosae).

L]
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.6 o7

R , Legend: 1 Karlovac

) 2 Velika Gorica

: 3 Popovada

' 4 Kutina
5 Stara Gradiska
6 Nova Gradiska
7 Nova Kapela
8 Vinkovci
9 Otok

% 10 Vrbanja
» "« 11 Gunja

‘\‘\

Figure 1. The localities where small rodents were collected
Slika 1. Lokaliteti uzorkovanja sitnih glodavaca

In the area managed by the Forest Administration Zagreb, research was done in the localities
of the following Forest Offices: Popovada (MU ,Popovadke nizinske Sume®, localities:
,Paljevitka®, compartment/subcompartment 90b; “Ravnik”, compartment/ subcompartment
95b and “Veliki Ravnik” compartment/subcompartment 99a), Velika Gorica (MU “Turopoljski
Lug”, localities: “Vratovo”, compartment/subcompartment 98a; “Klenovo”, compartment/
subcompartment 120a, “Rastine”, compartments/subcompartments 90a and 59a, and “JalSeva
Greda”, compartment/subcompartment 58a) and Kutina {MU “Kutinska Garjevica”, localities:
“Izbjeljeno Brdo”, compartment/subcompartment 102a; “Sib”, compartments/subcompartments
110a and 116a, and “Poznanovié¢ Planina”, compartment/subcompartment 111a).

In the area managed by the Forest Administration Karlovac, research was done in the
Forest Office Karlovac, MU “Re¢i¢ki Lugovi, in the localities “Stara Brajnica (compartments/
subcompartments 26a, 27b and 77a), “Prekblatnica” (compartment/subcompartment 70a) and
“Mokrice” (compartment/subcompartment 33a).
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In the-area of the Forest Administration Nova Gradigka, research was done in the following
Forest Offices: Stara Gradiska (MU “Ljeskovage”, locality “Ljeskovaga”, compartments/
subcompartments 24a, 25b, 26a, 26b, 29a and 30a), Nova Gradigka (MU “Kljudevi”, locality
“Kljugevi”, compartments/subcompartments 27a, 32a and 35a) and Nova Kapela (MU
“Radinje”, localities: “Rastovica”, compartment/subcompartment 49a, “Hajdutka Greda”,
compartments/subcompartments 12b and 13b; “Vlakanac”, compartment/subcompartment
16d; “Ruicica”, compartment/subcompartment 17a; “Vrap&a”, compartment/subcompartment
22a and “Lukovo”, compartment/subcompartment 50a).

In the area of the Forest Administration Vinkovei, rodents were caught in the localities of
the following Forest Offices: Vinkovei (MU “Kunjevei”, locality “Kunjevei”, compartments/
subcompartments 29a and 32a), Otok (MU “Slavir”, locality “Tikar®, compartments/
subcompartments 152a and 152b), Vrbanja (MU “Vrbanjske Sume”, locality “Svenovo™,
compartments/subcompartments 147c, 150a, 150c and 150d) and Gunja (MU “Trizlovi-
Rastovo”, locality “Radenovci”, compartments/subcompartments 44a, 45a, 46a and 461).

Figure 2 shows the number of sample plots set up in the forest communities in which animal
samples were taken.

19

20 O Carpino betuli-Querceturn roboris
. 18 typicum
2 16 14 O Genisto elatae-Quercetum
o 3 roboris caricefosum remotae
agsl4 )
E a 12 O Genisfo elatae-Quercetum
S roboris caricetosum brizoides
S g10 . . o
53 8 O Leucoio-Fraxinetum angustifoliae
L
§ % 6 4 .
o OFrangulo-Alneturn glutinosae
2 4
l_
2 [ Caricf pilosae-Fagetum sylvalicae
0
Farest communities M Epimedio-Carpinetum betuli
Sumske zajednice

Figure 2. The number of sample plots by forest communities in which samples of small
rodents were trapped

Slika 2. Broj pokusnih ploha po pojedinim Sumskim zajednicama na kojima su uzorkovani
sitni glodavei
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METHODS
METODE

Small rodents were trapped with Sherman snap traps and live-traps. The traps were set
up in transects at a distance of 5 - 7 m and were baited with apples, as well as a mixture
of oatmeal and sardines in oil. The collected individuals were identified according to
Niethammer & Krapp (1978, 1982) and deposited to Faculty of Forestry from University
of Zagreb.

A total of 379 rodents were analysed serologically and bacteriologically in the Institute
of Microbiology and Infective Diseases at the Faculty of Veterinary Science in Zagreb.
A method of microscopic agglutination was used as a standard method of serologic
diagnostics and leptospira classification. In case of the presence of antibodies in the basic
dilution 1:100, the samples were tested in higher serum dilutions (1:500, 1:1000, etc.}. The
highest antibody titre to an individual leptospira antigen or serovar in the serum indicates
a “possible” serovar responsible for the infection (Johnson 1976). Each blood sample was
tested with the antigens L. interrogans sv: icterohaemorrhagie, ballum, australis, pomona,
grippotyphosa, sejroe, saxkoebing, bataviae, tarassovi, canicola, poi and hardjo. To
isolate leptospira, the positive individuals were treated with the renoculture weredown in
Korthof’s liquid medium.

Atotal of 17 leptospire strains isolated from A. flavicollis, A. agrarius and M. musculus,
which were collected in Kutina, Popovaga, Velika Gorica, Nova Kapela and Otok, were
sent to Pasteur Institute (Paris, France), where the PEGE- pulsed-field gel electrophoresis
was done. The PFGE analysis consists of the following: after restricting a chromosome
DNA with the restriction enzymes “Notl” and “Srg Al”, the restriction profiles of the tested
serovars (serologic variants) are compared with the referent serovar profiles. This method
may determine leptospires at the serovar level, that is, establish their physical map (Baril
& Saint Girons 1990). The PFGE analysis with the restriction enzyme “Notl” isolates the
serovars of “sejroe” and “pomona” serologic groups (serogroups), while the analysis with
the restriction enzyme “Sgr Al” isolates the serovars of the “australis” serologic group.

RESULTS
REZULTATI

A total of 445 small rodents were collected in all the localities, and 379 were analysed in
the laboratory (85.17 %). The remaining 66 individuals were not analysed due to predator
damage or tissue decomposition caused by atmospheric occurrences (high temperature). The
results of analysed individuals by species and localities are given numerically in Table 1. The
animals were collected in the area of 10 different forest offices in Upper, Central and Lower
Posavina. No samples of small rodents were caught in the area of the Forest Office Vinkovci,
and therefore there are no results of the leptospira infection from this locality.
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Table 1. Analysed small rodents by locality of collection and sex of the animal. *First row
— number of analysed animals. Second row — the first number are males and the
second females

Tablica 1. Prikaz prefrafenih sitnih glodavaca prema lokalitetu uzorkovanja i spolu
Zivotinje. *Prvi red— broj analiziranth Zivotinja. Drugi red— prvi brojf predstavija
muski, a drugi broj Zenski spol

Animal
species .| Velika . N . Sura Nova Nova s
Yotz Kutina Gorica Popovata | Vrbanja | Gunja Gradiska | Kapela ok Graditka Karlovac z %
iivotinfe
Apodemus 0 2 33 9 1 12 33 5 8 5 108 285
agratius @ | won | em | o | we | @Ers | e | om (213) (26/82) -
Apodemus 8 10 38 6 2 1 1 6 5 24 11 293
flavicollis (3/3) (6/4) (9/29) (3/3) (1) ({14 }] (3/6) (4/2) (1/4) {11/13) (43/68) N
Apodemus 2 2 HE 7 7 o 4 ] 3 13 62 164
ghvaticus | ) | o6 | (55 oy | @) am | ew | am (3/10) (23/39) -
Arvicola 1 1
terresiris 0 o (/1) o o 0 0 o ° 0 ©1) 03
Clethrionomys 1 ] 12 4 6 1 19 1 1 3 53 139
ghweals | 0y | @wmy | ©12 | e | | am | e | omn | @n 03 {17/36) -
Microtus 2 2 2 6
agresds O lam | em 0 0 0 0 0 ° RO 12 14
Microtus 3 L 1 | 6
arvalis ® fam| ° oy | ° ° oy |on| ° 0 2 1.6
ae
Mus 1 1 32
musciles (1137)" ° ) 0 o e 0 0 0 o asiay | B4
v 41 31 98 27 16 15 68 19 17 47 379 1000
erey | oo | @ere | une | sny | @m | eaaa| ean | eas | amso (136/243) -

The following species of small rodents were trapped: 4. agrarius, A. flavicollis, A. sylvaticus,
A. terrestris, C. glareolus, M. agrestis, M. arvalis and M. musculus. The dominant species were
A. flavicollis (111 individuals) and 4. agrarius (108 individuals), while the most numerous vole
was C. glareolus (53 individuals) (Figure 3). The highest number of collected individuals was
in Popova&a (100 animals or 25.86 %). In the total of 379 analysed individuals, 136 were males
and 243 females.

The majority of M. musculus (93.75 %) were captured in the closed facilities of the state
hunting ground “Garjevica” (Forest Office Kutina).

The antibody titre to leptospires was detected in 48 animals in all the localities. The species
include A. agrarius, A. flavicollis, M. musculus, C. glareolus and 4. sylvaticus (Table 2). Table
3 gives detailed analysis of the presence of antibodies against serological variants of leptospires
according to the highest antibody titre (quantity). The amount of 34.38 % of M. musculus, 14.18
% of A. agrarius, 10.81 % of A. flavicollis, 6.45 % of A. sylvaticus, and 9.43 % of C. glareolus
species were found to be serologically positive. Serological variants saxkoebing and hardjo were
found in M. musculus, while four isolates remained unidentified with the antibody titre 1:100.
In A. agrarius, the serological variants of grippotyphosa, sejroe, pomona, icterohaemorragiae,
tarassovi and hardjo were found, while the analysis of 4. flavicollis showed the presence
of antibodies against the australis, pomona, saxkoebind and bataviae serological variants.
Four antibody findings remained unidentified with the antibody titre 1:100. In 4. sylvaticus,
serological variants sejroe, pomona and tarassovi were found, while the analysis of C. glareofus
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revealed the presence of the antibodies of serological variants sefroe, australis, saxkoebing and
hardjo. Five isolates remained unidentified with the antibody titre 1:100 (4) and 1:500 (1).
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Figure 3. The number of small rodents according to species tested for leptospirosis during
the year 2000.

Slika 3. Broj sitnih glodavaca po vrstama obradenih na leptospirozu tijekom 2000. godine

Table 2. The presence of antibody titres to leptospires according to small rodent species
Tablica 2. Prisutnost titara protutijela na leptospire po vrstama sitnih glodavaca

Total
. Total number
Smallléﬁr;ge;;fglccms :au%t;gii analysed Antibody titre % infected % analysed
glodavaca UIE: . Ukupno Titar protutijela % inficiranih | % pretraZenih
ulovijeno pretraZeno

Apodemus agrarius 135 108 16 14.81 80.00

Apodemus flavicollis 133 111 12 10.81 83.46

Mus musculus 36 32 11 34.38 88.89

Cletrioronys 61 53 5 9.43 86.89

Apodemus sylvaticus 62 62 4 6.45 100.00

Microtus agrestis 7 6 0 0.00 85.71

Microtus arvalis 10 6 0 0.00 60.00

Arvicola terrestris I l 0 0.00 100.00

Total - Ukupno 445 379 43 12,66 85.17
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Table 3. Antibodies against leptospires in the serum of analysed animals by the highest

titre
Tablica 3. Nalaz protutijela za leptospire u serumu pretraienih Zivotinja prema najvisem
titru
Serological leptospires variant
3
2 <] v [
-’?} 2 :-E .§ E IE = 25 -FE-
=4 & |3 Fl | w S| 25|88
o B = a n
- RN EHHE RIS
Animalspecies | 8 & = | & 5| 5| 2| 5| 5| &| 8|S §| 85T &S LR
SEl & |5 7|88 8 8|F|5|8] |F|E|EE|EY
Vrsta Bl O ) 8 = E|E F|e 5
25| 3 3 2|Ego |88
Zivotinfe = g - ’5 & S
) <
1:100 3 14| 3 |
Mus musendus | 32 1:500 2 1 3 34,38
z 5 2| 4 11
Apodemus 1100 [ 2 [ 1 4 1(2 3 13
108 14,31
agrarius 1:500 3 3
z 211 7 112 3 16
1:100 3 1 1 4 9
Apodemus 1:500 1 ‘ 1
111 10,81
Pavicollis 1:1000 1 1
1:2000 1 1
z 511 1 1 4 12
Apodemus 1:100 1 1 1 3
62 6,45
sylvaticus 1:500 [ 1
z 1 2 1 4
Clethrionomys 1:100 1 1 1711 4
53 9,43
glareolus 1:500 1 1
p> 1|1 1 1]1 5
z 366 13,11
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Table 4. Antibodies against leptospires with the microscopic agglutination reaction and
leptospire isolation with renoculture in dependence on the locality and small rodent
species. *First row—number of analysed animals. Second row-the first number
represents antibodies against leptospires and the second leptospire isolation

Tablica 4. Nalaz protutijela za leptospire reakcijom mikvoskopske aglutinacije i izolacija
leptospira renokulturom ovisno o lokalitetu i vrsti sitnih glodavaca. * Prvi red
— broj pregledanih Zivotinja. Drugi red — prvi broj predstavija nalaz protutijela
na leptospire, a drugi brof izolata leptospira

Small
rodent . Stara Nova
s;;/ecles Kutina Ve['.k a | Popo- Vrl?a- Gunja | Gra- Nova Otek | Gra- Kar- z %
rste Gorica | vala nfa " Kapela . lovac
L diska dizka
sitnifi
glodavaca
Apodemus 0 2 33 9 1 12 33 5 8 5 108 283
agrarius (2/0) @Gy | e | (140) | (161) i
Apodemus 3 10 38 6 5 [ 11 6 5 24 111 29.1
flavicoltis @ | 6m o | o oy | oy | :
Apodemus 11 7 7 62
sylvaticus 2 ? @o | ao | o 0 4 6 3 Bl oy | 163
Arvicola 1
rertris 0 0 1 0 0 0 0 0 0 0 | oy | 03
Clethrio-
5 1 19 1 53
v I 12 4 [} 1 3 ; 139
g;‘:z,;g (2/0) oy | @) (5/0)
Microtus ’ 6
agrastfs 0 2 2 0 0 0 0 4] 0 2 0/0 1.6
Microtus 6
g 0 3 0 1 0 0 1 1 0 N 1.6
Mus 30 32
museutus | (1110) | © ! 0 0 ! 0 Ol oY g ¥4
T 41 31 98 27 16 15 68 19 17 47 379 99.9
o | @ | a2 | @o | aoy | G | asdy | oo | g | ey | asan .

Table 4 gives the results of captured individuals, and antibodies against leptospires and
Ieptospire isolation by small rodent species and locality. Leptospira antibodies were detected in
48 individuals, while leptospira isolation was positive in 17 individuals. In 108 individuals of A.
agrarius (28.3 %), antibodies against leptospires were found in 16 animals, while in four animals
the isolate was obtained. In 111 individuals of A. flavicollis (29.1 %), the leptospires antibodies
were identified in 12 cases, and in three cases the strain was isolated. In 62 4. sylvaticus the
microscopic agglutination reaction revealed leptospires antibodies in four animals, while no
isolate was obtained. In 4. terrestris, M. and M. arvalis, no leptospira antibodies were found, nor
isolates obtained. In 53 individuals of C. glarealus, the leptospires antibodies were found in five,
while no isolates were obtained. In 32 M. musculus the leptospire antibodies were identified in
11 individuals, while renoculture provided 10 leptospire isolates.
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In the locality Kutina (the hunting ground “Moslavina™) leptospires antibodies were found
in 11 of 41 analysed animals, while isolation was in 10 individuals. All leptospires were found
in succesfull M. musculus. No leptospires were found in 4. fAavicollis, A. sylvaticus and C.
glareolus.

In the sample of 31 analysed rodents in Forest Office Velika Gorica, antibodies were found
in six animals, and only one isolate was found. Approximately 50 % of 4. flavicollis and C.
glareolus were found to be infected with leptospires, while no leptospires were found in A.
agrarius, A. sylvaticus, M. agrestis and M. arvalis.

A total of 98 animals from the stands in the Forest Office Popovaca were analysed. The
structure of the catch by species is given in Table 4. The antibodies for leptospires were found
in seven animals, while leptospires were isolated in only two cases. Infection was found in a
smaller part of the population of 4. agrarius, A. flavicollis and A. sylvaticus, while no infection
was detected in the populations of other species (4. ferrestris, C. glareolus, M. agrestis and M.
musculus). In Forest Office Vrbanja the antibodies to leptospires were recorded only in one A,
sylvaticus. The same result was obtained in Forest Office Gunja.

In Forest Office Stara Gradigka the antibodies to leptospires were found in five specimens,
while no leptospires were isolated. Infection was confirmed in the species A. agrarius, 4.
favicollis and C. glareolus. A similar result was obtained with the animals captured in the
Forest Offices Otok, Nova Gradika and Karlovac. The antibodies were found in a small part of
the population of A. agrarius, A. flavicollis and A. sylvaticus, while the leptospire isolation did
not yield a positive result. No leptospira infection was recorded in other species of small rodents
captured in the localities Otok, Nova Gradiska and Karlovac.

The antibodies to leptospires were recorded in 13 animals in the Forest Office Nova Kapela
(the hunting ground “Radinje™), while leptospires were isolated in four animals. One part of
the animal population belonging to the species A. agrarius, A. flavicollis and C. glareolus was
found to be infected with leptospires, while infection in other species (4. sylvaticus and M.
arvalis) was not recorded.

Testing individual small rodent species by research localities and forest communities is
given in Table 5.
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Table 5. Testing individual small rodent species by research localities and forest com-
munities
Tablica 5. Uzorkovanje pojedinih vrsta sitnih glodavaca po lokalitetima istrazivanja i Sum-
skim zgjednicama

Forest

office

Suma-
rija

Forcs}_ Apodemus | Apodemus | Apodemus | Microtus | Microtus Clethrio- Arvicolla|  Mus
communities z

e . . . | nomys :
o e favicollis | sylvaticus | agrarius | agrestis | arvalis terrestris | musculus
Biljna zajednica glarcolus

Carici pilose-
Fagetum sylvaticae

Closed objects

Kutina Zatvoreni objekti

Epintedio-
Carpinetum beiuli

Genisto. elatae -
Stara | Quercetum roboris
Grad. | caricetosum
remolae

Carpino betuli-
Querceturs roboris 8 6 2 0 3 4 0 0 23
typicum

Velika
Gorica | Cenisto elatae —
Oruercetum roboris
caricetosum
brizoides

Carpine betuli-
Quercetum roboris 36 13 28 1 1 7 1 0 87
fypicum

Popovala | Genisto, elatae -

Quercetum roboris
caricetosum
remotag

Genisto. clatae -
Cuercetum roboris
caricetosum
Vinkovei | 7emotae

Carpino betuli-
Cuercetum roboris 0 0 0 0 0 0 0 0 ¢
typicum

Genisto. elatae-
Quercetum roboris
caricelosum

Vrbanja renivtae

Carpino betuli-
Quercetum roboris | ' 7 2 2 0 1 2 0 0 14
typicum

Carping betulj-
Gunja | Quercerum roboris 13 & 10 0 1 8 0 0 33
typicum
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Forest

office

Suma-
rija

Clethrio-
nomys
glareolus

Forest
communities
Biljna zajednica

Arvicolla | Mus
terrestris | musculus

Apodenmus | Apodemus-| Apedemus | Microtus | Microtus
flavicollis | sylvaticus | agrarius | agrestis | arvalis

(Genisto. elatae -
Quercetum roboris
caricetosum
remolae

Nova

Kapela Leucoio-

Fraxinctum 5 3 8 0 1 6 0 0 23
angustifoliae

Frangulo-Alnetum
glutinosac

Genisto. elatae-
Quercetum roboris
caricetosum
rémotae

Otok

Genisto. elatae -
Nova | Querceium roboris
Grad, | caricetosum
remotae

Genisto. elatae -
Quercetum roboris
caricelosim
brizoides

16 10 6 2 0 2 0 0 36

Karlovac

Carpino betuli-
Quercetum mboris 10 0 1 0 0 1 0 0 12
typicum

Total - Ukupro 133 62 135 7 10 61 1 36 445

The following number of small rodents was collected in all the localities per forest
community: 147 individuals in Genisto elatae-Quercetum roboris caricetosum remotae, 52
individuals in Genisto elatae-Quercetum roboris caricetosum brizoides, 174 individuals
in Carpino betuli-Quercetum roboris typicum, 23 individuals in Leuncoio-Froxinetum
angustipholiae, two individuals in Frangulo-Alnetum glutinosae, eight individuals in Carici
pilosae-Fagetum sylvaticae, and four individuals in Epimedio-Carpinetum betull.

The renoculture method yielded 17 leptospire isolates from three rodent species: M.
musculus, A. agrarius and A. flavicollis in the localities Kutina, Velika Gorica, Popovada and
Nova Kapela. Serologic analyses of 16 Lepfospira sp. isolate showed that the serovars were
grouped in three serologic groups: sejroe, pontona and australis (Table 6). The serovars of 10
straing (from M, musculus in “Garjevica™) show the highest similarity to the serovar istrica of
the sejroe serological group, the genomic species L. borgpetersenii. Five strains (four from
A. agrarius and one from 4. flavicoilis captured in the Forest Offices Otok, Nova Kapela
and Popovaéa) belong to the serovar fsaratsove of the pomona serologic group, the genomic
species L. kirsheneri. One strain (from A. flavicollis captured in the Forest Office Velika Gorica)
belongs to the serovar lora of the australis serologic group, the genomic species L. interrogans.
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One isolate from A. flavicollis was not defined, but probably belongs to the serologic group
australis.

Table 6. Leptospira isolation with renocculture depending on the species of analysed
animals
Tablica 6. Prikaz izolacije leptospira renokulturom ovisno o vrsti pretrazenih Zivotinja

Animal Analysed Seralogic Leptospira Variant
species renoculture & varijanta leptospira Undefined Total o
: Servlofka . %
Frsta Pratrazeno . Nedeterminirano Likupno
PR sefroe
Zivotinfe renokultura .
australis pomona
Mus 12 10 0 0 0 10 31.25
musculis
Apodenus
Alavicallis 111 0 1 1 [ 3 27
Apodemus 108 0 0 4 0 4 37
agrarius !
Total
Ukupra 251 10 ) 1 5 1 17 6.77
DISCUSSION
RASPRAVA

The animals captured in the studied areas contained the majority of small rodent species that
inhabit lowland forests of pedunculate oak. M. subterraneus and M. multipiex are very rare and
they were not recorded. Most of analysed animals belong to of A. agrarius and A. flavicollis,
while these two species were dominant in the majority of the studied areas. In terms of the
number of analysed individuals from a given locality, most derive from the localities Popovata
and Nova Kapela. Mus musculus prevail in the hunting ground “Garjevica”, where the majority
of animals were captured in indoor premises (roe deer shed and food storage), where they were
attracted by abundant game food that they feed on. The species 4. flavicollis, A. sylvaticus and
C. glareolus were also captured in the stand. 4. agrarius was not recorded there, as the stand
does not suit this species. The animals were collected with traps using the methodology by
Bédumler & Brunner (1988), and Margaletic (1998).

The forest communities of Gewisto elatae-Quercetum roboris caricetosum remotae,
Genisto elatae-Quercetum roboris caricetosum brizoides and Carpino betuli-Ouercetum
roboris typicum account for 83.82 % of the captured individuals. Most were captured in the
autumn months, when the number of small rodent populations increases (Conley & Nichols
1978, Tapper 1979, Chudoba & Huminski 1980, Clarke 1985, Margaleti¢ 1998, Margaletié¢ &
Glava§ 2001). The highest increase in the autumnal population was recorded in 4. agrarius
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in four localities (Popovaca, Nova Kapela, Nova Gradidka and Stara Gradika). The reason
for this probably lies in the vicinity of sample plots to agricultural areas. Apodemus agrarius
characteristically inhabits agricultural areas in the vegetation period, where it is drawn by the
abundance of food, while in the autumn it migrates to the forest (Gliwicz 1980). A study of
the movement of the species 4. agrarius, made by Liro & Szacki (1987), showed that 60 % of
the analysed population travelled over 100 m away from the marking place. The same authors
noted that the longest distances of travelling exceeded 1000 m. In his study of the movement
of A. sylvaticus, Watts (1970) assumed that the upper boundary for this species within its home
range was 130 m. Kom (1986) proved that the home range of A. sylvaticus was usually less than
10000 m?, which means that the diameter of the range was less than 100-150 m. Andrzejewski
& Bibinska-Werka (1986) recorded much larger movement of small rodents.

The study of small rodents as a reservoir of leptospiroses yielded positive results. 17
leptospire strains were isolated from three different species of small rodents in the localities
Kutina, Popovata, Nova Kapela and Velika Gorica. Of 379 analysed specimens, the leptospires
antibodies were found in 48 cases. Most infections where detected in A. agravius, M. musculus
and A. flavicollis. The majority of small rodent detected leptospires antibodies (Table 4) and
positive leptospira isolation were achieved in Kutina (the state hunting ground “Garjevica™)
and Nova Kapela (the state hunting ground “Radinje”). This fact indicates a heightened risk of
infection for the game living in these localities, the consequence of which could cause heavy
losses in hunting management (poorer game increment, miscarriages of fertilised females and
similar) (Kovaci¢ et al. 1984, Kovagi¢ & Karlovi¢ 1984, Kovadi¢ et al. 1985b, Modri¢ &
Karlovi¢ 1977, Modri¢ et al. 1979, Modri¢ & Huber 1993).

The results obtained by microscopic agglutination, isolation of leptospires with renoculture
and macro-restriction of chromosomal DNA show that serovar identification could be a useful
method of gaining better insights into the epizootiology and epidemiology of leptospiroses in
Croatia. Awareness of these facts may be of essential importance in the management of game
as possible receptors of leptospiroses whose basic reservoirs are small rodents. In the area of
the rivers Sava and Drava and their tributaries in north Croatia 3,543 small rodents (subfamilies
Arvicolinae and Murinac) were subjected to renoculture. 2,7 % were identified as carriers
of the leptospira serovariant grippotyphosa (95 individuals) (Bor&i¢ et al. 1987). Of 2,643
animals tested with microscopic agglutination, 3.9 % were found to be agglutinin carriers for
an identified leptospira variant (103 animals). Microtus arvalis proved to be the most common
carrier of this serologic variant. Leptospires of the serovariant grippotyphosa were found more
rarely, or were not found at all in the parts of Podravinian Slavonia and in the catchment area
of the left tributaries of the river Sava (the Cesma, the llova, the Orljava) (Bor¢ic ef af. 1982a,
b, 1983). In the present research, the same serovariant was detected in only two A. agrarius.
Bortic et al. (1986) proved statistically that the infection of 4. agrarius with the leptospira of the
pomona serovariant, as well as its carrier status, was considerably more frequent in this species
than in other species of mouse-like rodents. The incidence of carriership and the presence of
leptospira antibodies of the serovariant pemona (in the same animals), was found to be more
frequent in 4. agrarius than in other rodent species, as well as carriership with the presence of
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these antibodies (Borgi¢ et al. 1986). This supports the high degree of adaptation of these two
organisms, which is generally the property of basic micro-organism reservoirs in the nature. The
species A. agrarius is a natural reservoir of leptospira of the pomona variant in Croatia (Bor¢ié
et al. 1986). The results presented in this paper show that small rodents in northem Croatia are
responsible for permanent existence of leptospires in the nature, which, bearing in mind high
populations of these animals, poses a realistic risk of infection for domestic and wild animals
and for human. In the past studies of leptospirosis in Croatia, identifications of the isolates
were done only up to the level of serologic variants. In this paper, the data on the leptospira
identification for Croatia up to the specific (species) level have been given for the first time.
Previous research, combined with our results, confirm the well-known fact that a wider area of
Posavina represents the natural focus of leptospiroses. The forests of Posavina can be regarded
as a part of this large focus, while the specific traits and the role of this biotop in the leptospira
survival should be studied more extensively.

CONCLUSIONS
ZAKLIUCCI

During the year 2000, a total of 445 animals were captured, of which the following species
were identified: A. agrarius, A. flavicollis, A. sylvaticus, M. musculus, C. glareolus, M. agrestis,
M. arvalis and A. terrestris. 379 animals were tested for leptospires. The highest number of the
tested individuals belonged to A. flavicoilis (29.29 % of the total number of tested animals) and
A. agrarius (28.50 % of the total number of tested individuals). 83.82 % of the tested animals
were captured in the forest communities Genisto elatae - Quercetum roboris caricetosum
remotae, Genisto elatae - Quercetum roboris caricetosum brizoides and Carpino betuli -
Quercetum roboris typicum. The largest proportion of the catch was obtained in antumn months,
when the number of small rodent populations increases.

Seventeen leptospira strains were isolated with renoculture from three small rodent species:
M. musculus, A. agrarius, and A. flavicollis, captured in the localities of Kutina, Velika Gorica,
Popovaga and Nova Kapela. They were found to belong to the following three serologic variants:
sejroe, pomona and australis. The antibody titre to leptospira was detected in 48 animals: 4.
agrarius (16), A. flavicollis (12), M. musculus (11), C. glareolus (5) and A. sylvaticus (4).

The PFGE analysis was made to identify leptospires at the level of species. The results
of this research point to the need to assess the numbers of small rodent populations in the
field, to test the captured individuals for the presence of some zoonoses and to apply timely
protective measures to forest ecosystems. In the long run, this will resuolt in decreased losses
in hunting management and increased care for the health of people and domestic animals. The
multidisciplinary nature of this research requires close cooperation of the forestry profession
and other relevant institutions.
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SITNI GLODAVCI KAO IZVOR LEPTOSPIROZA
U POSAVSKIM SUMAMA U HRVATSKOJ

SAZETAK

Sitni su glodavei zbog brojnosti populacija i Sirine ekoloske valencije vaZan dio gotovo
svakoga Sumskoga ekosustava. Oni su znatajna skupina Zivotinja koja povezuje primarne
proizvodace s viSim trofickim razinama. To su sisavei s karakteristi®nim prednjim sjekutiéima
(glodnjaci, incisivi) koji su vrlo o¥iri (Delany 1974). Potencijal razmnoZavanja im je vrlo visok
(Kowalski 1976).

Sitni su gledavei izvor niza zaraznih bolesti Covjeka, te domaéih i divljih Zivotinja
(trihineloza, leptospiroza, krpeljni encefalitis, lyme borelioza, hemoragijska vruéica s
bubrenim sindromom i dr.) (Biumler 1975, Geisel i dr. 1979, Barrow 1981, Borgié i dr. 1982,
1983). Kao klicono$e mogu povremeno ili trajno putem sekreta i ekskreta izlu€ivati uzro€nike
zarazne bolesti, te tako kontaminirati okoli§ koji nastanjuju pretvarajuéi ga u intermedijamne
i sekundarne izvore zarazne bolesti (Zaharija 1980, Cvetni¢ 1993). Od brojnih bolesti koje
glodavci prenose u ovom je radu istraZena leptospiroza. To je akuima septikemijska zarazna
bolest razli¢itih vrsta domacih i divljih Zivotinja i Covjeka koja se vedinom javlja enzootski.
Klini¢ki se o€ituje ikterusom, ponekad hemoglobinurijom, a u goveda i svinje pobatajima.
Uzrognici leptospiroze su patogene spiralne bakterije iz roda Leptospira (Noguchi 1918)
unutar kojega je dosad otkriveno nekoliko genomskih vrsta (Ellis 1995, Brenner i dr. 1999), 24
serolodke skupine i preko 250 serolodkih varijanata (Kmety i Dikken 1993).

Ovim su istraZivanjem dobivene nove spoznaje o zastupljenosti pojedinih seroloskih
varijanata (serovari) leptospira na istraZivanim lokalitetima, te su determinirane odredene vrste
sitnih glodavaca kao izvor leptospiroza na istraZivanim lokalitetima u Posavini IstraZivanja
su provedena u hrvatskim posavskim Sumama u sastojinama kojima gospodari 11 Sumarija
“Hrvatske $ume” d. o. o. (slika 1). Na jednom je lokalitetu bilo postavljeno po nekoliko pokusnih
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ploha (ukupno 44}. Ulov sitnih glodavaca obavljen je u razdoblju od travnja do studenoga 2000.
godine. Na vedini lokaliteta uzorkovanje je sitnih glodavaca obavljeno dva puta godisnje, u
proljetnim i jesenskim mjesecima, u ovim §umskim zajednicama: Genisto elatae-Quercetum
roboris caricetosum remotae, Genisto elatae-Quercetum roboris caricetosum brizoides, Carpino
betuli-Ouercetum roboris typicum, Carpino betuli-Quercetum roboris fagetosum, Carpino
betuli-Quercetum roboris quercetosum cerris, Carici pilosae-Fagetum sylvaticae, Epimedio-
Carpinetum betuli, Leucolo-Fraxinetum angustifoliae i Frangulo-Alnetum glutinosae (Vukeli¢
& Raug 1998). Sumske zajednice Carici pilosae-Fagetum sylvaticae, Epimedio-Carpinetum
betuli, Leucoio-Fraxinetum angustifoliae | Frangulo-Alnetum glutinosae, koje su obuhvacene
u istra¥ivanju, rasprostranjene su na istraZivanim lokalitetima drzavnih lovista “Garjevica” (br.
VII/4) (Carici pilosae-Fagetum sylvaticae 1 Epimedio-Carpinetum betuli) 1 “Radinje” (br. XII/
-16) (Leucoio-Fraxinetum angustifoliae i Frangulo-Alnetum glutinosae). Na slici 2 je prikazan
broj pokusnih ploha postavljenih u pojedinim $umskim zajednicama u kojima su uzorkovane
Zivotinje.

Za uzorkovanje jedinki upotrijebljene su mrtvolovke, te Zivolovke tipa “Sherman”. Klopke
su postavljane u lovne transekte na medusobnom razmaku 5-7 m. U Zavodu za mikrobiologiju i
infektivne bolesti Veterinarskoga fakulteta u Zagrebu ukupno je serolofki i baktericlodki obradeno
379 glodavaca. Primijenjena je metoda mikroskopske aglutinacije kao standardni nagin za serolosku
dijagnostiku i klasifikaciju leptospira. U slugaju dokaza protutijela u osnovnom razrjedenju 1:100
uzorci su prefrazivani u daljnjim razrjedenjima seruma (1:500, 1:1000 itd.). Nalaz najvifega titra
protutijela za pojedini antigen leptospira odnosno serovar u serumu upucuje na “vjerojatni” serovar
koji je uzrokovao zarazu (Johnson 1976). Svaki je uzorak krvi pretraZen s antigenima L. interrogans
sv: icterohaemorvhagie, ballum, australis, pomona, grippotyphosa, sejroe, saxkoebing, bataviae,
tarassovi, canicola, poi i hardjo. Determiniranim jedinkama nacijepljeno je tkivo kore bubrega na
Korthofovo hraniliste radi izdvajanja leptospira.

Iz tijela sitnih glodavaca 4. flavicollis, A. agrarius 1 M. musculus, koji su uzorkovani na
lokalitetima Kutina, Popovaga, Velika Gorica, Nova Kapela i Otok, izolirano je 17 izolata
leptospira koji su poslani na obradu u Institut “Pasteur” (Pariz, Francuska) u kojem je analiziran
gel elektroforeze u pulsirajuéem polju (PFGE analiza). Ta se analiza sastoji u tome $to se nakon
restrikcije kromosomske DNA s restrikcijskim enzimima “Notl” i “Sgr Al™ pristupa usporedbi
restrikcijskih profila ispitujucih serovara (seroloskih varijanata) s profilima referentnih serovara.
Tom je metodom moguée odrediti leptospire na razini serovara, tj. ustanoviti njihovu fizikalnu
mapu (Baril & Saint Girons 1990). PFGE analiza s restrikcijskim enzimom “Notl” razlutuje
serovare seroloskih grupa (serogrupa) “sejroe” i “pomona”, dok analiza s restrikcijskim enzimom
“Sgr Al” razluCuje serovare seroloske grupe “australis™.

Na svim lokalitetima ukupno je ulovljeno 445 jedinki, a laboratorijski ih je obradeno
379 (85,17 %). 66 jedinki nije analizirano zbog oStecenosti uzorka izazvanoga djelovanjem
predatora ili raspadanjem tkiva zbog atmosferskih utjecaja (visoka temperatura), Determinirane
su ove vrste sitnih glodavaca: 4. agrarius, 4. flavicollis, A. sylvaticus, A. terrestris, C. glareolus,
M. agrestis, M. arvalis i M. musculus. Dominantue vrste na istraZivanim pokusnim plohama
bile su A. flavicollis 1 A. agrarius. Najvie je glodavaca ulovljeno u $umama kojima gospodare
Sumarije Popovada (25,86 % ukupnoga ulova) i Nova Kapela (17,94 % ukupnoga ulova).
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U Sumskim zajednicama Genisto elatae-Quercetum roboris caricetosum remotae, Genisto
elatae-Quercetum roboris caricetosum brizoides 1 Carpino betuli-Quercetum roboris lypicum
ulovljeno je 83,82 % uzorkovanih jedinki. Veéina ih je ulovljena tijekom jesenskih mjeseci.
Glavnina jedinki M. musculus (93,75 %) ulovljena je u zatvorenim objektima drzavnoga loviita
"Garjevica” (Sumarija Kutina). Rezultati obradenih jedinki po vrstama i lokalitetima brojano
su izraZeni u tablici 1.

Titar protutijela na leptospire je ustanovljen u 48 Zivotinja sa svih lokaliteta, i to na ovim
vrstama glodavaca: A. agrarius, A flavicollis, M. musculus, C. glareolus 1 A. sylvaticus (tablica
2). Detaljna analiza prisutnosti protutijela na seroloke varijante leptospira prema najvidem titru
(koligini) protutijefa prikazana je u tablici 3. Iz nje je vidljivo da je kod vrste M. musculus bilo
seroloki pozitivno 34,38 % jedinki, kod A. agrarius 14,81 %, kod A. flavicollis 10,81 %, kod
A. sylvaticus 6,45 %, akod C. glareolus 9,43 %. Kod M. musculus je utvrden nalaz serolodkih
varijanata saxkoebing i hardjo, dok su &etiri izolata ostala neodredena uz titar protutijela 1:100.
Kod vrste 4. agrarius utvrden je nalaz serolodkih varijanata grippotyphosa, sejroe, pomona,
icterohaemorragiae, farassovi 1 hardjo, dok je analiza jedinki vrste A. flavicollis pokazala
prisutnost protutijela serologkih varijanata australis, pomona, sackoebing 1 bataviae, a etiri su
nalaza protutijela ostala neodredena uz titar protutijela 1:100. Kod viste A. sylvaticus utvrden je
nalaz serolokih varijanata sejroe, pomona 1 tarassovi, dok je analiza jedinki vrste C. glareolus
pokazala prisutnost protutijela serolodkih varijanata sejroe, australis, saxkoebing i hardjo, a pet
je izolata ostalo neodredeno uz titar protutijela 1:100 i 1:500.

U tablici 4 izneseni su rezultati ulova jedinki, te nalaza protutijela za leptospire reakcijom
mikroskopske aglutinacije i izolacija leptospira renokulturom po vrstama simih glodavaca i
lokalitetu ulova. U 108 jedinki 4. agrarius kod 16 Zivotinja je utvrden nalaz protutijela za
leptospire, a kod Zetiri jedinke je dobiven izolat. U 111 jedinki A. favicoflis u 12 sludajeva
je utvrden nalaz protutijela za leptospire, a kod tri jedinke je dobiven izolat. U 62 jedinke A.
sylvaticus protutijela za leptospire utvrdena su u etiri Zivotinje, dok renokulturom nije dobiven
ni jedan izolat. Kod vrsta A. terrestris, M. agrestis i M. arvalis nisu pronadena protutijela za
leptospire, niti su dobiveni izolati leptospira. U 53 jedinke vrste C. glareolus u pet su utvrdena
protutijela za leptospire, a ni jednom nije dobiven izolat. Kod 32 Zivotinje M. musculus u 11 su
utvrdena protutijela za leptospire, dok je renckulturom dobiveno 10 izolata leptospira.

Na podrudju Kutine (drZzavnio loviste “Garjevica™) od 41 analizirane jedinke u 11 ih je
utvrden nalaz protutijela za leptospire, a u 10 jedinki je dobiven izolat. Svi su nalazi leptospira
utvrdeni kod M. musculus, dok kod A. flavicollis, A, sylvaticus i C. glareolus leptospire nisu
pronadene. U uzorku od 31 jedinke glodavaca iz Sumarije Velika Gorica u st Zivotinja su
pronadena protutijela, a dobiven je samo jedan izolat. Priblizno 50 % populacije A. favicollis i
C. glareolus bilo je zaraZeno leptospirama, dok kod A. agrarius, A. sylvaticus, M. agrestis i M.
arvalis nije potvrden njihov nalaz. U sastojinama Sumarije Popova#a ulovljeno je i analizirano
98 Zivotinja. Struktura ulova po vrstama prikazana je u tablici 4. U sedam je Zivotinja potvrden
nalaz protutijela za leptospire, a u samo dva slucaja je dobiven izolat leptospira. ZaraZenost je
pronadena u manjem dijelu populacije A. agrarius, A. flavicollis 1 A. sylvaticus, au populacijama
ostalih vrsta (4. terrestris, C. glareolus, M. agrestis i M. musculus) nije zabiljeZena. Na podrugju
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Sumarije Vrbanja nalaz protutijela za leptospire potvrden je samo kod A. sylvaticus. Isti je
rezultat polu¢en i na jedinkama iz Sumarije Gunja.

Od 15 ulovljenih Zivotinja u Sumariji Stara Gradiska protutijela za leptospire su pronadena
u pet jedinki, dok izolati nisu dobiveni. ZaraZenost je potvrdena kod A. agrarius, A. flavicollis
i C. glareolus. Kod Zivotinja s podrugja Sumarija Otok, Nova Gradika i Karlovac takoder
je dobiven sli¢an rezultat. Protutijela su pronadena u malom dijelu populacija A agrarius, A.
Slavicollis 1 A. sylvaticus, a izolacija leptospira nije dala pozitivan rezultat. Kod ostalih vrsta
sitnih glodavaca ulovljenih na lokalitetima Otok, Nova Graditka i Karlovac nije zabiljeZzena
zaraZenost leptospirama. U 13 Zivotnja iz Sumarije Nova Kapela (loviite “Radinje”) utvrden
je nalaz protutijela za leptospire, a u &etiri je jedinke dobiven izolat. ZaraZenost leptospirama
utvrdena je u jednom dijelu populacije Zivotinja koje pripadaju vistama A. agrarius, A.
favicollis 1 C. glareolus, dok kod ostalih vista (4. syfvaticus 1 M. arvalis) nije potvrdena.
Rezultati uzorkovanja sitnih glodavaca po lokalitetima istraZivanja i 3umskim zajednicama
prikazani su u tablici 5. Ukupno je na svim lokalitetima uzorkovan ovaj broj sitnih glodavaca
po pojedinim Zumskim zajednicama: u Genisto elatae-Ouercetum roboris caricetosum remotae
147 jedinki, u Genisto elatae-Quercetum roboris caricefosum brizoides 52 jedinke, u Carpino
betuli-Quercetum roboris typicum 174 jedinke, u Leucoio-Fraxinetum angustifoliae 23 jedinke,
u Frangulo-Ainetum glutinosae dvije jedinke, u Carici pilosae-Fagetum sylvaticae osam
jedinki, te u Epimedio-Carpinetum betuli Cetiri jedinke.

Metodom renckulture izdvojeno je 17 izolata leptospira iz jedinki ulovljenih glodavaca
na lokalitetima: Kutina, Velika Gorica, Popovaga i Nova Kapela iz triju vrsta glodavaca: M.
musculus, A. agrarius i A. flavicollis. Seroloske analize 16 izolata Leptospira sp. pokazale
su da su istraZivani serovari razvrstani u tri serolofke grupe: sejroe, pomona i australis
(tablica 6). Determinirani serovari 10 izolata (izolirani iz M. muscufus ulovljenih na podruéju
drzavnoga lovista “Garjevica®) pokazuju najvecu slidnost serovaru istrica seroloske grupe
sejroe, genomne vrste L. borgpetersenii, pet izolata (Setiri izolirana iz A. agrarius i jedan iz A.
favicoilis ulovljenih u Sumarijama Otok, Nova Kapela i Popovata) pripada serovaru fsaratsovo
serolofke grupe pomona, genomne vrste L. kirshneri, dok jedan izolat (izoliran iz A. favicollis
ulovljenoga na podrutju Sumarije Velika Gorica) pripada serovaru Jora seroloske grupe
australis, genomne vrste L. interrogans. Jedan izolat izoliran iz jedinke vrste A. flavicollis nije
determiniran, a vjerojanc pripada serolodkoj grupi australis.

Najvise laboratorijski obradenih Zivotinja pripada vrstama A. agrarius i A. flavicollis, jer
su one tijekom 2000. godine prevladavale na vedini istraZivanih lokaliteta. Najvi¥e jedinki
ulovljeno je na podrugju Popovace i Nove Kapele. U drzavnom lovistu “Garjevica™ najvise
je analizirano jedinki vrste Mus musculus. Ta je vrsta ulovljena u zatvorenim objektima
loviSta (staja za ko3ute i skladi¥te hrane) u koje se nastanila zbog obilja hrane za divlja¢ koja
joj sluZi u prehrani. Na istom lokalitetu u sastojini su ulovljene jo§ i vrste A. favicollis, A.
sylvaticus i C. glareolus, dok ulov jedinki iz vrste 4. agrarius nije zabiljeZen, jer sastojina u
kojoj je obavljen izlov stani¥no ne odgovara toj vrsti. Najvece povecanje jesenske brojnosti
populacije na lokalitetima Popovaga, Nova Kapela, Nova Gradiska i Stara Gradika zabiljeZeno
je kod vrste 4. agrarius. Pretpostavlja se da je tomu vzrok blizina poljoprivrednih povriina
pokusnim plohama. Za 4. agrarius je karakteristino da u vegetacijskom razdoblju obitava
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na poljoprivrednim povriinama zbog obilja hrane, a u jesen migrira u Sumu (Gliwicz 1980).
IstraZivanja kretanja vrste 4. agrarius koja su proveli Liro & Szacki (1987) pokazala su da je 60
% analizirane populacije prelazilo veée udaljenosti od 100 m od mjesta njihove markacije.

ZaraZenost leptospirama je najvise utvrdena kod 4. agrarius, M. musculus i A. flavicollis.
Usporedujuéi stanje zaraZenosti sitnih glodavaca po lokalitetima ulova (tablica 4), jasno
se uofava da je najviSe nalaza protutijela za leptospire i pozitivnih izolacija postignuto iz
populacija jedinki ulovljenih u Kutini (drZzavno loviste “Garjevica”) i Novoj Kapeli (drzavno
loviste “Radinje™). Ta &injenica upuéuje na povedanu mogucnost zaraze divlja¢i koja obitava na
spomenutim lokalitetima, a &ija posljedica moze biti iskazana gubitkom u lovnom gospodarenju
(slabiji prirast divlja&i, poba&aj oplodenih Zenki i sl.) (Kovagic i dr. 1984, Kovati¢ & Karlovi¢
1984, Kovatic¢ i dr. 1985b, Modri¢ & Karlovié 1977, Modri¢ i dr. 1979, Modri¢ & Huber
1993). Mikroskopskom aglutinacijom, izolacijom leptospira renokulturem i makrorestrikcijom
kromosomske DNA dobiveni su rezultati koji upuéuju na to da determinacija serovara moze biti
koristan nagin za bolje upoznavanje epizoetiologije i epidemiologije leptospiroza u Hrvatskoj.
Poznavanje tih &injenica bitno moZe pomoc¢i u gospodarenju divljaéi kao moguéih primljivih
vrsta leptospiroza &iji su osnovni rezervoar sitni glodavci.

Klju&ne rijedi: sitni glodavei, Sumski ekosustavi, leptospiroze, Posavina, Hrvatska
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The paper presents the results of analysis of mouflon (Ovis ammon musimon Pal.) and
axis deer (Axis axis Erx.) browsing in the forest community of holm oak and manna ash
(Fraxino orni-Quercetum ilicis H-i¢ /1956/ 1958). In the course of 1999, three damage
assessments were made in different sample plots each at the beginning of May, the beginning
of July and in mid-October. At the cited density of 8 heads of big game per 100 ha in the
hunting ground (mouflon and axis deer together), the game did not cause any considerable
economic damage. With respect to game - forest interaction, it was found that cleaning was
the main determinant for the increase in browse for game, because this treatment raises the
browsing feeding capacitics for the game manifoldly. The cleaning procedure may yield up to
52,000 plants of palatable species per hectare by the beginning of summer. Game was found
to display seasonal preference for plant species and to favour plants from stumps over those
from seeds. Similarly, the vertical growth of plants increases the probability of their being
damaged by game. The summer-autumnn season is the period in which forest stands are at
most risk by game, because drought induces game to consume juicy shoots of woody plants.
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Of woody plants, game avoided the common myrtle (Myrtus communis) and the mastic tree
(Pistacia lentiscus), but also the seedlings of all woody species.

Key words: mouflon, axis deer, preference, eu-Mediterranean, damage status, preference
ratio index, forest of holm oak and manna ash (Fraxino orni-Ouercetum ilicis H-i¢ 1956/

1958), carrying capacity

INTRODUCTION
UvOD

Vegetation plays a crucial role in hunting management. Not only does it act as a nutritive
resource for herbivorous game, but it also provides shelter for animals. Each individual animal
species has specific requirements with regard to the way of life, habitat and food. Therefore, it
is important to discriminate different vegetation fypes or cultures in terms of their suitability
for the growth of animal species. One of the main problems in assessing game habitats lies in
the qualitative relation of erop fields, meadows, pastureland and forests from the standpoint of
hunting management. In the case of the first three habitats, so far only the quality of artificially
produced game food in the form of concentrates, silage or hay have been studied from the
hunting management aspect (Grubegi¢ 1996, cit. Manojlovié 1992), leaving natural nutritive
potentials for further study.

According to Grube3i¢ (1996), the relative area importance ratio in Central Croatia, from
the hunting management aspect, would be as follows: crop fields 20 %, meadows 15 %,
pastureland 15 %, forests 50 %.

In the nature, game has much more food at its dlsposal than it really needs. This refers
primarily to herbaceous vegetation, but only during vegetation periods (although grazing game
also feed on dry plants in dormant vegetation stages), while outside the vegetation period, some
wildlife species find food exclusively in forests. Consequently, the game-habitat interaction
in Croatia and in the world has been dealt with mostly by foresters. Although many nature
protectors blame foresters for the degradation of habitats of some animal species, it is important
to mention that it has long been known that modem forestry improves habitats for certain animal
species. Namely, progressive vegetation succession enlarges the growing area of wild herbivores
both spatially and qualitatively not only in terms of food, but also shelter.

Compared to the primeval forest, the quantity and diversity of available biomass and
shelter in commercial forests increase in accordance with the occurrence of the initial stage
(enclosure) (Adamié 1990, cit. Mlingek 1985). So, for example, the main reason for the increase
in the moose population (4lces alces L.) in Northern Minnesota lies in more intensive forest
exploitation and a change in felling methods. The final cut resulted in bare areas of over 100 ha,
which provided the moose with optimal conditions for nutrition and shelter (Adami 1990, cit.
Peek ef al. 1976).

The problem of forest damage should also be mentioned here. In recent times, West
European countries, particularly Germany, are faced with over-numerous game populations.
This problem is solved with reduction kills of excessive game. Detrimental impacts of game on
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forest regeneration are seen by some authors as the main problem of Central European forestry
(Adami¢ 1990, cit. Cop 1982). To prove that damage by game is not exclusively linked to
excessive game populations and is not a new notion, Adamié (1990) cites the results of research
by Mlinsek (1969), who analysed the increment cores taken from the bottom parts of adult
firs (4bies alba MilL) in Kogevski Rog. He found that in the period from mid-17th century to
mid-19th century, the terminal buds in 75% of the analysed adult trees had been bitten off at the
trees’ young stage, not only once but as many as 35 times. Therefore, “damage” to forests also
occurred in the past, when the number of game was low.

For this reason, it is very important to classify damage. Some authors mention allowable
damage (Adami€ 1990), according to them, allowable damage is the degree of damage which
does not affect the increment of a stand. Different authors (Adamié 1990, cit. Eiberle 1965,
1985, Perko 1982, Eiberle and Reidi 1985, etc.) propose that an amount of economically
allowable damage be determined for each developmental stage of a stand.

Critical damage is the degree of a stand’s damage caused by excessive game numbers at
which a stand is beyond regeneration. In other words, apart from young tree species, game also
inflicts considerable damage on bushy and herbaceous species. In this case, critical damage is
an ecological determinant (Adami€ 1990, cit. Kotar 1987a).

It is the lack of understanding of the role of the fauna in a forest ecosystem that causes
misapprehensions of the above forestry concepts. This is directly connected to the concepts of
biotic site capacity and commercial site capacity (LovaZki priru¢nik 1976).

The present study of game nutrition deals with two completely different approaches:

* European (with the exception of Scandinavia and Great Britain) - directed at
adjusting and mitigating game damage and studying the importance and rationalisation
of winter game feed (Adami¢ 1990, cit. Stenin 1969, Pheiffer & Hartfiel 1984, Kénig
1970, Diekman 1983, etc.). This principle is a product of treating hunting as an
inferior economic activity subordinated to agriculture and forestry. In connection
with this, the problem of over-intensive use of space arises.

* North-American-Scandinavian - primarily directed at studying the
nutritive ecology of herbivores, competition among sympatric species and competition
between wild and domestic animal species in large areas. This approach to hunting
management is aimed at forming strategies for game population management in the
nature respecting the biotic site capacity.

Therefore, while the second concept is aimed at respecting habitat management in the sense
of increasing the site capacity based on the knowledge of game feeding patterns, the European
concept focuses on decreasing game population densities in order to adjust them to commercial
capacities, which in turn represent biotic capacities reduced for the productive function of
European forests and agricultural areas.

Essentially, the value of studying the feeding behaviour lies in detecting and realising the
importance of individual components within the entire nutritive spectre of a given animal
species (Figure 1). Hunting operative is concemed not only with which plant species is used as
food by game, but also which parts of a plant is consumed by a given game species.
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Fig 1. Factors influencing animal feeding behaviour
Slika 1. Prikaz cimbenika koji wvjetuju hranidbeno ponasanje fvotinja

Extensive research in the interaction of herbivorous game and their nutritive base has so far been
done mostly by Swedish (Danell, K., Bergostrdm, R., Palo, R. T. and others) and North American
researchers (Risenhoover, K. L.). Thus, Risenhoover (1987) applied the preference index ratio (Pi) to
find that the moose (4/ces alces L.) showed different degrees of preferences for willow Safix alexensis
and Salix glauca in different habitat types. The same author found no correlation between preference
for the same willows and their number in the studied area (Denali National Park and Preserve, Alaska),
but found a correlation between the preference index ratio and the chemical composition of food (e.g.,

the correlation coefficient between P, and the astringent content! was -0.733, lignin -0.624, while
between P. and the cellulose content it was 0.570).

Danell et af, (1987) found a positive corelation between the intensity of silver birch (Betula pendula
Roth.) browsing by moose and the number of plants in a site. Bergstrom (unpublished) analysed
browsing intensity on the plants of silver birch by height classes and found that on the trees between
1.0 and 2.5 m, the most moose browsing was done on the trees in the 0.5 to 1.5 m height class.

The initial results of research (Viliic ef af, 1998) on the influence of fallow deer on the habitat
in the forest of holm oak (Fraxino orni - Quercetum ificis H-i¢ (1956) 1958) in the hunting ground
“Punta KriZa” on the island of Cres showed that apart from holm oak (Quercus ifex L), fallow deer
also browsed on other elements of holm- oak forests, such as, for example Phillyrea sp., manna
ash (Fraxinus ornus L) laurustinus (Miburvum tinus L.), common myrtle (Myrtus  communis L),
Dalmatian blackberry (Rubus daimaticus Tratt), evergreen rose (Rosa sempervirens L.) and green briar
(Smilae asperaL.).

|

* astringent - causes contraction of body tissue, has antiinflamatory effects
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MATERIAL AND METHODS
MATERIJAL I METODE

Research on the wild herbivore - habitat interaction in the Mediterranean region of Croatia
began in the enclosed part of the state hunting ground VIIT/6 “Kaliftont”, covering an area of
1351.22 ha. The hunting ground is located on the island of Rab. Of big game, the ground contains
mouflon (Ovis ammon musimon Pall.) and axis deer (4xis axis Erx.). Since the whole hunting
ground is located on the peninsula, the central part of the ground was divided with a partition (3.4
kam long). In this way the nerth-western part of the ground (840 ha) and the game remained isolated
from domestic cattle, which had browsed uncontrollably in the forests over the entire area of the
hunting ground “Kalifront™. This partition had the same effect that an enclosure around the whole
ground would have, since the ground is surrounded by the sea on the three remaining sides, For this
reason, the term the enclosed part of the hunting ground will be used further on in the paper. Thus,
the prerequisites for the study of natural game growth were established (Table 1).

Table 1. Site class, carrying capacity and growing area (GA) for mouflon and axis deer in
the hunting ground “Kalifront”

Tablica 1. Bonitet, kapacitet staniSta te LPP za muflona i jelena aksisa u loviitu

“Kalifront™!
Mouflon Axis deer
Parameters Muflon Jelen aksis
Par ; From the Concrete From the Concrete
aramelri . . . -
waorking situation working sitnation
Plan iz osnove Stvarno stanje | Plan iz osnove | Stvarno stanje
ga
LPP' 861 ha 840 ha 930 ha 840 ha
Site class First Second
Bonitet Prvi Drugi
Number of heads per 100 ha 5 5 3 3
Broj gria na 100 ha
Commercial capacity
Gospodarski kapacitet 43 43 28 22
Hunting capactt}{ 57 51 ‘ 36 28
Lovnogosp. Kapacitet

At the time of collecting data for this paper, there were a total of 45 heads of moufion and 22
heads of axis deer in the enclosed part of the hunting ground. Taken as a whole, this means
that big game population density was 8 heads per 100 ha of the total ground area. According to
Table I, in the year of assessment, the game population corresponded to the carrying capacity.
The difference in the growth area was caused by partitioning the hunting ground in two parts.
The partitioned part in which research was done has an area of 840 ha, and the concrete number
of heads relates to this part of the hunting ground.

101, April 1999
* GA=growing area/LPP=lovnoproduktivra povriina
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Based on the data from the Hunting Ground Establishment Act, the total ground area is 1,475
ha. The classification of the areas by cultures and land ownership ratio are given in Table 2.

Table 2. Hunting ground areas by cultures and ownership
Tablica 2. Povr§ine lovi§ta po kulturama i zemljoviasnickim razmjerom

Data from the
foundation act Data from the
Name Kind Culture Ownership Podaci working plan
Naziv Vrsta Kultura Zemljovlasnitko razmjerje iz alta o Podaci i
ustanovijenfu osnove
State/DrZavno 1287 1228.63
Covered Private/Privatno 77 90.37
Obrasio
29 Total/Ukupno 1364 1319.060
22
88 State/Dravno 0 0
£ Uncovered
Private/Privatne 0 0
Neobraslo
Total/Ukupna 0 0
Overall/Sveukupno: 1364 1319.00
= State/Dravno 0 0
-
= = Crop ﬁf:lds Private/Privatno 0 025
=) Oranice
g % Total/Ukupro 0 0.25
én _5 State/Driavno 0 0
g A
£ § Mga dows Private/Privatno 0 0
2E Livade
TR Total/Ukupno 0 (0]
£E
-§ T o8 State/Drzavio 78 1425
] 3
3 N EE Pastures Private/Privaino 33 7.86
< S Pafnjaci
5. Total/Ukupno 111 2211
<3
" | Orchard and vineyards State/DrZavno 0 0.28
A.(nm eECI.‘.)SEd) . Private/Privamo 0 1.97
Visegodisnji nasadi
(neogradeni) Total/Ukupno 0 225
State/Dravno 0 0.66
Other N )
Ostalo Private/Privatno 0 7.01
Total/Ukupno 0 7.67
Overall/Svenkupno: 11t 32.00
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Data from the | Data from
Name Kind Culture Cwnership foundatmq act | the working
i . . .. Podaci plan
Naziv Vrsta Kultura Zemljovlasni¢ko razmjerje . .
izaktao Podaci i=
ustanovifenju osnove
Natural Rivers/Rijeke 0 0
£ . | Prirodne Streams/Potoci 0 0
Eo :‘é" Total/Ukupno 0 0
= = Artificial Canals etc. 0 0
= ) Unmjetne Kanali i dr.
g é—u\ Overall/Sverkupno: 0 0
;,en o Lakes/Jezera 0 0
23 Natural Swamps and ponds/ 0 0
£= Privodne Motvare i bare
= § Othet/Ostalo 0 0
f;. H g N Total/Ukupna 0 0
39 3 Accummulations/ 0 0
E £ g % Akumulacije
[¥] <
5 E9 | Anificial Retentions/
= & ) 0 0
Unyjetne Retencije
Other/Ostalo 0 0
Total/Ukupro 0 0
Overall/Sveukupno: 0 0
Overall hunting ground (ha)/Sveukupno loviste (ha) 1475 1351.28
Enclosed Bui]ding land and areas up toh300 m from scttlcmen.ts 0 123.78
areas Gradevinsko emlfiste i pove§ine do 300 m od naselja
outside the |Public areas (roads and other)\Javne povedine (ceste idr) 0 0
hunting  |Specially protected matural sites/Pasebno zasticent objekti privode ] g
Pg::;:ge Enclosed orchard and vineyards/ Ogradeni visegodisnji nasadi 0 0
ivan | Commercial fisheries/Privredni ribnjaci 0 0
lovista  |Other/Ostalo 0 0
opr‘sgne
gramicom |\ otalf Ukupno: 0 123.78
(ha)

According to Table 2, the Jargest part of the hunting ground is taken by a forest of holm oak
and manna ash (Fraxino orni - Quercetum iicis H-i€1956/1958), which is exceptionally well
preserved on Rab, and particularly in this hunting ground, unlike other forests of this phytocoenosis
in the rest of the Croatian part of the Mediterranean, which are in different degradation stages from
maquis to wasteland. In the MU Kalifront, different species of allochthonous pines are present to a
lesser extent, either in the form of cultures or dispersed within natural kolm ¢ak stands. The present
species include aleppo pine (Pinus halepensis), stone pine (Pinus pinea) and maritime pine (Pinus
pinasier).
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Figure 2. Vegetation map of the State Hunting Ground VIII/6 “Kalifront”
Slika 2. Vegetacijska karta Drzavnog loviita VIII/G “Kalifront”
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Source/f-vor: Blondel & Aronson 1999, ace. to Bouneval 1990, Soulier 1993, 229 p.
Fig. 3. The utilisation of forest products in Mediterranean forests over the part 250 years
Slika 3. Kori§tenje pojedinih Sumskih proizvoda sredozemnih Suma tijekom zadnjih 250 godina
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METHODOLOGY OF DATA COLLECTING
METODOLOGIJA PRIKUPLJANJA PODATAKA

The choice of methods of studying the feeding behaviour should be suited to the goal of
research. The following groups of methods are currently used to solve this problem matter:

1. Direct monitoring of game in the wilderness,

2. Monitoring the behaviour of domesticated wild animals in the nature:

3. Reconstructing a species’ feeding activities and preference by traces in the snow,

4. Making inventories and quantifying animals’ feeding choices with a hst of
visibly damaged plants in sampie plots,

5. Observing the feeding choices of captured animals within a given offer with
regard to a programmed meal content,

6. Analysing samples of the rumen content of killed or perished animals,

7. Analysing the remains of plant species collected from droppings.

Although the most reliable data on the feeding behaviour can be obtained with the methods
listed under items 1 to 6, the type of methodology cited under item 4 has been used in this
paper for two reasons. The first reason was that, according to field observation, game consumed
different species, which would be very difficult to establish with the rumen analysis. The second
reason was that it was impossible to kill a sufficient number of animals in such a small area in
order to obtain a relatively satisfactory sample size.

The rumen content of common deer in the hunting grounds of Baranja has been analysed so
far by Danon, BlaZenéi¢ and Bogovi¢ (1966, 1969). They found that deer fed on-about 35 plant
species in that site, and that in winter the dominant porticn of food in the rumen came from the
feeding points (meadow hay, alfalfa and com).

A methodology of studying the impact of game on forest ecosystemns in Croatia has been
developed by Medvedovic (1989, 1992) and Viligi¢ (1992).

In a detailed study of the herbivore - site interaction (that is, nutritive base), research can be
divided into several stages:

1. Studying the preference for individual plant species,

2. Studying the preference for individual parts of palatable plant species,
3. Measuring the biomass of palatable parts of individual plant species,
4. Determining chemical and mechanical contents of available resources.

A modified method by Vili¢ié was used to study forest vegetation browsing. Modifications
related only to a change in the intensity scale of plant damage (Adami¢ 1990), because it is
difficult to accurately assess damage intensity on a 10%-scale in evergreen vegetation with
numerous stump sprouts.

Vili¢ié’s method consists of the following: sample strips are pegged off in a forest and all the
plants are listed and classified according to the following criteria:
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* Plant species
¢ Height class ~ plants are divided into the following height classes:
1. Up to 30 cm — plants of one year '
2. Plants of several years
3.31-60 cm
4.61-130cm
5.131-150 cm
6. 151 —200 cm
7.201 -250 cm
8.251em<
* Origin
1. From seed
2. From butt
3. From stump
* Kind of damage
1. Damaged bark
2. Damaged lateral shoots
3. Damaged bark and lateral shoots
4. Damaged terminal shoot (shoots)
5. Damaged terminal and lateral shoots
6. Damaged bark and terminal shoot
7. Damaged bark, terminal and lateral shoots.
* Damage intensity - the scale has been modified because in the original version it was
divided into 10 degrees of 10% each (from 1 to 100%):
1. Undamaged plants
2. Moderately browsed plants (up to 30%)
3. Severely browsed plants (from 31 to 50%)
4, Critically browsed plants (from 51 to 100%).
The preference for game-damaged plants was estimated using the preference ratio index
(P,) given by the equation:

M
_2N

2E,

N, — the number of resource items i used in the sample,
ENJ.— the total number of resource items used,

E,~ the number of resource items i in the environment,
ZEJ.— the total number of resource items in the environment.

where:
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In sample taking, the first step included defining game visitation patterns. After that, game
was monitored, and when a spot of more intensive browsing was found, the plots were fenced
(Table 3), and vegetation damage status was recorded in different seasons (spring, summer,
autumnn) according to the table given above. In compartments 18 and 22b, the plots were
fenced in such a way that their edges bordered with the openings. This was done because it was
assumed that browsing game remained close to the openings, where the browse was of better
quality due to more light. It is also important to mention that this kind of browsing contributes
to successful hunting because game is more easily detected on the edges than deep in the forest.
The points where samples were collected are given in Map 1.

Table 3. Sample plots
Tablica 3. Podaci o primjernim plohama

Compartment Age Size of sample
v ’ (years) Area (ha) 5 P Year of last cleaning Date of
subcompartment .. , plot {m?) . .
. Dob Povriing odjela . f Godinag ~adnjeg measurement
QOdjel . Velicina prim. P o
odsjek odjela (ha) plokie n’) ciséenia Datum i-mjere
(godine)
3 61 30.19 50 1999 06.07,1999,
4 36 19.42 600 1999 14.10.1999.
18 21 62.59 114 1996 15.05.1999,
22b 17 34.55 86 1997 15.05.1999.
RESEARCH RESULTS
REZULTATT ISTRAZIVANJA

Species preference cannot be studied with one recording of a given area. It has been long
known that animals® feeding behaviour changes, among other things, during the year, that is,
from season to season. Therefore, to study the feeding behaviour of game, more recordings
should be made annually.

Forest vegetation was not browsed intensively until March 1999. It was only later, with
increased stand recognisance that initial browsing in compartment 8 (managed by the NPSO
Rab) was noted, as well as in compartments 18 and 22. Compartment 8 is located immediately
next to the nursery A. Petradi¢, while compartments 18 and 22b are located next to the
nursery Topolje. Evidently, game kept close to the nurseries for browsing. Sample plots were
immediately set up in compartments 18 and 22 b and the first recordings were made in mid-May
(Tables 4, 5,6,7,8,9, 10, 11 and 12),

At the beginning of 1999, light strips (“snipe strips™) were made in compartments 3, 4, 5
and 6 in the MU “Kalifront”. A total of 4,440 m of strips averaging 4 m in width were cleared,
totalling 1.78 ha. This management procedure was immediately put to use for browse recording,
as it can serve as a model of monitoring the game-forest relationship when a stand is in the
regeneration stage (in the case of clearcutting).
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Table 4. Summary presentation of the number of undamaged and damaged plants per hectare by compartments, origin, height

classes, damage type and intensity in the hunting ground “Kalifront”

Tablica 4. Sumarni prikaz brofnosti neostecenih i oStecenih biljaka na jedan hektar po odjefima, nadinu postanka, visinskim

razredima, vesti [ intenzitetu oStecenja u lovistu "Kalifront”

Origin Height classes Damage type Damage intensity
Only Naéin postanka Visinski razredi Visinski razredi Intenzitet ofteéenja
Compartment, consur‘ned
subcompartment species From wal| _ e
OdieOdjck Samo sceds | EET| T E [1-30]31-60]61~130|131-150{151 =200} s s | 1-30]31-50 |s1-100
konzumirane Iz g5 e £ [ (em) | (em) (em) (em) (cm) % Yo %
vrsie sjemena =
ﬂ?;’:f;: 4600 2000 2600 | 4600 | 1600 | 2400 | 600 0 0 200 | 1600 | 2800 1400 | 1000 | 2200
3 :J'f:?:?:f:: 47400 63800 9200 | 78000 | 72800 | 4200 | 1000 0 0 0 0 0 0 0 0
L‘:;,]Lm 1800 | 82600 [ 74400: | 600 | T6007| - W - 2800 | 1400 | 1000; | 2200
g?:‘::f:j 6983 5133 1850 | 6983 | 5133 917 | 883 17 33 o| 917 | s067| 617 | 250 | su7
4 E:‘:Z’L‘f:: 19117 18783 1117 | 19900 | I8700 467 617 100 17 0 0 0 0 0 0
Lif;;m : 36100 | 23010 | z9dr | 26883 (23833 | 1agd | asoo. | so. | F 3 B
gf:f:f:: 14298 4414 o825 | 14298 | 1140 | 6404 | 5439 1228 88 263 | 2368 | 11667 | 5877 | 3860 | 4s61
18 :::1?35:: 12544 7368 7193 | 14561 | 4s61 | s0ss | 4208 614 0 0 0 0 0 0 0
9737
ket \ :
gﬁfcaf:g 9419 3256 6163 | o419 | 381 | 6163 | 2326 349 0 698 | 3953 | 4767 | se98 | 1512 | 2209
226 :‘L‘jz::‘f:: 2791 2093 930 | 3023 | 1512 | 814 | 581 0 1§ 0 0 0 0 0 0
L‘:j:m 12210 s3ay | qo0s | 12442 | 2003 | so77 | 2907 349 116 698 | 3983 | ad67| sed8 | 1512 | 200

2007 ‘q218eZ ‘70T — 19 "6¢ asmod "wing "Se[D * 3RO W]OH JO ANUNUILOS $AI0Y 1) Ul ("XIF S1x0 Sxp)
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Table 5. Plant damage in the sample plot (calculated by hectare) in Compartment 18 of the Management Unit “Kalifront”
Tablica 5. Prikaz osteéenosti biliaka na primjernoj plohi (preracunato na hektar) u odjelu 18 Gospodarske jedinice

“Kalifront”
Area= 114 m? Compartment age: 21 YEARS Cleaning: 1996. Measurement: may 1599
Povedina= 114 m? Dob odfela: 21 GOD. Ciséenje: 1996, Tomjera; svibanj 1999.
Origin Height classes Damage type Damage itensity
No Nacin postanka Visinski racredi Vrsta oStedenfa Intenzitet oftedenja
Species From | o o N
seeds Stums Total | 1-30 |31-60|61—-130]131-150({151-200 5 4 5 1-30|31-50| 51 -100
Eo PS | koo | (em) | (em) | (em) | (em) | (cm) % | % %
. - panja |
Sremena §
1 (Quercus ilex 0 526 38| 175 175 88 0 0 88| 439 526 0 0
2 |Fraxinus ornus 263 351 614 0 175 263 175 0 O 175 439 351 88 175
3 |Arbutus unedo 0 175 175 0 0 88 88 0 88 88 o] 175 0 0
4 | Viburnum tinus 351 | 6491 | 6842 614 | 4035 | 2018 175 0 0| 789| 6053| 2456 | 2281 | 2105
5 |Rubus dalinaticus 88 0 88 0 0 88 0 0 0 0 88 0 88 0
6 |Rosa sempervirens 0 0 ] 0 0 0 0 0 0 0 0 0 i}
7 |Clematis sp. 88 0 + 0 0 88 0 0| 88 0| 88 0 ]
8 |Pistacia lentiscus 0 0 0 0 0 0 0 0 0 0 0 0
9 |Phillyrea latifolia 175 2018 |, 52193 0 526 | 1404 263 0 0} 351| 1842 7062 | 1053 439
10 | Ruscus aculeatus 789 0 1789 0 526 263 0 0 0 0 789 0 88 702
11 |Asparagus acutifolius| 1316 0 1316 351 439 351 175 0 [75] 614 526| 1228 88 0
12 |Eriea arborea 0 0| Q 0 0 0 0 0 0 0 0 0 0 0
13 |Smilax aspera 351 0 0 175 88 88 0 0 881 263 175 88 88
14 |Coronilla emeroides 1140 0 0 351 614 175 0 0 0 1140 0 88 1053
15 |Spartium junceum 0 38 0 0 0 0 83 0 88 88 0 0
16 |Rubia peregrina 0 88 83 0 0 0 0 0 88 0 88 0 0
Total 4474 | 9825 1140 | 6404 | 5439 1228 88 |263| 2368 | 11667 | 5877 | 3860 | 4561
Ukupno

7007 ‘921387 701 — £9 :6€ asnyjod "wng 'Se[n ** 3RO WOH JO ANUNLIWOD 1S310J 3y} UT (X4 S1xw $1XF)
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Table 6. Plant damage in the sample plot (calculated by hectare) in Compartemnt 22b of the Management Unit “Kalifront”
Tablica 6. Prikaz oteéenosti biljaka na primjernoj plohi (preracunato na hektar) u odjelu 22b Gospodarske jedinice

“"Kalifront”
Area= 86 m? Compartment age: 17 years Cleaning: 1997 Measurement; may 1999
Povriina= 86 m* Starost odjela: 17 god. Ciséenje: 1997, =mjera: Svibanj 1999,
Origin Height classes Damage type Darnage intensity
No. Nacéin postanka Visinski razredi Vrsta oStecenja Inten=itet oiteéenja
Species Srom From
seeds stumps 1-30 | 31-60] 61130 (131 — 150|151 -200 5 4 5 1-30(31-50| 51-100
I = (cm) (cm) {cm) {cm) (cm) - % % %
sfemena | panja
| | Quercus ilex 0 349 Y 233 116 0 0 0] 349 0| 349 0 0
2 | Fraxinus arnus 0 349 0 0 116 233 0 116 0| 233 233 116 0
3 | Arbutus unedo 116 233 0 116 233 0 0 0| 349 0 349 0 0
4 | Viburnum tinus 349 5000 465 3953 930 0 0 116 | 2326 | 2907 | 3837 465 1047
5 | Rubus dalmaticus 1395 0 1047 349 0 0 349 | 116] 930 581 349 465
6 | Rosa sempervirens 0 0 0 0 0 0 0 0 0 0
7 | Clematis sp. 0 0 ) 0 0 0 0 0 0 0 0
8 | Pistacia lentiscus 0 o | Bk 0 0 0 0 0 0 0 0 0
9 | Phillyrea latifolia 116 233 | 289 | 16 o 233 0 0 o| 23] ns| 233 0 116
10 | Ruscus aculeatus 233 0 | 9233 o0 233 0 0 0 0| 233 0 0 233
11 | Asparagus acutifolius 349 0 : 4] 233 116 4] 0 116 116 116 0 349 0
12 | Erica arborea 0 0 0 0 ] 0 0 0 0 0 0 0
13 | Smilax aspera 698 0 0 349 233 116 0 - 0] 233 465 116 233 349
Total 3256 6163 9419 | 581 5163 2326 349 0 698 | 3953 [ 4767 | 5698 | 1512 2209
Ukupno . . _
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Table 7. Plant damage in the sample plot (calculated by hectare) in Compartment 3 of the Management Unit “Kalifront”

Tablica 7. Prikaz oStecenosti biljaka na primjernoj plohi (preracunato na hektar) u odelu 3 Gospodarske jedinice “Kalifrornt

"

Area= 86 m* Compartment age: 61 years Cutting: 1997. Measurement: 06.07.199%.
Povriina= 86 n? Starost odjela: 61 god. Sfeca: 1997. zmjera: 06.07.1999.
Origin Height classes Damage type Damage intensity
No. Nadin postanka Visinski racredi Vrsta ndtedenfa Intenzitet ofteéenja
Species From From
se‘;ds stumps Usz;ajo l(c-n:l!)(] 3;0;30 6](;]:)30 ]3;!;“;50 ISEC;SOD 7 4 5 1:4'30 31;050 51 ;;00
sfemena fzparja | i

1 | Ouercus iex 0 0 B 0 0 0 0 0 0 ol o 0 0 0
2 | Fraxinus oraus 0 800 800 0 600 200 0 0 0| 400) 400( 400 [} 400
3 | Arbutus unedo Q 0 i 0 0 0 0 0 0 0 i 0 0 0
4 | Viburnum tinus 0 800 _ BO0 400 400 0 0 0 0| 600| 200( 200 200 400
5 | Rubus dalmaticus 0 0 g 0 0 0 0 0 0 0 0 0 0 0
& | Rosa sempervivens 0 0 ) (i} 0 0 0 0 ] 0 ¢ 0 0 G 0
7 | Clematis sp. 0 200 ‘ 20(_1' ) 0 200 0 0 0 0 O 200| 200 0 0
8 | Lrica arborea 0| 1000 H 105}0 = e00 400 0 0 0 0 01000 200 400 400
9 | Phillyrea latifolia 0 600 | 600 : 0 400 200 0 0 0| 200 400( 400 200 0
10 | Ruscus aevleatus 200 0 200, 0 0 200 0 0 0 0] 200 0 200 0
11 | Selanum nigrum 1} 0 0 1] ] 4] 0 1] [ 1] 0 ] 0
12 | Picris hicracioides 0 0 0 4] 0 0 0 0 0 0 0 0 0
13 | Asparagus acutifolius 200 0 . 200 0 200 i) 0 1] 0] 200 0 0 0 200
14 | Smitax aspera 600 0 600 450 200 0 0 0 200 0| 400 0 0 600
15 | Stenactis annua 200 0 200 0 0 0 0 0| 200 0 0 0 200
16 | Tamus communis 0 0 0 0 4] 0 0 0 0 0 0 0 1]
Uﬁr;o 1200 | 3400 4600 1600 | 2400 600 0 0 200 | 1600|2800 | 1400 | 1000 | :2200
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Table 8. Plant damage in the sample plot (calculated by hectare) in Compartment 4 of the Management Unit “Kalifront” g
Tablica 8. Prikaz ostecenosti biljaka na primjernoj plohi (preracunato na hektar) u odjelu 4 Gospodarske jedinice “Kalifront” 8
£

Area= 600 m? Compartment age: 36 years Cutting: January 1999 Measurement: 14.10.195% 51
Povriina= 600 m* Dab adiela: 36 god. Sjeéa: Sijecans 1999, Iemjeral 14.10.1999, ~—

3

Origin Height classes Damage type Damage intensity =

No. Nacin postanka Visinst razredi Vrsta ofteéenja Intenzitet oftedenfa :
c

Species From From . :,,"3

seeds | stumps |..Fotal | 1-30 | 31-60 | 61-130 | 131150 |151-200 A 5 1-36 |31-50 (51100 o

E Iz (cm) (cm) (em) (em) (em) % % % g

sfemena panja g

=

1 Quercus ilex 50 1067 ny 417 550 17 17 0 217 900 433 150 533 E
2 Fraxinus ornus 83 117 E 200 83 67 50 0 1] 0 a3 167 i) 17 183 g,
oy

| Arbutus unedo 0 133 133 0 0 17 0 17 0 67 67 50 17 67 %
Q

4| aburmm tinus 50 267 233 67 17 ¢ 0 0 0 37 0 0 317 =5
5 | Ertca arborea 0 133 133 0 0 0 0 0 0 133 17 17 100 C)
g

6 Phitlyrea latifolia 0 100 33 33 33 0 0 0 0 100 0 (] 100 .
£

7 Rubus dalmaticty 283 4] 200 0 &3 0 0 0 I7 267 17 G 167 '_2
e &

8 Rosa sempervivens 333 33 367 333 17 17 0 ] 0 33 333 0 33 333 g
B 7]

&

9 | Solanum nigrum 1833 0 17 0 0 0 0 250 1583 0 0 1833 a3
10 : o)
Clematis sp. 17 0 0 0 0 0 0 0 17 0 0 17 T‘

W | Smiitax aspera 2400 0 300 17 0 0 o | 300 | 2100 0 17 | 2383 =
b

2 | Ruscus acuteatus 83 0 0 0 0 0 0 0 53 0 0 83 5
Total ; (E

L0 5133 1850 217 883 17 33 0 917 6067 617 250 6117 &
Ukupno ¥
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| K. Krapinec: Plant preference by Mouflon (Ovis ammon musimon Pal.) and Axis deer
§ (Axis axis Erx.) in the forest community of Holm oak ... Glas. $um. pokuse 39: 67 — 102, Zagreb, 2002.

Table 9. Undamaged plants in the sample plot in Compartment 18 of the MU “Kalifront”
Tablica 9. Prikaz neostecenih biljaka na primjernoj plohi u odjelu 18 GJ “Kalifront”

Origin Height classes
Nadin postanka Visinski razredi
Ne. SPECIES f::g‘s Sf:;‘:g Tofal | 1-.30 | 31-60 | 61-130 [ 131-150 | 151-200

Iz sjemena| Iz panja |- Ufmp o (cm) (em) (em) (em) {cm)

1 | Quercus ilex 175 526 | 702 263 175 263 0 0
2 | Fraxinus ornus 3158 1228 4386: 1491 1491 1140 263 0
3 | Arbutus unedo 88 789 877 88 175 351 263 0
4 | Viburum tinus 877 877 1754 1228 439 -] 0 ]
5 | Rubus dalmaticns 1404 140 |, 2544 877 1491 175 0 0
6 | Rosa sempervirens 0 0 Top 0 0 0 0 0
7 | Clemayis sp, 351 0 351 263 0 88 0 0
8 | Pistacia lentiscus 0 789 789 0 175 614 0 0
9 | Phillyrea tatfolia 263 614 | s17 | 175 439 263 0 0
10 | Ruscus aculeatus 0 0 i 0 0 0 0 0
11 | Asparagus acusifolius 965 0 | 95 88 439 439 0 0
12 | Erica arborea 0 1228 1228 0 263 877 88 0
13 | Smilax aspera i] 0 S 0 ¢ 0 0 0
14 | Coronilla emeroides 38 0 83 83 0 0 0 0
L5 | Spartium junceum 0 0 0 0 0 0 0 0
16 | Rubia peregring 0 o |« 0 0 0 0 0
J{‘;’ﬁa 7368 7193 F.oqaser | 4ser | soss 4298 6i4 0

Table 10. Undamaged plants in the sample plot in Compartment 22b of the MU “Kalifront”
Tablica 10. Prikaz neosteéenih biljaka na primjernoj plohi u odjelu 22b G.J “Kalifront”

Origin Height classes
Nuacin postanka Visinski razredi
No. Species From sfl.:;::s Tosl | 1-30 |31-60 |61- 130 131-150 | 151-200

Iz sjemena | Jz panja Ukaipno (em} (om) (em) {em) (em)
1 | Onercus ilex 1512 116 1628 1395 233 0 0 0
2 | Fraxinus omus 0 0 Q 0 0 0 0 0
3 | Arbutus unedo 0 465 465 0 0 349 0 116
4 | Viburnum tinus 0 33 | 3 o | 233 0 0 0
3 | Rubus dalmaticus 349 0 349 0 116 233 0 0
6 | Rosa sempervirens 116 0 118 116 0 0 ] 0
7 | Clematis sp. 0 -0 1] 0 0 0 0 0
8 | Pistacia lentiscus 0 0 0 0 0 0 0 0
9 | Phillyrea latifolia 116 0 16 0 116 0 0 0
Ruseus aculeatus 0 0 "0 0 0 0 0 0
11 | Asparagus acutifolius 0 o F. 0. 0 0 0 0 0
12 | Erica arborea 0 116 1§ o | 116 0 o 0
13 | Smrilax aspera 0 0 0 0 0 0 0 0
UEE:D_ 2093 930 iy 1512 313 581 0 116
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K. Krapinec: Plant preference by Mouflon (Ovis ammon musimon Pal.) and Axis deer
(Axis axis Erx.) in the forest community of Holm oak ... Glas. $um. pokuse 39: 67 — 102, Zagreb, 2002.

Table 11. Undamaged plants in the sample plot in Compartment 3 of the MU “Kalifront™
Tablica 11. Prikaz neostebenih biljaka na primjernof plohi w odjelu 3 GJ “Kalifront”

Origin Height classes
Nacin postanka Visinski razredi
Mo. Species ::::{’S' sﬁ:;’;s : 1-30 | 31-60 | 61130 | 131150 | 151 —200
Iz sjemena | Iz panja {em) (cm) (em) {em) {cm)
1 Quercus ilex 1400 4040 4400 600 400 Q L]
2 Fraxinns ornus 31600 400( 32000 [+} Q ] o
3 | Arbutus unedo 0 1200 200 800 200 0 0
4 Vibuimnm tinus 2400 2200 3800 800 4] 4] Lt]
5 Rubus dalmaticus 1000 9 1600 4] 4] L 0
& | Kosa sempervirens 200 0 200 o Q 0 0
T | Clematis sp. 200 0 200 0 ¢ 0 0
8 | Evica arbarea 0 [} 4] L1} ¢ ] 0
] Philfyrea latifolia 2400 1400} | 3000 600 200 o 0
10 | Ruseus aculearus 1800 of 800 1000 o 0 0
11§ Solanum nigrum 22000 0 22000 0 0 0 0
12 | Picris hicracioides 400 0 400 ] 0 0 0
13 ‘jjﬁﬁ;;f:: 200 0 200 0 of o 0
14 Smilax aspera 4200 o} 3600 400 200
15 | Srenacris uvnua 600 of 600 0 0
16 | famus communis 400 of - 400 0 0
L;z;'w “ 688060 9200 -Jso_qa; 72800( 4200 1000 o ) 0

Table 12. Undamaged plants in the sample plot in Compartment 4 of the MU “Kalifront”
Tablica 12. Prikaz neo$tedenih biljaka na primjernoj ploki u odjelu 4 GJ “Kalifront™

origin Height classes
Nadin postanka Visinski razredi
No. Species :;:;: sfl::’nms 1-30 | 31-60 | 61-130 | 131—150 | 151 —200
o sjommonat | Ix pmg.a em) | (em) (cm) (cm) (cm)
1 | Quercus ilex 1367 200 1367 133 67 o]
2 | Fraximus ornus 4717 83 4717 50 33 ] 0
3 | Arbiaus unedo 100 650 100 100 433 100 17
4 Vibrurnum tinus 17 0 17 0 0 Q 0
5 | Rubus dalmatinus 2350 50 2400 [} 0 Q 0
6 | Rosa sempervirens 117 17 133 0 0 0 0
7 | Solanum nigrum 8483 Q 8483 0 0 0 0
8 | Myrins conununis 183 117 150 117 33 0 0
9 | Imula viscosa 200 0 100 50 50 0 0
10 Clematis flammula 483 0 483 o 0 1]
11 | Smilax aspera 433 0 417 17 0 1]
12 | Ruscus acileatus 50 0 50 0 0
13 | Pinus pinaster 283 0 283 0 0
U:z:lm 18783, 1mz7 15900 A‘ 18700 467 617 100 17
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K. Krapinee: Plant preference by Mouflon (Ovis ammon musimon Pal.) and Axis deer
{Axis axis Erx.) in the forest community of Holm oak ... Glas. $um, pokuse 39: 67 — 102, Zagreb, 2002,

To calculate the percentage of damaged plants, only those plant species carrying
browsing traces were used (consumed species). Other species were excluded from the
calculation since they were not consumed by game.

During winter and early spring, game damaged a larger share of plants (53% in
compartment 18 and 77% in compartment 22), in spring and early summer game
damaged only 9% of the plants, while during summer and early autumn, 27% of the
plants of consumed species were damaged.

Compartment 3 Compartment 4
Odjel 3 Odiel 4
Date of recording: 6. July 1999 Date of recording: 14, October 1999
Datum snimke: 06.07.1999, Datum snimke: 14,10,.1999.
9% 27%

damaged undamaged damaged undamaged
ostedeno neoltedeno ofteceno neostedeno
Compartment 18 Compartment 22b
Odiel 18 Odjel 226
Date of recording: 15. May 1999 Date of recording: 15. May 1599
Doatuns sninske: 15.05.1999. Datum snimie: 15.05.1998,

3%

7%
damaged undamaged
ofteceno neofteceno

damaged undamaged
oftedeno neoiteceno

O

Graph 1. The share of damaged and undamaged plants in sample plots
Grafikon . Udio oftecenih i neoiteéenih biljaka na primjernim plohama

PLANT SPECIES PREFERENCE
PREFERABILNOST BILJNIH VRSTA

According to Tables 5, 6, 7, and 8, the species preference changed over seasons. During
winter and spring (Graph 2) game preferred young tops of butcher’s broom (Ruscus
aculeatus), Spanish broom (Spartium junceunt), wild madder (Rubia peregrina) and green
briar (Smilax aspera). These four species had the same preference index of 1.79. Of a total
of 16 plant species recorded in the plot, game consumed 13, Evergreen rose, mastic tree and
tree heath were not browsed. It is interesting that in the recordings made during the remaining
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K. Krapinec: Plant preference by Mouflon (Ovis anmon musimon Pal.) and Axis'deer

(Axis axis Erx.) in the forest community of Holm oak ... Glas. um. pokuse 39: 67 — 102, Zagreb, 2002,

part of the year, game browsed on tree heath and evergreen rose. Spanish broom, scorpion senna
and wild madder were not found in other sample plots.
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Graph 2. Species preference by mouflon and axis deer for the winter-spring period
Grafikon 2. Preferabilnost vrsta u muflona i jelena aksisa za razdoblje zima-proljede
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Graph 3. Species preference by mouflon and axis deer for the spring-summer period
Grgfikon 3. Preferabilnost vista u muflona i jelena aksisa za razdoblje proijeée-ljeto
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K. Krapinec: Plant preference by Mouflon (Qvis anunon musimon Pal.) and Axis deer
(Axis axis Erx.) in the forest community of Holm oak ... Glas. Sum. pokuse 39: 67 — 102, Zagreb, 2002.
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Graph 4. Species preference by moudlon and axis deer for the summer-autumn period
Grafikon 4. Preferabilnost vrsta u muflona i jelena aksisa za razdoblje ljeto-jesen

During spring and early summer, the most preferred species was the tree heath (Erica
arborea) - P=17.96 (Graph 3). Other woody species, such as laurustinus, phillyrea and manna
ash achieved slightly lower preference. Of a total of 16 plant species, damage was recorded
on 9. Game did not browse holm oak, strawberry tree, rose, black nightshade, hawkweed ox-
tongue (Picris hieracioides) and black bryony (Tamus communis).

During summer and early autumn, the most damaged plant species was laurustinus (Pi=3.66,
Graph 4). Black nightshade was also intensively damaged - Pi=3.46. Of a total of 14 species,

! game damaged 12. No damage was found on sticky fleabane (frmula viscosa) and maritime pine

5 (Pinus pinaster). Maritime pine was represented only with seedlings up to 20 cm tall in the plot.

. During spring, holm cak as a dominant species in the community took the sixth place, during
summer it was not browsed by game, while browsing began only in late summer and early
autumn. Field recognisance did not reveal any mastic tree (Pistacia fensiscus) and common
myrtle (Myrtus communis) browsing anywhere in the hunting ground. This could support the
claim that the habitat is still not over-capacitated with game, since mastic tree is damaged in
Brijuni National Park, while myrtle is damaged by game (fallow deer) in the hunting ground of
Punta KriZa on Cres, where the habitat is over-capacitated.
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K. Krapinec: Plant preference by Mouflon (Ovis ammor musimon Pal.) and Axis deer
{Axis axis Enc.) in the forest community of Holm oak ... Glas. fum. pokuse 39: 67 — 102, Zagreb, 2002,

In terms of seasonal changes in the preference for woody plants of the phytocoenosis Fraxino
orni-Quercetum ilicis, no regular patterns were found, in other words, the preference changes
over the season. Globally speaking, laurustinus is the most highly preferred woody species,
followed by broad-leaved phillyrea, tree heath, holm oak strawberry tree and manna ash.

The hunting ground recognisance at the beginning of 2000 showed that Spanish broom was
most game-damaged in winter. As for scorpion senna, since it grows mostly along paths, the
game inflicted. considerable damage in light strips.

Of 12,442 plants/ha of all species in compartment 22 b, the number of preferred species is
12,210/ha, of 28,860 plants/ha in compartment 18, the number of preferred plants is 26,842, of
82,600 plants/ha in compartment 3 there are 52,000/ha of preferred plants, and of 26,883 plants/
ha in compartment 4, there are 26,100 preferred plants.

PLANT DAMAGE WITH REGARD TO ORIGIN
OSTECENOST VRSTA S OBZIROM NA NACIN POSTANKA

Since woody species of the community Fraxino orni-Quercetum ilicis can sprout from
stumps or from seeds, the analysis of damage status was made based on the origin. The
following species were encompassed by the analysis (Graph 5); holm oak, tree heath,
laurustinus, phillyrea, strawberry tree and manna ash. The calculation (column “the consumed
species only” in Table 4) was made for them.

Compartment 3 Compartment 4
Odjel 3 Odjel 4
Date of recording: 6. July 1999 Date of rccording: 14. October 1999
Datum snimke: 06.07.1999. Danen snivake: 141001998,
0% 9%

100%

9N%

from sced from stump from sced from stump
“ iz sjemena iz panja iz sjemena iz panja
Compartment 18 Compartment 22b
Odjel 18 Odjel 220
Date of recording: 15. May 1999 Date of recording: 15. May 1999
Datum snimke: 15.03.1999. Darum snimbe: 15051992,
8% 9%

92% 9N%

from seed from stump from seed _ from stump
iz sjemena iz panja iz sjernena = Iz panja

Graph 5. Distribution of damaged plants from seeds and from stumps
Grafikon 5. Distribucija oSteéenih biljaka iz sjemena i iz panja
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K. Krapinec: Plant preference by Mouflon (Ovis armimon musimon Pal.) and Axis deer
(Axis axis Erx.) in the forest community of Holm oak ... Glas. Sum. pokuse 39: 67 — 102, Zagreb, 2002.

In compartment 3, all damaged plants originated from stumps. In compartment 4 there were
91% of damaged plants from stumps and 9% of plants from seeds. In compartment 18, 92%
of the damaged plants sprouted from stumps and 8% from seeds. 91% of damaged plants in
compartment 22 came from stumps, while 9% originated from seeds. It is evident that game
prefers stump sprouts and that damage to seed sprouts is much smaller.

PLANT DAMAGE BY HEIGHT CLASSES
OSTECENOST BILINIH VRSTA S OBZIROM NA VISINSKE RAZREDE

Damage analysis by height classes was not done for tree and strawberry tree, because the
former has numerous shoots and the latter lower preference. Generally, Graph 6 shows that the
share of damaged plants increases with their height, In the last height class (151 to 200 cm), enly
plants of holm cak were registered.
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Graph 6. Summary distribution of the total number of plants and damaged plants of a given
plant species by height classes

Grafikon 6. Sumarna distribucija wkupnog broja biljaka i ofteéenih biljaka pojedine biljne
vrste po visinskim razredima

A large quantity of plants of manna ash is the result of a high number of ash seedlings in plot 3
(31,600 plants). The major part of the seedlings later decayed so that by autumn the number had
fallen considerably (4,800 plants).
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K. Krapinec: Plant preference by Mouflon (Ovis ammon musimon Pal.) and Axis deer
(Axis axis Erx.) in the forest community of Holm oak ... Glas. Sum. pokuse 39: 67 — 102, Zagreb, 2002.

PLANT DAMAGE BY DAMAGE TYPE
OSTECENOST BILJAKA S OBZIROM NA NACIN OSTECENJA

The analysis of damage type was made summarily for all plants per compartments and
seasons. In the majority of cases, game bites off both terminal and lateral shoots on a plant (from
51 to 87%). In the entire sample, the percentage of plants showing damage only on terminal
shoots ranged from 13 to 35%, while that of the plants showing damage only on lateral shoots
ranged from 0 to 7% (Graph 7).

Compartment 3 Compartment 4
Odjel 3 Gdjel 4
Date of recording. 6. July 1999 Date of recording. 14. October 1999
Datim snimker 06.07.1999, Datum snimke: 14,10.1999.

4%

lateral terminal terminal and lateral lateral terminal terminal and lateral
postrani vrEni vrini i postrant posirani vesni vrini | postrani
Compartment 18 Compartment 22b
Odjel 18 Odjel 226
Date of recording. 15, May 1999 Date of recording. 15. May 1699
Datum snimbke: 15.05,1999, Datum snimke: 15.05.1999.
2% g7
2

81%

lateral terminal terminal and lateral lateral terminal terminal and lateral
postrant wEné vidni i postrani posteani vrini vidnl § postrani

Graph 7. Plant distribution by damage type
Grafikon 7. Distribucija biljaka po vrsti oftecenja

DAMAGE INTENSITY
INTENZITET OSTECENJA

In winter and early spring, a larger proportion of plants (41% in compartment 18 and 61%
in compartment 22b) was moderately damaged by game (from 1 to 30% of the shoots were
damaged). By the beginning of summer, game inflicted critical damage to plants, so that 48%
of the plants in compartment 3 were critically damaged. During summer and early autumn 87%
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K. Krapinec: Plant preference by Mouflon (Ovis amnion musimon Pal.) and Axis deer
(Axis axis Erx.) in the forest community of Holm oak ... Glas. Sum. pokuse 39: 67 — 102, Zagreb, 2002.

of the plants were critically browsed. Consequently, browsing intensity per plant increases from
spring to late summer, and then decreases (Graph 8).

Compartment 3
Odjel 3
Date of recording. 6. July 1999
Datwm snimke: 06.07.1999,

H1-30% W31 - 50% 051 - 100%

Compartment 4
Odjet 4
Date of recording, 14. October 1999
Datum snimke: 14.10.1993,
9% 49

M1 - 30% W31 - 50% 51 - 100%

Compartment 18
Odjel 18
Date of recording. 15. May 1999
Dartum snimke: 15.05.1999,

32%

27%

B 1 -30% B31 - 50% 051 - 100%

Compartment 22b
Odjel 22b
Date of recording. 15, May 1999
Datum snintke: 15.05.1999.

23%
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Graph 8. Plant distribution by damage intensity

Graftkon 8. Distribucija biljaka po intenzintetu osteéenosti

preserve these forests.
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Although over 50% of the plants in compartments 18 and 22b were damaged during winter
and early spring, most (41 and 61%) were moderately damaged (from 1 to 30%}). In compartment
3, of the 9% of damaged plants, the majority (48%) were in the critically damaged class.

DISCUSSION
RASPRAVA

The forests in the Mediterranean region have traditionally provided the local population
with a multitude of functions, unlike those in the rest of Europe. In the first place, they provided
timber and food, then shelter, medicinal herbs, cork, tannin, resin, etc (Fig. 3). Intensive forest
exploitation not only by felling but also by uncontrolled browsing has resulted in various
degraded forms. As a result, many activities are being undertaken at present to restore and
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Methods of forest management on the island of Rab are characterised by a specific feature:
the treatment of cleaning. This is a silvicultural procedure which removes, subordinate species
from a stand, but also reduces the number of principal woody species (primarily holm oak,
followed by manna ash). The local population is thus provided with small fuelwoed or browse
for cattle. This procedure, since it allows a lot of light to enter a stand, is followed by a “burst”
of vegetation, not only stump sprouts of felled woody species, but also climbers and ground
vegetation. The vegetation biomass increases significantly under a rarefied or broken stand
crown canopy and so does the concentration of raw proteins, net energy and carbohydrates,
or the degree of food digestibility (Adami& 1990, cit Blair ef af, 1983, cit Regelic ef al. 1974).
Therefore, stand tending does not lead only to an increase in the productive function of the
forest, but also in the production of its other functions (integral forest management - the
conversion of plant biomass into meat, trophies, etc.). In the mentioned hunting ground, game
makes very good use of the cleaning results. All the plots have been established precisely in the
areas that were cleaned.

According to Graphs 2, 3, and 4, game showed weaker preference for the principal woody
species in the stand - the holm oak and manna ash. The most preferred woody species in these
sites were scorpion senna, laurustinus and phillyrea. Tree heath was highly preferred in early
summer due to the fact that young shoots sprouted from the stumps (and the plants did not
exceed 60 cm in height, that is, most of the damaged plants were in the height class from 1 to
30 cm - compartments 3 and 4). Clearly, plants only had one-year-old (young) shoots, which
are more digestible than older shoots, so that game did not have to invest effort into selecting
more nutritious, younger shoots. It is well known that tree heath has abundant and relatively
small-sized shoots compared to other species in holm oak forests. When only shoots of several
years are available, which have poorer nutritive properties, game is forced to find food that will
feed them faster and better. Here, there are no typical signs of woody species being browsed
by ruminants as is the case on the continent, where the place of bite from the bottom looks as if
cut, while the top contains the remains of bark and bast fibre. (Fig. 4) It is clear from Figure 5
that animals did not bite off the shoots in the way described above but tore them with their lips
instead. In such a case, the shoot breaks at an un-lignified point, enabling the game to consume
less indigestible matter, such as, for example, lignin (Fig. 5}, which shows that game makes full
use of browsing,

Over the year the consumed - unconsumed species ratio changes. In the winter - spring
period, game consumed 13 out of 16 species, in the spring - summer period it consumed 9 out of
16 species, and in the summer - autumn period 12 out of 14 species were consumed (common
myrtle, mastic tree, sticky fleabane and the seedlings of maritime pine were not consumed).
Although myrtle was only recorded in compartment 4 in the sample, it should be pointed out
that by reviewing the damaged plants in the entire hunting ground no damage to myrtle was
found anywhere. This classifies it into the category of non-preferable plants for these two game
species.

The key to a good nutritive base in the eu-Mediterranean region at the beginning of the
browsing period by big game lies precisely in the production of one-year shoots of woody
species. This period begins in late June and early July, when pasture elements (various grasses
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and herbaceous plants) are dry and do not provide good quality forage. In this period, game
primarily searches for shoots that are preferably juicy (Krapinec ef af. 2000). Contrary to the
continental part of Croatia, where unfavourable life conditions for game occur in winter, in the
Mediterranean region such conditions occur in summer. It is for this reason that game in the
Mediterranean migrates, as shown in Figure 6. In assessing the capacity of a hunting ground, it
would be advisable to do so by taking into account the quantity of the natural nutritive base at
the disposal to the game over the most unfavourable period of the year.

Since a stump plant sprouts more main shoots than a seed plant, stump plants contain higher
biomass per unit than seed plants. This is undoubtedly one of the reasons why plants from
stumps participated in the damage from 91 to 100%. Namely, in browsing, animals move from a
plant to a plant, trying to use as little energy as possible for feeding. This is why they fed mainly
on the shoots from stumps, as they had to invest much less effort and much less movement. The
verity of this is testified by Graph 5, which shows that game preferred to browse higher plants,
that is, plants in higher height classes.

Game was less selective with respect to terminal or lateral shoots. In most cases, it damaged
both terminal and lateral shoots. Krapinec et a/. (2000} found that an increase in the shoot
diameter was directly proportionate to the shoot length, as well as the length of the bitten part of
the shoot. Thus, the longer the shoot, the longer the part that the animals bite off or consume.

Game damages a larger number of plants in winter and spring, but with lower intensity. It
could be concluded that in under-capacitated sites, an increase in the number of damaged plants
results in a decrease in the percentage of damaged plants and vice versa. A very important fact
was noted during damage assessment: game did not damage the young growth of holm oak and
manna ash. The reason why the young growth of holm oak was not consumed might lie in the
fact that the leaves on the young growth are thornier and tougher than those on the shoots from
stumps, while the second reason has already been explained - less quantity of used energy per
plant.

Terrain recognisance revealed that mouflon stripped the bark of young aleppo pines of up to
70 cm tall, which led to their subsequent death due to having been girdled (Figure 8).

It was observed during the year that mouflon formed bigger herds than axis deer. Some lone
axis deer were observed, as well as groups consisting of twe males up to nine heads at most,
made up of bucks and does with and without calves. The size of mouflon herds ranged from four
heads (an older ram with three ewes) to 27 heads. Consequently, due to a larger number of heads
in a herd, moufton poses more threat to successful forest regeneration than axis deer, Effort will
have to be put into further research concerning ways of reducing the number of heads in a herd
and a more balanced distribution of individuals in a hunting ground.

It is important to monitor browsing and grazing of other (“non-commercial”) species in a
stand in order to detect other forms of forest damage. Namely, as a result of game browsing
and grazing, a situation may arise in which a characteristic set of plant species in a site changes
to such a degree that the site loses the characteristics of the original community (Medvedovié,
1989). In the concrete case, game might endanger butcher’s broom, which is already under
protection. The analysis of browsing patterns should take account of the fact that game migration
in the hunting ground is not possible in the sense of seasonal movement in search for food as
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is the case in some other hunting grounds where mouflon is reared. On the other hand, it is
interesting that mouflon has adapted well to habitat conditions in a relatively short period, since
it was re-introducted in the Mediterranean from Central Europe in 1998. The same mouflon
population in the Czech Republic and Slovakia originates from the Belvedere Park near Vienna,
where Eugéne de Savoie brought it from Corsica in 1730. This fact testifies to the plasticity of
mouflon game, because the same population, despite not having lived in the Mediterranean for
over 250 years, still managed to utilize the major part of the resource for food upon its retumn to
the original habitat.

CONCLUSIONS
ZAKLJUCCI

The following can be concluded from the analyses:

1. No economic damage was recorded in the hunting ground at a density of § heads of big
game (mouflon and axis deer together) per 100 ha. If the principle of compensation is
applied from the “Specialist groundwork ...”, stating that one head of axis deer can be
compensated with 1.5 head of mouflon, then the hunting ground would contain either
52 heads of axis deer (6 heads per 100.ha) or 78 heads of mouflon (9 heads per 100
ha). This would mean that the carrying capacity was exceeded by 180% in the case of
mouflon, and by 200% in the case of axis deer.

2. From the aspect of hunting management, forest cleaning is the most important
silvicultural procedure in these stands, since it increases the browsing nutritive
capacities for the game manifoldly. The cleaning treatment may yield up to 52,000
individuals of palatable plant species per hectare by the beginning of summer.

3. The preference of browsing species changes over the season.

4. Inthewinter-spring period, the five best preferred species were butcher’s
broom (Ruscus aculeatus), Spanish broom (Spartium juncewm), wild madder (Rubia
peregrina), green briar (Smilax aspera) and scorpion senna (Coronilla emeroides).

5 Inthespring-summ er period, the five best preferred plant species were
tree heath (Erica arborea), sharp-leaved asparagus (Asparagus acutifolius), plume
clematis (Clematis flammula), laurustinus (Viburnum tinus) and crack phillyrea
(Phillyrea latifolia).

6. The five best preferred plant species inthe summer-autum n period were
laurustinus (Viburnum tinus), black nightshade (Solanum nigrum), green briar (Smilax
aspera), evergreen rose (Rosa semprevirens) and butcher’s broom (Ruscus aculeatus).

7. Game prefers to browse plants from stumps than plants from seeds. Similarly, with
an increase in the height of plants, the probability of their being damaged by game
also rises.

8. The-period in which forest stands are at most risk by game is summer - autumn. In this
period, the number of damaged plants in sample plots was the highest, and so was the
number of damaged plant species (86%).
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9. Of woody species, game avoids common myrtle (Myrtus communis), mastic tree
(Pistacia {entiscus) and young growth of all woody species.

10. The signs of biting the shoots of woody species in the eu-Mediterranean region differ
from those on the continent. The place of a shoot bite is even, or in other words, game
consumes non-woody shoots which are also the most digestible.

11. As arule, in browsing, game bites both terminal and lateral shoots on one plant.

12. The reason why tree heath (Erica arborea) was highly preferred was that the shoots
developed from winter to summer in the same year and the plants did not exceed 30
cm in height.
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PREFERABILNOST BILINIH VRSTA ZAJEDNICE HRASTA CRNIKE I
CRNOGA JASENA (FRAXINO ORNI-QUERCETUM ILICIS H-IC /1956/
1958) U MUFLONA (OVIS AMMON MUSIMON PAL.)

[ JELENA AKSISA (4XIS AXIS ERX)

SAZETAK

Vegetacija u lovnom gospodarenju ima veliko znagenje. Ona sluZi i za prehranu biljojedima
ikao zaklon. Svaka pojedina Zivotinjska vrsta ima specifi¢ne zahtjeve s obzirom na nacin Zivota,
stanitte 1 hranu. Zbog toga je nuzno luditi razli¢ite tipove vegetacije odnosno kulture glede
pogodnosti za uzgoj pojedine vrste divlja&i. Jedan od glavnih problema vrednovanja stanista
za divlja¢ je i dobar odnos oranica, livada, pa$njaka i 3uma u lovnogospodarskom smislu. Sto
se ti¢e prvih triju kategorija s lovnogospodarskoga se gledidta do sada poku3ala istraZiti samo
kakvoéa umjetno proizvedene hrane u obliku koncentrata, silaZe ili sijena za divlja¢ tako da su
prirodni hranidbeni potencijali jo§ uvijek slabo istraZeni.

U prirodnom uzgoju divlja¥ na raspolaganju ima mnogo viSe hrane nego 3to je njezina
ukupna potreba. To se u prvom redu odnosi na zeljaste biljke, i to samo tijekom vegetacije
(iako pagne vrste divlja&i tijekom razdoblja bez vegetacije poseZu i za suhim biljkama), dok
izvan vegetacijskoga razdoblja odredene vrste divljaci hranu pronalaze uglavnom u $umi. S
tom interakcijom divljag — stanifte u nas, a i u svijetu uglavnom su se bavili 3umari. Iako
mnogi zastitari prirode okrivljuju $umare za degradaciju stanista pojedinih Zivotinskih vrsta,
ovdje je bitno napomenuti da je ve¢ odavno dokazano kako suvremeno Sumarstvo ide u prilog
pobolj$anju stanista za odredene Zivotinjske vrste. Naime, progresivnom sukcesijom vegetacije
prostomno se i kakvoéno povecava gospodarski kapacitet divljih biljojeda, i to ne samo s
prehrambenoga gledista nego i u smislu zaklona.

U usporedbi s prafumom u gospodarskim se $umama koli¢ina i raznovrsnost dostupne
biomase i zaklona poveéavaju u skladu s nastajanjem inicijalne faze (branjevina). U posljednje
se vrijeme u zapadnoeuropskim zemljama, pogotovo u NjemaZkoj, namele problem
prekomjernoga broja divijati. Stoga se obavlja redukcijski odstrel prekobrojnih grla. Stetne
uttinke divljadi na obnovu $uma neki autori navode kao glavni problem srednjoeuropskoga
Sumarstva, medutim, $tete-od divljaci nisu iskljugivo u svezi s njhovom prekobrojno3¢u, a isto
tako nisu nov pojam jer je analizom izvrtaka donjega dijela odraslih jela (4bies alba Mill)
iz Kotevskoga roga dobiven podatak da su u razdoblju od sredine 17. stoljeéa do sredine 19.
stolje¢a na izraslim jelama terminalni pupovi 75 % analiziranih stabala u miadosti bili odgrizeni,
i to od jednom do 35 puta. Dakle “3tete” su u Sumama i u pro8losti bile prisutne i pri niskom
brojnom stanju divljai.

U istra¥ivanjima prehrane divlja&i danas su vidljiva dva potpuno razlitita pristupa:
europski (s izuzetkom Skandinavije i Velike Britanije), koji je usmjeren na prilagodavanje
ublaZavanje §teta od divlja¢i te proudavanje vaZnosti i racionalizacije zimske prehrane divljaci,
te sjevernoameridko-skandinavski, koji je u prvom redu usmjeren na upoznavanje prehrambene
ekologije biljojeda, kompeticije medu simpatitkim vrstama te kompeticije medu divljim i
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domacim vrstama Zivotinja na velikim povrSinama. Ovaj je pristup lovnomu gospodarstvu
usmyjeren na oblikovanje strategije upravljanja populacijama divlja&i u prirodi uz po3tivanje
biotskoga kapaciteta stanista.

IstraZivanja interakcije divlji biljojed — staniste u sredozemnom podru&ju Hrvatske zapo&ela
su u ogradenom dijelu DrZavnoga lovista VII/6 “Kalifront” povr§ine 1351,22 ha. Navedeno
lovidte smjeSteno je na otoku Rabu. Od krupne divljati u lovistu obitavaju muflon (Ovis ammon
musimon Pall.) i jelen aksis (Axis axis Erx.). S obzirom na to da se radi o lovistu koje je u biti u
cijelosti smjeSteno na poluotoku, pregradeno je u sredidnjem dijelu na duljini 3,4 km, Time je
sjeverozapadni dio lovista (840 ha) s divlja&i ostao izoliran od domace stoke koja je do tada na
gitavoj povrini lovista “Kalifront” nekontrolirano brstila u $umi. Uginak takve pregrade jednak
Jje u€inku potpunoga ogradivanja ovoga dijela lovita jer su ostale tri strane okruZene morem.
Zbog toga ce se u daljem tekstu vide koristiti naziv ogradeni dio lovista. Dakle, u potpunosti su
stedeni preduvieti za istraZivanja prirodnoga uzgoja divljasi.

U ogradenom dijelu lovista tijekom uzimanja podataka za ovaj rad bilo je 45 grla mufionske
divljati i 22 grla jelena aksisa. Ukupno gledano to &ini gustoéu populacije sve krupne divlja¢i od
8 grla na 100 ha lovista. Iz tablice 1 je vidljivo da je u godini izmjere populacija divljai bila u
skladu s kapacitetima stanista, Razlika u Iovnoproduktivnoj povrSini nastala je pregradivanjem
lovista ogradom na dva dijela. Pregradeni dio u kojem su obavljena istraZivanja ima povrinu
od 840 ha, a stvarni se broj grla odnosi na prebrojavanje u tome dijelu lovista.

Na temelju podataka iz akta o osnivanju lovi§ta ukupna povriina loviSta iznosi 1475 ha.
Raspored poevriina po kulturama i zemljovlasni¢ki razmijer dan je u tablici 2.

Sredozemne su Sume tradicionalno pruZale mnogo vise koristi lokalnomu puanstvu za
razliku od 3uma ostaloga dijela Europe. U prvom redu sluZile su za drvo i hranu, a zatim za
zaklon, uporabu ljekovitoga bilja, pluta, tanina, smola itd. (slika 3). Posljedica intenzivnoga
iskoriStavanja $uma ne samo sjeom nego i nekontroliranom ispa§om jesu razli¢iti degradacijski
oblici. Zbog toga se danas dosta poduzima kako bi se te $ume ouvale.

Promatrajuéi nacin gospodarenja Sumama na otoku Rabu, uo&ava se njihovo &i¥éenje. To
Jje gospodarski zahvat u sastojini kojim se iz nje uklanjaju sporedne vrste, ali i smanjuje broj
glavnih drvenastih vrsta (u prvom redu crnike, a manje crnoga jasena). Lokalno pudanstvo tako
dobiva sitan ogrjev ili pak brst za stoku. Nakon takva zahvata u sastojini, buduéi da je u nju
uslo dosta svjetla, doslovce “bukne” vegetacija, ne samo izbojci iz panja posjegenih drvenastih
vrsta nego i penjatice te prizemno raslinje. Pri rijetkom do nepotpunom sklopu kro3anja u
sastojini se znatajno povecava biomasa raslinja, a time raste koncentracija sirovih bjelandevina,
te neto energija i ugljikohidrati, odnosno stupanj probavljivosti hrane (Adami 1990, cit.
Blair i dr. 1983, cit. Regelic i dr. 1974). Dakle, njega sastojina ne pridonosi samo poveéanju
proizvodne funkcije Sume, nego i povecanju proizvodnosti ostalih njezinih funkcija (integralno
gospodarenje Sumama — konverzija biomase biljaka u meso, trofej i sl.). U navedenom lovitu
divljat se jako dobro koristi posljedicama &i3¢enja. Sve navedene plohe smjeStne su upravo na
povrdine u kojima je obavljeno &i¥enje.

Promatraju¢i grafikone 2, 3. i 4, vidljivo je da divljag daje slabiju prednost glavnim
drvenastim vrstama u sastojini, odnosno hrastu crniki i cmomu jasenu. Najpreferabilnije
drvenaste vrste u ovim stani§tima su krunica, lemprika i zelenika. Veliki vrijes je pogetkom ljeta
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imao veliku preferabilnost uprave zbog toga 5to su iz panja potjerali mladi izbojci, a biljke nisu
prelazile visinu od 60 ¢m, odnosno veéi dio oftedenih biljaka bio je u visinskom razredu od 1
do 30 cm (odjel 3 i 4). Dakle, biljke su imale samo ovogodiinje (mlade) izbojke koji imaju vi$u
izbojaka. Naime, poznato je da vrijes ima prili¥no sitne i mnogobrojne izbojke u usporedbi s
ostalim vrstama crnikovih $uma te u sluéaju dostupnosti iskljugivo videgodi¥njih izbojaka, koji
su slabih prehrambenih svojstava, divljag je prisiljena nalaziti hranu kojom ce se brZe i bolje
nahraniti. Ovdje nije izraZeno tipi¢no odgrizanje drvenastih vrsta kao u kontinentnim krajevima,
gdje preZivadi odgrizaju tako da mjesto odgriza s donje strane izgleda kao odrezano, a s gomje
je ostatak kore i lika (slika 4). Na slici 11 jasno je uotljive kako izbojei nisu odgrizani na gore
opisani na&in, nego ih divljat kida usnama. Izbojak v tom slu¢aju puca na neodrvenjelom dijelu
te divlja¢ tako konzumira manje neprobavljivih tvari, npr. lignin (slika 5). To pokazuje kako
divlja¢ dobro iskoristava brst.

Tijekom godine mijenja se i odnos konzumiranih i nekonzumiranih vrsta. Take je divlja u
razdoblju zima-proljece od 16 vrsta konzumirala njih 13, u razdoblju proljece-licto od 16 vrsta
konzumirala je njih 9, a u razdoblju ljeto-jesen od 14 vrsta konzumirala je 12 (nije jela mirtu,
trilju, ljepljivi oman te ponik primorskoga bora). Iako je mirta bila u uzorku snimljena samo
u odjelu 4, treba reéi da detaljnim pregledom o3tecenih biljaka u cijelom lovidtu nigdje nije
ustanovljeno osteéenje biljaka mirte. To je takoder uvritava u kategoriju nepreferabilnih biljnih
vrsta za ove dvije vrste divljadi.

KIlju¢ dobre hranidbene podloge u eumediteranskom podmiju na pocetku brsnoga razdoblja
krupne divlja&i leZi upravo u proizvodnji jednogodi&njih izbojaka drvenastih vrsta. To razdoblje
nastupa krajem lipnja i potetkom srpnja kada su razliite trave i zeljanice suhe te su stoga
lo¥a krma. Divljaé tada u prvom redu traZi jo§ neodrvenjele izbojke koji su, po moguénosti,
§to sotniji (Krapinec i dr. 2000). Za razliku od kontinentainoga dijela Hrvatske, gdje za Zivot
divljadi nepovoljni uvjeti viadaju tijekom zime, u sredozemnom podruéju takvi uvjeti vladaju
* tijekom ljeta. Upravo stoga divlja& u Sredozemlju poduzima migracije prikazane na slici 6. Bilo
bi dobro odredivati kapacitet lovista prema koli¢ini prirodne prehrambene baze divljagi koja joj
stoji na raspolaganju tijekom za Zivot najnepovoljnijega dijela godine.

Budu¢i da biljka iz panja tjera viSe glavnih izbojaka od biljke iz sjemena, cna ima veéu
biomasu nego biljka iz sjemena. Jedan od razloga zasto su biljke iz panja u udjelu o3tecenosti
bile zastupljene od 91 do 100 % nedvojbeno leZi u toj Einjenici. Naime, Zivotinje pri brstu
pretaze od biljke do biljke, a poznato je da se nastoje hraniti uz $to manje tro3enja energije. Zbog
toga su se i hranile ponajprije izbojcima s panjaéa, jer su morale uloZiti mnogo manje napore,
odnosno $to manje se kretati od bilike do biljke. Da je to toéno, pokazuje i grafikon 6, iz kojega
je vidljivo da je divljad radije brstila vi3e biljke, odnosno biljke u vi§im visinskim razredima.

Pri izboru vrinoga ili postranoga izbojka divljad pokazuje manju selektivnost. U vecini
sludajeva je oiteéivala i vr¥ne i postrane izbojke. Krapinec i dr. (2000) utvrdili su da s
poveéanjem promjera izbojaka raste i duljina izbojka, te duljina odgrizenoga dijela izbojka.
Znaéi, §to je izbojak dulji, to je i dulji dio divlja& odgrizla.

Tijekom zime i prolje¢a divljag odteti veci broj biljaka, ali s manjim intenzitetom. Iz toga bi
se moglo zakljugiti da se u nenapuéenim staniStima s porastom broja otecenih biljaka smanjuje
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postotak o3tecenosti biljaka, i obratno. Bitna &injenica uotena pri snimanju ofteéenosti jest da
divlja¢ nije dirala ponik hrasta crnike i crnoga jasena. Razlog u nekonzumiranju ponika hrasta
crnike mogao bi biti i taj 5to su listovi na poniku bodljikaviji i Zilaviji nego na izbojcima iz
panja, dok je drugi veé objaSnjen — manja koligina potrosene energije po biljci.

Pri rekognosciranju terena utvrdeno je da je mufionska divljag gulila koru s mladih alepskih
borova visine do 70 cm koji su se poslije, buduéi da su bili prstenovani, osusili (slika 8).

Promatranjem divljaéi tijekom godine moglo se uociti da muflonska divlja& formira veéa
krda od jelena aksisa. Kod aksisa je bilo zamijeéenih samotnjaka, zatim grupe od dva muzjaka
do najvile devet grla koje su €inili jeleni i ko3ute s teladi i bez teladi. Veli€ina krda kod
muflonske divljadi kretala se od &etiri grla (stariji ovan s tri ovce) do 27 grla. [z toga izlazi da je
za uspjednu obnovu uma opasnija muflonska divlja& od jelenske jer ima veéi broj grla u krdu.
Zbog toga ¢e trebati uloZiti napore u daljnja istraZivanja na koji naéin smanjiti broj grla u krdu
te kako jedinke ravnomjerno rasporediti u lovistu.

Potreba pracenja brsta i paSe na ostalim (“nekomercijalnim™) vrsta-ma u sastojini bitna je
zbog toga jer se Sumskom 3tetom moZe smatrati i situacija u kojoj se, zbog pase i brsta divljaéi,
promijenio karakteristitan skup biljnih vrsta, i to tako da stani$te prestaje biti karakteristi¢no
za prvotnu asocijaciju (Medvedovi¢ 1989). U konkretnom slugaju divljag bi mogla ugroziti
bodljikavu veprinu koja je ionako veé zaticena. Pri analizi brsta treba uzeti u obzir i to da u
loviStu nije moguéa migracija divljaéi u smislu sezonskoga premje3tanja za hranom kao $to je to
sluaj u nekim drugim lovistima u kojima se gospodari muflonom. S druge je strane zanimljivo
da se muflonska divljag dobro prilagodila u relativiio kratkom vremenu na staniine uvjete jer je
iz srednje Europe 1998. godine dopremljena ponovo na Sredozemlje. Ista populacija mufiona
u Ce¥koj i Slovackoj porijeklom je iz parka Belvedere kod BeZa, gdje ju je Eugen Savojski
dopremio s Korzike 1730. godine. Dakle, o plastiénosti muflonske divljaci taj podatak puno
govori jer ista populacija nije bila na Sredozemlju otprilike preko 250 godina, a ipak je uspjela
pri povratku na prvobitno stanigte u relativno kratkom vremenu za prehranu iskoristiti dobar
dio resursa.

Kljuéne rijeéi: muflon (Ovis anmon musimon Pall.) i jelen aksis (Axis axis Erx.), 3uma
hrasta crnike i crnoga jasena (Fraxino orni-Quercetum ilicis H-i¢ /1956/ 1958)
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The paper shows the influence of some factors (extraction distance, harvesting density,
dimensions of processed roundwood, conditions of soil strenght, sorting of assortments
during unloading) on productivity of 12-tones forwarder Timberjack 1210 which worked on
extracting of roundwood from regeneration fellings in Croatian lowland forests.

Research was carried out on 5 workplaces at the period of 34 working days, when was
extracted 3584 m® of hardwood assortments (oak and ash) in 370 forwarder cycles. The
common feature of forwarder operation at all the researched felling sites was extraction
of only technical roundwood processed by cut-to-lenght method with chainsaws, and free
movement of the forwarder across the surface of felling units during the loading of timber.
The sorting of assortments at the landing during unloading occurred in case of several types
of species or quality classes of roundwood in the forwarder load. The felling sites differed by:
average extraction distances (240 to 610 m), off-road soil strenght conditions in the course of
the research (from mud to dry or frozen soil), harvesting density of the processed technical
roundwood (85 to 132 m'*ha) and the average quantity of the processed assortments: mid-
diameter (23 to 51 cm), length (3.6 to 5.5 m), and volume (0.23 to 0.72 m*/pcs).

The forwarder productivity was established by work and time study, and time
consumptions of work components were measured by fly-back chronometry method.

The productivity level of forwarders per researched felling areas was influenced by the
complex effects of off-road soil strenght conditions, dimensions of roundwood processed by
cut-to-lenght method, harvesting density, and sorting of assortments at the landing during
the unloading. For diversity and disparity of influenced factors encompassed at the research
sites, their influence on the productivity of forwarders’ operation was established indirectly,
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through the time consumptions of work components, and the achieved load features. The
research established the following:

— The load volume was under various influences of the key terrain factor of lowland forests
— off-road soil strenght, as well as of the number of roundwood pieces of specific dimensions,

— The travel speed of unloaded and loaded forwarder depends on the type of surface on which
the vehicle moves (off-road soil strenght conditions, forest road with gravel layer in the landing
area),

— The time of work with crane at loading and unloading depends on the number of roundwood
pieces of specific dimensions in the forwarder load,

— The time of works without crane at loading is influenced by the felling density of technical
roundwood intended to primary timber transport,

—The time of works without crane at unloading depends on the need for timber sorting at
the landing in case of occurrence of more types of species or quality classes of roundwood in the
forwarder load,

—The allowance time depends on off-road soil strenght conditions.

Key words: forwarder productivity, influencing factors, regeneration fellings, Croatian
lowland forests

INTRODUCTION
UvoD

Forestry mechinery production is not developed in the Republic of Croatia and machines
required by the Croatian forestry are purchased on the foreign market. These machines and
equipment are usually designed to suit the working conditions of the producer’s home country.
‘Therefore, when purchasing these machines and equipment, it is not sufficient to make decisions
on the basis of factory data and data on their productivity referred to in foreign literature but
they should rather be tested in our own working conditions. The reason lies in specific relief]
hydrographic and climate features of the Croatian forests, as well as in diversity of tree species,
condition of stands and manner of forest management,

This paper deals with the investigation of primary off-road transport of roundwood by
forwarder Timberjack 1210. The purpose of this research is to give contribution to gaining
knowledge of the productivity of a 12-ton forwarder Timberjack 1210 in extracting roundwood
from regenerative felling in the Croatian lowland forests.

TIMBER FORWARDING
[ZVOZENJE DRVA

Forest harvesting, as the process of forest assortments production, consists of timber felling,
processing and transport according to. Krpan (1992). Transport of timber is broken down into
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bunching, extracting and further transport. The term timber extraction, as part of timber
transport, implies moving of trees or parts of trees (forest assortments) from the felling site
(stump) to the landing.

When harvesting the Croatian lowland and hilly forests, timber forwarding is often used
as a special form of timber extraction. In timber forwarding, the load is carried completely
off the ground so that only the rolling resistance and inclination influence has to be over-
come. Timber. forwarding carried out by up-to-date mechanical means rely on a long-term
traditional use of animal-drawn carts (Sever 1988). Today timber is forwarded by forwarders
and tractors with (semi) trailer, the so called tractor equipages. The use of forwarders for
extraction depends on the cut-to-length method of timber processing. Roundwood extracted
by forwarders is long up to 6 (7) m. Apart from extracting, the forwarder can also be used for
road hauling at shorter distances, thus excluding reloading at the roadside landing,

Tufts (1997) sets forth the following advantages of the use of the forwarder and cut-
to-lenght method for timber processing: less damage to the residual stand, the ability to
merchandise products in the woods, recovery of higher-valued products, reduces site
damage, less visual impact on the residual stand, a smaller — more efficient workferce, and
operator safety and comfort.

The forwarder productivity level is seriously affected by the following factors: timber
extraction distance, tree species and dimensions of processed roundwood, felling density,
terrain slope, surface obstacles, soil strength conditions, snow thickness, the openness of
felling sites through a secondary network of forest roads, possible preliminary preparation
of load by another means of work, need to sort the assortments at the roadside landing, skill
of the operators as well as the technical and technological characteristics of the vehicle and
loader (Richardsen & Makkonen 1994, Por3insky 1996, Krpan & Porginsky 1997, Poriinsky
2000, Porginsky 2001)

FORWARDER TIMBERJACK 1210
FORVARDER TIMBERJACK 1210

Forwarder Timberjack 1210 is a six-wheel drive vehicle, with bogie on the rear axle
(Fig. 1). It is designed for off-road transport of roundwood as well as for the transport on
constructed roads with the possibility of self-loading and unloading,

Timberjack 1210 belongs to the group of the latest development stage of traditional
forwarders without the latest achievements of independent wheels with the device for leveling
the whole vehicle or only the cabin. The entire forwarder control — control of driving, engine,
gearbox, hydraulic crane, is carried out by the so-called proportional technique by use of
Jjoysticks in the handholds of the driver’s seat. Along with electro-hydraulic distributors used
by forwarders before, hydrostatic-mechanical transmission is one of the latest components
to provide it.
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.l o - « - - L - = 990
Figure 1. Forwarder Timberjack 1210 Figure 2. Basic dimensions
Slika 1. Forvarder Timberjack 1210 Slika 2. Osnovne dimenzije

The basic characteristics of the forwarder Timberjack 1210 are as follows:

® Perkins 1006-6TW engine is a water-cooled, 6-cyliner, diesel engine with turbo
charger, which generates a power output of 114 kW at 2200 min™ and 511 Nm of
torque at 1590 min™',

® Steering is articulated with maximum angle of +40° and the turning radius 8.7 m,

® Forwarder dimensions are shown schematically in Figure 2. The mass of unloaded
forwarder is the same as its permited load rating — 12,000 kg,

* Hydraulic loader is a Loglift F 70 L 71 model used for loading and unloading timber
assortments. The crane has a lifting moment of 70 kNm (66.2 kNm is an average)
and a maximum 7.1 m reach. By checking the lifting moment of the loader based on
measurements (Horvat & Sever 1995), the following deviations from manufacturer’s
specifications have been determined: the crane also has the fourth (extension) arm so
that its highest reach is 9.25 m and the mean lifting moment of the loader is by 35 %
lower than specified and it is 42.7 kNm.

SCOPE OF RESEARCH
CILJ ISTRAZIVANJA

The scope of research is to establish the factors affecting the work productivity of the
forwarder Timberjack 1210 engaged in extracting roundwood from regeneration felling in
the Croatian lowland forests.

Timber extraction by forwarders has the characteristics of cyclic work. Each forwarder
cycle consists of four basic groups of cyclic working components (unloaded travel from
landing to first loading point, felling site works — loading, loaded travel from felling site to
landing, landing works — unloading) and work breaks (delay times) i.e. time consumption of
random character. This means that by reducing the consumption of total cycle time and by
increasing the load volume better forwarder productivity is achieved. Forwarder productivity.
i.e. total cycle time and load volume, is affected by a large number of factors, among which
this research will cover the following: extraction distance, felling density, dimensions of
processed roundwood, soil strength conditions and sorting of assortments in unloading.
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In addition to establishing these factors, the way and extent of their impact on the
productivity of roundwood extraction will also be determined. By use of computer processing
involving suitable statistical methods, interrelationship between the achieved preductivities and
the influencing factors will be determined.

The obtained results of research should be the base for the assessment of the use of the tested
vehicle for timber extraction in set operating conditions.

METHOD OF RESEARCH AND DATA ANALYSIS
METODA ISTRAZIVANJA I OBRADA PODATAKA

Forwarder performance was investigated by time and work study method. The time used
for timber extraction was divided into work components (Fig. 3) with pre-selected fixed points,
which were in accordance with the set scope of research. Time consumptions of the duration
of working components were researched by snap-back chronometry method and records were
taken throughout the whole working day.
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Figure 3. Working components
Slika 3. Radne sastavnice

Distances of unloaded and loaded travel were measured by the measuring tape and
load related data were collected by measuring the mid diameter and length of each piece of
roundwood. Seil strength (soil condition) on which the forwarder was moving during research
was not measured with adequate measuring equipment. It was described instead (frozen
soil, partly frozen, dry, moist, wet, muddy, waterlogged) with the aim of breaking it down
subsequently into two classes of soil strength: good soil strength and limited soil strength.

Due to the variety and complexness of factors affecting the productivity of forwarder
performance, the analysis will determine their impact on forwarder productivity indirectly
through researched time consumptions and load characteristics {Samset 1988, Thompson
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1992). This would be the way to connect the impact of one factor (or group of factors) with time
consumption of specific working components and load characteristics, respectively. The basic
unit of analysis would be the forwarder cycle.

The measurement data were entered into computer files from the field record sheets so as to
make them available for data processing. Data processing covered the control and selection of
data, classification of recorded times and calculation of the achieved work productivity.

With independent variables, different measures of the central dispersion tendency of
measurement data were studied and median and arithmetical mean value were chosen as the

Corelaton strength does not et vaty wozk weak medum srong vory strong complets
Jading korelecie rapasiof  jeko slaba daba srednja faka it Jukh palpuns
L L L '] L L L
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Koofictient korelatiio - R

Figure 4. Roemer-Orphals scale
Slika 4. Roemer-Orphalova raspodjela

The selection of the regression curves was carried out on the bases of the following
parameters: coefficient of correlation (R), standard deviation of the dependence variable around
the regression line as well as ¢-variable and the probability of first grade error of regression
coefficients (Kachigan 1991). Roemer-Orphal’s scale was used for establishing the connecting
force between the independent and dependent variables (Fig. 4).

RESEARCH SITES
MIJESTA ISTRAZIVANJA

Research of productivity of timber extraction by forwarder Timberjack 1210 was carried out
at five different felling sites: Otok, Gradiska, Gorica 1, Cazma, Gorica 2 (Fig. 5).
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Figure 5. Research sites Figure 6. Applied technology (Malmberg 1990)
Stlika 5. Mjesta istraZivanja Slika 6. Primijenjena tehnologija (Malmberg 1990)
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Different stand and harvesting conditions were found at each researched felling site and they
are summarized and shown comparatively in Table 1.

Table 1. Exploatation stand features
Tablica 1. Eksploatacijske znacajke sastojina

Felling sites - Sjecina Otok Gradiska Gorica | Carma ‘ Gorica 2
Forest office - Sumarija Otok Nova Gradiska Velika Gorica Cazma Velika Gorica
Manag unit - Gospodarska jedinica Slavir Gradiska brda Silj. dubrava Il | Caz. nizin. $ume Silj. dubrava Il
Subcompartment - Odsjek 574 23c 46b I 1d 139
Age, years - Starost, godine 132 75 145 11 135
Rotation, years - Ophodnja, godine 120 80 120 120 140
Area - Povrsina, ha 56.07 19.8 1532 12.63 20.29
Extraction distance - Udaljenost priviacenja, m 400 950 240 280 240
Growing stock - Drvna zaliha, m'ha 484 268 249 [ 384 346
Basal area - Temelinica, m'/ha 26.6 23.0 16.9 252 23.7
Trees per ha - Stabala po ha 143 474 46 | 253 180

aak from seed® | coppice of oak** oak from seed® | oak from seed* oakk from seed*
Management class - Uredajni razred

liZnjok iz sjemena panjata kitnjaka hnjak iz sjemena | ldnjak iz sjemena | hanjak iz siemena

Silvicurtural type - Uzgojni oblik high - visoki low - niski high - visoki high - visoki high - visoki
Felling type - Vesta sijeka | Seeding - Naplodni | Seeding - Naplodni Final - Dovesni | Final - Dovesni Final - Dovrsni
Harvesting density - Sje¢na gustoéa, m*/ha | 186 186 27 236 206
Mean cuting tree - Srednje sjeéno stsblo, m* | 43 0.6 54 , 5.1 42
Sail conditions - Stanje tla | frosen - smrznuto mois! - viazno woterlogged - blamo i dry - suho woterlogged - blamo

* Quercus robur L., ** Quercus pewrea (Mart,) Liebl, & Quercus cerris L.

Common features for all researched felling sites are as follows:

|

each researched felling sites was in the - 250

period of natural regeneration by £ 5

shelterwood system, g -

motor-manual felling of trees and cut-to- 3

length method for processing assortments £ 1751

by chain saws and processed roundwood & 1s0-

extracted by use of forwarders (Fig. 6), = -

researched felling sites make part of 3

lowland forests without the impact of 2 1091

slopes, i . g
forest soils of the researched felling sites | Neto frskonss obuam)
make part of the group of hydromorfic, g o
alluvial coherent soils (different types 27 m
of gley), whose characteristic is their 0

changeable bearing capacity depending
on the current soil moisture content,

extraction only of technical roundwood
(veneer bolts, sawlogs and small-sized
technical roundwood) from felling units,

Otk Gmadika Gorcal1 Cazma Gonea2

Felling sites - Siecina
Figure 7. Harvesting density
Slika 7. Sjecna gustoca

while cordwood (fuelwood) was to be processed by local inhabitants. Due to such
approach, the parameter affecting the forwarder productivity is the felling density of
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technical roundwood (Fig. 7),

— when working, in the felling units (loading the tractor and unloaded and loaded travel
of the tractor) the forwarder could move freely within the area of the felling site
as there was no network of secondary forest roads and no bunching of processed
assortments was carried out,

— in the event of several species and quality classes of timber in the forwarder loading
area, sorting of roundwood in separate piles was carried out at roadside landing,

METHOD OF FORWARDER OPERATION
NACIN RADA FORVARDERA

At the beginning of the working day, drivers would prepare the vehicle for the work. At the
end of unloaded travel on the landing the forwarder would cross over the forest road drainage
canal and continue its off-road travel on the felling site to the place of first loading. After loading
the logs within the reach of the loader, the forwarder would go on with its travel on the felling
site (maneuvering, positioning) to the place of its next loading. In this way, the driver would
repeat the operations until the optimum load was loaded depending on soil strength conditions.
After having completed the loading operation, the forwarder would start its loaded travel toward
the roadside landing. At this landing, situated by the forest road, passing on the boundary of
the sub-compartment, during unloading, the logs would be sorted by tree species and quality
classes. After finishing the operations at the roadside landing, a new cycle would begin. At the
end of the working day, the drivers would check the tractor to eliminate possible faults and they
would clean and lubricate it.

RESULTS OF RESEARCH
REZULTATI ISTRAZIVANJA

Research of timber extraction by forwarder Timberjack 1210 at the workplaces is shown
through achieved results such as: load parameters, structure of total and effective time, structure
of delay times and allowance time, forwarder travel speed and work time consumptions at the
felling site and roadside landing. In the same way, possible productivities are shown depending
on timber extraction distance and other factors affecting timber extraction.

REALISED PRODUCTIVITY AND STRUCTURE OF TOTALAND EFFECTIVE TIME
OSTVARENI UCINAK TE STRUKTURA UKUPNO UTROSENOGA 1 EFEKTIVNOGA VREMENA

Forwarder performance was being observed at all five workplaces for 34 working days.
During that time 3,584 m® of timber was extracted in 370 recorded cycles. The survey of
total time consumption by working components, realized average productivities and total and
effective titne consumptions per m? for all felling sites is given in Table 2. The variety of factors
affecting research at felling sites caused considerable differences between realized average
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productivities. The lowest realized productivity was recorded at the felling site Gradidka (6.6
m*/h), followed by Cazma (11.2 m*h), Gorica 1 (13.1 m*h), Gorica 2 (18.8 m*/h) and finally
Otok (19.2 m*h). Similarly to the realized average productivities, considerable differences were
observed between researched felling sites with regard to total time consumptions (from 3.13
min/m? to 9.07 min/m?®) and effective time consumptions (from 2.21 min/m? to 7.25 min/m?) per
unit of extracted timber.

The difference of 290 % between the minimum and maximum realized average productivity
lies in the difference between working conditions at various workplaces. The average distance
of timber extraction ranged between 135 m and 610 m, the average load volume was from 7.3
m? to 12.2 m?, the average volume of processed roundwood was from 0.23 m? to 0,72 m?, felling
density of technical roundwood was from 85 m%ha to 135 m¥%ha and soil strength conditions
ranged from muddy to frozen (dry) soil.

Table 2. Structure of total time consumption and some realised average values
Tablica 2. Struktura ukupro utrolenih vremena i neke ostvarene prosjecne vrijednosti

Felling sites - Sjetine
Work components — Radpe sastaviice Otok I Gradifka | Gorica 1 l Cazma I Gorica 2
Time consumpticns — Utrasci vremena, min
Unloaded forwarder travel - Voinja neopteredenaga traktora 34453 68433 470.66 498.62 286.05
Off-rozd — Bespuée 293.42 455.83 282.53 426.27 164.49
Roadside landing — Pomo<no stovariste 46.13 19.0% 2522 72.35 3645
Forest road - Simsha cesta 4.98 16645 - - 68.36
Public road (asphalt)— Jawa cesta (egfalt) - 42.96 171.86 - 16.75
Timber [oading (felling site) — Utovar drva (sjetina) 102229 876.00 642.56 652.68 657.76
Work with crane — Rad s dizaficom 690.79 600.94 410.76 417.83 420.65
Work without crang — Rad bez dizalice 331.50 275.06 231.80 234.85 23711
Loaded forwarder travel - Voinja opteretenog traktora 432.59 686.96 404,57 736,36 339.81
Off-road - Bespude 387.33 586.1% 37424 659.49 29029
Readside landing — Pomoéno stovariite 45.21 25 3033 70.87 43.37
Forest road — Sumska cesta - 65,91 - - 6,15
Public road (asphalt) — Jovna cesta (asfaly) - 1236 - - -~
Timber unloading (roadside landing) = [stovar drve {pomotno stovariste) 694,86 344,27 369.65 374,80 38324
Work with crane — Rad s dizalicom 363.86 263.53 3165 33222 312.70
Work withaut crane — Rad bez dizalice 131.00 80.74 3315 42,58 60.54
Effective time — Efektivio vrijeme 249427 2591.56 1895.44 226246 1666.86
Delay time — Opéa vremena 1043.02 651.89 1663.78 998.03 602.87
Total time — Ukvipno utro3eno vrijente 353129 324345 3560.22 326049 22569.73
Ratio Delay time / Effective time — Odnos opéega i efektivnoga vremena 0.42 025 028 044 036
Effective time per unit — Efektivia vrijeme po jedinici, min/m? 221 7325 244 37 234
“Total time per unit— Ukupna vrifeme po jedinici, min/m? 313 9.07 457 538 118
Realised produoctivity — Qstwarena profzvodnoss, mh 192 . 6.6 131 1.2 18.3
Average extraction distance ~ Prosjelna udaljenost privlaenja, m 310 505 135 610 190
Average volume of load, m¥/cycle - ProsjeSni obujam tovara, m*wra 12.2 922 73 9.6 10.5
Average volume of roundwood, n/pes — Prosjetni obujam oblovine, mikorm. 0.60 023 0.72 0.67 0.60
Days of observation — Braf dana snimanja 7 8 10 5 4
Number of cycles — Swimijenc turmesa 93 19 107 63 68
Total forwarded velume — Ukuprre invereno drvo, m? 1130.6 1576 7785 606.1 2
Forwarded pieces of roundwood — Izvezeno komada oblovine 1855 1547 1979 912 1191
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Figure 8. Productivity vs. extraction distance
Slika 8. Ovisnost proizvodnosti o udaljenosti priviacenja

Effective time accounts for
53.3 % (Gorica 1) to 799 %
(Gradiska) of total time. The
reason for such a large range of
share of the effective time in total
time, lies in different levels of
quality of work organization at
different research sites as well as
in difficulties met during research
in timber extraction depending
on terrain conditions at different
workplaces. During  research,
delay times accounted for 20.1 %
(Gradiska) to 46.7 % (Gorica 1) of
total time consumption.

By excluding recorded delay
times (with different shares at each
researched felling site) a clearer
picture can be seen of the variability
of forwarder productivity depending
on factors affecting specific
felling sites during research. The

productivity per effective hour of work (Fig. 8) was calculated out of data related to effective time
consumptions and load volumes of each recorded cycle at all researched felling sites.

STRUCTURE OF DELAY TIMES AND ALLOWANCE TIME
STRUKTURA OPCIH VREMENA I DODATNO VRIJEME

Delay times (work breaks) consist of unavoidable
and avoidable work breaks and efforts are made to
minimize them to the necessary level by technological |
and organizational measures. By excluding the avoidable .
breaks from delay times, allowance time is determined
as an absolute value. Allowance time is calculated based 5
on effective time to which it is added in the form of
percentage or factor of allowance (Samset 1988, Krpan
and Ivanovi¢ 1994).

Shares of avoidable or unavoidable delay times
within the achieved delay times are shown in Figure
9 and Table 3 shows the structure of allowance time
that ranged between 18 % and 24 % of effective

fah

tage - Fosio
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t
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-

Otok Gradiéka Gericat Cazme  Gorce 2

Feling snes - Siedina

time at researched felling sites. Analyzing the shares Figure 9. Structure of delay times
of allowance time component groups related to soil Slika 9. Struktura opéih vremena
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condition, considerable increase of share of ancillary works can be noticed in case of limited soil
strength while the deviations with other components are not significant.

Table 3. Structure of allowance time
Tablica 3. Struktura dodatnoga vremena

Good scil strenght conditions Limited soil strenght cenditions Average soil swenght conditions
Unavoidable delay times Tlo dobre nosivosti Tlo ogranidene nosivosti Prosjedno wvjeti nosivosti tla
Opravdani prekidi rada | Grodigka Otok | Cazma | Gosical |  Godea2 good - dobri | limited - ograniteni
% of effective time - % od efektinog vremena
Anciliary work time B * '
. 330 4.57 4,00 8.47 8.05 31.96 ' 847
Pavremeni radovi . -
Preparatory time . - o
) . 3.58 3.98 416 424 .438 Y S 4.07
Pripremno-zavrino vrijeme A 1+
Personal delay - . - '

. . 9.55 9.82 977 10.12 - " 966 I I |- B . $.78
Osobni prekidi . |- - i . .
Mechine delay 052 1.03 0.90 1.21 oz |7 Com v|" om
Tehnicki prekidi : ’ ’ ’ ’ N .
Work related delay .

- . .04 0.00 074 0,00 0.50 043 0,48
Organizacijski prekidi
Allowance time ’

i 18.0 19.4 196 240 229 19.1 236
Daodanio vrijeme A .

The allowance time is, therefore, modeled on the basis of soil strength ‘conditions. The
average share was taken for the component groups: preparatory times, personal delays, delays
related to means of work and work organization, regardless of soil strength conditions and
for ancillary works the average share was taken with respect to soil strength conditions. The
modeled allowance time for good soil strength is 19.1 % of effective time and with soil of
limited strength it is by 4.5 % higher.

FEATURES OF LOAD
ZNACAIJKE TOVARA

Load volume is the parameter that affects directly the forwarder productivity level.
Maximum load rating for forwarder Timberjack 1210 is 12,000 kg, which is approximately 11
m? of roundwood made of hardwood timber in raw condition (density ~ 1.1 t/m?). Table 4 shows
the data on realized load volumes, number of roundwood pieces in the load and dimensions of
extracted roundwood by researched felling site. Figure 11 shows these values depending on soil
strength conditions and dimensions of roundwood.

In general the most suitable soil for extraction timber by forwarders is the frozen or dry
soil condition, where forest off-road mobility of the forwarder becomes prominent (Sever and
Slabak 1988). By increase of water content (moisture), especially in gley soils, they come into
a limited strength condition and then forwarder mobility becomes limited or even doubtful
(Horvat and PorSinsky 2000). These restrictions are shown in wheel slipping, reduction of load
volume and travel speed, disturbed vehicle stability and also serious damage to soil (Krpan et
al. 1993, Horvat 1995, Martinic 2000).
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‘ In general the most suitable soil for extraction

timber by forwarders is the frozen or dry soil condition,
where forest off-road mobility of the forwarder
becomes prominent (Sever and Slabak 1988). By
increase of water content (moisture), especially in
v gley soils, they come into a limited strength condition
and then forwarder mobility becomes limited or
even doubtful (Horvat and PorSinsky 2000). These
restrictions are shown in wheel slipping, reduction
of load volume and travel speed, disturbed vehicle
stability and also serious damage to soil (Krpan er al.
1993, Horvat 1995, Martini¢ 2000).

On soils of good strength (frozen, dry to partly
moist soil condition) the load volume averaged 10.7
+ 1.8 m/cycle, and it ranged between 7.1 m’ and 14.1
m’, and on soils of limited strength (moist to muddy
soil condition) the average realized load volume was
§ 8.5+ 1.9 m¥/cycle, ranging between 3.3 m® and 13.9
m’. The wide range of realized values is the result of
the drivers efforts to extract the largest possible load
volume per cycle at the price of travel speed and
tractor’s stability as well as extreme damage to the
Figure 10. Forwarder load soil. As a result, drivers very often used to overload the
Stika 10. Tovar forvardera vehicle (load volumes exceeding 11 m¥/cycle).

Table 4. Load parameters
Tablica 4 Znacajke tovara

3 S Load volume No. of pes. in the load Quantity of roundwood - Veli¢ina oblovine
lc‘l;::i::ch Obujam tovara Komada u tovaru diameter - pronyjer length - duljina volume - obujam
m’/eycle - m/tura pes/cycle — kom./tura cm m m'/pes ~ m'kom.
Otok 122+ 1.1 2035 439 40+ 1.0 0,60+ 0.31
9.9-14.1)* (12-29)* (25 -89)* (20-7.9)* (0.15- 2.35)*
Gradiska el 4043 B+5 55410 0.23 2 0.09
(7.6-113)* (30 - 48)* (12-45)* (20-9.0* (0.06 - 0.55)*
Gorica | 7311 1022 5110 34208 0.72 031
(3.3-99)* (5-18)* (25 - 8oy (2.0-6.5)* (0.17 - 1.86)*
Cazma 9.6+1.3 14£22 410 4212 0.67 034
(7.1-12.4)* (8-19)* (25 - 76)* (2.0-84)° (0.12-2:11)*
Gorica 2 10.5+1.2 1829 459 3608 0.60 £0.29
(B.0-13.9)* {12-23)* (26-79)* (2.0-6.1)* (0.13 - 2.04)*

* Minimums and maximums - Najmanja i najveca izmjera

On soils of good strength (frozen, dry to partly moist soil condition) the load volume
averaged 10.7 + 1.8 m'/cycle, and it ranged between 7.1 m* and 14.1 m®, and on soils of limited
strength (moist to muddy soil condition) the average realized load volume was 8.5 + 1.9 m%/
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Slika 11. Ovisnost obujma tovara o nosivosti tla i obujmu oblovine

cycle, ranging between 3.3 m* and 13.9 m®. The wide range of realized values is the result of
the drivers efforts to extract the largest possible load volume per cycle at the price of travel
speed and tractor’s stability as well as extreme damage to the soil. As a result, drivers very

often used to overload the vehicle (load volumes

exceeding 11 m*/cycle).

Apart from the impact of terrain factors (Mellgren 1980, Berg 1992), which mostly reduce

the forwarder load volume, it also depends on

the number of roundwood pieces of specific
dimensions. Mid diameters of assortments range
between 12 cm and 89 cm, length 2 m to 9 m
and volume 0.06 m® to 2.55 m’. Such a wide
range of dimensions of individual pieces of
processed roundwood at researched felling sites
is the result of cut-to-length metod in timber
processing as well as of different dimensions of
marked and felled trees at felling sites involved
by regeneration felling.

Due to different dimensions (mid diameter
and length) between assortments transported
within the forwarder load, the average piece
volume is used further on as the parameter
representing the mean assortment in the vehicle
load area (Conway 1984).

The data of load features (number and
average piece volume), within the limit values
of 95 % probability of arithmetic mean interval
estimate of load volume depending on soil
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Slika 12. Ovisnost obujma tovara o broju
komada i obujmu oblovine
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strength conditions, are regressed by exponential equation with complete correlation of variables
(Fig. 12). In this way the dependence of the number of pieces and volume of roundwood in the
load was calculated depending on soil strength conditions, which will be necessary for modeling
algorithms of crane time consumptions in (un)loading timber.

FORWARDER TRAVEL TIMES
VREMENA KRETANJA FORVARDERA

Travel time consumptions of unloaded and loaded forwarder depending on travel distance
will be investigated by regression analysis in view of whether the vehicle travels on forest off-
road terrain or on constructed roads (forest road with crushed stone cover, public road with
asphalt cover). Travel times of loaded vehicles will be investigated versus load volume.

TIME CONSUMPTIONS AND TRAVEL SPEEDS OF FORWARDER ON OFF-ROAD
UTROSCI VREMENA 1 BRZINE KRETANJA FORVARDERA PO SUMSKOM BESPUCU

At researched felling sites, soil strenght condition (Fig. 13 and 14) is the only terrain factor
affecting forwarder mobility on forest off-road terrain. Loaded tractor travel is also affected by
the volume of the load extracted by forwarder.

B o gt

Figure 13. Limited soil strenght Figure 14. Good soil strenght
Slika 13. Tlo ogranicene nosivosti Slika 14. Tlo dobre nosivosti

The impact of soil strength condition on travel time consumption of unloaded forwarder is
shown in Figure 15 and Figure 16 shows the travel of loaded forwarder.

The data on travel time consumption of (un)loaded forwarder depending on travel distance
are regressed with straight line from origin for both soil strength conditions.

For unloaded forwarder travel on limited soil strength a very strong correlation was obtained
(R = 0.825), while for unloaded forwarder travel on good soil strength a complete correlation
was obtained (R =0.973). The average travel speed of unloaded forwarder on good soil strength
is 4.6 km/h and on limited soil strength it is by 24 % lower (3.5 km/h).

By regressing the data on travel time consumption of loaded forwarder (Fig. 16) a complete
correlation was obtained for both classes of soil strenght condition. The average travel speed of
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loaded forwarder on good soil strength is 3.2 km/h and on limited soil strength by 25 % lower
(2.4 km/h).
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Figure 15. Unloaded forwarder (soil strenght conditions)
Slika 15. Neoptereceni forvarder (uvjeti nosivosti tla)
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Figure 16. Loaded forwarder (soil strenght conditions)
Slika 16. Optereceni forvarder (uvjeti nosivosti tla)
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The impact of load volume on travel time consumption of loaded forwarder is shown in
Figure 17, by classes of load volume (6 m¥/cycle, 8 m¥/cycle, 10 m*/cycle and 12 m'/cycle).
Due to mixing of data on travel time consumption of different classes of load volume within
a huge number of data, it can be concluded that the load volume has no impact on travel time
consumption of the loaded forwarder Timberjack 1210, probably because of its technical
characteristics.

On good strength soils the average travel speed of a loaded forwarder is by 30 % lower than
the average speed of unloaded tractor and on limited strength soil it is lower by 31 %.

It can be concluded, that time consumption and average travel speeds of (un)loaded
forwarder Timberjack 1210 on forest off-road terrain are only affected by soil conditions, while
the impact of load volume on loaded tractor travel is reduced by technical characteristics of
forwarder itself.
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Figure 17. Loaded forwarder (load volume classess)
Slika 17. Opterecéeni forvarder (razredi obujma rovara)

TIME CONSUMPTIONS AND TRAVEL SPEEDS OF FORWARDER
ON THE CONSTRUCTED ROADS
UTROSCI VREMENA | BRZINE KRETANJA FORVARDERA PO IZGRADENIM PUTOVIMA

With regard to the type of the upper layer of constructed roads, forwarder travel is separated
into travel on forest road with crushed stone cover and travel on public road with asphalt cover.
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Forwarder travel on forest road with crushed stone cover is additionally separated into

vehicle travel in the area of roadside landing

In the area of roadside landing
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Figure 18. Forest road (crushed stone)
Slika 18. Sumska cesta (tucanicki zastor)

and outside of it (Fig. 18).
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Figure 19. Public road (asphalt)
Slika 19. Javna cesta (asfalt)

narrower due to piles of timber on both sides of
forest road and to the presence of other means of
work of primary and secondary timber transport
with occasional occurence of a series of other
forestry activities related to roadside landings),
which affect forwarder traficability in their area, as
well as in the necessity of this working component in
each tractor cycle, while all other forwarder moving
on constructed forest roads occurred exclusively
within the vehicle arrival on and departure from the
workplace. The above characteristics of roadside
landings caused high dispersions and mixing of
measured travel time consumptions of (un)loaded
forwarder depending on travel distance. The
average travel speed of unloaded forwarder in the
area of roadside landing is 5 km/h and with loaded
forwarder it is by 6 % lower (4.7 km/h).

Higher travel speeds were achieved when the forwarder travelled on forest road outside the
area of roadside landing and they were as follows: 11.8 km/h for unloaded vehicle and 8.5 km/h

for the loaded one.

119




T. Porsinsky: Productivity factors of Timberjack 1210 at forwarding the main felling roundwood in
Croatian lowland forests. Glas. Sum. pokuse 39: 103 — 132, Zagreb, 2002.

During research, forwarder travel on public road with asphalt cover was only realized for
unloaded vehicle at the distance of up to 2500 m with the average speed of 14.5 km/h (Fig. 19).

TIME CONSUMPTIONS OF TIMBER (UN)LOADING
UTROSCI VREMENA UTOVARA [ ISTOVARA DRVA

At researched felling sites, time consumptions of forwarder work at the felling site and

roadside landing ranged widely between 9.46 min/cycle
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Figure 20. Time consumptions of timber (un)loading
Slika 20. Utrosci vremena utovara i istovara drva

and 31.29 min/cycle or from 1.30
min/m* to 3.40 min/m* per unit of
extracted timber. In loading and
unloading timber, the drivers most
frequently used to grasp one (rarely
two) pieces of roundwood by the
hydraulic crane, except at Gradiska
felling site, where the driver used
to grasp two and even three pieces
by the crane graple at one boom in
during at unloading.

In order to provide cross
reference  with  some  other
influencing factors, time consum-
ptions of forwarder work at the
felling site and roadside landing
were separated into four groups of
working components (Table 5).

The base for this separation
is the workplace (felling site and
roadside landing) and the type of
work carried out by the vehicle
(work with the crane or without
the crane — vehicle moving).

Table 5. Analysis of time consumptions of loading and unloading
Tablica 5. Analiza utrosaka vremena utovara i istovara drva

Felling sites - Sje¢ina
Work components = : = =
. Ok ] Gradiska | Gorica | | Cazma Gorica 2
Radne sastavnice
Time consumption - Utresak vremena, min
Timber loading (feling site) 10.99 2,05 22.46+3.40 6.01 £ 1.40 1036 +2.52 9.67+ 1.78
Utovar drva (sjecing) (6.61 - 16.64)* (16,16 -31.34)* (3.53 - 10.16)* (5.88 - 20.74)* (6.50 - 16.37)*
Work with crane 743 £1.40 1541 £2.23 3.84£0.77 6.63 % |.25 6.19 + 0.83
Rad s dizalicom (4.81 - 11.68)* (10.78 - 21.19)* (2.03 - 5.46)* (3.92 - 2.86)* (4.70 - 8.01)*
Work without crane 356+1.15 705£2.10 2.17£1.07 3732 1.86 349+1.35
Rad bez dizalice (L07-7.17)* (3.6 - 12.07)* (0.44 - 6.54)* (0.82 - 12.58)* (1.55- 10.16)*
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Work components Felling sites - Sjedina

Radne sustavnice Otok Grachika [ Goriea | J Cazma I Gorica 2

Time consumption - Utrosak vremena, min

Timber unloading (landing) ) —
(4.71 - 10.60)* (5.88 - 14.50)* (1.89 - 5.65)* (3.46 - 8.35)* (3.72-7.7T1"

Istovar drva (stovariste)
Work with crane 6.06=1.13 6.76 + 1.58 2.96 £ 0.60 527+089 475069
Rad s dizalicom (325 -8.62)* (3.34-10.87)* (1.50-4.5T)* (3.21-7.75)° (3.00 - 6.18)*
Work without crane 1.41 = 0.64 207+ 111 0.50+ 035 0.68 £ 0.27 0.89 £ 0.46
Rad bez dizalice (0.18-3.17)* (0.60 - 7.39)* (0.11 -2.48)* (0.21 - 1.42)* (0.14-2.61)*

* Minimums and maximums - Najmanfa i najveca izmjera

It should be noted that at all researched felling sites forwarder drivers had problems with
loader due to its insufficient lifting moment in loading and unloading larger assortments (2
m?/pes to 2.5 m¥/pes). Processed assortments of higher volumes that could not be loaded by
forwarder, were later on extracted to roadside landing by cable skidders.

TIMBER LOADING
UTOVAR DRVA

Boom out, boom in and pull over of assortments by hydraulic crane make the
working components of crane work time (Fig. 21). Cycle time consumption of this group
of working components is affected by: number of roundwood pieces in the forwarder
loading area, roundwood dimensions and hence the load volume (Tufts 1997).

Due to different dimensions of processed
roundwood within the felling units, and hence !
also within the forwarder load, the average piece
volume is taken as the parameter presenting the
mean assortment in the vehicle loading area.
Considering the above mentioned dependence in
Fig. 22, it can be concluded time consumption of
crane work is exclusively affected by the number
of roundwood pieces in the load.

Forwarder moving during loading, maneuve-
ring, preparation of the crane for work and
transport and forwarder turning off make the
working components of time consumption of
timber loading without crane. Time consumption
of'this group of working components is affected by
density and size of processed technical roundwood
per unit of cut block (Bulley 1999). This means
that time consumption of this group of working
components depends on distance and number of
moving (i.e. the place of loading from which the
forwarder driver loads the assortments within the
reach of hydraulic crane) required to carry out
optimum loading in respect of terrain factors.

Figure 21. Loading
Slika 21. Utovar
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Due to high variability of time consumption of work without crane in loading within specific
researched felling sites, arithmetic means were taken for the regression analysis (Fig. 23). The
dependence was regressed by exponential equation with strong correlation (R* = 0.65).
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Figure 22. Work with crane vs. no. and roundwood volume
Slika 22. Ovisnost rada dizalicom o broju komada i obujmu oblovine
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TIMBER UNLOADING
ISTOVAR DRVA

Time consumptions of work with crane in unloading is affected by the same factors as
with loading. Figure 24 shows the impact of the roundwood velume on time consumptions of
work with crane depending on number of pieces of loaded timber for classes of average piece
volume (< 0.3 m?, 0.5 m’, 0.7 m* and = 0.9 m"). Two areas of data grouping can be seen from
dependence:

e

) 1, minfcycl

Work with crane (unloading

the group of average piece volume > 0.5 m*/pes, where mostly one piece of
roundwood was grasped in unloading with boom in hydraulic crane. Tipically for this
group with the increase of number of pieces (ranging between 5 and 29 pieces) of
roundwood in the loading area of the forwarder, time consumption of unloading with
crane increased, too;

the group of average piece volume < 0.3 m*/pcs, where mostly several (2 to 3) thinner
pieces of roundwood (ranging betwen 30 and 48 pieces in the load) were grasped
in unloading with boom in hydraulic crane, there is no express dependence of time
consumptions on work with crane in unloading, as the result of unloading several
pieces of roundwood in one grasp of boom in hydraulic crane. The arithmetic mean
was, therefore, taken as the average time consumption for this group of data on time
consumption of unloading with crane.
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Figure 24. Work with crane vs. no. and roundwood volume
Slika 24. Ovisnost rada dizalicom o broju komada i obujmu oblovine
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Figure 25. Unloading 0 4
Slika 25. Istovar oA

Time consumption of work without it ik A B Ak s N
crane at timber unloading is affected by Razredi radova bex dzalice (istovar) t,, minftura
the need to sort timber at unloading into  Figure 26. Work without crane (unloading)
piles within the roadside landing, in case Slika 26. Rad bez dizalice (istovar)
of different species of wood and quality
classes in forwarder load, which brings to the increase of number and distance
of forwarder maneuvering in unloading and hence also to the increase of time
consumption of this group of working components (Gingras 1996, Gingras and
Godin 1997). Krpan (1991) outlines that the arranged landings, where sorting of
timber is carried out by forwarders, have impact on reducing the time of timber
loading by trucks, which is especially important in case of simultaneous occurring
of primary and secondary transport of timber.

Figure 26 shows the distribution of observation frequency of time consumption
classes of work without crane in unloading, depending on whether sorting of
assortments occurs or not. At researched felling sites, where there is no sorting of
assortments at the roadside landing, time consumption of work without crane at
unloading averages 0.64 + 0.37 min/cycle, and when there is sorting of assortments,
time consumption of this group of working components is 1.56 + 0.70 min/cycle.

025 075 125 175 226 275 325 375

FORWARDER PRODUCTIVITY MODEL
OBLIKOVANIE PROIZVODNOSTI FORVARDERA

By bringing together the partial analysis of factors affecting the load volume and time
consumptions of specific forwarder working components the model was developed for
calculating forwarder productivity.
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Figure 27. Forwarder productivity model
Slika 27. Model proizvodnosti forvardera
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The model shown in Figure 27 calculates the forwarder productivity in accordance with
the following formula:

- 60 |
" 60 60 60 60 “|h
kALL' S]' -;—'f'v— +.5'2' v—+v— +t[+t2+t3+t4
1 2 3 4

Symbol key -Tumad simbola

Symbol Measuring item Measuring unit
Simbol Mjerna velidina Mjerna jedinica
¥ Forwarder productivity m’/PMH
" Proi-vodnost forvardera m¥h
p Load volume m¥cycle
L Obujam tovara mP/tura
k Factor of allowance time -
ALL Faktor dodainoga vremena -
Off-road forwarding distance km
5 Udaljenost priviacenfa drva po bespuéu km
Off-road travel speed of unloaded forwarder km/h
Y Brzina krelanja neopterecenoga forvardera po bespucu km/h
Off-road travel speed of loaded forwarder km/h
*2 Brzina kretanja optereéenoga forvardera po bespucu kmv/h
Symbol Measuring item Measuring unit
Simbol Mjerna velidina Mjerna jedinica
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Symbol Measuring item Measuring unit
Simbol Mierna velidina Mjerna fedinica
Roadside landing forwarding distance km
% Udaljenost priviadenja drva po pomocnom stovaristu km
Travel speed of unloaded forwarder on roadside landing km/h
e Breina kretanja neopterebenaga forvardera po stovaristi km/h
Travel speed of loaded forwarder on roadside landing kmth
Ve Brzina kretanja opterecenoga forvardera po stovariStu km/h
) Time consumption of work with crane (felling site) min/cycle
! Utrosak vremena rada dizalicom (sjecing) min/tura
Time consumption of work without crane (felling site) min/cycle
f Utrosak vremena rada bez dizalice (sjeéina) min/tura
) Time consumption of work with crane (roadside landing) min/cycle
! Utrosak vremena rada dizalicom (stovariste) min/tura
. Time consumption of work without crane (roadside landing) minfcycle
N Utrosak vremena rada be- di-alice (stovariste} minftura

Due to partial determining of time consumption of individual groups of working
components depending on the impact of the established influencing factor, the test was carried
out of differences between realized productivity and modeled productivity. The results of testing
confirmed that there were no significant differences between the results of realized productivity
and modeled productivity.

CONCLUSIONS - DEPENDENCE OF FORWARDER
PRODUCTIVITY VS. THE INFLUENCING FACTORS
ZAKLJUCCI — OVISNOST PROIZVODNOSTI FORVARDERA O
UTJECAINIM CIMBENICIMA

The impact of the factors on the productivity of timber extraction by forwarder Timberjack
1210 was calculated on the basis of modeling the productivity in respect of specific influencing
factors. The factors involved are as follows: soil strength conditions, distance of timber
extraction, dimensions of processed timber, felling density of technical roundwood and serting
of assortments at roadside landing.

Due to frequently complex impact of many influencing factors on forwarder productivity,
which cause a large number of possible work variants, only some of them are shown in this
papert, while the others can be calculated by given time consumption models.
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Figure 28. Productivity vs. soil conditions
Slika 28. Ovisnost proizvodnosti forvardera o uvjetima nosivosti tla
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Slika 29. Ovisnost proizvodnosti forvardera o sjecnoj gustoci tehnicke oblovine

Figure 28 shows the impact of soil strength conditions and volume of roundwood on
forwarder productivity within the extraction distance ranging between 200 m and 800 m.
From the obtained results, it can generally be concluded that:

—reduction of productivity of forwarder timber

extraction is seriously affected by

limiting soil strength conditions and ¢ 3 ]
average roundwood volume in the load
as well as by the increase of extraction

distance,

—by increase of the roundwood volume
in the load at a constant distance of
timber extraction and under the same
soil strength conditions, the forwarder
productivity increases. However, with
the increase of the distance of timber
extraction, the differences between the
productivity with classes of average
piece volume in the load are reduced due
to higher share of the vehicle travel time

in total time of the modeled cycle,

—at shorter distances of timber extraction,
forwarder productivity is highly affected
by the roundwood volume in the load
and with the increase of the forwarding

distance its significance is lowered.
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The increase of felling density of processed technical roundwood in the presented range, ata
constant forwarding distance, affects only slightly the forwarder productivity. Its impact should
be considered together with the roundwood dimensions of the processed assortment when it
becomes significant (Fig. 29).

Sorting of assortments on roadside landing, affected slightly the decrease of forwarder
productivity compared to the productivity achieved when the vehicle made no sorting of
roundwood in unloading (Fig. 30). The increase of forwarding distance reduces the adverse
effect caused by sorting of assortments on productivity of timber forwarding, due to higher
share of travel in total cycle time.
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CIMBENICI PROIZVODNOSTI FORVARDERA TIMBERJACK 1210
PRI IZVOZENJU OBLOGA DRVA GLAVNOGA PRIHODA HRVATSKIH
NIZINSKIH SUMA

SAZETAK

Rad prikazuje utjecaj nekih &imbenika (udaljenost privlalenja drva, sjefna gustoca,
dimenzije izradene oblovine, uvjeti stanja Sumskoga tla te razvrstavanje sortimenata tijekom
istovara) na proizvodnost izvoZenja obloga drva glavnoga prihoda nizinskih $uma Hrvatske 12-
tonskim forvarderom Timberjack 1210.

IstraZivanja su provedena na pet sje€ina, u trajanju od 34 radna dana, za koje je vrijeme u
370 traktorskih turnusa privu¢eno 3 584 m? tvrdih listafa (hrast i jasen). Zajedniko je obiljeZje
rada forvardera na svim istraZivanim sje&inama izvoZenje isklju¢ivo tehnitke cblovine izradene
sortimentnom metodom motornim pilama te slobodno kretanje forvardera po povrsini sjeénih
jedinica pri skupljanju i utovaru drva. Razvrstavanje se sortimenata na pomocnom stovaristu
pri istovaru pojavljivalo u slu¢aju vie vrsta ili klasa kakvoée obloga drva u tovaru forvardera.
Sjeine su se medusobno razlikovale prema: srednjim udaljenostima priviatenja drva {od
240 m do 610 m), stanju tla Jumskoga bespuca tijekom istraZivanja-{od blatnoga do suhoga
ili smrznutoga tla), sje¢noj gustodi izradene tehnitke oblovine (od 85 mha do 132 m’ha) te
prosjeénim dimenzifama izradenih sortimenata: srednjem promjeru oblovine (od 23 cm do
51 cm), duljini oblovine (od 3,6 m do 5,5 m) te njezinu obujmu (od 0,23 m*kom. do 0,72 m’/
kom.).

Proizvodnost traktora utvrdena je metodom tijeka rada i vremena, a utroSci su vremena
pojedinih radnih sastavnica mjereni povratnom metodom kronometrije.

Na proizvodnost je forvardera u istraZivanim sje¢inama utjecalo sloZeno djelovanje uvjeta
stanja (nosivosti) tla, dimenzija sortimentnom metodom izradene oblovine, sjetne gustoce
te razvrstavanja sortimenata na pomoénom stovariitu pri istovaru. Zbog raznovrsnosti i
raznorodnosti &imbenika koji su obuhvaceni na objektima istraZivanja, njihov je utjecaj na
udinkovitost rada forvardera utvrden posredno preko utrodaka snimljenih vremena te ostvarenih
znaéajki tovara. IstraZivanjem je utvrdeno:

—Obujam je tovara pod izrazitim utjecajem klju&noga terenskoga ¢imbenika nizinskih
%uma — nosivosti tla. Takoder na obujam tovara djeluje i broj komada oblovine
odredenih dimenzija.

—Brzine kretanja neopterecenoga i opterec¢enoga forvardera ovise o vrsti podloge po
kojoj se vozilo krece (bespuée sa stanjima nosivosti Sumskoga tla, Sumska cesta s
tucani¢kim zastorom u podru&ju pomoénoga stovaridta).

—Vremena rada dizalicom pri utovaru i istovaru ovise o broju komada oblovine
odredenih dimenzija u tovaru forvardera.

—Vremena radova bez dizalice pri utovaru pod utjecajem su sjene gustoce tehnicke
oblovine namijenjene primarnom transportu drva.

—Vremena radova bez dizalice pri istovaru ovise o potrebi za razvrstavanjem drva na
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pomocnom stovari$tu u slu€aju pojave vise vrsta i klasa kakvoce obloga drva u tovaru
forvardera.
—Dodatno je vrijeme ovisno ¢ uvjetima nosivosti tla Sumskoga bespuca.

Utjecaj ¢imbenika na u€inkovitost izvoZenja drva forvarderom Timberjack 1210 izraZunat je

na osnovi oblikovanja uéinaka s obzirom na pojedini utjecajni £imbenik. Obuhvadéeni &imbenici
su: uvjeti nosivosti tla, udaljenost izvoZenja drva, dimenzije i veli¢ina izradene oblovine, sje¢na
gustoéa tehnitke oblovine i razvrstavanje sortimenata na pomoénom stovaridtu.

Zbog &estoga sloZenoga djelovanja vide utjecajnih &imbenika na u&inak forvardera, koji

uzrokuju velik broj moguéih inadica, prikazane su u radu samo neke, dok je ostale moguce
izratunati pomo¢u danih modela utro§aka vremena.

Za dobivene rezultate moZe se opéenito zaklju#iti da:

—Na smanjenje u¢inkovitosti izvoZenja drva forvarderom izrazito utjedu ogranigavajuéi
uvjeti nosivosti tla i prosjednoga obujma komada u tovaru te povecanje udaljenosti
privlagenja.

—Povecanjem prosjefnoga obujma komada u tovaru pri stalnoj udaljenosti izvozenja
drva i uvjetima nosivosti tla uginkovitost forvardera raste, medutim, s poveéanjem
udaljenosti izvoZenja drva razlike izmedu uginkovitosti kod razreda prosje&noga
obujma komada u tovaru smanjuju se zbog poveéanja udjela vremena kretanja vozila
u ukupnom vremenu oblikovanoga turnusa.

—Na kraé¢im udaljenostima priviafenja drva na u€inkovitost forvardera izrazito utjeZe
prosjetan obujam komada u tovaru, dok poveéanjem udaljenosti privlagenja njegovo
znatenje opada.

—Povedanje sjetne gustoce izradene oblovine pri stalnoj udaljenosti priviagenja
neznatno utjece na utinkovitost forvardera, medutim njezin utjecaj treba promatrati
zajedno s prosjeénim obujmom izradene oblovine kad ona dobiva na zna&enju.

—Razvrstavanje sortimenata na pomocénom stovari§tu neznatno je utjecalo na
smanjenjenje udinkovitosti forvardera u odnosu na ucinkovitost kad vozilo ne
razvrstava oblovinu prilikom istovara. Poveéanjem udaljenosti privladenja smanjuje
se negativno djelovanje razvrstavanja sortimenata na proizvodnost privladenja drva
zbog porasta udjela kretanja vezila u ukupnom vremenu turnusa.

Kljuéne rije¢i: proizvodnost forvardera, utjecajni &imbenici, oplodne sjede, nizinske $ume
u Hrvatskoj
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The present study is made to determine optimal sampling plan for growing stock
estirnation in forest inventory on regional level. The method is based on anticipated variance
with lack of fit (Mandailaz 2001). For research object is chosen one forest economic
management unit in Bosnia and Herzegovina. On database of most recent forest inventory
is applied tree selection plan optimization and sample size 0pt}mization. Alternate optimal
sample plans are developed and compared.

Key words; forest inventory, optimization, optimal sampling plan, growing stock, regional
level

INTRODUCTION
UvOD

Forest inventory presents a basis of information on natural resources of forested areas,
Recently there are certain efforts to optimize all activities that are done within the forest inventory
(Stahl 1998). Also, there are two especially important, and comparatively researched approaches in
sampling theory for forest inventory in large areas: standard (classical) approach and model based
approach. In the standard approach the key is probabilistic nature of sampling plan (Gregoire
1998). Besides, extensive researches quoted the possibility to make conclusions on population
parameters based on the population model (Arvanitis & O’Regan 1967, S#imdal 1978, Mackisack
& Wood 1990, Penttinen et al. 1992, Kangas 1994, Schrider & Williams 1995, Eriksson 1995, Rao
1997, Gregoire 1998, Mandallaz 1991, 1995, 1997, Mandallaz & Ye 1999).
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In the last decade new technologies and development of scientific approaches in sampling
theory have certainly lead to the improvement of previously used sampling plans for forest
inventories. Special attention is paid to the sampling plans for taxation recording that would
provide the required information with necessary precision. In order to make a decision on the
sampling plan for the next forest inventory, it is necessary to analyze the existing plan and
prepare alternate plans. At the forest inventory in large areas, the selection of alternate plans
should be based on a number of factors. The factors of primary importance are a precision of
the estimated mest important taxation elements and cost efficiency. In other words, interesting
items are the alternatives that provide desired precision of estimate with minimal costs, or
vice versa, minimal costs for desired precision of estimate. These solutions can be reached
by making optimal sampling plans, i.e. determination of optimal size of alternate samples.
Besides of sample size optimization, models of general optimization of sampling plans have
been developed in the last few years (Lanz 2001, Mandallaz 2001). Kuliesis & Kasperavicius
(1998) made the optimization of the sampling plan parameters for national forest inventory in
Lithuania. Reich & Arvanitis (1992) analyzed the relations between the size of sample plot and
sample variance, depending on the regional distribution of trees, volume and basal area of trees.
Jonsson, et al. (1992) and Hodevar (1989) investigated alternate plans for forest inventory. K6hl
& Scott (1993) presented a method for comparison of alternate sampling plans for extensive
inventories. Stamellos & Blioumis (1997) have proposed the optimization of growing stock
estimate with plot-double sampling plan.

Sampling plan for forest inventory on regional level in Bosnia and Herzegovina is based
on research done by Matié (1964, 1971, 1977). Also Stojanovi¢ & Drini¢ (1974) investigated
elements for efficient sampling. Koprivica (1984) suggested regression models for sample plan
parameters.

Now, using database of previous forest inventory it is possible to improve existed sampling
plan according to new developed method of general optimization,

FORMULATION OF THE RESEARCH AIM
FORMULACIJA ISTRAZIVACKOGA CILJA

To discuss possibilities for planning an sample for terrestrial measurements in the next
forest inventory on the regional level (forest economic management unit), in this paper were
established next aims of research:

1. To develop alternate optimal sample plans:
1. To optimize tree selection plan according to PPS for tree volume;
2. To determine optimal sample size using criteria:
— Minimize variance of estimator for fixed costs, or conversely
— Minimize costs for given precision;
3. To determine alternate optimal plan parameters;
I1. To compare developed alternate optimal sample plans mutually and with previcus
sample plan.
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This research may provide an alternative to the current sampling plan in forest inventory. The
results of this study could be useful to open the possibility to develop multivariate sampling plan
(the growing stock, the growth, the volume of marked trees, the regeneration). Additionally, the
study may serve as a basis for the development of improved and statistically complex sampling
plans (multi-stage multi-phase).

METHODS AND MATERIALS
METODE I MATERIJALI

FOREST ECONOMIC MANAGEMENT REGIONS
SUMSKOGOSPODARSKA PODRUCIA

In the Federation of Bosnia and Herzegovina, forested area is 1135931 ha, with 56,3% high
forests with natural regeneration. The area of 895104 ha of state owned forests is managed by
thirty-two forestry enterprises. Average forested area of forestry enterprises is about 35000 ha.
Average volume of the growing stock in high forests with nafural regeneration is 251 m%ha
(Golob 2001). Analyzing the available information, it was concluded that for this research the
most complete documentation could be provided by JP Sume Tuzlanskoga Kantona Tuzla SG
Konjuh Kladanj.

FOREST ECONOMIC MANAGEMENT UNIT KONJUH KLADANJ
SUMSKOGOSPODARSKO PODRUCIE “KONJUH” KLADANJ

The area of study is forestry economic management unit (FEMU) Konjuh Kladanj with
forested area of about 26000 ha.

The last forest inventory was done between 1989-1990. The objectives of this forest
inventory were multiple. Here will be considering the estimate of the volume of the
growing stock in high forest with natural regeneration as a main objective.

The pedological and typological mapping for the FEMU Kenjuh Kladanj was done in
1980. Based on this classification, forest stratification was done and the whole area was
divided into thirty-four basic classification units (inanagement classes) considered as strata.
Assuming that there was no significant changes in the boundaries of forestry area, nor in
the structure of the forest recently, data and information gained in the previous inventory
were considered as reliable for making conclusions on the current state of the forest.

APPLIED SAMPLING PLAN
PRIMIJENJENI PLAN UZORKA

The sampling scheme used in recent forest inventory in forestry area FEMU Konjuh
Kladanj can be signed as two-phase one-stage sampling with stratification.

The first phase of sample was related to the separation of the strata and to the allocation of
sample plots to each of divided strata (allocation of sample plots into management classes).

135



A. Cabaravdié, N. Lukié: The optimization in forest inventory on regional level in Bosnia
and Herzegovina. Glas. 3um. pokuse 39: 133 — 153, Zagreb, 2002.

Terrestrial measurements conducted on these sample plots were marked as second phase of
sample.

Taxation recording were done in concentric circles in high forests with natural regeneration,
systematically distributed in square network 100x100 m (Stojanovi¢ & Drini¢ 1974). Tree
selection plan was the system of concentric circles with joint centre and different radiuses,
depending on the diameter at breast height of trees and nature of gathered data (Table I).

Table 1. Tree selection plan (Stojanovic & Drini¢ 1974)
Tablica 1. Plan selekcije stabala (Stojanovié & Drinié 1974)

Threshold {cm) 5-10 10-15 15-20 20-30 30-50 50-80 >80.0
Radius (m) 22 3.5 4.5 5.5 2.0 15.0 250

The following taxation elements were recorded in the sample plots: canopy, tree species,
tree diameter at breast height and tree height on every fourth sample plot.

Volumes of individual trees were determined using volume tables for individual (or similar)
species: “Tables of taxation elements of high and coppice forests® (Drini¢ et al. 1980). Input
variables in these tables are: tree species, site quality, and diameters at breast height with bark
included. For determination of site quality, heights of sample trees were measured in the smaller
part of sample (on ¥4 of all sample plots). Recorded heights, therefore, did not participate in the
determination of volume of individual trees numerically. As determination of the volumes of
individual trees is based numerically only on the values of diameter at breast height, estimation
of timber volume per area unit is considered to be one-stage.

Taxation recording was done in the total of 19269 circular sample plots within the taxation
recording in high forests with natural regeneration of 19269 ha. That sampie plots were used to
collect the data on diameter at breast height for 134467 trees.

In the same forest category, data of height were recorded for 30533 trees in 5735 detailed
sample plots.

Data gained during the taxation measuring done within recent forest inventory were
registered by RC Sipad Sarajevo.

APPLIED STATISTICAL ESTIMATION PROCEDURE
PRIMIJENJENA STATISTICKA PROCEDURA PROCJENE

Considering the fact that the stratification of forest area into management classes was
previously completed, and that the allocation of sample plots in management classes was
known, statistics were determined using formulas for simple random and stratified sampling.

COSTS
TROSKOVI

In the forest inventory costs of taxation recording include financial means or time required
for the planned taxation recording.It is more practical to express the costs as time. As the
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information for evaluation of the cost function were not noticed at the taxation recording, it was
necessary to do this, according to method used for the previous inventory.

Two forest compartments were selected randomly. Compartment 17, of 52.0 ha was selected
in Management unit Gostelja (Figure 2(A)). Compartment 93a, of 34.2 ha was selected in
Management unit Gornja Drinjaca (Figure 2(B)).

In the field were determined:

— travelling between sample plots (travelling time),

— Time for the installation of sample plots (marking of the centre of sample plot in the
field, registration of the sample plot in the manual, and canopy estimate), and

— Time for measuring of diameter at breast height (testing of the distance of the tree
from the centre of the sample plot, and two cross-measuring of diameter at breast

height).

Figure 2. MU Gornja Drinjaéa Forest compartment 93a (A) and MU Gostelja Forest
compartment 17 (B)
Slika 2. GJ Gornja Drinjaca, odjel 93a (4), i GJ Gostelja, odjel 17 (B)

METHOD
METODA

Here were applied optimization techniques within the linear programming framework.
The optimization problem is presented in the following form: to minimize or to maximize the
objective function for anticipated constrains (Beale 1997).
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Given the fact that it was intended to use the general optimization of the sampling plan, it
was necessary to analyze the methods of trees selection plan optimization and the sample size
optimization. In this research the Mandallaz method was used (2001). Discrete approximation
for PPS is applied for optimal threshold optimization (Mandalay 2001). The optimization model
based on the concept of anticipated variance within local Poisson’s model for spatial distribution
of trees is used.

OPTIMIZATION - MINIMAL ANTICIPATED VARIANCE FOR GIVEN COST
OPTIMIZACLJA - MINIMALNE PREDVIDLIIVE VARIJANCE ZA DANE TROSKOVE

Mandallaz (2001) presented the optimization as classical problem of the linear optimization:
1. minimize the anticipated variance for the given costs, or
2. minimize the costs for corresponding anticipated variance.

The objective function (the anticipated variance) expresses timber volume per unit area
variability. It depends on sample size (x), forested area A(F), tree volume (), inclusion
probability (, ) and lack of fit ().

The constrain function is expressed as cost function deepening on travelling cost D)
installation cost (c; ), unit cost per tree {¢, Yand inclusion probability .

The anticipated variance (AV (?)) defined by:

72 WLEEE S 4 B
AV(Y)_ r:AJ(F)Z T, * nA
Should be minimized within the constrain:
)t + nc,in,. =C

It is important to define the sample size for the lowest limit of the anticipated variance
(MAV (?)), with the given sample size:

MAV(?):%;%&()R)_:Y%’

The lowest limit of the anticipated variance (MAV (?)) is function of average timber volume
per unit arca (7), corrected unit cost per tree (¢, ), PPS factor (7), cost fnction, lack of fit and
sample size.

OPTIMAL SAMPLE SIZE
OPTIMALNE VELICINE UZORKA

The optimal sample size (nu,opt) is depending on average timber volume per unit area,
relative lack of fit (v), travelling cost (cz) and PPS factor. It could be reached through
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differentiation of the lowest limit of the anticipated variance by value of the sample
size:

CA

" =
" Jevfen +oye;)

For the optimal sample size, the absolute lowest limit of the anticipated variance could be
evaluated by:
— 2
miniar @)-7 (v@guﬁ))

Evaluated anticipated variances could be used as the foundation for the analysis of the
alternate sampling plans deducted by the optimization technique. The optimization evaluated
using alternate criteria — to minimize costs for given precision — leads to the same solution for
optimal sample size (Mandallaz 2001).

Minimal cost for given precision is:

RELATIVE EFFICIENCY ALTERNATE SAMPLING PLANS
RELATIVNA UCINKOVITOST ALTERNATIVNIH PLANOVA UZORAKA

Relative efficiency could be used in the decision-making between the two alternate
plans. Relative efficiency (precision) of the alternate plans is determined as a relative
relation of previous (VarB) and planed variances of the estimates (VarA) (Cochran 1977):

_ VarA
VarB

If the relative efficiency is between 0.95 and 1.05, it is considered that the optimal plans of
approximate efficiency are completed and the choice for one of the two plans should be based
on other essential criteria.

COST EFFICIENCY ALTERNATE SAMPLING PLANS
UCINKOVITOST TROSKOVA ALTERNATIVNIH PLANOVA UZORAKA

According to the method used, minimization of costs for given (desired) precision, result in the
same optimal sample size. For determined cost of alternate optimal plans, the cost efficiency (EC)
can be expressed as percentage differences between the costs of the alternate sampling plans.
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OPTIMAL SAMPLE PLAN PARAMETERS
PARAMETRI OPTIMALNOGA PLANA UZORKA

Sampling plans remain on the measures of the sample parameters as: number of units
(sample plots) in a sample, their spatial distribution, shape and size.

Previous research and practice showed that the square distribution of sample plot centres
was the most acceptable in the forest inventory. Keeping the square distribution of sample plot
centres, the distance from one centre to another (R, ) is determined by:

ME
n

Ry=

u,opt

The surface size of the concentric circles (S, ,) are evaluated as (Mandallaz 2001):

s = C—nfl—dl(nz)g(Y)
o Yeyy ,

RESULTS AND DISCUSSION
REZULTATI I DISKUSLIA

THE TREE SELECTION PLAN OPTIMIZATION
OPTIMIZACIJA PLANA SELEKCIIE STABALA

Using the method discrete approximation for PPS, optimal threshold values for tree volume
classes for one, two and three optimal concentric circles were determined (Cabaravdi¢ 2002).
Also, here was determined PPS factor for previous sampling plan (6*). The determination was
done on Chair for forest inventory and planning ETH Zurich. Table 2 summarizes the results
on PPS factors, optimal thresholds, improved volume expectations in diameter classes and their
variability.

Table 2. Optimal diameter threshold and y, factor for tree volume
Tablica 2. Optimaini debljinski intervali i faktori za volumen stabala

i NN-J' L P du. » 4 I sd“,', Vv?.rv V:..:r

1 95 24595 I >3 0.4067 0.0882 0.0072 10.8449

2 27 13689 I 5-30 0.2408 0.0339 0.0072 0.7827
68 II >31 2.6665 0.0746 0.8462 10.8449

3 17 1.1692 I 5-20 0.1103 0.0165 0.0072 0.2953
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3 23 | 21 -4 0.8613 0.0406 0.3322 1.8211
55 11 >45 4.0433 0.0571 1.9201 [0.8449
I I 5-10 0.0186 0.0000 0.0186 0.0186
2 11 11 =20 0.1157 0.0272 0.0679 0.1608
6 2 1 1288- II1 21-30 0.4237 0.0443 03113 0.5329
4 ) v 31-50 1.4119 0.0985 0.8289 2.1593
6 v 51-80 3.8432 0.0803 2.7541 6.7189
4 VI >80 8,2342 0.7470 74074 10.844

Legend: u — diameter classes number, ¥, , - count, Tp — PPS factor, p — diameter class rang,
d.., — optimal threshold, ", ~ volume expectation, $«» -improved volume
expectation, 4, , — standard deviation, ¥»» — minimal value, s — maximal value

Legenda: u — broj debljinskih intervala, N, — broj vrijednosti, tp — PPS faktor, p — rang
debljinskoga intervala d,, , — optimalni prag, Vi.p — volumno odekivanje, 2.,
— korigirano volumno ocekivanje, s4,,, ~ standardna devijacija, Vap — minimalna
vrijednost, Vup — maximalna vrijednost

OPTIMIZATION
OPTIMIZACLJA

OPTIMIZATION PARAMETERS
PARAMETRI OPTIMIZACIJE

It is necessary to know some parameter population to carry out the optimization. Here it
is necessary to have: number of trees of previous sample, diameter distribution of sample,
previous éample size, estimated values of the volume of the growing stock for every sample
plot, number strata and allocation sample plots in that strata.

First, it is necessary to express the volume of the growing stock variability in local Poisson
forest. Basic database of previous inventory was consisted of values for estimated local densities
for 19269 sample plots under the forested area distributed in eighteen management units (strata)
in high forest with natural regeneration. On the base allocation of sample plots into management
units, in order to determine necessary optimization parameters, it was carried out analyses of
variance for working-strata (Table 3).

Table 3. ANOVA for working strata
Tablica 3. ANOVA za radne stratume

Sources df Sum square Expected values
Model 17 57883091 3003.949

Residual 19252 451510510 23431.96
Total 19269 509393601 26435.91
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Here was found low determination (0.1136) what pointed out that applied stratification
criteria had not reached result what was possible when a volume of the growing stock estimation
was in a consideration (Table 4).

Mostly, stratification achieves minimal coefficient of determination about 0.20. But,
in management praxis, stratification criteria are complex, so, here found such a value of
determination was accepted for further analyses, although it stayed a question about stratification
criteria related to more precise the growing stock estimation.

Table 4. Population parameters
Tablica 4. Parametri populacije

R2(%0) g A L(%)
0.1136 12268.03 105.65 0.4372

Y {m*ha)
241.62

Legend: Y — volume of growing stock in m*ha, R? — determination in %, &7 — pure etrot,
A —lack of fit, v —relative lack of fit

Legenda: Y — drvna zaliha u (m*/ha), R* — determinacija u %, & — dista greska,
N — nedostatak izravhanja, © — relativai nedostatal izravnanja

Using previous tree selection plan, here is determined value of puree error and evaluated lack
of fit . Puree error value showed on high variability for the volume of the growing stock in sirata.

It was left to express overall costs in local Poisson forest and means of particular costs.
Table 5 summarizes values for cost coefficients.

Table 5. Costs coefficients
Tablica 5. Koeficijenti troskova

Costs Mean Standard error Confidence interval (95%) Sample size
Cy 3.5581 0.1198 0.2383 84

€ 1.0504 0.0656 0.1304 86

Co 0.4982 0.0401 0.0797 86

cg 0.6794 0.0921 0.2006 13

Legend: ¢q —travelling time in min/plot/crew member, ¢y — 1mtallatlon time in min/plotfcrew
member, ¢; —unit cost per tree diameter in min/iree, ¢ —unit cost per tree height in
minftree

Legenda: oy — vrijeme prelaza u min/premjernof povr§ini/¢lanu sekcife, © —vrijeme
instalacije u min/premjerlnoj povriini/dlanu sekcife, ¢ — vrijeme mjerenja prsnoga
promjera u min/stably, 3 — vrijeme mjerenja visine min/tree
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Figure 3 shows percentage structure of particular activities in terrestrial measurement.

Instalation
12%
dbh
(d+h) 35%
46%
Traveling height
2% 11%
S~

Figure 3. Cost structure in %
Slika 3. Struktura troskova u %

Empirical experience showed that travelling costs follow square root function (Figure 4). In
optimization purpose it was determined travelling cost model as a linear function:

o(n)=27797 +9.44n

80000 4

70000 -+ (min)

L

60000 ‘
‘ ==Co
50000 - i '
—— Linear (Co)
40000
30000 T
5000 10000 15000 20000 25000 N

Legend: Co: travelling cost in min, Linear (Co): linearized travelling cost in min, n number of
terrestrial plots

Legenda: Co: troskovi prijelaza u min, Linear (Co): linearizirani troskovi prijelaza u min, n broj
premjenih povrsina
Figure 4. Travelling costs
Slika 4. Troskovi prijelaza

Finally, overall costs for growing stock estimation for 19269 sample plots was 445091
minutes (Table 6).
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Table 6. Average and total costs
Tablica 6. Prosjecni i totalni troskovi

Imercegt Slope b €y C C
{min) (min) {min) (min}
27797 9.44 1.9574 445091 417294

Legend: a — intercept for travelling cost, & — slope for travelling cost, ¢, —unit cost per tree,
¢ —total cost, € —variable cost

Legenda: a — koeficijent funkcije troskova prijelaza, b— korak fimkcije troskova prijelaza, ¢,
— trofak mjerenja po stablu, C — ukupni troSkovi, C — varijabilni troskovi

OPTIMIZATION - OPTIMAL SAMPLING PLAN FOR GIVEN COST
OPTIMIZACIJA — OPTIMALNI PLAN UZORKA ZA DANE TROSKOVE

First, it was optimized sample size for given cost. It meant, anticipated variance was
minimized for different number concentric circles for tree selection, for given budget of
variable cost in previous forest inventory. Using a criteria to minimize anticipated variance for
given cost, here were determined optimal sample size and minimal anticipated variance using
optimal one, two, three and six concentric circles (Table 7).

Table 7. Minimal anticipated variances
Tablica 7. Minimalne predvidljive varijance

" (1) (av,) 2RE, (%)
'1 12525 11462 1.4684
2 18231 14849 1.0088
3 19934 1.2420 09226
6 20323 1.1950 0.8050
6 19269 12180 0.9136

Legend: u — concentric circle number for tree selection, Qzu_gp,) — optimal sample size,
(MAV,y—minimal anticipated variance, 2RE, ,, (%) — double relative error

Legenda: u — broj koncentriénih krugova za selekeiju stabala, Q1 et J — optimalna velic¢ina

uzorka, (MAV, ) — minimalna predvidljiva varijanca, 2RE, (%) — dvostruka
relativna greska

When concentric circle number for tree selection increase, optimal sample size also

increase. That cause anticipated variance decrease. It could be seen that precision expressed
by double relative error also decrease. Optimal sample plan with tree selection in one circle,
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for fixed cost, overestimates desired precision (double relative error of 1%). Also, optimal
sample plan with tree selection in two concentric circles, for fixed cost, overestimates desired
double relative error slightly. Results show that optimal sample plan with tree selection in
tree and six concentric circles, for fixed cost, could provide desired precision.

Minimizing anticipated variance in range from 5000 to 25000 sample plots, it could be
seen that optimal sample sizes correspond with minimal anticipated variances (Figure 5).
Also it could be noticed that values of anticipated variances differ slightly in the wide interval
around minimal anticipated variance (optimal sample size).

5000 10000 15000 20000 25000 0

Legend: AV — anticipated variance, u — concentric circle number for tree selection, Yy —n — sample
size
Legenda: AV — predvidljiva varijanca, u — broj koncentricnih krugova za selekciju stabala,
Y. —n—veli¢ina uzorka

Figure 5. Anticipated variance, C const
Slika 5. Predvidljiva varijanca, C konstatno

In narrow interval, values of anticipated variance are almost equal, so it is possible to
consider sample size freely. There are wide range sample size where could be chosen other
sample parameters without large deviation from expected precision.

It means it could be chosen small number of larger circles or inversely, without significant
influence on precision.

Also, it is possible to notice that minimal anticipated variance for optimal tree and six
concentric circles overlap almost. Here could be achieved very small difference in expected
precision. Even sampling in two optimal concentric circles achieves good result.

RELATIVE EFFICIENCY ALTERNATE OPTIMAL SAMPLING PLANS
RELATIVNA UCINKOVITOST ALTERNATIVNIH PLANOVA UZORAKA

Table 8 shows relative efficiency for developed optimal alternate sampling plans with
different number of concentric circles for tree selection.
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Table 8. Relative efficiency alternate sampling plans
Tablica 8. Relativna ucinkovitost alternativnih planova uzoraka

U\REs (2) (u3) (1l6) (ul6*)
1 0.69 0.63 0.62 0.62
2 091 0.90 091
3 0.98 0.99
6 1.01

Legend: u: concentric circle number for tree selection, REf: relative efficiency
Legenda: u: broj koncentriénih krugova za selekciju stabala, RET: relativna u€inkovitost

As referent sample plan it is signed previous sampling plan with six concentric circles,
Relative efficiencies for alternate plans with one and two concentric circles are less then 0.91.
They could be considered as enough efficient. Relative efficiency between alternate plan with
tree and six concentric circles (0.98 and 0.99) pointed out close precision. Also, there is not
significant precision difference between optimal plan with six concentric circles and previous
sample plan {1.01).

OPTIMAL PLAN PARAMETERS
PARAMETRI OPTIMALNIH PLANOVA

Table 9 summarizes parameters of optimal plans with tree selection in three and six concentric
circles. Optimal plan with three concentric circles is related to tree selection on concentric circles
with radii of 3.86 m (dbh > 5 cmy), 10.66 (dbh > 22 cm) and 23.10 m (dbh > 45 cm).

Table 9. Optimal sampling scheme with three and six concentric circles
Tablica 9. Optimalni plan uzorka s tri i Sest koncentricnih krugova

u ("a,op ) Ru P dﬂ.p Su.ﬂ [::1.17
(m) {cm) (m?) (m)

I 5-20 23.5 2.7

3 19934 98.32 II 21-44 179.0 7.5
111 >43 840.2 16.4

I 5-10 4.1 1.1

II 11-20 25.9 29

6 20323 9737 111 21-30 95.6 53
v 31-50 286.4 9.5
v 51-80 801.4 16.0

VI >80 1753.6 23.6

146



A. Cabaravdi¢, N. Lukié: The optimization in forest inventory on regional level in Bosnia
and Herzegovina. Glas. fum. pokuse 39: 133 — 153, Zagreb, 2002.

Legend: v — concentric circle number for tree selection, R, — distance between terrestrial
plots, p —diameter class, d, , — optimal threshold, S, , — surface areas of optimal
circles, £, . — optimal radii of concentric circles

Legenda: u — broj koncentriénih krugova za selekeiju stabala, R, — rastojanje izmedu
premjernih povriing, p — debljinski interval, d,, — optimalni intervali prsnih
promjera, S, — optimalne povriine koncéntricnih krugova, P, , — optimalni
radijusi koncentricnih krugova

Figure 6. Optimal inclusion surfaces
Slika 6. Povriine optimainih koncentriénih krugova

On Figure 6 are presented surface areas of concentric circles according to tree diameter and
volume, using optimal tree (A) and six circles (B).

OPTIMIZATION FOR GIVEN PRECISION
OPTIMIZACIJA ZA DANU PRECIZNOST

Application the second criteria, minimizing costs for given precision, gave optimal sample
sizes and relative efficiency corresponding to optimal sample sizes and relative efficiency
determined using criteria minimizing anticipated variances.

Table 10. Minimal costs for given precision
Tablica 10. Minimalni troskovi za danu preciznost

u 1 2 3 6 6*
Min C (min) 1078796 509249 425959 409828 417294

Legend: u; concentric circle number for tree selection
Legenda: u: brgj koncentricnih krugova za selekciju stabala

For given precision, optimnal sample plans with one, two and three concentric circles are
more expensive then previous sample plan (Table 10). But, optimal sample plan with six
concentric circles for tree selection is not. It means that the same precision could be achieved
using mentioned optimal plan providing cost reduction.
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OPTIMIZATION FOR DESIRED PRECISION
OPTIMIZACIJA ZA ZELJENU PRECIZNOST

Beside the optimization for given costs, it was found that it was important to evaluate
optimal sample sizes for desired precision. Desired precision is expressed by varlance W
derived from empirical double relative error for investigated forest category of 1%. The value
of such determined variance was 1.4595.

It was applied criteria minimizing costs for desired precision to develop optimal sampling
plans. Table 11 summarizes optimal sample sizes and minimal costs of determined alternative
optimal plans.

Table 11. Optimal sample size (W=1%)
Tublica 11. Optimalna velidina uzorka (W=1%,)

u nf:m C:l..m,\'
(min)
1 27031 900215
2 18572 424949
3 16985 355447
6 16661 341986

Legend: u— concentric circle number for tree selection, v, — PPS factor, #,..,., — optimal

sample size, C. ;v — minimal cost

Legend: u — broj koncentricnih krugova za selekciju stabala, 41, — PPS faktor, v,

— optimalna velidina uzorka, Co .. —minimaini troskovi

For desired precision, optimal sample plan with one circle for tree selection should have
27031 sample plots. If concentric circle number for tree selection increase, optimal sample size

decrease as minimal cost tco.

Cost efliciency alternative optimal plans are presented in Table 12.

Table 12. Cost efficiency
Tablica 12. Udinkovitost troskova

WEC (1]2) (k)] (16) (u6*)
1 111.84 153.26 163.23 115.73
2 19.55 24.26 1.83
3 394 -14.82
[ -18.05

Legend: u— concentric circle number for tree selection, EC — cost efficiency

Legend: u— broj koncentricnih krugova za selekciju stabala, EC — ucinkovitost iroskova
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It could be noticed that optimal sample plan with two concentric circle for tree selection
excel referent cost slightly (1.83 %). Cost reduction could be assured using optimal plans with
tree and six concentric circles. Optimal sample plan with tree concentric circles could provide
14.82 % cost reduction. Also, optimal sample plan with six concentrie circles could provide
18.05 % cost reduction.

COMPARISON TO RESULTS OF OTHER AUTHORS
POREDBA S REZULTATIMA DRUGIH AUTORA

TREE SELECTION PLAN
PLAN SELEKCIJE STABALA

Determined radii for tree selection in six concentric circles {A) are in the same range as radii
of current tree selection plan (B) (Table 13). The first and the second concentric circles could be
smaller due to huge number of trees with diameter of breast height less then 20 cm. Following
radii are larger with last one of 25 m,

Table 13. Concentric circles radii (m)
Tablica 13. Radijusi koncentricnih krugova u m

| G | R P b} PW | B® | RO
(m) {cm) (m) {m) (m)
[ 5-10 1.0 2.5 22
[1 11 =20 3.0 4.5 4.6
111 21 -30 6.0 5.5 6.0
6* 19269 100.00 v 31 -50 10.0 2.0 7.0
\i 51 - 80 17.0 15.0 14.0
VI >80 25.0 25.0 20.0

Compared with Mati¢ tree selection plan (C), plan (A) has larger tree selection radii. We
found plan (A) more appropriate for concrete investigated forest area.

Figure 7. Concentric circles radii (m)
Slika 7. Radijusi koncentricnih krugova u m
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SAMPLE SIZE
VELICINA UZORKA

Figure 8 shows double relative error depending on sample size. Results achieved using
sample random sampling (1), regression model (2) developed by Koprivica (1984) conformed
that it could be chosen sample size on the optimization base (u3, u6) which could provide
desired precision (3) in a range up to 18000 sample plots.

2RE
Ll - —_—u3
—ub
1 1
= .
e ——
0,9 T i T T 1 _3
15000 17000 19000 21000 23000 25000

n
Legend: 2RE — double relative error in %, u - concentric circle number for tree selection,

I — sample random sampling, 2 — regression model (Koprivica 1984), 3 — double
relative error of 1%, n — sample size.

Legend: 2RE — dvostruka relativna greska u %, u — broj koncentriénih krugova za selekciju
stabala, | — slucajni izbor, 2 — regresijski model (Koprivica 1984), 3 — dvostruka
relativna greska od 1%, n— velicina uzorka.

Figure 8. Precision depending on sample size
Slika 8. Preciznost u zavisnosti od velicine uzorka

‘ CONCLUSIONS
ZAKLIUCCI

1. Related to tree selection plan, it could be concluded that tree selection in one circle
| deviates form exact PPS significantly.
2. Optimal threshold for two concentric circles are 5 cm and 31 cm. Here is noticed tree

‘ volume precision increase.

3. Optimal threshold for tree concentric circles are 5 cm, 21 cm and 45 cm.

4. PPS factor for six concentric circles points out tree selection the closest to exact PPS.

5. Relative difference between PPS factor for tree and six concentric circles could be
considered as negligible.

6. Considering the optimization for fixed cost. developed alternate optimal plans show
differences in sample sizes. There is wide range of sample size around optimal sample
size without significant changes in precision. Then, relative efficiency of alternate
optimal plans point out close precision for sample plans with tree selection in three and
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six circles.

7. Optimal sample plan with three concentric circles has 19934 sample plots with radii for
tree selection of 2.7 m, 7.5 m and 16.4 m.

8. Optimal sample plan with six concentric circles has 20323 sample plots with radii for
tree selection of 1.1 m, 2,9 m, 5.5 m, 9.5 m, 16.0 m and 23.6 m.

9. For desired precision, the optimization showed that optimal sample plan with tree
selection in three optimal concentric circles could provide cost reduction of 14.82 %
having 16985 samples plots. Optimal sample plan with six concentric circles could
provide cost reduction of 18.05 % with 16661 sample plots.

The evaluated optimization results are related to investigate forest area only, due to model,
which was developed here, used characteristic of concrete forest on investigated area. For
optimal sampling plans for other ecoriomic forest management units it is necessary to know
characteristics of their forests. Particular cost expressed in time are not usually registered in
forest inventory measurement in forest inventories recently. If forests and stands characteristics
of two forests economic regions are similar, it is possible to use similarity law travelling cost to
develop cost model.

Using this optimization model, it was found that there is significant cost reduction. Also,
cost reduction could be achieved introducing new stratification criteria, new instruments for
forest inventory measurements or with two-member crew.

Further improvement in planning is development advanced sampling plans (two-phase two-
stage) what uses all available auxiliary information (maps, air-photos, previous databases, GPS,
GIS) and technological improvement (new instruments).
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OPTIMIZACIJA U INVENTURI SUMA NA REGIONALNOJ RAZINI
U BOSNI I HERCEGOVINI

SAZETAK

Cilj je rada primjena nove metode planiranja uzorka za taksacijska snimanja (procjenu
drvne zalihe) u inventuri $uma na regionalnoj razini.

Metoda se temelji na predvidljivoj varijanci uz nedostatak izravnanja (Mandallaz 2001).

Za objekt istraZivanja odabrano je jedno Sumskogospodarsko podrucje u Bosni Hercegovini.

Plan opée optimizacije proveden je uz upotrebu baze podataka prethodne inventure Suma.
Pri tome je provedena optimizacija plana selekcije stabala i optimizacija veli¢ine uzorka.
Izvedeni su alternativni planovi uzoraka i medusobno usporedeni.

Optimizacija plana selekcije stabala upucuje na moguénost redukcije broja koncentriZnih
krugova za selekciju stabala sa Sest na tri koncentri¢na kruga uz zanemarljiv gubitak na
preciznosti prociene. Optimalni planovi uzoraka sa selekcijom stabala u tri { §est koncentrignih
krugova, za dane trofkove, pokazuju pribliznu relativnu uéinkovitost (0,98). Planiranje
optimalnih uzoraka za Zeljenu preciznost izraZenu dvostrukom relativnom gre¥kom od 1 %
pokazuje da bi se optimalnim planovima sa selekcijom stabala u tri i $est koncentriénih krugova
mogla ostvariti redukcija troskova od 15 % i 18 % u odnosu na prethodni plan uzorka.

Plan uzorka mogao bi se dalje unaprijediti analizom stratifikacije, primjenom sloZenijih
planova uzoraka, te uvodenjem novih tehnologija.

Kljuéne rijedi: inventura 3uma, optimizacija, optimalni plan, drvna zaliha, regionalna
razina
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