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Stellingen

1. The noda analysis system should be used to analyse complex
vegetation in order to recognize vegetation units on an exact
cbjective basis. These units are not necessarily comparable
with the classical phytoscciological units, such as associations.

2. By using aerial photography for vegetation mepping, less random
sampling is required over the relevant area. Conseguently much
less field records need to be taken.

3. Regulation of large predators should generally be avoided even
close to populated areas, as long as the food chain is complete
and well balanced,

4. Balthough domestic herbivores should not generally be used in
nature reserve management, their use need not be completely ex-
cluded,

5. The Mediterranean maguis is not a c¢limax association, but an
innibited stage in succession towards Mediterranean forest due
to manwade fires, overgrazing and felling.

6. The uncertainly about the feeding of the Loch Mess Monster
(L.N.M.) accompanied with data of lake productivity leads to the
conclusion that population density of the L.N.M. in the lake is
10-20 specimens, if a carnivorous diet is assumed, and 2-5 spe-
cimens, if a facultative canibalistic diet is assumed.

7. The kibbutz is a living example of the possibility teo maintain
an equal socialist community.

8. It is important to set up a domestic breeding stock of falcon
species, used for sport hunting, and sell them as an alternative
to intensive uncontrolled poaching, which causes a severe decrease

of the populations.
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1 PREFACE

The aim of this paper is to present an inventory of, and principal processes
occurring in, the Yahudia Nature Reserve, with a view to creating suitable tools
for its management.

The fires endangering the Quercus ithaburensis forest led to the intro-
duction in 1969 of cattle grazing. The existing age gap between seedlings and
adult trees which springs to the eye in the forest, induced second thoughts
about regrowth and establishment of trees. The need of studying effects of fire
and grazing on, and problems of regrowth of, Quercus ithaburensis in an
endeavour to preserve the ecosystem which is centred on the Quercus ithaburen—
ates forest, has led to this research.

The paper deals with six main subjects: a description of the physical and
historical background of the Reserve; inventory of vertebrates; inventory of
vegetation; several aspects of Quercus ithaburengis with emphasis on germination
and establishment of the species, and fires and grazing and their impact on the
ecosystem.

Structure of paper: each subject has been presented and dealt with separately,
and each constitutes a more or less self-contained unit for perusal by anyone
interested in the specific subject. The comprehensive discussion and recommend-
ation for management of the reserve are based on the synthesis of all the
subjects presented.



2 NATURE CONSERVATION AND NATURE MANAGEMENT

2.1 General concept of conservation and management of nature

2.1.1 Nature conservation and i1te motives

The increased impact on the environment by the growth of population and the
urban industrial development, the increased use of nature resources and the
need for outdoor recreation, have raised, most severely in this century, the
issue of nature conservation.

Nature conservation, according to Van Leeuwen (1966), is the maintenance of
variety in space, and of stability. Van Leeuwen's thecory, dealing with inter-
relations of vegetation pattern and process, bases the study of these inter-
relations on the connection between variety in space {pattern) and variety in
time (process). Richness in species (variety in space) is usually linked to
stability (no variety in time)}, while poorness in species - in many cases due
to disturbed habitats - is commected with non-stability in time.

A close concept is that of Shimwell (1971), who states that maintenance of
maximm biological diversity in all remaining ecosystems is synomumous with
conservation.

Mirzer Bruyns and Westhoff (1963) emphasize the biolegical variety created
by geographical variation, as well as by man-made environment, as an important
criterium for defining reserved areas.

Based on Mdrzer Bruyns (1967), six main motives for conservation can be
enmerated, Since then, many more papers have been published cn the motives for
conservation and the categories which may be discerned. For this study the six
motives mentioned are chosen, because they fit the purpose well:

1 Ethics: As the most successful species on earth, man, with his conscience
and sense of responsibility, needs to stimulate action to prevent the
extinction of species, and cruelty;

2 Aesthetics: The desire to preserve the beauties of nature, be the landscape,
animals or plants, may be cne of the major reasons for public interest in
nature and nature conservation;

Since, unfortunately, the aesthetic as well as the ethical motive camnot be
measured objectively, these motives have been neglected in plamning, while
economic motives have been given dominance.



3 Economics: Nature, directly or indirectly, is the only source of men's

sustenance, clothes, minerals, and most of his energy. It is only reasonable
to utilise nature for production, but in such a way that its assets will be
preserved. A balance should be maintained between all resources which are
usually interdependent (Bell, 1971). Nature as a source of gene diversity
should be preserved for improvement of production by hybridization with wild
species, thus building up tolerance to diseases (Mason, 1962; Cain, 1970);
Science: The best field laboratory, both for fundamental and for applied
research, is a natural ecosystem. Using dynamic ecosystems is the only way
to investigate the guiding principles of all types of relations between
organisms and habitats, including humen influences on the ecosystem;
Sociology and public health: In modern society there is a growing need for
turning to nature to create a balance between work and rest (Bourliere, 1967).
Dubos (1970) sees the cultural and social homogenization in the modern life
style as a hindrance to the full exploitation of the biological richness of
the human species. It is therefore essential to keep the envircornment as
diverse as possible to provide the means for diverse mental and physical
development.

Urbanization and industrialization also create severe problems of illness,
most of which due to soil, water and air pollution. By keeping the environ-
ment, or at least large protected areas, clean of pollutants, many illnesses
can be avoided;

Education: None of the abovementioned motives for nature conservation will
have significance for the coming generations if nature is not used for

developing ethical and aesthetical attitudes towards it, and consciousness
of its economic, scientific and social importance. Much of the destruction
of habitats and of mismanagement of natural resources is due to ignorance.

2.1.2 Nature reserves and their functions

Nature reserves are only one means, though probably the most important one,

of nature conservation. It is extremely important to have at least all
representative habitats preserved and well managed in nature reserves.




Reserves are safe shelters for species, and thus all species should be
represented in them. Special attention should be paid to species under threat
of extinction. Causes of rareness may be natural or may arise from hunting, for
from introduction of predators or exotic species, or from habitat disturbance
through human activities to which the greater part of species extinction is due.
These problems have been described and discussed very clearly for plants as
well as for animal species in the period when the IUCN-Red Data books were
pbulished for the first time {(cf. Fisher et al., 1969; Melville, 1570).

Preservation of ecosystems is at a higher level than that of species,
because it is concerned with diversity of biotcopes and not only of species.
Undisturbed relations in the ecosystem can be studied where man's impact is
minimal (Fosberg, 1968).

Preservation of geological, geomorphological and historical monuments

These monuments have biological significance by creating a diversity of
habitats, a great aesthetic and scientific value, and play an important rSle
in educatiomn.

Some types of preserved areas are defined in accordance with their functions.
For this study types are chosen as defined by IUCN (IUCN, 1971) and alsc
accepted by United Nations in its "List of National Parks and equivalent
reserves'" (U.N., 1971; 1972), although more recently some other types and
different categories have been suggested.

Relatively large areas where steps have been taken to prevent expleitation
or occupation of the area; where natural elements are preserved and visitors
are allowed to enter.

Nature areas aim at recreation where measures are taken to adopt recreation
while protecting the natural basis.



Large natural areas aiming at preservation of landscape where the objective
is its aesthetic value which can be used for recreation and tourism as well.

Nature _reserves

Areas given reserve status to conserve the nature of the area such as plant
and wildlife, and geological and geomorphological forms.

Nature momuments

Nature objects, often of small size, of "monumental' beauty and outstanding
value on which preservation is based.

2.1.3 Criteria for determination and evaluation of nature reserves

Evaluation is necessary to make it possible to indicate with certainty which
areas should have priority over others in conservation (Helliwell, 1969). The
most objective criterium for evaluation is the monetary value of a reserve
measured by direct returns (hmting, fishing, wood, licences, admission fees,
tourism, etc.) as well as by indirect returns such as genetic resources,
education, science, etc. (Helliwell, 1969). A1l attempts to evaluate a nature
reserve in monetary terms neglect the ethic, aesthetic and social aspects.
Several studies made in the seventies to find ways to include these values in
monetary values have not been successful. In this study they are not dis-
cussed.

Comparative evaluation only can at present express the relative importance
of conserving a reserve also with regard to its ummeasurable aspects.

In plamming and evaluating areas for reserves, several practical criteria
should be taken into consideration. On the basis of personal experience 6
criteria are chosen from the literature. These criteria fit well in the situ-
ation in Israel. In the last decade several publications have been published
concerning criteria and their application in conservation. These are more
sophisticated and will certainly be valuable when worked out and checked. In
this study the following basic papers are used: Helliwell (1969 b); Mdrzer
Bruyns & Westhoff (1963); Westhoff {1970); Helliwell (1971); Crowe (1972).



Criteria: Size : The reserve should be large enough to support the
population and represent its richness.

Shape : The more circular the area, the better can it be pro-
tected from outside influences.

Bufferzones : Buffer zones around the reserve contribute to its
value as a protective area. Along the borders there is
interaction of external and internal influences, and the
centre is largely preserved.

Diversity : The more diverse the area, the greater its value.

Human influences : The less an area is under human influence the
greater is its value for conservatiom.

Management potential : The technical possibility tec control
external influences as well as internal processes makes

the reserve more valuable.

2.1.4 Establishment and management of nature reserves

Establishment of nature reserves is possible after planning and coordination
at national and international levels in order to have a suitable choice of

areas for conservation. Regulations, taking into account ownership of, and laws

protecting the area and its elements, form the legal basis for conservation.

Basic requirements essential for most reserves are:

Boundaries - these should be well defined and marked. Sometimes fencing is
obligatory.

Access - roads and paths are meant to enable people to come to the area,
but also to regulate their numbers: Access to areas of high
natural value should be by less and less comfortable paths or
none at all.

Facilities - parking areas, picnic areas, camping grounds, lodging and
catering, if essential, should be located as far away as possible
from the highly-protected natural-value areas, and should be
built in harmony with the environment {Senge, 1972).

Strict reserves and buffer zones - where there is likelihcod of human
activities causing damage to the protected areas, strict reserves
should be established to which access without special permission
is forbidden. External impact on the reserve should be reduced
by means of buffer zones (Hart, 1966). The reserve itself is




preserved as the imnner core of a protected area. Around the
reserve a middle belt should be part of the buffer zone with
possibilities for recreation, parking places, camping and
grazing. Outside this middle belt an ocuter belt should be part

of the buffer zone. This can be an agricultural area (Hart, 1966).

When a reserve has been established, a management policy needs to be main-
tained in many cases with a view to external impacts and internal processes
that may demand intervention. Conservation aims at leaving nature to itself on
the one hand, and maintaining maximm diversity on the other. The latter may at
times justify intervention. Intervention is essential mainly when species are
in danger of extinction, and more intensively so when there is greater human
impact.

Non-intervention will be possible only in very large reserves where human
impact is minimal, and this is regarded as the ideal policy. But the smaller
a reserve the more intervention is required. The dilemma of non-intervention
or intervention in the management of nature reserves has been an item discussed
since the first nature reserves came into existence. This discussion goes on
until the present time and will be continued intc the future. Two IUCN Technical
Meetings have given special attention to this: the Technical Meeting in The
Hague, 1950, and the Technical Meeting in Edinburgh in 1956. The papers of
Pluygers (1952) and of Nicholson (1957) are quoted especially in this respect.

The basis for nature management is the scientific knowledge of a reserve's
inventory and processes (Shimwell, 1971). The carrying capacity of a reserve as
regards wildlife and vegetation as well as grazing and visitors density in time
and space should be studied with a view to establishing a maximum density level
at which no damage to the reserve will ensue (Dasman, 1964).

Management regimes which may be or should be applied in nature reserves
management master-plans are: grazing, burmning, felling, replanting, hunting,
supplying food and building refuges for animals, etc. These regimes were
already recognized in the early phases of managing reserves on the basis of
scientific knowledge (Bourliere, 1962; Van Leeuwen, 1966; Gabriels, 1957;
Nicholson, 1957; Wildfowl Trust, 1957).

In many cases management means continuation of processes having taken place
before declaration of the reserve, because cessation of these may cause un-
desirable processes, even if this involves mumting, burning or certain agri-
cultural activities.




We shall try in this study tc get acquainted with the internal processes in
the Yahudia Nature Reserve and with the external impacts on it, on which a
management policy should be based.

Prior to this, we shall present a brief review of nature comservation and
nature management in the Middle East and in Israel.

2.2 Nature conservation and nature management in Israel in the context of
the surrounding countries

2.2.1 Nature eonservation in the Middle East

Bovd (1965} states that lack of understanding of the true nature problems,
of conservation and of the links between tourism and development to nature,
have brought about an untolerable nature management in Jordan. This is the
situation in most countries of the Middle East {Ghabbour, 1971; Kaul, Thalen,
1971). In Iran, during the 60's of this century, 3 wildlife parks and 18 pro-
tected areas were established (Firouz et al., 1970). However, in the U.N. list
of national parks and equivalent reserves {United Nations, 1971) no national
parks of equivalent reserves are mentioned in Cyprus, Egypt, Iraq, Jordan,
Lebanon and Syria.

In these circumstances, the nature conservation situation in Israel is zm
exception.

2.2.2 Nature conservation and management in Israel

Israel's location at the meeting point of extreme climatic regicns, ranging
from cool, continental to mediterranean and arid desert climates, and at the
junction of variegated geographical regiomns, has resulted in a meeting of
zoographical and phytogeographical regions that produce an immense wealth of
species (Ross and Macdenald, 1971).

The lines which follow are based on the book by Dr. Uzi Paz "Nature Reserves
in Israel", which constitutes a comprehensive survey of the history of nature
conservation and nature reserves in Israel (Paz, 1981}. Paz points out that
there are same 2600 flowering species growing in Israel, some 130 of which
are endemic, and about 650 species of vertebrates are living there, excluding
Mediterranean and Red Sea fish. This wealth used to be even richer but has
suffered a decline in the course of Israel's checkered history. The main wave
of annihilation of plant- and wildlife extended from the second half of the
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19th century to the beginning of the twentieth century - a period in which the
country became more densely settled and firearms were introduced into the
region., During this period the following animal species were axterminated inter
alia: the ostrich, the brown bear, roe deer and the crocodile, together with
tens of thousands of hectares of oak forest.

Under the British Mandate, a hunting law {1924) and a forest order (1926)
were enacted, and 40 forest reserves were declared. While the rate of tree
felling in forests decreased as a result of this, the hunting law was not being
enforced, and diminution of wildlife continued.

Jewish settlement in Israel, and the establishment of the State of Israel
in 1948, brought about a huge momentum in development, comstruction, pre-
paration of agricultural areas, and use of poisons, and heightened the pressure
on Israel's inorganic plant and wildlife. More species were exterminated or
faced with danger of extinction during this period.

In the early fifties, circles in Israel were becoming concerned and started
to agitate for a setting-aside of conservation areas. This concern arose in
the wake of the draining of Lake Huleh which put in jeopardy a whole world of
wildlife and plantlife. As a result, it was decided to leave 400 ha of the
Huleh swamps undrained, and to set them aside for conservation purposes.
Furthermore, the agitation resulted in the enactment of the Wildlife Protection
Law (1955), the setting up of the Nature Protection Society (1953), and of the
Nature Conservation Branch at the Ministry of Agriculture (1958) which gave
birth to the establishment of the Nature Reserves Authority (1963) - a State
Authority excercising legal powers.

The activities of the Nature Reserves Authority extend over a muber of
spheres, such as proclamation, development and management of nature reserves,
enforcement of nature preservation laws, liaison with public institutions over
policies by which preservation of natural assets and landscapes within and
outside nature reserves can be carried through, and alsc education towards
nature preservation, and information work.

Up to 1980, 97 nature reserves were proclaimed in Israel, and an additional
S0 are in various stages of preparation, the inclusive size of area covered
being about 37,000 ha.

Israel's nature reserves can be divided into three main categories:

7. Nature and landscape reserves, preserving undamaged landscapes with the aim
of conserving habitat, fauna and flora variety. Such are the Yahudia and

Mt Meron Reserves, the latter covering an area of about 10,000 ha of
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variegated mediterranean forest.

2. Scientific reserves, whose central aim is the preservation and presentation
of natural phenomena of scientific value, such as temporary ponds, which
are habitats that are on the wane, and also the dunes of the westem Negev.

3. Representational reserves for certain phenomena such as a plant or animal
species - for instance the Doum Palm (Byphaene thebaiea) Reserve, the
northerrmost point of this species' global distribution, or the Shoreq
Reserve, a stalactite and stalagmite reserve which is of particular scienti-
fic and aesthetic value.

Reserve planning and management is carried out at three levels:

1. Fully developed reserves which the public are invited to visit, and in
which various facilities have been laid on for the visiting public. Such
are: the Tel-Dan Reserve containing some of the sources of the River Jordan,
and the Coral-Reef Reserve in the northern part of the Gulf of Eilat.

2. Open reserves with wild scenery and little development, where hiking is
mainly on foot, such as the Yahudia Reserve or the Camyons Reserve in the
Judean Desert.

3. Strict reserves containing sensitive natural assets and to parts of which
the public are given no access, such as stretches of the Huieh Swamps
Reserve, or parts of the Ein-Gedi Reserve in the Judean Desert.

The existing system of legislation in Israel gives legal status not only to
the Nature Reserves but also to protected inanimate wildlife and plantlife
assets also out of nature reserves. These, of course, also include endangered
species for whose rescue active steps are being taken. An example is the
establishment of a breeding nucleus of the Lappet-faced vulture in cooperation
with Tel Aviv University; incubation of sea turtle eggs and setting the turtles
free at a more advanced age; fertilisation of Iris species, and transplantation
of Narcissus bulbs from places earmarked for construction. Israel's "Red Data
Book" of rare species facing extinction or already extinct (Agami, 1975)
includes 81 plant species, 12 of which appear to have become extinct during the
last few decades, and most of which are connected with water sceneries that
have disappeared with the draining of swamps and catching of springs at the end
of last century and during the first half of the present century. The book also
lists 96 species of vertebrates, 20 of which appear to have become extinct in
this century.
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Steps have been taken to prevent indirect harm being caused to protected
animals through poisoning, but as far as this subject is concerned we have
been only partly successful owing to intensive agriculture on the cne hand,
and the delay in development of biological or technical means of pest control
on the other.

Nonetheless, several of the measures taken have proved successful; for
instance

(1) shooting of stray dogs, which are potential rabies carriers, instead

of poisoning them, which Iatter method causes non-selective poisoning
of predators;

(2) putting up electric fencing to prevent gazelles invading agricuitural

areas;

(3) controlled hunting of non-protected animal species, particularly in

regions where damage to agriculture is envisaged, thus limiting
poisoning.

The picture drawn of the state of nature conservation in Israel, showing
impressive achievements on the one hand, but a worrying situation of species
and landscape destruction in the wake of development on the other,
necessitates not only passive conservation and active management but also
intensified research and deepening of knowledge.

This paper aims to be a contribution towards this objective.
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3 INTRCDUCTION TO THE YAHUDIA FOREST NATURE RESERVE

3.1 Location and geographical data

The Yahudia Forest Nature Reserve is a2 proclaimed reserve (under Regulation
No. 286 of 28.12.72 (Nature Reserves Authority 198(), and covers an area of
6620 ha. The reserve extends over the eastern basin of the River Jordan in the
Golan region, north-east of Lake Tiberias between latitude 32953'-32°50" north
(641-654 U T M) and longitude 35°38'-35°47' (748-760 U T M) (see Map 3.1). The
lowest regions of the reserve lie at an altitude of -192 m below Mediterranean
Sea level, and the highest at an altitude of +720 m, though the greater part
lies at altitudes 0-300 m above Mediterranean Sea level {Land Survey Department,
1979%; see Map 3.2).

The greater part of the area is on a more or less level plane and moderately
inclined towards the south-west. This area is cleft by a mumber of streams,
mostly perennial, which form a varying landscape of streams which, flowing in
shallow beds in their upper courses, turn into canyons in mid-course, and inte
broad, though steep-banked streams in the lower courses.

The streams divide the reserve area into three drainage basins:

Northern basin : the Meshoshim stream drains 33 sq km of reserve land, and a
total of 161 sq k.

Central basin : the Yahudia stream drains 12 sq lm of reserve land, and a
total of 78 sq km.

Southern basin : the Daliot stream drains 21 sq km of reserve land, and a
total of 114 sq lan.

Contributaries of the Meshoshim stream within the reserve area are the
Aslyiah and Zavitan streams. The contributary of the Yahudia stream is the
Tayba stream, and the contributaries of the Daliot stream are the Batra, Gamla,
Northern Daliot and Southern Daliot streams.

Flow_of springs_and_streams

According to Inbar (1970}, Laor et al. (1977) and the Hydrological Service
(1973), the basins of the streams and springs can be divided physiographically
as follows (we have adapted the original division of Imbar (1970} to fit the
areas represented within the confines of the reserve):
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Map 3.1: Location of Yahudia Nature Reserve in the region.
Black square is enlarged in Map 3.2. Dotted area represents
Quercus ithaburensis distribution area according to
Awishai (1967), (see 5.1.2).
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a. Masil area. Here we have stream beds which are shallow in their upper
courses. This region has a low drainage potential but a high infiltration-
into-depth potential, and does not generally drain water during the whole
of the year. The springs have a relatively low drainage potential and

usually form swamps. For instance: the Sheikh H'ssein Spring {Coord.
21582632} has an average drainage potential of 22 m3 per hour, and its
waters flow into the Zavitan stream.

b. The dense drainage region. Here, the stream beds are deeper and morecrowded,
and the region contains few springs with seasonal flow onty.

¢. The canyon region. In this area the streams excavate the rocks, forming
cliffs, waterfalls and ponds. Here are to be found most of the springs
whose flow potential exceeds 36 m3 per hour. In this region we have many
springs welling forth from among the basalt layers bisected by the stream
and whose base is baked fossil soil (see below). Most of these springs
cannot be indentified, but they contribute to the flow increase of streams
here. For example: Ein Nadhut (Coord. 21502684), possessing a constant
average flow of 90 o per hour and Ein Snaber (Coord. 21302678) with an
average flow of 134 n'l3 per hour; both suppiying most of the waters of the
Meshoshim stream.

d. The broad bed region. Here the stream widens, its bed is alluvial, its
slopes are steep, and it contains a few springs, in particular between the
basalt flows. For example: Ein Dardera (Coord. 21152578) which has a constant
average flow potential of 3 m per hour.

In the drainage basin of the Meshoshim stream, Inbar (1970) discovered 39
springs, of which 9 are in the Yahudia Reserve, and 7 of these have constant
flow. We found 2 additional springs, of which one has constant flow.

In the drainage basin of the Yahudia stream we discovered 4 springs within
the reserve, 3 of which with constant flow. The principal water sources of this
stream are outside the reserve.

In the drainage basin of the Daliot stream we found 14 springs in the
reserve area ~ 9 with constant flow - and these in addition to the many springs
in the stream bed and along the rocky stream banks that cannot be easily
spotted.



17

Total minimum flow of springs in the principal streams:
In the Meshoshim stream: 310 msfhour, of which 60 m3/hour are being utilized,
leaving 250 m>/hour.
In the Yahudia stream : 206 m3/hour, of which 90 ms/hour are being utilized,
leaving 116 msfhour.
In the Daliot stream : 260 mS/hour, of which 150 ms/hour are being utilized,
leaving 110 m3/hour.

Utilization is for agriculture as well as for drinking water.

3.2 Rock and Soil

3.2.1 Geological History (according to Michaelsom 1972, 1574)

Tectonic activity in the neogene period caused the sea covering this region
to retreat eastwards, and brought about continental conditions. Tectomic uplift
of the region resulted in heavy erosion of the land, and in erosion matter
being deposited in broad streams and sweet-water lakes in the form of conglo-
merates, pebbles, dunes, chalk and marl, which make up the Herod Formation (H},
which subsided in the Middle and Upper Miocene epoch (see Figure 3.1).

The episodic penetration of the sea in the Pliocene epoch was the last of
its kind in the region. In its wake, a Gesher formation (Ge), composed of
oolitic limestone and marl, subsided in sweet-water basis. ) _

In the Upper Pliocene epoch there were also volcanic eruptioms which con-
tinued until the beginning of the Pleistocene. This basalt, called cover
basalt, lies on the underlying sedimental layers in an unconformity plane.

The depth of the basalt layer in the region under review is 140-175 m, and the
basalt originates from the volcanos to the north-east, and from local volcanos
such as Kubat Kar'a (see Fig. 3.1}, as also from local fissures that were
formed and that left basalt dykes which are dispersed in the area.

The basalt which erupted is of the olivine basalt type, which is hard,
massive or vesicular. This basalt erupted in a number of lava flows (10 such
flows can be discerned in the Daliot stream). Between these flows, clay soil
formed to a depth of up to 2 m and was baked into fossil soil by the lava flow.
The ground layer of each flow is usually dense and massive, and in it a 4-7
facets colunn structure developed. The upper layer is more vesicular and
brittle.
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The_colums phenomenon, which is of singular beauty, stands out in a mumber

of sites in the reserve area, where it is most conspicuous in the Meshoshim
Pool (Coord. 21252605) and in the Zavitan stream (Coord. 21532635)., During the
slow cooling process the lave was riven into facted colum formations. This
structure was formed in the lower layers of the flow, which are slower to cool
by heat conduction only and not by radiation. When the lava reached a tempe-
rature of 800-600 °C, jointing occurred in the direction of the temperature
gradient which was chiefly perpendicular.

The_paleamagnetism _phenomenon occurs frequently in the cover basalt. The
presence of ferrous minerals, such as Mapnetite and Ilmenite, which formed
when the magnetic pole of the globe was alternating between north and south,
and which retained their magnetic properties, yet causes the compass to deviate
from the north near some of the rocky cover-basalt layers. In the same epoch,
the Lower Pleistocene, strong fissure activities took place, creating the deep

valley of the River Jordan. The low erosive basis formed caused excavation of
the cover basalt in its direction, and led to the formation of the deep river
canyons dissecting the Yahudia Reserve.

Additional volcanic eruptions in the Middle and Upper Pleistocene, and
perhaps also at the beginning of the Helocene epoch, brought about an effluence
of young lavas not possessing paleomagnetic properties. The northern part of
the Yahudia Reserve (see Map 3.3} is covered in its greater part by cover
basalt, although it perhaps also contains a residue of youmg lava basalt, which
Michaelson calls 'undivided basalt' (U.B.). Between the cover basalt (C.B.) and
the undivided basalt (U.B.) is the Sheikh Ali Fault - the only fault whose dis-
location exceeds 100 m.

Mor (1973) divides the basalts of the Golan into two main formations:

1. Cover basalt, which includes low basalt (B.A.), and overlying it Dallawe
basalt (B.D.). .

2. Golan formation, which is younger and composed of Ein Zivan basalt (BE) and
Muessa basalt (BM). In accordance with this division it seems that in the
Yahudia Reserve, inclusive of its northern part, the cover basalt formation
is dominant.
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Perusale of Map 3.3 shows that the greater part of the reserve is covered
by basalt, and only in a few areas on the banks of the Daliot streams there
are exposures of layers of Herod (H) and Gesher (Ge) formations.

3,2.2 Soil

In the soil association map of Israel (Dan et al., 1975), the soil of the
Yahudia Nature Reserve is described as belonging to the ‘basaltic protogruma-
sols, basaltic brown grumuscls and pale rendzinas association'. Steep slopes
and eroded plateaus are dominated by protogrumusols which are shallow, fine-
textured basaltic soils, non-calcareous, stony, with mamy outcropping rocks.
More gentle slopes and non-eroded plateaus are dominated by brown grumusols,
which are heavy-texture soils. The clay fractions consist of expanding clay
minerals, mainly montmorillonite, which causes the soil to fissure badly during
the alternating wet and dry seasons, and to show considerable churning action.

Three structural horizons may be observed: an upper granular horizon, a
prismatic horizon, and a deeper and pyramidic horizon. These soils are rich
in phosphorus and poor in calcium (Dan, 1972; Dan & Singer, 1973).

Basaltic protogrumisols in the Yahudia Forest occupy the slopy stream banks
and the streams themselves, geological fault lines, and basaltic flow fronts,
while in the remainder of the mostly level are, basaltic brown grumsols are
dominant (Dan, 1972). ‘

3.3 Climate

3.3.1 Precipitation (Gat & Paster, 1874)

The rainy season in the Golan region extends from September to May, with
about 2/3 of the rains occurring in December-February. In December, we have
16-25% of the precipitation; in January, which is the rainiest month, 22-31%,
and in February 16-25% of annwal precipitation. At the begimming and end of
season precipitation is lower: in October 1-3%, in November 8-18%, in March
12-16%, in April 4-6% and in May 1-2% of anmual precipitation.

Distribution of rainy days during the months of the year matches the dis-
tribution of rains. The number of days on which more than 1 mm rain occurs in
the Yahudia area amount to 33-40 days, 25% of which occur in January.
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On the Golan we have a good correlation between quantity of precipitation
and altitude. The multi-anmual quantity of precipitation in Yahudia is 500 mm,
varying from 550 mm to 450 mn between higher and lower regions respectively.

Measurements carried out by us in Yahudia in 1973/74 - 1979/80 (see Figure
3.2) showed that there was an annual mean of 544 mm rain, and that December and
February were generally the peak months of precipitation quantity.

3.3.2 Temperature (Gat &Paster, 1875)

Lowering of temperature on the Gelan Heights is commensurate with rise in
altitude and moving to the east. In a survey carried out by Gat and Paster in
1975, a control point was fixed in the Yahudia Reserve at +140 m altitude. If
we take this point as being representative, we leam that:

the mean daily maximm temperature of the year was 26.7 °%

" " " minimum " "o v ov 16,7 SC

" " " b "o vowo21.7 %

" " " temperature inJanuary (the coldest month) was 12.4 °C

" " " " " August (the hottest month) was 28.2 °c and
" " " fluctuation per year was 14.4 °c.

From the Isotherms map of the aforementioned survey it can be learned that
in Yahudia:
Daily mean temperature in the hottest month, August, is about 27 °C

mn max]'mnn il " " " " ”"n 1" " 36 OC
" mirnmn " " 1" " ”" 1" " " 21 OC
" mean " " " coldest M January " v 10 %
" n.laxjm " " [} " " 1t 3] (4] 17 OC
H mil'li'lm.lm ”" " " 113 tt t " 1t 9 OC a].ld

the annual mean temperature is about 19 °c.

The process of temperature change is such that there is a gradual rise
from January to Augusi:, ard a gradual fall from August to January with no
intermediate peaks.

Frosts are not envisaged in the Yahudia region.
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3.3.3 Relative humidity (Gat & Paster, 1975)

The continental character of the Golan Heights, due to their distance from
the sea, gives them a relatively low humidity compared with Western Israel.
However, the large quantity of precipitation causes a relatively higher
humidity than would be expected in this continental region. The anuual move
of relative humidity points to a principal maximum in winter (January) and to
a principal minimm at the beginning of summer (June), to a secondary maximum
in sumer (August-September) and to a secondary minimm in autum (Cctober).

From an extrapolation of Gat & Paster's survey data of 1975, it can be
learned that the relative humidity values in Yahudia at 14.00 hrs, in terms of
monthly means, are:

principal maximm 64% ; principsl minimm 34%
secondary maximm 42% ; secondary minimm 39%

Khamsin conditions prevail mostly in the transitional seasons (spring and
autumn) . Light Khamsins occur some 42 times a year. A light Khamsin is
described as being an occurrence during which relative humidity in a single
observation falls te 15%, or during which the mean of 3 observations is not
higher than 45%.

Heavy Khamsin conditions develop some 10 times a year. A heavy Khamsin is
described as being an occurrence during which the mean daily temperature is
higher than the muilti-annual mean, and the mean relative humidity lower than
25%.

3.3.4 Winds (Gat & Lomas, 1969)

In the central region of the Golan Heights westerly winds are prevailing in
summer, and easterly winds in winter. The easterly, or north-easterly ''shar-
kiya" winds in winter are stronger than the westerly summer winds.

In winter, the characteristic is an wmmiform wind pattern which is con-
tingent on barometrical high and low pressures, and winds are blowing mostly
during the morning hours. In summer, the wind pattern is stable. Westerly
winds are registered daily from the late moming hours until the late afternoon
hours. Wind strength in stormy conditions may reach up to 62 kmh, and in
"sharkiva" wind conditicns (easterly winds) up to 50 kmh. In summer, the most
prevailing wind strength is between 12 lmh and 28 lanh, and in winter between
20 kmh and 28 lmh. '



25

3.3.5 Clowdiness (Gat and Lomas, 1968}

Clowdiness is generally low in the central part of the Golan. The clowdiest
months are Jarmary and February, and after these, December, March and April.
June and July are less clowdy. The extent of mean daily clowdiness in January
and February is a usually more than half-clowded sky; in December, March and
April a 1/2 - 1/3 clowded sky; during June-September a less than 1/8 clowded
sky, and in May-October a 1/8 - 1/4 clowded sky.

In spring and summer, the heaviest clowdiness was recorded in the morning,
but in winter, at noon. In the evening and during the first hours of night
clowdiness is minimal throughout the year.

3.4 Human history

On the basis mainly of the archaeological survey made of the Golan (Epstein &
Gutman, 1972) and of the historical review by Gal (1978), the following picture
emerges with regard to the hman history of the Golan in general and of the
Yahudia region in particular.

Only a few and non-continuous remains have been discovered from the pre-
historic era, and even those mainly on the western fringes of the Golan. In
the Calcolithic age (4000-3150 BC)} there was widespread settlement by shepherds
who also engeaged in tilling of the soil. Sites discovered near springs and
streamlets are characterised by elongated structures of basalt stone, storage
vessels, flint tools and idols. Near them were found remains of irrigation
agriculture based on the springs (BEpstein, C. - personal information). Two
such sites were found, and excavated, at the eastern border of the Yahudia
Reserve. From this period there were also discovered in the Yahudia Forest
cairns (tumuli) which most probably served as burial sites. In the Bronze age
(from 3150 BC) and mainly in the Middle Bronze age I (2200-2000 BEC), megalithic
construction was developed on the Golan, comprising many Dolmen fields and
fortified enclosures of areas situated at the confluence of two streams.

The Dolmens on the Golan have been surveyed and described already by
Schumacher (1888). The survey was widened, and research increased, by Epstein
(Epstein, 1974; Epstein & Gutman, 1972), who found that the Dolmens appear in
large concentrations, each being characterised by a certain type of construc-
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tion. Three main construction types have been discovered, and all of them are
represented in the Yahudia Reserve: Trilitones - which are small Dolmens of two
vertical stones and one horizontal stome laid across them. Such Dolmens are to
be found in the higher regions of the Yahudia Forest (for example M, see Map 3.2).
A second type are bigger Dolmens built of a greater mumber of vertical stones
and large horizontal stone slabs. These structures are often sunk, and they are
frequently surrcunded by large tumili. A mumber of these Dolmens have a narrow
side entrance leading to an underground chamber. They are very widespread
throughout the Yahudia Forest (for instance site Y, D, ¥, R and others - see
Map 3.2). A third type of Dolmens, which are very rare and the like of which
has so far not been found anywhere else, except in the area between the Yahudia
and Daliot streams (T - see Map 3.2), are the "Tank Dolmens'. These are giant
Dolmens built of many courses of large stone slabs and rising to a height of
about 3 m.

The Dolmens served as secondary burial sites for wandering tribes which had
penstrated from the east. These massive sites served as evidence of their having
taken possession of the area. Bones, cult objects, pottery and metal tools
were found in the Delmens. The fortified enclosures of that period served as
holy places, or else as cattle corrals. Such a site is the "Yitzhaki enclosure"
(Coord. 21982654) in the Yahudia Nature Reserve.

The Middle Bronze I civilisation suddenly disappeared from the Golan, and
settlement there was disrupted for a period of about 2000 years, from the end
of the third millenium BC until the Hellenistic period.

In the First Century BC settlement on the Golan began on a large scale, and
with it many Jewish agricultural settlements sprang up.

During the Roman-Byzantine periods (1st to 7th century C.E.) there were many
Jewish settlements on the Golan. Among these, Gamla - situated within the
Yahudia Nature Reserve - has become particularly famous for its courageous
stand in the uprising against the Romans, which ended with its fall in the
year 67 C.E. Today, Gamla is undergoing scientific archeaological excavation
and is being visited by many hikers. Among other relics, there can be seen the
city walls, the synagogue, the ritual bath, and dwellings (Gutman, 1977). The
temains of the many synagogues are witness of the dense Jewish settlement in
the Roman-Byzantine period. Remains of settlements and synagogues in the
Yahudia Reserve were found at the following places and coordinates:

Yahudia (2161 2603), Asalyia (2135 2636}, Zamamira (21392613), Batra (21382567),
Ein Nashut (2149 2686), Taybeh (21782614), Hurvat Zavitan (21832645), and
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Daliot (22012560} (Maoz, 1979; Safrai, 1978) (see Map 3.2}.

In the Byzantine period (324-640 CE), Jewish settlement is declining and
Christian settlement appears on the scene, with Churches such as at Dir-Karukh
(M, see Map 3.2} in the Yahudia Reserve.

With the Arab conguest in 636, the number of permanent settlers diminished
on the Golan, which turned into a region of Nomadic tribes, remaining sparsely
settled until the 19th century. In the thirties of the 19th century, the
Egyption Govermment started settling the Bedouin in permanent settiements. The
Ottoman Government, in the second half of the 19th century, settled immigrants
from North Africa, Kurds and Circassions. The Circassians settled in the central
Golan, and their destructive impact on the forest will be touched upon later
(6.3.2).

At the end of the 19th century, experiments were also made to effect Jewish
settlement on the Golan, and these continued until the French regime took over
in 1918. During the French regime the momentum of Bedouin settlement contimued,
and many villages were added until the year 1946, when Syria achieved in-
dependence. Ne significant changes concerning population and land use occurred
during the Syrian regime. In 1967, in the wake of the Six Day War, the rule
over the Golan passed from Syria to Israel. Most of the former inhabitants
left the area, and new settlements were established, some of which on the
border of the Yahudia Reserve, such as the town of Katzrin to the north-east,
the'village of Ani'am in the east, and the settlement of Ma'aleh Gamla in
the south.
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4 INVENTORY OF FAUNA IN THE YAHIDIA NATURE RESERVE

Introduction

In each ecosystem the fauna plays an important réle. From the management
point of view especially the herbivores should be studied, being the consumers
of primary production.

The Yahudia Forest Reserve cattle are by far the most important herbivores,
but all other herbivores and also other animals have to be taken into account
because of the foodweb relations existing in the ecosystem.

In the following chapters full attention is given to the cattle, especially
concerning their functions for Quercus ithcburensis.

In this chapter all available data are given concerning the wild fauma
in the reserve. Many of these data are of great interest for effective and
wise management of the reserve to be informed about the fauna existing in the
area, especially about the vertebrate fauna.

This chapter deals with the vertebrates in general, with special paragraph
on rodents and birds.

4.1 Methods and results

4.1.1 General inventory list

The general inventory list is concerned only with subphylum Vertebrata.
In the absence of adequate information it has not been possible to consider
other animals.

during 1973-1980. Most of these were chance sightings, with the exception
of systematic observations of the birds classis Aves (see 4.1.3) and the
rodents of the sub-order Myomorpha (see 4.1.2). Several observations were
collected from other sources, of which mention has been made in the
inventory table appended. A mumber of widely distributed species found in
the vicinity of, but not in the nature reserve, were assumed alsc to occur
in the reserve itself. These appear in the table with the annotation "'Golan".
The inventory is drawn up in systematic order, and the remarks as to
behaviour, nutriment, and distribution within the reserve are based entiregly
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on our observations. For purposes of systematization and comprehension of

cbservations, we have taken to aid other sources (Ilani, 1879; Dor, 1965,

Makin, 1977; Baharav, 1975). The inventory of the fish classis Osteichthyes

was prepared on the basis of observations of Dr. Menahem Goren {Tel Aviv

University ~ personal information) for which due gratitude was expressed
to to him.

4.1.1.2 Population estimate is only approximate, or in order to magnitude.
Estimates are based on accumulation of observations in a given area umit
of habitat, multiplied by the mumber of area units of the reserve habitat
concerned. This method has been applied only to animals regarding which we
were able to collect sufficient data. There is no numerical estimate on
the others.

Table No. 4.4 under 4.1.3.5.

4.1.2 Survey of reodents of sub—order Myomorpha x)

relations with Quercus ithaburensis.

4.1.2.2 Work Methods

1. Trapping: this was done with 22x10x10 cm perforated rodent box-traps,
baited with bread smeared with peanut butter. Traps were set imnmediately
after sunset, and collected before sunrise on the following moming.

2. Sampling methods:
a. Qualitative survey: The purposé of the study was to learn about the
rodent species present in the Yahudia Forest. To this end, varying
mumbers of traps were set at the fringes and centre of the forest.
Rodents trapped were identified and subsequently released. Various
observations of rodents, and of traces of their activities, were also

noted down.

x - . . - .
) This survey was carried out in cooperation with Yaron Taylor for a
graduation exercise at Kfar Blum Seconrdary School.
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t. Qualitative dynamic survey: We selected a plot in a typical forest

of quercus ithaburensis with a uniform distribution of 4-5 trees per ha

- a plot fenced off already in 1973 to keep out the cattle - the fence
enclosing an area measuring 100x100 m, with an immer enclosure of 33x33 m
fenced off against wild boar. The plot was divided in gridform (10x10 m),
giving us 100 points for setting traps. Setting of traps was carried out
on three consecutive days each, in September, October, and November 1976,
Rodents caught were identified; sex and trapping sites noted; the animals
were marked and then set free. Trapping sites were grouped according to
habitat. Marking was effected by lopping off first toe joints, following
nunbering method of Basis 4, whereby each foot stands for single, tens,
hundreds, or thousands respectively (Ritte, 1964; Burt, 1940). The
joints were cut off with a nail clipper - no bleeding resulted, nor was
the functioning of the rodents impaired.

Statistical methods:

a. Calculation of population size: Calculation is based on the capture-
marking-recapture system recommended by Lincoln (Linceln, 1930) which
presupposes ‘that:

- population size remains stable during test period;

- each specimen within the population has equal chance of being captured;

- likelihood of capture applies also to specimens already trapped in the
past;

- homogenous intermingling of specimens released after sampling takes
place.

Size of population (P) is calculated on the basis of magnitude of first

sanple (N1) , second sample (NZ)’ and mmber of marked specimens in second

sample (M), the ratio being

N m
T WZ
N N
It thus follows that the calculated size of population is P = -

also known as the Lincoln Index (see Table 4.3)}.

b. Calculation of home range: A hypothetical centre of activities was
established on the basis of capture points at which multiple capture of
a specimen had taken place. The location of the centre was arrived at by
taking the average of trapping points on axis X and axis Y, the grid of
trapping points being regarded as a system of axes.
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The home-range radius was calculated by taking the distance of the
trapping point farthest away from the centre of activities (modified
from Ritte, 1964) {see Table 4.3).

4.1.2.3 Results

1. Results of Qualitative Survey of Small Rodent Species.

Table 4.2: Qualitative Survey of small rodent species in the main
vegetation types.

Vegetation guercus Zizyphus leyphus
type ithabu- spina-~ Remarks
Rodent . lotus P
rensis Christi
Microtus
guentheri + + + Not captured in traps.
Data based on burrow holes.
Gerbillus
dasyurus + Trapped twice only. First
found on Golan in this
survey. Specimens are of
darker colour than those
common in Israel {(Zuk
Rimon, 1976, personal
information).
Meriones
tristrami + + No trapping. Observation
only.
Apodemus
mystacinus *
Apodemus
sylvaticus + +
Rattus
rattus + One trapping omnly. Sparse
data, Possibly occurring
also in places with other
vegetation types.
Acomys
cahirinus + + +
Spalax
ehrenbergi + * + Did not enter traps. Data

are based on burrow
ventilation holes.

For description of vegetation types see 5.3.2 and Table 5.6.
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2. Results of Qualitative Dynamics Survey of Small Rodent Species
Populations: In the course of this survey we listed 70 trappings,
representing 7.8% of all traps set. Division of biotopes and captured
species is as under.

Rodent cabivinus  wysescimes  dasyurus
No. of trappings 5] 17 2
Z of total trappings (70) 72.9 24,2 2,9
No. of different specimens 23 16 2
Sex age class:

o (%) 41 82

g () 59 18

Young (%) 22

Mature (%) 78 100
% in biotope

Tree cairn 47 &7

Cairn 43 29

Tree 6 12

Open Ground 4 12

Tree cairn = on cairn girdling a Quercus ithaburensis tree
Cairn = on ¢cairn

Tree = under Quercus ithaburensis tree

Open Ground = on non~stony, open ground.

It follows from the above data that trapping as a method to a quanti-
tative study of the rodent population in Yahudia Forest is in fact
concerned with mainly the Acomys cahirinus and Apodemus mystaoinus
species.



-Estimated population size

Table 4.3:

36

and home range of Adcomys cahirinus

Month September October November
Day of capture A B C A B c A B c
Number od animals

captured 4 13 6 8 4 1 7 4 4
Number of recaptures

during month 4 4 4 1 1 ]
Number of two recaptures

during month 1 1
Number of recaptures in

different wonths & 8
Number of two recaptures

in different months 5
Calculated mean size of Camann] 2 <«=—10,7 <=wm38

population during days e 24 < 8 < 28

connected by arrow 18=——s» frmm——>
Calculated mean

population size in 1816 7.6%3.4 28+0

month
Mean size of population 17.9+10.2
Mean amplitude range

in metres 12.9 12.5 (7.1)
Maximal mean amplitude

range in metres 27.5 20.0 (15.0)
Calculated area for

month in m? 2376.0 1257.0

Mean size of area in m?

1816 £ 560
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~Estimated population size and home range of Apodemus mystacinus:
Because df the small number of recaptures it was not possible to estimate
the population size and home range of this animal.

-Distribution pattern of Acomys eahirinus and Apodemus mystacinus in trial
areas:

For the purpose of this examination the trial area was divided into 9 equal
squares of 33.3x33.3 m, one of which was the plot that had been fenced off
against wild boar. The greatest mumber of trappings was recorded in the plot
fenced off against wild boar: 15 trappings as against 9, which was the
maximm mumber of trappings in other squares. Also with regard to trapping
sites, 8 out of 9 in the area fenced against wild boar were found to have
rodents trapped, as against 5 out of 9 (or 12) which was the maximm in the
other squares. Furthermore, in the plot fenced against wild hoar we caught
the greatest mumber of marked rodents whose centre of activities was
situated in that plot.

The distribution pattern of Acomys cahirinue was more or less uniform in
all the squares, while that of Apodemus mystacinus showed considerable
preference for the fenced-off plot. All the specimens of dpodemus mystacinue
were caught in that particular square or in its close vicinity, and at any
rate at a distance of no more than 30 m.

3. Observations of effect of rodent activities on Quercus ithaburensie.

a. Feeding: Remants of gnawed acorns found in the area are proof of the
important r8le of Quercus {thaburensie in the diet of these
rodent species. Quantities of acorns are gathered together by
them on rock surfaces ("dining platforms™) and eaten there.

We also found gnawed acorns still hanging on trees where they
onty could have been reached by climbing.

b. Hoarding: We found several acorn hoarding places hidden among stones.
Part of the acorns had been gnawed, others had germinated, and
some had germinated although gnawed on from the apical side of
the cotyledons.

¢. Gnawing of root neck: Teeth marks led us to the conclusion that the
incidence of gnawed root-necks in 1-2 year old Quercus ithabu-
rensis trees was due to gnawing by small rodents. Gnawing of
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root-necks severs all young shoots above ground, and
generally causes the seedling to die off.

4.1.3 Inventory of Birds (CLASSIS AVES) at the Yahudia Nature Reserve %)

and in two representative habitats in particular: the Tabor Oak {Quercus
ithaburensis) Park Forest, and the peremnial stream and its banks.

4.1.3.2 Survey of habitats: From among the reserve habitats two were chosen as
being the most characteristic and representative of the greater part of the
Teserve area:

a. The Tabor Oak Patk Forest, situated between Yahudia and Nahal Zavitan
(the Zavitan Stream);

b. Nahal Zavitan, including the bank om its northern bend, a declivity on
the southern bend, and a stretch of the flowing stream.

The survey was carried out between February 1977 and March 1978, sampling
taking place once a month, excepting August-September. Starting at first
light, habitat (a) was surveyed for some two hours, and habitat (b) con-
secutively. On each sampling day both habitats were surveyed for about five
hours.

Sampling and recording methods: a roughly 1300 m long route was chosen in
habitat (a), from Coord. 21562605 to Coord. 21462613 (see Map 3.2), and a
route of about 1900 m in habitat (b), from Coord. 21462613 to Coord.
21472618, crossing the banks of the stream and the stream itself. All birds
that were seen or heard along this route, and within 50 m on both sides of
it, were recorded. Each sample specimen was listed and its activities re-
gistered in accordance with a standard specification key (see below).

habitats, additional data on these were collected throughout the entire
reserve, and additional species observed in the reserve during the years
1972-1980 were also recorded and listed.

*) Collection and processing of data by Per Schluter and the author.
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4.1.3.4 Processing of data: A 1list of species was drawn up in systematic order
(Heinzel et al., 1972), and their presence and activities registered in the
enclosed table.

Conclusions as to a bird's status in the reserve and degree of certitude
as to its breeding therein, are listed in two separate columms. The com~
clusions are based on the survey data as well as on additional data and
information collected by the survey people in 1972-80.

As regards the species included in the general survey, their status and
degree of breeding certitude alone were listed, but not the dates of their
appearance, the follow-up not having been continuous. The key for the
breeding-certitude degree is based on the following international criteria
{according to Dybbro, 1976):

B3 Breeding certain if one of the following requisites is met:

1 Diversion tactics of adult bird

2 Fresh nest of current year

3 Adult bird carrying excreta in beak

4 Adult bird with food for young or seen feeding its young

5 Adult bird flying to and from nest in circumstances showing that

nest is active
Nest containing eggs, or fresh egg shells in vicinity
7 Nest with young, or fledglings in the area.

o

B2 Breeding reascnably certain if ome of the following requisites is met:
Male singing during breeding seascn :

Birds defending their territory during breeding season

Courtship and copulation

Adult bird addressing alamm calls to young in nest or in vicinity

Nest-building

[ I R

B1 Breeding doubtful: Birds seen during breeding season in habitat
suitable for breeding.

as to status of bird in reserve and degree of breeding certitude.
Key to symbols in chart:

- singing

- nest being built

-  breeding

- nestlings

ol = I = V)
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rare {0~2 birds along route / 0 bird appearing outside the 50 m

range)
- common (3-8 birds along route)

I

- frequent (more than 9 birds along route)

- occasional

-~ visitor (breeding in the region - visitor in reserve)
passing migrant

- winter visitor

BEZ < °|

-  summer breeder

resident

- breeding certain

breeding reascnably certain
breeding doubtful

== - - -
— W
[ '

Note: Several species are not listed as breeding, despite the fact that they
were heard singing, since they may have been singing - as they tend to
do - outside the season. These are: Qtus secops, (uculus eanorus, Sylvia
eurruca, Phylloscopus collybite, Phylloscopus bonelli.

4.2 Discussion

4.2.1 General Survey

The survey presents a considerable variety of species: 5 fishes of classis
Osteichtlhyes, 3 Amphibia, 24 Reptilia, 111 Aves (see 4.2.3) and 29 Marmalia
{for rodents see 4.2.2).

The preparation of a check-list such as this is of considerable importance
in itself, given the fact that no fundamental surveys of the area were ever
made, and the little material that was collected has never been concentrated in
one check-list.

Since our research is concerned first and foremost with the vegetation of
the Yahudia Forest and the effects of animals on it, great importance attaches
to the distribution patterns of several animal species whose activities are
likely to have significant effects on the structure of the vegetation landscape.

These are: Acomys cahiminus, Apodemus mystacinus, Apodemus sulvaticus, Proeavia
eapensis, Sus serofa, Gazella gazella gazella. Distribution of small rodents’
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habitats is closely connected with arborous vegetation (see 2.2).

The distribution of Procgvia capensis is commected more closely with rockfall
habitats, cliffs and cairns, whence their discomnected distribution pattern.
As against this, the wild boar (Sus scrofa) occurs in all the reserve habitats,
where it has a more or less uniform distribution, showing some preference
however for habitats with denser vegetation. The gazelle occurs in flatland
habitats and appears to be less dependent on particular types of vegetation.

It should be pointed out that the size of the gazelle population (estimated
to be 200-350) is due to a transfer of gazelles from Ramot Issakhar (37 km
south-south-west)}, where they had been multiplying and causing considerable
damage to agriculture. The transfer was effected between May 1970 and March
1971, when 444 gazelles were brought to Yahudia - a region where gazelles had
previously been completely exterminated (Ilani, G., personal information).
Observations showed that the transferred gazelles dispersed throughout the
reserve and also outside it. In January 1973, 41 tagged gazelles were sighted
within the reserve area, and an additional 10 tagged specimens were cbserved
up to 1978 (some of them on several occasions). There can be no doubt that the
presence of this gazelle population in the reserve is proof of the success of
their reintroduction.

While the extermination of Gazella gazella gazella within the reserve had
been a matter of just a few decades (their continued existence within a radius
of tens of kilometres outside it being assured), opinions are divided with
regard to the occurrence of Capra i{bex in this region. The sub-species
occurring in Israel in the Negev and the Judean Desert is Capra ibex nubiana,
whose distribution extends down to the Sudan. This sub-species is in danger of
worldwide extinction, although in Israel its population is now recovering, and
today numbers ca 1800 (Ilani, G., perscnal information).

While there is no confirmation of Capra tbex occurring in the Golan area in
former times, there is striking proof of Capra aegagrue having existed there in
the past. Tchernov {1979) claims that as far as Israel is concerned, "Capra
aegagrus and Capra ibexr being contemporanecus throughout the Pleistocene never
overlapping in distribution and shared the land in such a way that Capra
aegagrue occupied the mediterranean rocky landscapes, while Capra ibez
exploited the arid zone. Capra aegagrus disappeared in the Holocene'. Remains
of the latter have been found in excavations of the Neolithic age. Some believe
that Capra ibex occupied the arid southern slopes of the mediterranean region
and that there had been an overlap of distribution (Ilani, G., personal opinion).
These habitats are populated nowadays also by desert species such as the lark
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Ammomanes deserti and the desert plant Salsolq vermiculata, but this circum-
stance by no means constitues absolute proof of the correctness of the con-
tention.

Four Zbexes (two male and two female) brought in 1970 to the Yahudia Reserve
from the Judean Desert by the Nature Reserves Authority, formed the nucleus of
the small population existing in the reserve today. It is our view that if the
decision on reintroduction had been made in favour of Capra aegagrus, this
would have been the wiser choice.

The controversy among Israeli zoologists about whether the transfer to the
reserve of <bexes should be regarded as an unwelcome “introduction™ or a
welcome "reintroduction}, will no doubt continue.

4.2.2 Rodent Survey

4.2.2.1 Evaluation of results. The qualitative survey gave us a picture as to
the distribution of rodent species in the forest, and showed up the fact
that the Quercus ithaburensie vegetation type houses all the species listed
(7 species) while the Ziaiphus lotus vegetation type houses 4, and the
Ziziphus spinachristii vegetation type only 3 species.

The quantitative dynamics survey pointed to a significant distribution
of Acomys cahirinue and a less significant distribution of Apodemus mystaci-
nug, but gave no results to speak of with regard to other species. With
regard to population size and distribution range, calculations could only be
made concerning deomys eahirinus - and even these with reservations. The
marked standard deviations point to scarcity of data, and the figures should
therefore be regarded as mere estimates, although it was found (Ritte, 1964)
that three consecutive days in the Judean Hills were enough for collecting
adequate data on 4comys cahirinug. Ritte (1964) also found that three con-
secutive days were not sufficient for collecting satisfactory statistical
data as far as Apodemus sylveticus was concerned.

4.2.2.2 Habitat occupation. We only recorded data regarding Acomys eaghirinus
and Apodemus mystacivue. These animals' marked preference for cairns is
conspicuous. While the majority of the 4comys cahirinue population is to be
found on caims but does not appear to prefer caims with Quercus ithaburen—
sis to treeless cairns, Apodemus mystacinue definitely favours cairns gird-

ling a tree, although it also occurs on treeless cairns, and to a not in-
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significant extent can be found near trees that are not encircled by caims,
and also on open ground. Although we found the distribution of Apodemus mys—
tacinus to be closely linked only with the Quercus ithaburensis forest, the
fact is that all the forest biotopes are inhabited by this species, though
clear preference is shown for caims encircling trees. dcomys cahirinus on
the other hand also inhabits biotopes with other vegetation types such as
Ziziphus lotus and Ziaiphus spinachristii, though showing an obvious
preference for caimns.

4.2.2.3 Rodents_and _GQuercus ithaburensis_interrelationships. We found that
there was a great deal of acorn consumption and hoarding by rodents, as
well as gnawing of seedling root-necks. We discovered (see 7.2) that where
wild boars were absent acorn survival was considerable; that is to say that
while acorns may be an important factor in the diet of rodents the effect
these animals have on the degree of acorn survival is insignificant.

This assumption may be supported also from a different angle: i.e., on
the basis of an approximate calculation of the acorn consumption potential
of small rodents. Grodzinski (1971) found that 1080 gr (fresh weight)
rodents in the Alaskan Gaiga Forest consume annually 60 kg (dry matter)
vegetable food. Notwithstanding the different circumstances, we made use
of these figures in order to arrive at a likely rate of approximate acorn
consumption. We found (see 7.2} that the mean production per year of a
Quercus tthaburensis tree was 807 acorns, with mean content of dry matter
being 59.1%. For the purpose of our calculation the average weight of an
acorn was assumed to be 12 gr (see 7.3.2}.

Mean tree density in forest was found to be 30 Quercus ithaburensis per
hectare(see 5.3.4). If we take it that an dpodemus mystacinus weighs
approximately 40 gr and an Acomys cahirinus about 30 gr (Ritte, 1964), a
weight of 35 gr per rodent would appear to be a good approximation for the
purpose of our calculation. Even if we assume that during nine months these
rodents feed exclusively on acorns (Grayevsky, 1978) - with regard to
Apodemus mystacinue ~ no doubt an exaggerated assumption - the resulting
number of small rodents that, in the absence of other acorn consumers,
could be sustained by the area would be:
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BD7 x 30 xlgbmz X 59.1 x 6010:(8055 x jgg_ = 118 rodents per hectare

Annual consumption of Amnual reci- Reciprocal part

acorns per ha in dry procal con- of vear in which

weight sumtion per food consists
rodent mainly of acorns

This figure considerably exceeds the actual mumber of rodents found in
the area: the estimated density of Aecomys cahirinus was 18 per ha, while
that of Apodemus mystacinus appeared to be lower.

The following conclusions can be drawn from this:

a) The germinating potential of Quercus ithoburensis is not jeopardized by
the rodent population.
b) Food is not a factor in the restriction of the reserve's rodent

population.

Unlike acorn consumption, the gnawing of root-necks may be a phenomenon
of significance (see 8.3.2), and could lead to the destruction of 2.5% of
the total seedlings each year. On the other hand, it was found in several
instances that hoarding of acorns had resulted in concentrated sprouting
(see 8.3.1). There is no doubt therefors that rodents do play a certain rdle
in the burving of Quercus i{thabwrensie acorns and their subsequent
germination, taking into consideration the rapid decrease in the acorns®
germination potential when they are exposed to the atmosphere (see 7.3.1),
and their slim chances of surviving the teeth of the wild boars.

The complexity of the interrelationship of Quercus {thaburensis and
rodents is also discovered through the relationship between rodents and wild
boars. A substantial increase took place in the number of rodents in general,
and in that of Apodemus mystacinues in particular, in an area that had been
free of wild boars during the three years preceding this survey. Given the
fact that during the eight vears of this research we did not come upon any
rodent burrows that had been destroyed by wild boars (with the exception of
Spatax holes), it would appear that it had been mainly the absence of com-
petition on food which accounted for the increase of rodents in the plot
fenced off against wild boar, taking into consideration the extremely low
rate of acorn survival in the presence of wild boars (see 7.1; 8.3.2.1).

The possibility should not be excluded that the absence of predations and
disturbances also contributed somewhat to the population increase. The im-
pact on vegetation of the big herbivores: wild boars, gazelles and cattle,
will be dealt with in Chapter 10.
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4.2.3 Conmcluaions on the distribution of birds breeding in the reserve

Of the 44 species shown as breeding under different degrees of breeding
certitude, 24 species occur in the forest habitat and 31 in the stream and
stream-bank habitats, with 11 species occurring in both habitats. Of the latter
species, 5 occur mainly on the border between the two habitats (and are listed
in parentheses in the following table):

Species breeding in the Tabor Qak (Guercus ithaburemsis) Park forest habitat:

33 . B2 : BI
Alectoria chukar (Anthus similis) Muscicapa striata
Streptopelia decaccto Pycnonotus barbatus Passer hispaniolensis
(Dendropocus syriacus) Prinia gracilis Corvus corome cornic
Calerida cristata Sylvia communis
Hirundo rustica QOenanthe hispanica
Lanius excubitor Cercotrichas galactotes
Cisticola juneidis (Emberiza caesia)
Hippolais pallida Carduelis chloris

Parus major
Carduelis carduelis

Passer domesticus

Species breeding in the stream and stream-bank habitats:

By By B,
Circaetus gallicus Columba livia Otus scops
Buteo rufinus Streptopelia turtur Merops apiaster
Neophron percnopterus Pycnonotus barbatus Halcyon smyremsis
Gyps fulvus Primia gracilis Ceryle rudis
Falco tinnunculus (8ylvia communis) Dendrocopos syriacus
Columba livia Sylvia melanocephala Hirundo daurica
Athene noctua Oenanhe hispanica Muscicapa striata
Apus affinis (Cercotrichas galactotes)
Hippolais pallida Nectarinia osea

Monticola solitarius Emberiza caesia
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B B B

3 2 !

Cercolema melanura Carduelis chloris
Parus major
Carduelis carduelis

Cettia cetti

Generally speaking, the occurrence of the species listed is characteristic
of these habitats, although it is worth mentioning, for instance, that
Neotarinia ogea can be found in the region of the stream and its banks,
while the normal, typical habitats of this bird are open stretches in
gardens and inhabited areas. Streptopelia decaceto mainly appears in the
forest here, while Streptopelia turtur is generally to be found around the
stream and the slopes leading down to it. The sympatric appearance of the
two turtle dove species deserves special mention.

The occurrence and reproduction of Cercomela melanura are of particular
interest, because this is a tropical species which penetrated through the
Afro-Syrian Rift into our region and this is the northern limit of its
distribution. There has been a similar process in the past as concems
Pycnovotus barbatus and Neetarinia oseaz. An analogous case is that of
Ammomanee deserti which also penetrates from the desert through the Jordan
Valley and occasionally finds its way intc the reserve. This bird is known
to be breeding regularly east of the Sea of Galilee, some 10 km to the south
of the reserve (Boldo, A., personal information).

The absence, or rareness, of a mmber of species characteristic of the
mediterranean maquis, proves that the Quercus fthaburensis forest has its
place in the more arid mediterranean fringe habitats. Examples that can be
quoted are the scarcity of Turdus merula, Troglodytes troglodytes and
Garrulus glondarius - birds otherwise typical of mediterranean maquis.
Particularly odd is the uncommonness of Garrulus glandarius {(single sighting
only), because this bird is typical to oak forests and, in fact, occurs in
the Massadeh Forest on the Golan, a mere 30 km to the north of the Yahudia
Forest, and in the Metzar Forest, some 20 km to the south (Mann, 1979).
Sylvia hortensie does not occur in the reserve at all but is common in the
Massadeh Forest and in open mediterranean maquis.

The bird population to be found here in the Quercus i{thaburenasis forest
does not differ essentially from that in the mediterranean batha areas, but
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the stream~-bank populationa are more typical for the mediterranean maquis.
These facts reflect the comnection existing between the location of the
forest, from a botanical point of view, in the mediterranean fringe area,
and the forest's bird population.
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5 YAHUDIA FOREST VEGETATICN
5.1 Introduction

5.1.1 Vegetation of the Past

The stable climate conditions in our region since the tenth century b.C.
have created relative stability in Israsel's vegetation, discounting man-caused
changes, like felling, fire and over-grazing (Weisel, Liphshitz, 1979). Pollen
analysis from the Pleistocene epoch shows traces of Quercus ithaburensie in
the upper Jordan Valley from the Riss pluvial age (120,000 - 300,000 years
before our time). In pluvial periods of the upper Pleistocene the climate in
our region was cool and damp and pollen analysis shows that Quercus ithaburen-
sis was prevalent umtil the beginning of the Holocene (12,000 years before our
time) (Horowitz, 1971; 1979).

We read about forests of Quercus ithaburensis covering large areas in
western Israel in the Sharon, Menashe hills and lower Galilee in the 19th
century in Eig (1934) as well as Paz (1980}, who proves it by quoting Ya‘a.k-ov
Halevi (1854), Jacotin (1799), Thomson (1868), Tristram (1864) and Conder &
Kitchener (1881).

The existence of Quercus ithaburensis forests in the central and south Golan
is also known from early times. Reb Ben Ya'akov Abraham's map from 1696 shows
forests in the central and south Golan (Israel Atlas 1956), which are most
probably Quercus ithaburensis forests. The Kleber & Jacotin map shows forests
east of the lake of Galilee (Poulter, 1803). The Assheton map of 1822 also
shows forests in wide regions in the central Golan (quoted by Shatmer, 1851).
A similar picture is described by Porter (1867), Tristram (1877), who even
defines the species as Quercus aegilops (now known as Quercus ithaburensis),
and Schumacher (1888) who also describes part of the woody vegetation alongside
the streams, like: oleander {(Nerium oleander}, fig (Ficus carica), tamarisk
(Tamariz ap.), plane tree (Platanus orientalis), crop bean tree (Ceratonia
giliqua), vine (Vitig vimifera).

The destruction of the forest in the Golan, from the middle of the 19th
century and until the twenties of the 20th century, will be widely discussed in
chapter 6 (see 6.3.4.2). It will be mentioned here that the areas which were
wooded in the Golan in the beginning of the 19th century were narrowed con-
siderably during this time and in the centre and south of the Golan only two
forests centres remain: Yahudia forest in the centre and Meitzar forest in the
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south, which cover together an area of 5,000 ha only.

5.1.2 The place of the Quefcwa 1thaburensie forest in the local and regional
vegetation map

The prevalence of the Quercus “thaburensis is east Mediterranean (Turkey,
Syria, Levanon, Israel and Jordan). It is a component in the mediterranean
vegetation class Quercetea. It prevails in Israel in the following regioms:
Maritime (north, centre), western hills (lower Galilee, Menashe), Jordan Valley
(north), eastern hills (north: Golan, Gilead, Amanus)(Gruenberg - Fertig, 1966).

This prevalence pattern is supported by additional researchers like Post
(1886), Aaronsohn (1931), Eig (1934), Etkinson & Beaumont (1971). A comprehen-
sive research on the prevalence of Quercus fthaburensies was carried out by
Awishai (1967), who draws a map on the prevalence of the species (see map 3.1),
from which one can learn that Quercus tthaburensis is prevalent in south-west
Turkey, along the coast of Syria and Lebanon in a strip no wider than 50 Ikm,
and in Israel a widening eastward occurs towards the Golan and the Gilead,
with the southem prevalence line at about 329 n.

5.1.3 Associations of Quercus ithaburensis

Zohary (1973) defines 4 associations of Quercus ithaburensis belonging to
Quercus tithaburensts alliance, which in turn belongs to Quercetalia calliprini
order. The defined associations and their regions of prevalence are:

1. Quercus ithaburensis arenariwn: Sharon on sandy red loam soil;
2. Quercus ithaburensis Styraxr officinalis: Samaria, lower Galilee, Gilead,

Golan, on rendzine and basalt soil;

Aloni & Orshan (1972) distinguish 3 types of this association:
a. typicum
b. Quercus ithaburensis - Styrax officinalis -~ calliprinosum, with Quercus
ealliprinos
C. Quercus ithaburemsie - Styraz officinalis - bentiscitosum, With Sarec—
poterium spinosum
3. Quercus tthaburensis - Pistacia atlantiea: Golan slopes, Dan Valley, Gilead,
on alluvial soils, basalt debris, and inland;
4. Quercus ithaburensis — Pistactia atlantica - Ziziphetosum loti: south Golan,
Dan Valley, Adana plains, Autakya.
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Associates of Quercus ithaburensis forest: A Quercus ithaburensie forest

has no typical batha, and the vegetation is mainly herbaceous, particularly in
an adult forest. The absence of Sarcopoterium apinosum, typical to the mediter-
ranean maguis and the same soils and the same rock which grows the Quercus ithae-
burengie is particularly conspicuous (Rabinowitz, 1977). Naveh & Kinski (1975)
also point out that Quercus {thaburensis is accompanied by herbaceous ve
getation, mostly annual. Berliner (1971) peints out the absence of shrubs and
dwarf shrubs in the basalt in the Galilee and that the succession in such cases
usually leads from the herbaceous batha to the association of Quercus ithabu-

rensiz.

Ecological requirements: The prevalence of the

The prevalence of the Quercus ithaburensie is wide all over the north of the
couniry and it is umselective as to soil and rock. It grows within the range
of 400-600 mm precipitation in altitudes of 0-900 m above sea level (Rabino-
witz, 1977). Eig (1934) mentions an altitude range of ¢-600 m and geographical
regions with rainy winters and dry summers, not toc low winter temperatures
(above an isotherm of 5° average for January). Big also points out the unselec-
tivity as to soils and that the root system is shallow and approximately 1 m
deep (20-150 om range).

Support for these ecclogical requirements are to be found also by Halfon-
Meiri (1958), who points out that the range of soils is large, but mineral
composition of the leaves represents the difference in soil types. In cal-
carious soils the calcium in the leaves increases.

5.1.4 Vegetation of the Golan

Danin (1968) distinguishes between 4 units of climax vegetation in the Golan:

1. Quercus calliprinos -~ Quercus boissier:i (north to centre Golan) asociates
with Pistaeia palaestina, Styrax officinalis, Pmmus ursina, Pyrus syriaca,
Rhue coriaria, Cart&egus 8p., Spartium junceum, Lonicera etrusea, Rubia
tenuifolia, Rubus canescens, Dianthus polycladus.

2. Quercus ithaburensis (centre and south Golan, mainly below altitude of 300 m)
associated with Pistaciq atlantica, Styrax officinalie, Ziziphus lotus,
Z2iziphus spinachristii, Carlina hispenica, Eehinops gaillardoti, Hordewm bul-
bosum, Gundelia touwrnefortii, Scolymue maculatus.

3. Zisiphus spinachristii: Savannah type vegetation in regions below Quercus
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ithaburensis, which are more arid (there is more uwashed chalk in the soil)
4. Retama raetam, Salsola vermiculata: association appearing on exposed lime
stone and marl in scuth western slopes of the Golan.

Danin also distinguishes between 4 units of secondary associations, which
are:

1. Crataegus sp., Prunus ursina: association replacing the association of
Quercus calliprines — Quercus boissierti after clearing the forest;

2. Ziziphus lotus: from an altitude of 500 m appears as an association which
replaces Quercus tthaburensis after clearing the forest;

3. Hypericum triquetrifolium, Echium glomeratum, Eryngium creticum, unwoody
association which is a vicarious association of Quercus calliprincs -
Quercus boissierti;

4, Seolymus maculatusz, Cynara syriaca: Umwoody association which is a vicarious
association of Quercus tthaburensis.

In Danin's opinion the vegetatiom ¢limax in most of the Golan regicns is
woody. Fishman (1974), however, finds a comnnection between the geology and the
woody vegetation, so that a Quercus calliprinos forest is prevalent in Ein
Zivan basalts (BE) (see 3.2) and a Quercua ithaburensis forest is prevalent in
Dalawe basalts (BD} and in the rocky lava front of Muisa basalt (BM), whereas
the remaining Muisa basalt area, which comprises of thick unrocky layers of
soil, is completely forest free. This comnection, although circumstancial, is
most interesting.

The vegetation association of the hygric habitats in the Golan were reviewed
by Heyman (1980), who worked in the basin of the Meshushim stream, which takes
up a considerable part of the Yahudia reserve and areas north east of it. 20
vegetation associations of the hygric habitats which Heyman mentions belong
to 7 alliances: R

1. Adigntwm alliance
2. Lemma alliance

3. Spircdela alliance
4. Nasturtwn alliance
5. Vitex allicance

6. Phragmites alliance
7. Populus alliance
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A comprehensive geobotanical amalysis of the Golan vegetation was carried
out by Seligman (1973}. The different units which were defined will not be
mentioned here for lack of space, but the woody and bushy vegetation will be
mentioned, divided into the 4 main units:
~  Quercus calliprinos, Quercus bolssieri maquis;

- Quercus ithaburensis park forest;
- Savamnah type vegetation of Ziziphus spinachristii, Ziziphus lotus;
- Spring and wadi vegetation of Vitex agnuscastus, Rubus sanctus.

Three researches, relevant to the subject of our project, were referred to
above, not for the purpose of comparison, or criticism, or analysis, but in
order to acquire general background of the vegetation in the area from the few
researches made on the subject.

5.2 Methods

5.2.1 Interpretation of aerial photographs for the purpose of mapping vegetation
and tree density

Vegetation mapping in Yahudia Nature Reserve was based fundamentally on
aerial photo-interpretation. This method is based on stratification of photo-
graphic images to classes, The determination of classes is based on image
properties in the photo such as tone (or colour}, shape, size, texture, pattern,
height and shadow of image, topographic location and elements associated
(Remeijn, 1972).

Photographs _used

For the vegetation mapping vertical black and white stereo-landsat photo-
graphs were interpreted. Photographs were taken on 12.12.75, at 13.00 - 14.00 h
from a height of about 2,600 m, with 152,10 mm camera's principal dlstance,
which gives a scale of about 1: 17,100,

For mapping trees and their density vertical black and white stereo-landsat
photographs were interpreted, taken on 7.7.67 at 12,00 - 13,00 h, from a height
of about 2,300 m, with 115.42 camera's principal distance, which gives a scale
of about 1:19,400.

Comparison of both sets was made both for the vegetation mapping and for the
tree density mapping, after separate interpretation.
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Further comparison was made with the following black and white stereo-
landsats: 21.03.62, 1:10,600; 22.12.65, 1:25,000; 8.11.72, 1:11,000.

Interpretation and mapping were made by the following procedure (after

Zomnevled, 1972 a):

1. Preliminary field inspection in which acquaintance with the dominant
vegetation units and species was made; :

2. Photo perusal, arrangement of photo mosaics, photo analysis and the design
of preliminary legend based on photographs only. Analysis was made with
""Zeiss'" mirror stereoscope with magnifying ratio of 1x24 or 4x24;

3. Preliminary photo interpretation and generalization. At this stage a sys-
tematic study of photographs was made., Borders of vegetation units were
drawn on photographs with coloured wax pencil. A more detailed hierarchic
legend was built, based on stratification to classes of topographic and
microclimatic units, to visible life-forms of vegetation and to units
differing in their photo-image.

Data were then transformed to 1:20,000 base map. Using photographs of

scale 1:17,100, the minimal unit size which was determined was 5x5 mm. and
if elongated - unit minimm width was 1 mm. These units were transferred
also to the base map of the scale 1:20,000 and no loss of information
occurred;

4. Tracing and colouring of preliminary map. It was important to carry out this
step before the intensive field work. Such a map gave an overall picture of
the distribution and pattern of the units and enabled to pinpoint errors;

5. Field work correlation and classification. On the base of the coloured pre-
liminary map, the stratified sampling was planned. We used stratified
sampling and not random, because random sampling gives too much prominence
to the larger areas at the expense of smaller parts, which may be equally
important. Photo-interpretation, making use of photo analysis, guarantees
the objectivity of sampling on a stratified basis. The efficiency of using
aerial photographs is mainly due to the fact that this allows stratified
sampling, which enormously reduces the amownt of field work necessary for
sampling.

Within the same unit the selection of sample plots was random. The mumber
of samples within each umit was correlated to the mmber of patches of this
unit within the whole area (on sampling plots see 5.2.2 and 5.2.3);
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6. Final photo-interpretation mapping. A revised, detailed legend, based on
vegetation wunits as were defined after the field work, was produced. The
final map was drawn in accordance with the revised legend and the revised

preliminary map.

Quantitative forest inventory by means of aerial photo-interpretation is
used quite regularly in many countties, by which height, density and timber
volume can be measured or calculated {Romeijn, 1972).

Using aerial photographs at scale of 1:5,000 and sampling plots of 100x100 m
each, the error in the mumber of trees ranged from 0.2 to 0,4% only (Stelling-
werf & Romeijn, 1973), which means that the accuracy of this method is rather
high.

Interpretation for tree density was basically made by the same procedure
described above. The units were based on tree density and on dominant tree
species., Density wunits were defined as very dense, dens, moderately dense and
sparce. Sampling of photos taken in 1957 were made within the units on trans-
parent millimetric paper with a square hole 5.2x5.2 mm corresponding to an
actual area of 100x100 m, The trees in the square were coumted after magnifying
under the stereoscope, and as far as possible their species was alsc determined.
Any tree or bush discernible on the photo is considered a tree. In the field
inspection - any tree or bush over 2 m high and/or whose crown diameter is over
2 m was considered an adult tree. In the photos usually only adult trees were
discerned. 130 samples in photos were counted, 61 of which were also commted in
the field in summer 1978. The field counting was made after exact localization
of the square counted in the phote and the mumber and names of species were .
recorded in the field. Separation was made in the field between adult and
young trees, which may not have been visible in the photo, A comparisen was
also made between 32 samples of the set of 1967 with the corresponding site in
the photos taken in 1975. Out of the sets from 1962 and 1965 20 comparisons
were made of each in the Quercus ithaburensis forest area with the 1975 set,
also in square of 100x100 m actual size.

Attempts to estimate tree age groups by height and crown size did not
succeed, and distinction could only be made very roughly, We also found at
Smit {1980) that distinction of age groups from aerial photographs of the
forest was impossible,
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5.2.2 Vegetation survey in the Yahudia Nature Reserve ("survey’)

On getting acquainted with the area in advance of the sampling, we recognised
a certain problem. The Reserve area was mostly covered with Quercus <thaburenstis
park forest, consisting of wide spread trees with herbaceocus grassland in
between, Part of the forest has savannoid vegetation of Ziziphus, and part is
steep slopes and stream ravines.

In the park forest of Quercus ithaburemsis the vegetation of the tree and
its immediate surrounding is different from the grassland vegetation of the
open spaces. Dinoor (1962) and Oppenheimer (1951) also point out certain
floristic differences in vegetation inside the range of influence of Quercus
i thaburenais and outside it,

The difference results both from the conditions of the habitat under the tree
and from the clear connecticn between stone cairns and Quercus trees. (On this
subject see chapter 8). Westhoff (1967) suggests that in such cases the same
area should be divided into different associations on the basis of structure
and the tree layer and herbaceous layer sampled and described separately.

Linked to the system of analysing the vegetation by aerial photo-interpretation
(see 5,2.1 above) the sampling was also carried out by the umits which were
discernible in the serial photos. That is, the park forest appears as one
homogeneous unit both on the photos and on the sampling and its analysis, At

the same time, for the specific purpose of investigating the influence of
grazing on the herbaceous vegetation, we sampled the herbaceous layer separately
(see hereunder).

Following Orshan et al. (1971) and Shimwell (1971) we used sampling methods,
which changed according to the circumstance in the area, which were as follows:
Method No, 1: Short point transect (s.p.t.). Iron pegs were fixed in the ground

20 m apart. A marked tape was stretched between them. Every 20 cm the

species touching the tape was recorded. The proportion of each species out

of the total touch-points gave the absolute coverage of the species. All the
species within half a metre from the tape were also noted as occurring and
having coverage 0. This sampling was done in six replicates with the
transects parallel and 10 m apart.

This method was used mainly for sampling herbaceous vegetation in

regular follow-up plots, mostly for comparing vegetation in different

grazing regimes (see 5.2.3 hereunder), but the data was also utilized for

the general vegetation survey.
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Method No. 2: Long point transect (l.p.t.). A pointed pole was placed every
2 paces along a transect 200-500 m long, and the species touching the front
of the pole recorded. The proportions of each species out of the total of
paces in the transect gives the absolute coverage of the species. All
species within 1 m of each side of the transect, which did not appear on
the transect itself, were also recorded as occurring and with coverage 0.
This method was used when the vegetation was more or less homogeneous over
a distance of 200-500 m, and it was used in constant transects for comparing
vegetation under different grazing regimes, and in single transects for the
general vegetation survey. Most of the vegetation samplings in this project
were carrvied out in this mammer.

Method No. 3: Quadrates cover estimates (c.qu.). With this method all the
species in a selected quadrate were recorded and an estimate was made of
their absolute coverage. The size of the quadrate changed according to the
vegetation structure, from 50x50 m in woody vegetation to 4x4 m in herb-
aceous grassland.

This method was used when the vegetation was not hemogenecus over a large
area, particularly in streams and spring vegetation and in dense maquis on
steep slopes.

The sampling method used in each transect is mentioned on the list of
vegetation transects (see TABLEF, 5.3.1 hereunder).

5.2.3 Comparing the vegetation in Quercus ithaburensis forests under different
grasing regimes ("eover") *)

For the purpose of comparing the influence of different grazing regimes on
the composition of herbaceous vegetation, constant follow-up plots were
determined, in which vegetation sampling was carried out over 3 years {1974~
1976}, in the months of March-May, using the methods described above (methods
1, 2, see 5.2.2).

*) The field work and its primary processing was carried out in collaboration
with Nomi Margalit, to whom special thanks are extended hereby.
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Follow-up plots in typical fuercus ithaburensis patk forest were selected,
200 m above sea level, distributed over different regions of the forest,

Cattle and boar foraging plots were square and 1 ha in size, and marked
accordingly, but not fenced. The cattle grazes in the Reserve in paddocks
larger than the test plots, so the exact grazing pressure was unknown. The
average grazing pressure in the test plots was 80~110 cattle grazing days per
ha per year, extending cyclically over all the seasons (see 10.2.2 and map
10.2 for detailing per plot and season).

There was even less control over the boar foraging, since these were wild
boars, the exact number of which is unknown. On the basis of population
estimate (see table 4.1) the average foraging pressure is 22 boar foraging days
per ha per year, but in winter, and particularly in the acorn ripeness season
(November - December), the activity of the boars in the forest is more intense,
and the relative pressure in this season is much higher.

Plots with no cattle grazing (but with boar foraging) were fenced by 4
barbed wires the total height of which was 1.20 m with iron poles 6 m apart.
These plots are square and 1 ha in size.

Plets for preventing cattle and wild boar foraging were fenced by barbed
wire as above, with an Australian net over it 1.50 m high, with a quarter of
its height folded on the ground on the cutside of the plot, anchored with
iron pegs, to prevent the possibility of digging by the boars and infiltration,
For the sake of security a concertina 1 m in diameter of barbed wire was
spread outside along the whole of the fence. These plots were only 0.2 ha in
size, because of the high fencing costs.

Inside the follow-up plots the vegetation transects were established. Here-
under are listed the treatments, plots and transects made (for pinpointing the
plots, see map 3.2).



59

sampling no, of mumber of
Treatment Plot method sites replicates
+ cattle + boar R 1 8.p.t. 1 6
2 1,p.t. 1 i
T 2 1l.p.t, 1 i
with light cattle grazing Pl 1 s.p.t. 1 6
2 l.p.t. 1 1
with moderate cattle grazing P2 1 5,p.t, 1 6
2 1.p.t. 1 1
with heavy cattle grazing P3 1 s.p.t. 1 6
2 l.p.t. 1 1
- cattle + boar D 1 s.p.t. 2 2x6
2 l.p.t. 1 1
K 1 s.p.t. 1 6
2 1l.p.t. 1 1
- cattle - boar B ] s,p.t. 1
C I s.p.t. i

All the transects were sampled for 3 consecutive years (1974-1976).

5.2.4 Editing of the vegetation tranesecte ('"TABLEF")

With the aid of a computer program ("'TABLEF" modified) kept at the Botanical
Department of the Hebrew University in Jerusalem, the vegetation transects were
arranged in tables, with the species arranged by groups on the vertical axis:
trees, bushes, creepers and herbaceous, and the vegetation transects on the
horizontal axis.

For every species the following entries appear:

1. Absclute coverage of the species in every transect (%);
2. Summary of the coverage percentages of the species in the transect group

in the table (total percent'};

3. Summary of the number of transects in which the species occurred ("total
occurrence').

The data was arranged in 3 groups of tables according to the different
purposes of the transects (see 5.3.1).
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5.2.5 Anglysing the vegstation data according to ths nodal ordimation method
({"ORDIN')}

Vegetation data analysis was carried out by ncdal ordination by component
analysis method, which was developed by Noy-Meir (1971}, It is detailed in
other works (Seligman, 1973; and others). The data is analyzed with the aid of
"ORDIN" computer program, kept at the Botanical Department of the Hebrew
University in Jerusalem. In the following lines we shall explain in short the
principles of the method, and emphasize the basic concepts which were used and
which appear in the “ORDIN" program computer output. Records are arranged, in
this method, to some noda. Each nodum is an entity defined by the coincidence
of a growp of species with a growp of sites, where neither the groups nor the
nodum are necessarily descretely bounded from, or hierarchically related to
other groups or noda. The nodum is homologous, in fact, to the plant commmity
of the classical tradition of Braun-Blanquet, while records and species are
continuously organized.

Composition and distribution of each nodum component is characterised by the
affinity values of species and of sites to the nodum. The affinity of species
and of sites to noda vary between 0 and 1. The species and sites which have
high affinities (0.8 - 1.0} with a nodum are the typical core of the nodum and
may be used to name it, and those with near zero affinities (0 - 0.4) are
outside its sphere of influence. The affinity of a species or a site to the
nodun is represented by a continuous value and not by belonging or not belonging
to a plant association.

Noda may be highly continuous or connected with each other; their sphere of
influence may be partially overlapping or conjunct. The eonjunction coeffictient
is a measure to the degree of overlap between two noda, so that 1.0 represents
identity and 0 represents no overlap at all. The conjunction coefficient between
all noda is represented in the conjunctivity matriz.

The degree of efficiency of a nodum is the proportion of information it
explains and its value varies between 0 and 1.0. The degree of assembly of the
nodal components is relative to the nodal axis, expressed in the variable gs-
symmetry which gets values between 0 and 1.0, with high values depicting
assembly of most of the nodal components on cne side of the axis.

By activating the ordination in different rotation levels one can build a
system of noda and super-noda, which include several noda, with the super-noda
uniting highly phytosociologically related noda, parallel to the association
and aliiance in the classical method after Braun-Blanquet (1932).
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We carried out the quantitative analysis of the vegetation by the ORDIN

program in two methods:

1.

2.

Dominance: The data of absolute cover of species which was transformed into
relative cover was used. For the species which occurred in lew cover, which
was not registered, their cover value was calculated by dividing the dif-
ference between the absolute cover and the total cover of the species whose
cover was registered by the number of species whose cover was not registered.
Oeourrence: The occurrence or lack of occurrence only was registered for
each species in the record, regardless of its relative quantity in the
record,

5.3 Results and Discussion

5.3.1 Vegetation Inventory

The vegetation inventory in the Yahudia Reserve is presented in the

following ways:

1.

A 1list of species by systematic order (appendix 5.1.2 in volume II). This
list was extracted from all the vegetation transects carried out during
this project. Each species has a 6-letter code, usually based on the first
3 letters of the name of the genus and the first 3 letters of the name of
the species. We shall use these codes further on when mentioning names of
species. Every species also has a mumerical code, with the first number
being the code of the family name (list of families - see appendix 5.3.I at
the end of this volume), the second - code of the genus, and the third -
code of the species.

2. A list of species, alphabetically arranged by their code names (appendix

S.2.1 at the end of this volume).
Altogether 487 species were listed in the Yahudia Reserve in the course

of this research. -

Tables of vegetation transects (TABLEF) (see appendix 5.4.IT in volume II).

The tables give all the vegetation records made, which are organized in

3 files:

TABLEF 1: Permanent point transects, a separate table for each sampling site.
The sites are marked on map 3.2 (as P, K+C, D+B, T) ("cover" data) (s.p.t.
+ l.p.t.).
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TABLEF 2: Permanent point transects, a separate table for each grazing
treatment (for the grazing treatments concerned see above 5.2.3)
("cover" data) (s.p.t. + l.p.t.).

TABLEF 4: Vegetation survey and long point transects recorded in 1976
(""survey" and ''cover' data).

In every file the species are arranged in groups of life forms and in
every group they are arranged alphabetically. Life forms for this purpose
will be: trees, bushes, creepers, herbaceous. The mean absolute cover for
every species appears in the records of the same table, expressed in percen-
tage, and also its occurrence, expressed in the mmber of records in which
it appears.

5.3.2 Definition of Vegetation Units by Record Analysis of Nodal Ordination
{"ORDIN")

For the purpose of establishing vegetation units we were assisted by the
vegetation records which were made for the reserve vegetation survey (“survey"
- see 5.2,2 above) and by some of the vegetation records made also for comparing
vegetation under different grazing regimes ("cover' - see 5.2.3 above).

Since we made many more Tecords in the "cover' series, we selected some of
them in the following manner:

ORDIN 1: Long point transects recorded at 1976 + 'survey'
ORDIN 8: Long point transects recorded at 1974, 1975, 1976, + "survey'.

The transects from 1976 were selected because most of the "survey'' transects
were made in that year. The long transects were selected rather than the short
ones, because they were sampled by an identical method to those of the "'survey"
records, In 1976~77 long transects were made in the "cover'" series, and in the
years 1974-76 19 transects were made., Attempts were made to analyse '"survey"
with a4 larger mumber of short transects from the 'cover" series, but the pre-
liminary analysis showed that there was over-detailing of units in the Quercue
ithaburensis forest, and a generalization of units in other habitats of the
slopes, the grasslands and the streams. These analyses were, therefore, not
submitted here (on this subject see 5.3.5 hereunder and table 5.8). Tables 5.1,
5.2, 5.3 and 5.4 (submitted in appendix 5.5.I at the end of this volume) sum-
marize the analysis ORDIN 1 (occurrence, dominance) ORDIN 8 (occurrence,
dominance) respectively, with the species which have close affinity or which
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are exclusive toit selected for every nodum at each rotatinn level. The species
were selected in the foliowing order. First were registered the species iden-
tifying the nodum and species with an affinity to the nodum at the rate of

0.8 - 1.0. Then were registered the species with a rate of affinity of 0.5-0.7,
underlining the species which are exclusive to the nodum, In weak noda, where
there were not enough species in these categories, species with an affinity of
less than 0.5, but exclusive to the nodum, were also registered (but noted in
brackets).

Species with a larger affinity than 0.5 to two or more noda were noted
accordingly.

Trees were emphasized, and in any case all the trees belonging to any of the
above categories were registered.

The full analysis of ORDIN 1 and 8§ is submitted in appendix 5.6.II (velume
I1).

The data from the 4 analyses mentioned above were summed up in table 5.5.
Two, three of the most characteristic species were found for each nodum. The
hierarchical connection between the noda was stressed in the table when rotation
levels 3 and 15 were emphasized. We found that we could not always locate
hierarchical comnection between 3, 6 and 15 noda, and in some cases it seemed
meaningless, We, therefore, selected rotation level 3 as depicting the major
formations of the vegetation and then descended to the detailing levels of 15
noda. In table 5.5 we set out similar formations under similar noda for com-
parison.

From table 5.5 we find that only a small part of the defined noda repeats it-
self in all 4 analyses. In the occurrence analysis there is sensitivity in
defining noda in alliance Avena sterilie = Hordeum bulbogwm, especially in
grassland and also in noda of the calcarious part of the Reserve: Salzoia
vermiculata ~ Salvia hormimwen and Salvia domintoa - Astragalus maerocecarpus,
whereas the hygric habitats vegetation is not detailed enough,

On the other hand, in the dominance analysis there is generalization in the
grasslands, but detailing of the hypric habitats vegetation, formation Salix
acmophylla - Neriwn oleander. We ascribe this "defect" to the low mmber of
samplings relative to the variety of vegetation in the area.

We used table 5.5 for defining the units and determining the hierarchical
cormection between them. We summed up table 5.5 vertically, to extract all the
vegetation units distinguished in the 4 analyses. A summary of the vegetation
units is presented in table 5.6. The umits in this table are noted in an
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hierarchical order, so that the high level, the formation, was usually defined
by the noda in a rotation level of 3 noda, and marked by code letters by the
species characterizing the whole formation. The second level, the alliance, was
usuzlly defined by the noda in a rotation level of 6 noda, and marked by the
formation code letter together with a letter of the species characteristic to
the alliance. The detailed level, the assocciation, was usually defined by the
rotation level of 15 noda and marked by adding the serial number of the
association within the alliance. In some cases the same alliance was marked
differently following different ordination analyses, and we decided to consider
them as variants of the same association. These were marked by adding "a" or
"H" to the association code.

We defined the vegetation formation characteristic to every unit, and its
vhysical environment. We also recorded the representative vegetation to each
unit, the details of which may be found in TABLEF 4 (appendix 5.4.1I). The
vegetation units which were defined are:

of its vegetation units, excluding hygric habitat vegetation and the cal-
carous regions in the lower Daliot stream.
ithaburensis park forests, the savannoid vegetation of ZZziphus spina—
christit and Ziziphus lcotus, and grasslands. The habitats are usually plains,
or moderate slopes.

(QAla) gGuercus ithaburensis_-_dvena sterilis typical: a typical Quercus ttha-
burensis park forest. Tree density of 1-60 trees per ha, but usually 10-30
trees per ha. This forest has as associates a few Pistacia atlantica trees

and herbacecus grasslands and is almost free of bushes.

(QA1b) Zistphus_lotus: a variant of the Quercus ithaburensis forest, with the
Ziaiphus lotus Teplacing it. The floristic relationship between the two
units strengthens the argument that the ZZ<z7phus Ilotus association replaces

the Querous ithaburensis assoclation, following its clearing by man (Zohary,
1973; Danin, 1968)(see also 5.1.4), and there really is a close floristic
affinity in the herbacecus vegetation between the Quercus 7thaburensis
forest and the savammoid vegetation of Z7ziphus lotus.
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{QAZa) Quercus ithaburensis - Loliwm_ridimum: Quercus ithaburensis park forest,
usually in rocky and sloping regions.

{0A2Zb) _var. Hordewn bulbosum - Loliwm ridigum ~ Ranunculus marginatus: Quercus
ithaburensis park forest in high plains with quite deep soils and heavy
grazing.

{QA3) Ziziphus_spinachristii: savannoid vegetation of Ziziphus spinachristii,
usually in plains or moderate slopes in altitudes no higher than 200 m
above sea level, and usually in altitudes of -100 ~ +100. In herbaceous
grasslands the Avena sterilis and Hordeum bulbosum dominate.

{QA3a) var. Dichantiuwm avulatwn — Adonis eleppica: a variant with slopes on
stream banks.

[QA3b) var. Silene aegyptiaca - Anchusa eegypiigea: a variant in plains and
wide stream beds.

(QAda) Mirugrtia formosa — Alliwnm migrmen: high grassland vegetation with
shallow soils and seasonal water flow scattered in small brooks. There is
hardly any woody vegetatiom, with the exception of few Pistucia ctlantica
and Ziziphus spinachristii trees.

high degree of stoniness and shallow soil, creating here and there quite
arid habitats (appearance of Erodium desenti).

most of which were cultivated in the past. Few trees and bushes of Ziaiphus
spinachristit and Ziziphue lotus.
and slope forests, usually stream slopes. Quercus tthaburensis usually
dominates and is usually associated by Styrax officinalie, Pistaecia atlan-
tica and Amygdalus ap. .

{081) Pistaciq gtlantieq - Calycotome villesa_— Anogramma leptophylla: stream

cliffs and north facing slopes, which usually retain a comparatively high
humidity. Here and there exposed rock with arid rock vegetation, like
Valantia kispida and Rwmex cyprius. Several ferns are in this unit, like
Anogramma leptophylla, Ceterach officinamon and Chiilanthes fragrans.

(QS2) Fistacia palaeetina —~ Ferula tingitang — Arenaria leptoeladeos: a unit of
cliff tops in streams.

(Q83) Asphodeline_lutea_-_Lonicera_etrusea - Fibigia_clypeata: maquis of cliff
tops in streams, which includes a variety of trees and creepers. Echiuwm
viecosus, appearing in this umit, includes 2 subspecies: ssp. viscosus and
ssp. gamlensis, which, as far as is known, were found in this region only.
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(Q84) Arunde domax — Rhammus palaestina -~ Ephedra campylopeda: cliff and steep
stream slopes vegetation, including reed thickets, which grow in small
springs in stream cliffs.

(QSS5) Parietaria_judatca - Delphiniuwm_ithaburense: dense park forest ‘on slopes
descending into streams, mainly on northem facing slopes and in stream
beds in places far from the influence of running water,

tangled forest of Quercus calliprincs, Quercus boissfem‘, Cerets siliquastrum,
Ceratonta stliqua, on steep north facing slopes. This is the only place in
the northern and central Golan where these Quercus species appear.

(QS6b} Asperagus aphullus, var. Coluteg tsiria - Pyrus syriacz: Steep north
facing slopes with Colutea tgtria bushes and trees like Pyrus syriaca,
Quercus tthaburensis and Styrax officinalis.

(QS7) Euwphorbia_hierosclymitang - Psorglea bituminosa - Aleea digitata: rocky
slopes and rock terraces on shallow river banks, basalt lava fronts, or
geological fault lines with Euphorbia hierceolymitana bushes.

of ruming streams, springs and swamps.

{8N1a) Salix acmophylla — Nerium olsander , typical vegetation of most of the
ruming streams which create tangles of Salix acmophylla and Nerium oleandsr,
sometimes associated with Pistacia atlantie, Quercus ithaburensiz and
Fraxtnus syriacd.

(SN1b) _var. Fraximie_syriaca_- Platarmus_orientalis: variant of unit SNla with
concentrations of many Fraxinue syriaca trees and Platanus orientalis trees.

{SN2) Bubus_sanctus_— Mentha longifplium: bushy vegetation of hygric habitat
with water flowing constantly in shallow streams.

{8N2a) var. Rubus sanctus - Capparis spincsa: appears mostly in streams and
springs.

(SNZb) _var. Mentha longifolia - Cyprus_lomgus — Algpecurus myocauroideg: appears
mostly in ever flowing shallow tributaries,

(SN3) Lemma gibba - Nasturtiwm offieinaie: hygric meadow and spring vegetation
with sparse Fieus carica trees and cccasionally also Quercus ithaburensis.

vegetation with sparse Ficus carica, Ziziphus spinachristii and Quercus
ithaburensis trees.

e 2 o

neogenic slopes in the Daliot stream bottom in the south of Yahudia Reserve.
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grassland with sparse trees or concentrations of Styrax officinalis, Amyg-

dalus sp. and Ziziphus spinachristii.

5.3.3 Yahudia Reserve Vegetation Map

In fig. 5.1 astereopair photo is presented, which depicts a typical Guercus

ithaburensie forest, with a stream with its slopes and cliffs, Map 5.7 depicts

the graphic description of the Yahudia Reserve vegetation. The unit definition

is based on table 5.6, on the basis of which several generalizations were made.

These generalizations were made for several reasons:

1.

A unit too small to map - mostly in cliff and cliff top vegetation, where
the variety of habitats is large and changes occur over small distances.
Several units spread over cliffs (like (QS54) seem on a vertical projection on
the map smaller than they are in reality, and cannot be mapped. Therefore
vegetation unit QS1 was united with QS2, and 0S3 with QS4. Units SNla and
SN1b were also united.

Units which are indiscernible in aerial photos and the difference between
them on the ground is mostly a light difference in the floristic composition,
with no difference in structure. Therefore unit QAla was united with units
QA2a and QAZb, which represent a typical Quercus ithaburensis park forest,
QAda and QA4 were also united, as well as SNZ2a with SN2Zb, and SN3 with SN4,
concerning which no difference was discerned even in some of the ORDIN
analyses.

Units where transition from one to ancther is not clear and sharp and are
very similar in the ecological conditions of the habitat and form by them-
selves a mosaic of sub-units, which gradually change from one vegetation
unit to another. Therefore unit QS6a was united with 0S6b, and SS1 with 5S52.

The aerial photo interpretation was done, as mentioned, from photos in the

scale of 1:17,100 and transferred to a map of 1:20,000. Although such a scale

is considered as detailed for the purpose of vegetation mapping (Zonneveld,

1972 b), even in this scale we had to make several generalizations. The smaller

the scale, the less homogeneous the unit.
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A stereopair of a representative plot of Yahudia Nature
Reserve Forest and a stream with its slopes (site L
vicinity or map 3,2; photo was taken at 12,12.75; for

a three dimensional view use a pocket stereoscope).
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Vegetation transformation based on_comparing aerial photos_from the
years 1962, 1967, 1975

No significant changes in the vegetation were discerned from the aerial
photos. In some cases we found transformation from herbaceous grassland (QA4)
to sparse savarmoid Ziziphue lotus (QA1b), or moderately dense savannoid
Ziziphus spinachristii (QA3), and mostly in areas cultivated until 1967. In few
cases transformation from savamnoid Zizipfue lotus (QAIb) to a sparse complex
of 2iziphus lotus - Quercus ithaburensie park forest were distinguished (QAla-
QATh).

In vepetation camparison between 1962 and 1575 we found 2 cases where & part
of a mixed Quercue ithaburenmsis and Ziziphue spinachrietii maguis was cleared
and there was a transformation to herbaceous vegetation.

From map 5.1 it can be discerned that the belting is clearly cormected with
altitude, with the Ziziphus spinachristii forming the lowest belt in the forest,
which changes around sea level to Quercus ithaburensis park forest, with mixed
regions within the altitude range of 0~120 m above sea level. This forest
reaches 180-200 m above sea level, where Ziziphus lotus replaces it.

Zohary (1973} mentions that the primary habitat of the Ziziphus lotus
association is on the slopes of the Samaria to the Jordan valley, and its dis-
tribution in other places in Israel is in secondary habitats of cleared forests
and abandoned fields, according to which outlook the upper belt in the reserve
and outside it is secondary after clearing Quercus ithaburensis.

It is pointed out that on the stream slopes the Quercus ithaburensie forest
extends offshoots both to the Ziziphus spinachrisiii region and to that of the
Ziziphue lotus. The infiltration to the Ziziphue spinachristii area is more
extensive on the northern facing slopes, and can be explained by the more
favourable ecological conditions to the Quercus {thaburensis prevailing in the
more humid and shaded slopes, in spite of the lower altitude and higher tem-
peratures.

More favourable canditions can also explain the offshoots of the Quercus
ithaburensis on the stream slopes into the ZZaiphus lotus area, Possibly, too,
the Quercus trees were cleared to a lesser extent on the slopes because of lack
of interest in the areas for cultivation and harder accessibility, whereas in
the plains the forest was cleared and the Ziziphus lotus replaced it.
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5.3.4 Tree Density in Yahudia Forest

Tree density by vegetation type is given in table 5.7. The table also pre-
sents vegetation units, as defined in table 5.6, which are included in vege-
tation density types. Very dense Quercus ithaburensis forest areas are cotmec-
ted to vegetation units of Quercus {thaburensis forest, Styrax offteinalis,
Querous calliprinos and Quercus boisgieri (QS5, 0S6) and in cliffs of Quercus
tthaburensts and Styrax officinalis (QS1, 2, 3, 8) and in Quercus fthaburensis
park forest in plains and moderate slopes (QAZ, QAla). Quercus tthaburensis in
moderate density and sparsity is usually connected with Quercus ithaburensis
park forest only (QAZ, QAla).

2igiphus spinachristii{ and Ziziphus lotus in all densities are commected
with their typical units (QATb and QA3) as well as with grasslands with sparse
trees (QAS). The camplexes of Guercus ithaburensts with Ziziphus spinaohristii
or Ziziphus lotue usually connected with the margins of the Quercus I{thaburen-
sig park forest in its low or high regions respectively.

The dense hygric vegetation is comected with units of Saldx aomephyila and
Rerium oleander and var. Frawinus syriaca and Platarus orientalis (SNla, b).

From table 5.7 one can see that in the comparison of the 1967 photos with
the field count of 1978 there is a tendency towards a 25% increase in the
density of Quercus ithaburensie trees., However, the main contribution towards
this increase comes from young trees which were not counted in the photos. In
the Ziziphus ap. there is no separation in the photo-count between Ziziphus
spinachriatit and Ziziphus lotus, because of the difficulty in distinguishing
between them, However, compared with the field count, there is also a tendency
towards a 45% increase, with the <ontribution towards increase emanating both
from the mumber of adult trees and bushes and the young ones, These increases
are not significant, however, since there is a large variability between the
counts in the different samples for the same vegetation types.

Comparing identical sites in the 1962, 1965, 1967 and 1975 photos

Because of the facts that hardly any differences were discerned between the
aesrial photos taken in 1965 and 1967 and that they were taken in the leave-
shedding-season, the comparison data concerning them were not taken into account.

In the dense Quercus Ithaburensisz park forest vegetation type there is a
tendency towards increased density from 1962 to 1967 and 1975. The increase
from 1967 to 1975 was significant and was expressed by 17.3%, mostly on the
slopes (units Q82, Q55).
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In moderately dense Quercus ithaburensis park forest vegetation type a
slight tendency towards increased density is also recognized, mostly from 1967
to 1975, but here it is not significant.

In sparse Quercus ithaburensis forest no differences in density were noted
between the 3 series of photos.

In the savannold Zi{ziphus spinachristii contrasting tendencies were noted
in different samples. Usually there is a tendency towards increased density,
particularly from 1967 to 1975, which in one case reached an increase of about
200%. On the other hand, in cne sample we found a decrease of 75% in density of
Ziziphus spinachristii trees in 1967 as against 1962, following the umificaticn
of agricultural fields and clearing the trees between them, a condition which
remained static until 1975.

In the Ziziphus lotus type we saw a general tendency towards increased den-
sity, particularly from 1967 to 1975 and even the growth of several Ziztiphus
lotus bushes in grassland areas. In one case Quercus ithaburensis trees
appeared and a mixed stand of Ziziphus lotus and sparse Quercus ithaburensis
trees was created. These changes occurred mostly as a result of neglecting
agricultural fields and near villages, where the high pressure of activity was
stopped after 1967.

In comparing photos taken in different years, data collected by the same
method was compared. Hewever, comparing data from photos to those from the
field taken several years later, raises the question whether the change is real
or results from the method. Since we observed a certain tendency towards in-
crease in comparing photos taken until 1975, one can assume that this tendency
continued also until 1978. The main change in the count of 1978 is in that a
considerable part of the increase results from counting young trees, which
could not possibly be discerned from photos taken in 1975, even if they
existed. A part of the increase probably results from an actual increase in
the mumber of adult trees.

There is also a measuring error based in the method itself, the sources of
which are:

- inexact placing of the coumting square in different aerial photos, or in-
exact identification in the field of the site in the photo;

- a steep slope is measured in the field in its realistic size, whereas in
the photo it is measured in its vertical projection;

- difference in the scale of the photo caused by different altitude of the
field and the aeroplame’s tiit;

- seasonal influences, especially leave~shedding in winter, which complicate
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the photo count;
- errors in species identification in the photos.

The change in density and distribution of trees in the 16 years between 1962
and 1978 can be summed up by saying that no significant changes were noted in
the density and distribution of trees in the reserve from 1962 to 1967,
excepting for a few cases of savammoid 2{ziphus spinachristii clearing for
field cultivation. There is a slight tendency towards demsity increase of
Quercus ithaburensis from 1962 to 1978, particularly in the slopes and forest
margins, a tendency which becames more conspicucus after 1967. This tendency
proves an inclination towards expansion of the Quercus {thaburensis forest to
the margins, particularly after ceasing to cultivate fields and man's intensive
activity, which expressed itself perhaps in overgrazing and clearing the forest
margins. In the savammoid Ziziphus spinaehristii and Ziaiphus lotus there is a
certain tendency towards increased density in agricultural areas and grassland,
where man's activity ceased. So units which were defined as grassland in
photos taken in 1962 are defined in the vegetation map as sparse savannoid
Ziziphue spinachristii Or Ziziphue lotus, and in some cases even as complexes
with sparse Quercus ithabuvensis.

At the same time it should be pointed cut that all the increases noted are
slight, and mostly statistically insignificant, and were focused in a few
special sites only, like steep slopes, areas of cultivation and activity near
abandoned villages, whereas most areas of the Quercus ithaburensis forest re-
mained stable. A part of the tendency towards increase resulted from young
trees and from trees which were opressed until 1967 and developed thereafter.

5.3.5 4Analysie of herbacecus vegetation-in typical Quercus tthabureneis forest

5.3.5.1 Comparing sampling methods
As mentioned above (5.2,3), we used two methods for sampling vegetatiom in
constant transects: long point transects (1.p.t.) and short point transects
{s.p.t.). For comparing the methods, we ran through the computer a nodal
ordination program of all the long (19) and short (126) transects made in
the same plots.
The analysis showed that on the basis of otcurrence, in the long transects

more species appeared and widespread species were not especially prominent
in these transects. In the dominance analysis there is a similarity between
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the long and the short transects, since the many species occurring in the
long transects have minimal cover.

Since this difference between the methods results from their actual
definition, we only wanted to refer to this point here, and considered
bringing the full data superfluous.

The long point transects seems suitable for a more comprehensive survey.
So we used it for defining vegetation units in the reserve and mapping them
(see 5.3.2). However, for the fine analysis of the delicate differences in
vegetation composition within the same vegetation unit (Quercus tthaburensis
forest - Aveng starilis typical) the long point transect system is too
crude, and we usually used the short ones.

5.3.5.2 Herbaceous vegetation analysis in typical Quercus ¢thaburensis forest
under different grazing regimes

Quite a clear affinity of the sampling sites (plots) to noda were found
vwhen we inspected the long transects, as can be seen from table 5.8 (ORDIN
3; the full analysis is presented in appendix 5.3.II). In an analysis of
species occurrence we found that nodum T represents faithfully plot P,
representing cattle grazing, nodum Z - plot T, which is free of cattle
grazing, and nodum 3 - plots K and R, which are adjoining (see map 3.2) and
which are free of cattle grazing and under moderate cattle grazing respect-
ively. This affinity of plots to nodum is not expressed in the analysis on
the basis of species dominance, presented in the same table. Here it is
conspicuous that nodum 1 is comnected to the lack of cattle grazing or
moderate grazing, and species like dvena sterilis, Hordewm spontanewn and
Pgoralea bituminosa are characteristic, whereas nodum 2 represents heavy
grazing, with characteristic species like Hordeim bulbosum, Centaurea iberi-
ea and Silybum marianum.

In the vegetation analysis on the basis of all the short transects made
{table 5.9 and appendix 5.3.II) on the basis of species dominance (ORDIN 4
dominance), it seems that there is no affinity of the plots to noda. No
affinity to noda was seen, neither by the sampling years, nor of the
replicate mumbers, so they were not detailed and only the murber of trans-
ects from the same replicates was registered. In a division on the basis of
3-noda, nodum no. 1 represents the grassland characteristic of the Quercus
ithaburensis forest, and it is characterized by Avena sterilis, Carilina
htspaniecq and Linmum pubescens. Nodum 2, characterized by Quercus ithaburen—
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Table 5.8: Long point transects analysis by nodal ordination on the basis

of species occurrence and dominance.
For location of plots see map 3.2.

For menaing of species code names see appendix 5.2.1.
B = boar foraging; C = cattle grazing.

ORDIN 3
Rotation level 3 3
No. of nodum | 2 3 1 2 3
Characteristic SCOMUR PISATL TORTEN AVESTE HORBUL MEDROT
species TETPAL PIPMIL FILDAV LINPUB OCHAEG TRIPIL
OCHAEG AEGPER HYMCIR
Species affinity TRIGLA ALYNIN QUEITS UMBINT PHABRA GYNSIS
to nodum 0.5~1.0 ARTSQU SEDHIS DAURIC HORSPO RANMAR BISDID
BISPEL PRAMAT REAPAR TRIDIC SILMAR SCOMUR
SCAPAA PSOBIT ANOALD SYNCAR LOLRIG SCAPRO
RANMAR MEDSCU HYPHIR PSOBIT TRIPUR TRIGLA
GERMOL SILEER ALLNEA QUEITS RAPRUG RICLUN
SINARV RUMCYP PLALAG BROMAD RAPROS THRTUR
BUPNOD VALITA SONOLE PIMMIL CENIBE POABIL
Common species AVESTE QUEITH HORBUL
for all noda with TRIPUR HYMCIR SCAFPRO none
affinity > 0.5 SCOMAC DIAPOL RICLUN
No. of transects
with affinity 0.8-1.0
plot treatment
D +B -C 1
K +B =-C 2 i
T +B -C 2 3
P +B +C light |
P +B +C moderate 2 1 I
P +B +C heavy 3 3
R 4B +C moderate 1 2
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ais, represents the vicinity of the tree and cairn. There is no clear
affinity of grazing treatments of plots to these noda. The third nodum
represents the grasslands rich in legumes (Fapilionaceae), and Hordewen bul-
bosum, as well as several ruderal species like Ochthodium aegypticum, Sin
Sinapis arvensis, and Centawrea iberica, which are characteristic of heavy
grazing and are exclusive to this nodum. This division is even more out-
standing in nodum 4 in rotating level 6. The transects with the strongest
affinity to this nodum are from heavy grazing regime (plot P, +boar +cattle
heavy grazing treatment).

In analysis on the basis of occurrence the species' affinity to noda is
weak and no such clear division into sub vegetation-units is apparent. On
the other hand, many species occur as multi-noda species, like Avena steri-
lie, Hordeum bulboeum, Anthemie bormmuelleri, Carlina hispamieca, Scabiosa
prolifera, Linum purbeseens, Jsatis lusitaniea and Urospermm pieroides,
whereas in analysis on the basis of dominance there are no multi-nodal
species.

A similar division into sub vegetation-units was reached in analysis of
the short transects of plot P only (tabie 5.10, ORDIN 6. Full snalysis in
appendix 5.3.II). In this plot, 3 sub-plots represented 3 levels of cattle
grazing intensity: light, moderate and heavy. In an analysis by species
dominance, nodum 1 represents the herbaceous areas between the trees sub-
ject to moderate and light grazing, represented by Avena sterilis, Medicago
rotata and Hymenocarpos eireiwmnatus, and containing many grasses (Gramineae)
and legumes (Papiiionaceae). Nodum Z represents the Quercus ithaburensis and
its close vicinity in areas subject to light and moderate grazing and re-
presented by Guercus ithaburensis, Theligomum eynocrombe and Crucumnella
membranacea. The third nodum represents grasses and legumes and other
ruderal species, characteristic of heavy grazing. The transects with strong
affinity to this nodum are from heavy grazing regime. The species character-
istic to this nodum are Aordewn builboswn and Rapistrum rugosiwm. In higher
rotation levels (6 and 10 noda) ne significant division was added to the sub
vegetation-units.

In the analysis by occurrence there was also a similar affinity of
species and grazing regimes to noda, which is especially prominent in
rotation level 6, nodum 2, where all the ruderal species with a high
affinity to any nodum appear, and also the affinity of transects from the
heavy grazing area to this nodum is unequivocal.
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This analysis of transects from 3 sub plots of cattle grazing in dif-
ferent levels emphasized the different floristic composition of areas under
heavy grazing, whereas it did not prove transformation gradient of
vegetation composition with easing off of the grazing regime.

5.3.5.3 Vegetation sub-umits_in typical Quercus fthaburensis forest

We saw, then, that in a detailed analysis of constant transects, made in

a typical Quercus ithaburensis forest, we used nodal ordination to divide

the vegetation inte 3 basic sub-units:

1. Quercus ithaburensie and vegetation characteristic of its immediate
vicinity and cairns;

2. grasslands between the trees not subject to heavy grazing regimes and
characterized by grasses {mostly Avena steriiis) and legumes;

3. grasslands of heavy grazing areas, characterized by Hordewm bulboswum and
ruder 1 species such as Ochthodium aegypticun, Rapistrum rugosum, Cen—

taurea iberica, Silybwum marianum and Sinapie arvensis.

We saw that heavy grazing alters the floristic composition, but no dif-
ference was noted between lower levels of grazing or lack of grazing, which
may be credited to the grazing regime.

On the other hand, some floristic differences were apparent between plots
not necessarily on the basis of grazing regimes, mostly with the aid of long
constant transects which cover a wide range of area and species. These dif-
ferences become almost negligible in the detailed analysis of the short
transects, which depicts the finer floristic differences.

These floristic differences are local and do not justify the division
into different vegetation units, neither in table 5.6 nor in map 5.1. These
sub~units belong to the same wnit of typical Quercus ithaburensis forest
(QA2, QAla).

1t has already been pointed out {5.2.2) that certain researchers have a
tendency to divide into small sub-units, or to sample them separately, but
in our opinion there is no justification to a division beyond what we have
already mentioned, since these sub-units are intertwined in such a way that
they are indivisible in the large extent of the reserve and the scale of
its vegetation mapping.
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6 PHENOLOGY OF QUERCUS ITHABURENSIS

6.1 Introduction

6.1.1 Systematics of Quercus ithaburensis

Quercus tthaburensis Decme, fam. Fagaceae, was first collected by Bové on
Mount Tabor, Israel, and first described by Decaisne in 1835 (Decaisne, 1835).

Further descriptions in literature are:

Kotschy, Eichen, tab. 12 (1862)

de Candolle Prodromus 16 {2): 44 (1864)

Schwartz, Notizbl. 13 (116): 19 {1936)

Zohary, Bull. Res. Counc. Israel D, 9: 168 (1967)

Zohary, Fl. Palaestina 1: 32 (1966)

Mouterde, P. Fl. nov, Lib. et Syr. 1: 365 (1966}

Boiss, Fl. 4: 1172 (1879): Quercus aegilops L. var. tthaburensis.

Morphelogical description

Deciduous 5-6 metres tree. Branches divaricate - ascending, forming a
globular or broadly ovoid crown. Buds crowded, ovoid with appressed scales.
Leaves usually 5-8(10) x 3-6 cm varying in size and shape on the same tree,
with 6-9 (11) lateral nerves ending in triangular, often aristate or long-
micronate teeth, Flowers green, unisexual usually in different inflorescences
on the same main twig. Staminate catkins 5~6 cm, flowers' perianth of 4-6
lanceolate lobes, Pistillate catkins with 1-3 flowers on short pedicels;
styles 3-4. Acorns solitary or in pairs, maturing in the second year; cupule
1.3 = 2 cm in diameter; long gland; scales thick rather woody, spreading
(Zohary, 1966).

Zohary (1966) distinguishes five varieties differing in structure of cupule
and gland. These are: var. calliprinoides, var. subcalva, var. subinclusa,
var. dolicholepie, var. tthaburensis. Since we found the population in the
Yahudia Forest mixed and variable, these vareities could not be distinguished
and no further distinction between them has been made in this research.



&3

6.1.2 Phenology of Quercus ithaburensis

We consider the study and description of the phenclogy of Quercus ithaburen—
ets to have been a valuable exercise in itself and also a means of describing
the rhythm of seasonal changes in the ecolegical system.

The description of the rhythm of cambial ring formation furnishes us with
a gauge for measuring the age of a tree - a gauge which is of considerable
importance for studying the forest's history and drawing conclusions with
regard to management of the forest as a nature reserve in the future. The
caimbial rings themselves reflect the phenological thythm and its connection
with the mediterranean climate.

6.2 Methods

The phenology of Quercus ithaburensis has been described on the basis of
measurings of a mumber of parametres. Foliage has been described by giving the
respective percentages of leaves breaking out, green leaves, dry leaves,
autumn-coloured leaves, and leaves shed., These parametres represent leaves at
all stages during the different seasons. We also examined growth- and ligni-
fication stages in young twigs. Of reproductive parts, we recorded the flowering
of the male organ - an easy task with the long, staminate catkins - and also
the diameter, length and rumber of acorns.

For all these examinations we selected trees in typical Quercus ithaburensis
forests, 200 m above sea level (see chapter 5). Follow-up was carried out in
single forest plots and on single branches therein, The forest plots yielded
much information and showed up variability in trees, but more precise and
detailed information was gleaned from the single branches.

6.2.1 Phenological Follow-up in Forest Plots

During the period September 1976 - March 1979, we made regular monthly con-
trol visits to 3 particular forest plots (Y.D.K., see map 3.2). In each plot
we established a point from which observations were made within a radius of
about 50 m.

The parameters we assessed have been described by two figures:

1. Percentage of trees in which the estimated parameter was found to exist;
2. Percentage of estimated parameter in trees in which it occurs.



Percentage was assessed from tree's overall parameter potential,
3. The percentage of leaves breaking out is calculated as percentage of buds,
from opening uwntil full growth, cut of total number of leaf buds;
4, Percentage of green leaves out of total number of leaves on tree;
5. Percentage of dry leaves out of total mmber of leaves on tree;
6. Percentage of autumn-coloured leaves cut of total number of leaves cn tree;
7. Percentage of leaves shed out of total mumber of leaves that were on tree.

Where phenomena could not be gauged, a (+) was recorded instead of vercen-
tage. In cases of distribution of phenomena percentages in the different trees
extending over a continuous range of percentages, a mean percentage was re-
corded, but in cases of distribution extending over az discontinuous range of
percentages the trees were divided up into several groups, the phenomenon
percentage of each of which was recorded, and so was the group percentage out
of the total mumber of trees in the plot. Each of these groups has been
described in a separate graph.

We also made estimates of the following parameters:
~ length of youngest twig (in cm)

- stage of lignification of young twig (1 - green and soft; 2 - green and
hardening; 3 - brownish and hardening; 4 - brown and hard)

- 1length of acorn (in cm)}, from stalk to tip

- diameter of acorn-cupule {in cm).

6.2.2 Phenological Follow—up of Permanent branches

The general appearance of a three-years oldbranche is presented schematical-
ly in figure 6.1,

In Qctober 1975, we selected 10 branches growing 2 m from the ground on the
trunks of 10 different trees. The trees were growing from the lower third of
the cairn, as is characteristic for most of the trees in this forest (see
figure 8.1). The trees were chosen from two forest plots separated by a distance
of about 1 km (D,Y on map 3.2), and with a 50-100 m distance between trees in
both plots, The branch was marked off into sections, each representing a growth
pericd. 5-8 parts were marked off initially, and an additional 4 in the course
of the follow-up, according to growth periods observed.

The following parameters were recorded each month (uwp to March 1979):

1 Male flowering - estimated number of catkins on branch;
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Figure 6.1: A three-years old branch of Quercug Ithaburensis.
Figures represent the first, second and third year
of the branch.
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2 Acorns - number of acoms and ripening stage;

3 Development stages in leaves - 5 stages were diagnosed: budbreak, green
colour, drying up, autum colour, shedding.
An estimate was made of the total mmber of leaves on the branch and the
number of leaves in each phase, and expressed by % of the total mmber of
leaves. At the break-out stage we also included buds that had not yet
opened, and at the shedding stage leaves that had already been shed were
also taken into account;

4 Lignification stages of branch sections (1 - green and soft; 2 - green and
hardening; 3 - brownish and hardening; 4 - brown and hard).

At the close of our observations (April 197%), all the branches were sawed
off and cut into segments. The number of cambial rings in each segment was
established with the aid of a binocle.

Since by that time a number of branches had either been shed or partly
eaten, only partial data were collected on these, with due note being taken of
time and cause of damage.

6.2.3 Canbial vings in adult trees

rings were carried out on felled trees as well as on living trees.

1. Examination of cambial rings on felled trees: we examined two Quercus
1thaburenste trees in the Yahudia Reserve that had been felled to make
room for a road. These were felled in a typical Quercus ithaburensts
forest plot, 200 m above sea level, in summer 1978. Section, sliced off
from the trunk bases, were planed, smoothed, and their cambial rings
counted. Ring-widths along two radiuses were measured, with the aid of
a binocle, to a precision of 0.1 mm.

2. Examination of rings by drilling: in the autum of 1973, we examined 13
Quercus ithaburensis trees in a typical forest at 200 m altitude x). The
examination was carried out with the aid of a 20 mm-diameter, hollow
mechanical drill. Drilling was effected 70-90 cm above ground, piercing

%) Examinations were carried out by Professor J. Felix of the Bar-Ilan
University conjointly with the author, who hereby wishes to express
his gratitude.
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the centre, or near-centre of the tree trunk. The number of cambial
rings in the cores extracted was counted, and the tree's circumference
at the drilling point measured. In one of these cores we measured the
width of rings down the long radius. Two of the trees were found to be
hollow, and hence their data are incomplete (see photo 6.1).

1. Cross-dating (modification of Zeuner, 1958). In accordance with which

a graphic-visual resemblance hetween annual precipitation graphs and
cambial ring widths is established, the basic assumption being that the
variations in quantity of annual precipitation are proportional to the
variations in annual ring widths. Given the fact that the graphic-visual
method was used hy us, the results should be regarded with reservations.
We used the following precipitation data:

Distance Direction Average
from from annual Data
Yahudia Yahudia preci- years Source
(km) (degrees pitation
north) {mm)
Yahudia 544 1872-1980 Personal
measurement
Ayelet 15 307 434 1921-1977 Meteorological
Hashahar Service, Israel
Mikve TIsrael 133 221 553 1915-1977 Meteorological
Service, Israel
Kuneitra 24 22 857 1935-1977 Meteorological
Service, Israel
Beirut 110 356 893 1877~1960 Felix, 1968

2. Determination of age based on tree circumference: the 12 trees, whose

cambial rings we counted, were also measured for circumference, and from

this we arrived at an estimate of the average radius of the trunk. We

examined the linear correlation between the square of the radius (pro-
portional to the section surface) and the mumber of rings, and found
that there was satisfactory correlation. A correlation graph was drawn

up accordingly.
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The circumferences of 400 adult trees in four forest plots (G, P, D, Y
in map 3.2) were measured - 100 trees in each plot. The circumference
was measured with the aid of a measuring tape, at a height of 80 cm from
the ground. Tree radii were calculated on the basis of circumference,
and number of rings estimated on the basis of the correlation-graph for-
mula.

6.3 Results and Discussion

6.3.1 Foliage Development Stagee

Figure 6.3 is a schematic illustration of the various stages of foliage
development the data of which are based on the mean of single trees and plots
examined. Figure 6.7 on the other hand presents foliage development data from
one forest plot only, showing separately the percentage of trees in which the
phenomenon under discussion was cbserved, and the percentage of its occurence
among the trees (see 612.1), and stresses the variability obtaining among the
trees.

one-vear old twigs. This is a fast process, normally terminating within one
month. Initial growth break-out in every one of the ten branches examined
in each year was in February. In two branches a second break-out was recorded
in March-April. This break-out, which occurred in the extension of the twig
which had been the first to bud, had its source in the same bud but did not
form an additional cambial ring during that year. A second break-out was
recorded in another twig, in May, and this, too, had came from 2 bud which
had broken out first, but this bresk-out did form an additional cambial ring.
The phenomenon of late spring break-out occurs only on a small scale, as can
be seen from figures 6.3 and 6.7. The percentage of trees breaking out in
secondary budding in May in minimal, and so is the rate of break-out in the
trees concerned.

If autumal break-out occurs, it does so on a very small scale (figure 6.7 a,
September-October 1978}, albeit in most trees. The phenomenon, however, does
not repeat itself year after year, and its causes are not in general suf-
ficiently clear to us.

In the wake of a forest fire there may be a late summer break-out, or else
a more significant autum break-out (see figure 6.7 a, September and Novem-
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ber 1976).

Fahn (1951}, too, points out that Quercus <thaburensis occasionally produces
autugn rings; these are false rings having their origin in autumm break-outs
occurring after a pause in cambial activity at the begimming of summer.
Katzenelson (Katzenelson, J., 1975, personal information) examined Quercus
ithaburenzis trees in the Mt Tabor region, Israel, that were felled first
in 1945, and again in 1954, and found that in each trunk there were only 9
rings, and that no additiomal rings had been formed in consequence of summer
break-outs cccurring in the wake of grazing or fires.

PR ia it

green leaves is given in figures 6.3 and 6.7 b which show that the tree
bears green foliage during a period of 8 months. The transition from young
leaves to green adult leaves is relatively quick and uniform (see figure 6.3,
April; figure 6.7 b, March 1977, April 1978, March 1979), The transition to
auttmn colouring is slower, lasting from October to December (figure 6.3),
although the rate of process varies from tree to tree (see figure 6.7 b,
QOctober-December 1977, November 1978).

6.3.1.3 The_shedding process: Shedding, from the first appearance of autumn
colouring until completicn of process, occurs between the end of September
until January (see figure 6.3), there being no uniformity in trees with
regard to the rate of the process (see figure 6.7 ¢, d, September-January).
Shedding itself usually begins in November, though after a fire this may be
advanced to September.

6.3.1.4 Drying-up of leaves: The drying-up of leaves is an accidental process,
caused by outside factors not always transparent enough, and noticeable in
the summer months (see figure 6.3). The majority of cases we observed were
results of fires. We should stress here that this is a tree's normal reaction
to fire. In many cases, dried-up leaves remain on the tree also in winter.
It can be assumed that the shedding processes are halted and ne absiccion
tissues formed in such cases.

Figure No. 6.7 accentuates the variability in trees' leafing phases. During
transition periods between phases, groups of trees may be found at different
transition stages - a phenomenon which is one of the expressions of genmetic
variability obtaining in the Quercus <thaburemsis tree species (see 1.1).
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6.3.2 Branch=growth and maturation

branch of 2 Quercus ithaburensie tree is given in figure 6.4. We have shown
only one representative branch because, so far as anmual branch-growth was
concerned, no significant differences between plots, or years, could be
detected - and this because of the considerable variability in ammual growth.
Mean armual growth registered in single branches was 4.4 + 3.9 cm. In cal-
culating annual growth for plots, we found that minimm growth was 1.1 + 0.3
cm, and maximm 4.4 ¢+ 0.6 cm per year, with no significant differences
between years or between plots. Branch-growth in that year took place during
Februarv-April, in which latter month the annual branch attained its maximum
length (figure 6.4).

6.3.2,2 Lignification of branches: In figure 6.4, the stages of branch-ligni-
fication appear parallel to the growth-graph of the single branch. The
figure shows the two youngest branch sections, from initial growth to full
lignification. Figure 6.2 completes these data on the basis of observations
in the plots and of single branches. It follows from these two figures that
the metamorphosis from green, soft twig to green, hardening twig occurs in
the month of May; the transition to brownish, hardening twig in the month of
August, and transition to mature, brown and lignified twig in the month of
December, the young branch having passed these phases concurrently through-
out its whole length.

branches. In four cases this was a one-time occurrence, with the youngest,
one-year old twig being shed, whereas in ome case the phenomenon repeated
itself during two consecutive years, causing the shedding of an adult
branch {some 10 years old). In all these cases, shedding was accompanied

by the formation of absiccion tissue between the point of growth termination
of one year and that of growth commencement of the next.

Shedding occurred in different months (January, February, March, July,
September}, and it is difficult to relate it to any defined outside factor,
We can only assume that branch-shedding represents an auto-mechanism for
keeping a balance between height of tree and mass of foliage. Given the fact
that Quercus ithaburensis 1s a shallow rooted, water-wasting tree (Littbach,
1953; Eig, 1935; Oppenheimer, 1950), such a mechanism is likely to safeguard
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a2 positive water balance (see also further on in chapter 11).

6.3.3 Flower and fruit development

e maal

during 4 seasons are shown in figure 6.5. Figure 6.7 e represents the per-
centage of flowering trees in a representative forest plot. The percentage
of male flowering being calculated on the basis of tree's flowering poten-
tial in that year. It follows from these two figures that the brief flowering
period was limited to the month of February. Flowering occurred prior to,
during, or after leaf bud-break (compare figures 6.7 a and 6.7 b), with
considerable variability in flowering intensity between trees.

Anrmal intermittency in flowering intensity, as expressed with regard to
on single branch (in figure 6.5), is representative of the majority of
single branches examined and data on which have not been given. As against
this, the phenomenon does not find expression in the mean flowering-inten-
sity calculation regarding forest plots (e.g. figure 6.7 e). It can be said
therefore that the intermittency in question is an extant phenomenon in
Quercus Tthaburensis which, while not occurring in all trees simultaneously,
keeps pace with the rhythm of each individual tree.

6.3.3.2 Acorn-development and ripening: Figure 6.6 shows the thickening progress

of acorns on a single branch. From flowering in February until May in the
following year, acorns are too minute to be measured. Hence, dataz in figure
6.6 represent acorn-thickening from May in second year until full ripeness.
Measurings in the forest plots showed that the growing period extends from
June-July (at which time acorn~diameter is 1.1 * 0.5 cm) until September-
October, when acorn attains diameter of 3.6 *+ 0.4 cm (mean measurings from

3 plots over 3 years), Since the rate of acorn-lengthening in May-October
was found to be similar to the rate of acorn-thickening during that period,
we abstained from giving data on this here,

Ripening of acorns gemerally begins in November (figure 6.6 - dark dots;
figure 6.7 f). Ripeness is expressed by darkening and shedding of acorn.
Shedding is at its height in December, contimuing sometimes until the
beginning of January. This process varies from tree to tree, as shown in
figure 6.7 £, November-December 1976; November-December 1978).

The percentage of acorns attaining full ripeness varies considerably
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from branch to branch and from year to year, reaching 32 + 20% of the rmmber
of acorns in May. Since this percentage was not found to differ significantly
from year to year, or from plot to plot, the data given can only express an
approximation. Each observation in figure 6.6 is annotated with the mumber
of acorns that were on the branch. Furthermore, it follows from this figure
that shedding of the majority of unripe acorns takes place until September,
after which time there is virtually no more shedding of unripe acorms.

Ripe acorns appear exclusively on two-year old branches (see figure 6.1),
and have their origin in flowering which occurred 21-22 months prior to full
ripeness of acorn. All the same, we found no parallel between male-flowering
intermittency and acorn yield in the following year.

6.3.4 Cambial rings and establishment of tree age

6.3.4.,1 As already stated above, we found that generally one ammual ring (see
3.1} was formed in branches examined by us, with the exception of rare cases
of false rings appearing as a result of autum budding. A mumber of re-
searches were made of Israel's wild flora, regarding the correlation of
annual ring widths and precipitation (Waisel and Liphshitz, 1968; Liphshitz
and Waisel, 1967; Felix, 1968). Figure 6.8 gives sketches of cambial ring
width and mumber of rings in mature trees examined by us, paralleled by
graphs of amnual precipitations. Given the small mumber of false rings
having possibly been inciuded in the ring measurings, and a mumber of par-
ticularly fine rings that may not have been included, we abstained from
seeking for a precise quantitative correlation between a ring's width and
that year's amount of precipitation, and made comparisons on a purely visual
basis. We established that graph sections showing relatively similar fluc-
tuations corresponded with the same year-group.

Figure 6.8 presents the graphs in such a way as to show the last ring
matching the year of felling. Here, we compared the shift of the ring-width
curves with the matching precipitation-curve sections, and found deviations
of 1.1 £ 1.3 rings as compared with years. Given this circumstance, the
mmber of rings can safely be taken to represent a tree's age by way of
reasonable approximation.

The imperfection of correspondence between ring-width curves and preci-
pitation curves may be related to omission of a fine ring rather than to
imprecise measuring or inclusion of a false ring. It is also possible that,
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under certain conditions, a tree will react to changes in precipitation
with a year's retardation.

Figure 6.9 represents the linear interdependence of age of tree and the
square of the trunk radius. Notwithstanding the scantiness of points on
which the graph is based, the correlation coefficient is high (R = 0.926),
thus enabling us to express age as a function of the square of radius in
the following manner: age = 0.05348r2 + 35.24477.

The broken lines in the figure represent the confidence range of cal-
culated age in accordance with the correlation curve. This confidence range
increases with the lengthening of the radius, thus reducing measuring
reliability with regard to higher ages.

The ages of the 400 trees whose circumferences we measured were cal-
culated on the basis of the graph formula, resulting in the age
distribution shown in figure 6.10. Distribution is limited to trees above
the age of 30, in accordance with the correlation curve on the basis of
which it was calculated. 72% of trees from the 35-55 age group were found
to have re-grown from stumps, so that the measurings made were actually
those of the ages of branches which had re-grown after felling.

6.3.4.2 Discussion: The ascertainment of a linear connection between age of

tree and square of trunk radius affords us an important means in estimating
age of trees in the Yahudia Forest simply by measuring a tree's circum-
ference. Measuring accuracy error-margin is + 10 years up to age of 90,
diminishing to * 35 years in ages of 150-190.

The age distribution which has been calculated on the basis of this
cornection and is represented in figure 6.10, shows that 73.5% of the trees
are 35-55 years old, although the fact that most of these are regrowths from
stumps indicates that they are actually much older and that the relatively
young appearance of the forest is the result of felling.

From a reconstruction of the principal periods during which tree-felling
was carried out in the region from the 19th century onwards (see 3.4, 5.1},
we learn that trees were felled by Bedouins for their charcoal industry in
mid-19th century (Porter, 1967), but that the really massive tree~felling
was effected by the Circassians, who inhabited the Golan Heights in the



AGE IN YEARS OF QUERCUS ITHABURENSIS TREES

101

180
150 -
110 -
+
70 1
30 +—L——p ey : T T——— : : : :
0 %00 800 1200 1600 2000 2400
RADIUS SOQUARED IN SQUARE CM OF TREE TRUNK
LEGEND
O fAGE
Figure 6.9: Age of adult Quercus ithaburensis trees in the Yshudia Forest

as dependent on square radius of trunk. The two broken lines
represent the confidence range of calculated age in accordance
with the correlation curve. Age = 0.05348 r2 + 35,24477;
Correlation R = 09264B; Significance R = 0.00001.
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Seventies of the 19th century, as witnessed by Schuhmacher (1888): ".....
these same Circassians are rapidly lessening the oak woods, as they cut
down the fine trumks and carry them on their horribly squeaking, two-wheeled
carts drawn by oxen, to sell as timber."

No doubt, the modernisation introduced by the Circassians with their
carts played a major rSle in the felling of oak trees on the Golan.

An additional wave of tree-felling on the Golan began in 1905, with the
construction of the Haifa-Damascus railway through the southern Golan,
lasting until the end of World War I in 1918, during which period the Turkish
amy's timber requirements were huge, zand the lack of regular supplies from
abroad resulted in considerable mmbers of trees being cut down (Gishon,
1969).

If we look at figure 6.10 again, we shall see that only few trees have
survived from the period of Circassian settlement (about 100 years ago),
and a small mmber of trees from the pericd of World War I (upwards of 60
years). After this period, a recovery can be discerned and the number of
trees, some of which are mere regrowths from stumps, increases.

It appears that trees continued to be felled, although on & smaller
scale, also during the period of the French Mandate, which came to an end
in 1946. The Syrian Goverrment prevented tree-felling (Gal, 1978), and thus
a further recovery from tree stumps is discernible after this period.

As a result of the many fellings, figure 6.10 does not show the natural
age distribution in the forest. Such distribution would probably show a
record of 55-65 year-agers, if we discount trees regrown from stumps and
try to estimate their true ages, though it must be remembered that there
is no well-foumded basis for such estimate. We shall be discussing this
subject again after going into the question of germination and establishment
of Quercus ithaburensis (see chapters 8 and 11).
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7 ACORN YIELD, COMPOSITION, GERMINATION CHARACTERISTICS, AND
THEIR APPLICATTIONS

The fruit of Quercus i{thaburensis, the acorn, plays an important rdle in the
ecological system of the Yashudia Forest, constituting as it does the source of
the forest's continued existence, and providing sustenance for the animals,
and in particular for rodents, wild boar, and cattle grazing in the reserve.

In this chapter, we shall be looking at the tree's acorn yield, the acom's
chemical composition, its survival in the forest area, and some of its
germination characteristics. ‘

7.1  Quercus ithaburensis acorn yield and survival

7.1.1 Methods

The numbers of acorns produced by the Quercus ithaburensis trees, of acomns
eaten by animals, and of acorns which survived in the area, were checked
wethodically over a period of three years. Counts were made twice a year -
first at the time of maturation when the acorns had grown to their full size
(end of October), and again at the time of full ripeness when acorns had
turned brown and were being shed (mid-December). Cotmts were made in three
plots representing also three different types of grazing regimes: a plot being
grazed by cattle and foraged by wild boar - a plot free of cattle grazing, but
foraged by wild boar - a plot free of cattle grazing of wild boar foraging
(Y, D, B respectively on map 3.2).

In each plot we selected 8 adult Quercus ithaburensis trees. Counting,
which was effected on the trees as well as on the gound, alse included the
acorn cupules of that season {easily distinguishable by their lighter colour).
The difference between the ntmber of cupules and the mumber of acorns on the
ground gave us an indication as to the number of acoms consumed (this on the
basis of observations of cattle, wild boar and rodents which do not eat the
cupules - excepting cattle that consume them in negligible quantities -
see 10.3.2.2.2).

Where the number of acoms exceeded 300, no accurate count was taken but a
mere estimate made in the following manner: on the tree, we selected represen-
tative branch units bearing a certain, regular number of acorns; the branch
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units were counted and their mumber multiplied by the mumber of acorns in a
unit. On the ground, the estimate was made in a similar fashion, by taking
squares of varying sizes, but containing a fixed mumber of acorns, and multi-
plying the mmber of squares by the mmber of acorns they contained.

7.1.2 Results and discussion

Table 7.1 presents the results of observations made in the fixed plots
under different grazing regimes,

The left part of the table shows productivity of the trees in the three
plots, according to coumts taken over three years. The right part shows the
percentages of acorns consumed by animals up to mid-December, calculated from
the yield.

following conclusions can be drawn with regard to the differences between
trees as far as their acorn production is concerned,

Trees differ greatly in their fertility. Differences are expressed even in
order of magnitude, some trees producing thousands of acorns per year while
others bring forth only a few dozens,

Differences between years: the fertility of a tree chamges from year to
year - at times even in one or two orders of magnitude. The low acorn pro-
duction in 1976 was significant in comparison with that in 1974 and 1975
(at a level of 0,01 at least) while no significant difference in the rates
of production in 1974 and 1975 was recorded (Rank test of Wilcoxon-Mann-
Whitny). At the same time, however, there is no indication of bi-annual
alternation such as we found with regard to the flowering of Quercus itha-
burensias (see 6.3.3.71). Fluctuations in fertility and individual differences
between trees were noted by us also in chance observations recorded over a
mmber of years.

7.1.2.2 Effects_of grazing on_acorn production and_survival: From table 7.1
it follows that there are no significant differences between the various
grazing regimes as far as acorn yields are concerned. On the other hand,

with regard to the percentage of acorn consumption (calculated as the
percentage of acorns consumed out of a tree's total acorn yield in that
year), differences were found between types of regimes. The percentage of
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Table 7.1: Acorn yield of fixed trees in fixed plots under different grazing
regimes in the Yahudia Forest, and percentage of yield consumed

by animals.
Productivity (number of acorns)
Grazing . + cattle + boar - cattle + boar - cattle - boar
reglme
Year 1974 1975 1976 1974 1975 1976 1974 1975 1976
3500 1800 250 g5 1420 50 1180 580 3
12 100 22 4] 24 10 33 325 2
540 180 300 1550 40 4 3512 1250 12
25 0 2 25 35 1 4 550 13
37 3000 350 1800 150 20 402 1000 40
218 65 350 1800 7800 0 1480 3400 86
4300 2300 45 0 620 [ 0 140 0
1100 2100 1200 4700 1300 12 Q 850 4
Yearly mean 1217 1193 315 1246 1424 i3 826 1012 50
grazing
regime 908 894 619
mean
Total mean 807
Consumption up to December 15 (% of productivity)
Grazing _ - _
regine + cattle + boar cattle + boar cattle boar
Year 1974 1975 1976 1974 1975 1976 1974 1975 1976
14 28 72 42 14 48 0 12 0
83 0 a2 _— 42 80 0 12 Q
56 83 57 97 530 75 0 20 58
80 - 50 0 50 100 Q 56 46
41 i3 71 14 50 57 0 30 100
5 23 26 100 83 - 0 24 34
10 22 18 - 32 50 0 50 -
45 43 21 37 15 75 0 32 75
Yearly mean 42 33 50 52 42 69 a 30 45
Grazing
regime 43 55 24

mean
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acorns consumed in a plot free of cattle and wild boar was significantly
lower than that in the two plots under different grazing regimes (signi-
ficance level 0.07; Rank test of Wilcoxon-Mann-Whitny)}, while no significant
difference was recorded between the plot under cattle grazing and the plot
free of cattle grazing.

When comparing the differences between the years with regard to the rate
of acorn consumption, a tendency towards increase is discernible only in the
plot free of cattle and wild boar. The acorn consumers in that plot are
rodents. The plot concerned was closed to grazing in 1973, since when it
appears there has been a rise in the rodent population. The Rodent Survey,
too, (see 4,1.2.3.2) shows a bigger population in that particular plot.

The tendency towards z rise in the consumption of acorns by rodents in this
plot reinforces our assumption (see 4,2,2,3) that the absence of wild boar
as a competitive factor in the matter of food, as well as devourer of
rodent young, leads to a rise in the rodent population,

In owr observations of animal acorn consumption, we discovered that
rodents also eat acorns that are still on the trees, and we even found
rodents' 'dining tables' on rocks, with as yet unripe acorns (4 October 1574,
see also 4.1.2).

Acorn consumption by wild boar usually takes place during a brief period
and is almost total. At the ripening season, the wild boar disperse among
the oak trees, and wherever they go they finish off most of the acorns lying
on the surface of the gimmd, sometimes returning to the same plot once
again at the end of the ripening season.

At the begimning of January there generally remain no acorns on the trees,
and none openly visible on the surface of the ground.

Acorn consumption by cattle is more moderate. Although we did observe
that the cattle look for acorns and eat them while passing from tree to tree,
comsumption is mot absolute. On the subject of acorn consumption by cattle,
see 10.4.2.2,

Table 7.1 does not show any significant differences either between plots
urder cattle grazing and plots free of such grazing, while the absence of
wild boar was seen to have a definite effect on the mumber of surviving
acorns,
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acorn crops following conflagration, we found that the tree and its acorns
suffer damage up to a height of 2-3 metres from the ground in the same year,
while acorns growing higher up remain umaffected and will reach maturity
(see also 9.3.2). However, in the following year there is a conspicuous
lessening in the mmber of acorns in all the conflagration areas of the
forest. A fire broke cut in July 1975 in plots where acorns counts had been
made by us (table 7.1). It appears that the low acorn yield in 1976 was the
tesult of this fire, The young acorn forming in February, suffers from a
fire the most in its first summer, but less in the second.

7.2 Composition of Quercus ithahburensis acorns

7.2.1 Methods

Ripe acorns of Quercus <ihaburensiz werve collected in 4 sampling batches, in
a typical Quercus ithaburensis forest plot, on three different dates (Y, see
map 3.2). Each batch was collected at the peak season of acorn shedding, the
acorns being fresh and easily detachable from their cupules while still on the
tree, Each sampling batch weighed 500 gr and contained acorns with shells,
without cupules, from 10 different trees. The samplings were analysed by three
different laboratories %) , and examined for their percentages of dry matter,
protein, fat, ash, cellulose and nitrogen~free extracts, One of the samplings
was also examined for its percentage of tannins and for its digestibility in an
artificial rumen. In another sampling the shell was removed from the pulp, and
each component examined separately. A sampling of maize corns was also examined
for comparison, Composition was determined by the standard methods of the
Association of Official Analytical Chemists {1975}, and digestibility according
to Tilley and Terry (1963).

¥)

I am grateful to: the Michael Laboratories, Gush-Etzion
the Volcani Centre Animal Research Institute
the Zemach Fodder Institute.



7.2.2 Results

Table 7.2 registers the results of laboratory analyses of Quercus ithaburen—
sis acormns,

Table 7,2: Chemical composition of Quercus ithaburensis acorms.

Composition
Percentage of dry matter P
Dry _ Nitrogen- _ Digesti~
Date matter Protein Fat  Ash (]?ellu free T‘.m bility
ose nins
Z extracts
Dec. 1975 57.1 3.5 5.3 1.9 11.0 78.3
Nov, 1978 £0.0 5.0 5,0 2.2 1.8 77.0
Nov. 1978 61.9 5.0 5.2 1.7 10.1 78.1
Nov, 1979 57.4 4.4 4.2 2.0 9.4 80.0 4.1 71.0
Mean 59.1 4.5 4.9 2.0 10.3 78.4 4,1 71.0
S.D. 2.3 0.7 0.5 0.2 0.7 1.2
¥ov, 1978 63.3 5.1 5,8 1.5 6.6 81,2 Pulp only
Nov. 1978 52.8 5.7 1.5 3.1 33.7 57.0 Shell only
Nov. 1978 87.0 7.4 5.5 2,0 4.0 77.0 Maize corns

7.2.3 Discusstion

The chief compenents of the acorn are nitrogen-free extracts which make up
78% of the seed's dry matter. In view of the high digestibility of the acom,
it can be assumed that the greater part of the nitrogen-free extracts are
carbohydrates with smaller molecules than those of the cellulose whose quantity
has been defined separately. The principal storage tissues of the seed are
therefore the carbohydrates, while fats constitute only 5%.

digestibility percentage might have been expected. Tarmins being retarding
factors in the development of micro-organisms, it is possible that their
presence to a certain extent reduces digestibility (Dr. D. Ben-Gedaliah,
personal information). But all in all, it appears that the acorns are a con-
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centrated food of the highest value, in composition almost comparable to that
of the maize corns. And indeed, the acorns are a significant component of the
diet of rodents, wiid boar and cattle in the Yahudia Forest (see also 7.1.2;
10.4.2.2).

7.3 Examination of germination and establishement of Quercus ithaburensis
acorns in nursery experiments, and reflections on applicability

7.3.1 Vitality

we used ripe acorns, collected at the peak ripening period when, while
still on the tree, they can easily be detached from their cupules. The acomns
were collected in a forest plot located 200 m above sea level (plot Y, see
map 3.2}, In a preliminary test, acorns from 5 places in the Yahudia Forest
were examined and shown in soil deriving from 4 different sources within
the forest (all in all 20 combinations). As we found no significant dif-
ferences in germination percentages either as far as the various acorn
sources of the various sources of soils were concerned, we made do with
acorns and scil taken from a single source, The acorns were sown in pairs,
in black perforated polyethylene bags containing about 1 kilo soil. They
were sown 2 am deep, with their longitudinal axis in horizontal positicm.

7.3.1.2 Results:

1. Seed vitality - nursery experiment: Sowing was effected immediately upon
collection of seeds, and percentage of seedlings recorded on two dif-
ferent dates: first - at the end of the germination period {April), and
second - about one year after sowing (December), when seedlings are al-
ready established, after having survived the summer, and are ready to
shed their leaves.

Herebelow are shown in detail the checking dates, numbers of seeds and
seedlings, and percentage of seedlings,



111

Quantity of Percentage of
seeds/seedlings seedlings

29.11.73 Collection & sowing of acorns 1012
21.04.74 Seedling count 933 98
17.12.74  Established seedlings coumt 870 86 of seeds

87.5 of seedlings

2., Seed vitality - time of sowing, and preservation conditions: Fresh, ripe
seeds, collected in forest plot (Y, see map 3.2), were sown 2, 4, 8, 14,
22, 32, 44 and 58 days respectively after collection, 10 seeds being
sown on each occasion. One batch of seeds was stored in a net-covered
plastic container which was placed in a permanently shady spot in the
forest, remaining there from the time of collection until the sowing
date, The second batch was stored in a similar container, for the same
length of time, but in an exposed spot in the forest. The numbers of
seeds that germinated in the different batches and on different dates
are recorded in table 7.3.

Table 7,3: Germination of Quercus ithaburensie acorns, following delayed
sowing after ripening, under shade and exposure conditions.

10 acorms were contained in each sample batch on each date,

Period of delay (days) 2 4 8§ 14 22 32 44 58
Number of seeds germinating
under shade conditions 10 10 10 10 o 10 o 10

Number of seeds germinating
under exposure conditions 10 10 3 2 0 0 0 0

Difference between batches was fourd to be significant at the rate of

at least 0.01 (Rank test of Wilcoxon-Mamm-Whitny). .

3. Seed vitality - effects of Quercus ithaburensis leaves: In view of the
tendency of Quercus ithaburensie leaves to inhibit the growth of certain
species (see 7.3.1.3 below), we examined the effects of these leaves on
Quercus ithaburengis acorn germination, Since in nature conditions the
acorns of Quercus tthaburensts germinate in beds containing leaves of
their own species, we tested germination under similar conditions but
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with a number of different concentrations of shed leaves.

Fresh Quercus {thaburensis seed collected in forest plot (Y, see map 3.2)
were sown in 3 concentrations of shed Quercus {thaburensis leaves mixed
up with soil. Of each concentration 20 bags were sown.

Leaf concentration is expressed in percentages of soil weight, and the
germination percentages in each leaf concentration were as follows:

(%) Leaf concentration 0.6 3.6 21.6
(%) Germination 92.5 85.0 90.0

No significant difference was found between the various leaf con-
centrations as to number of germinations (Chi-square test).

7.3.1.3 Discussion:

We found that the sowing of fresh Quercus ithaburensis acorns under
nursery conditions resulted in a high germination percentage (98%), with
37.5% surviving at least umtil the age of one year. This is in contrast to
what we found was happening under natural conditions (see below 8.4.3). There
is no doubt that the lack of competition for water from herbacecus plants
contributes to so high a percentage of gemmination and survival rate in
nursery conditions as compared to nature conditions.

Under shade and moisture conditions the germination potential is preserved
for at least two months. [f exposed, the majority of the seeds lose their
germination potential after one week; some manage to germinate after two
weeks, but no more. Also with regard to Quercus czlliprincs seeds it was
found (Harif, 1574) that they retain their germination potential for 33 days
under shade and moisture conditions, while in exposure conditions it lasts
only some 8 days, and that the cause of forfeit of germination potential is
the loss of water from the acorn.

In examining the possibility of Quercus i{thaburensis germination
inhibition by leaves of adult Quercus ithaburensis trees shed in the winter,
we obtained a completely negative result., A similar conclusion can be drawn,
too, from our observations of natural germination (see below 8.4.3.1), given
the fact that most of the seedlings grow near the adult trees within the
shedding range of most of their leaves., As against this, it was found that
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Quercus 1thaburensis leaves do contain germination inhibitors and that, in

massive concentration, they caused germinatiom inmhibition in 8 species of
herbaceous plants that were examined (Dinoor, 1962). Rabinovitch, too (1977}
found that extracts of Quercus ithaburensie leaves tended to inhibit
germination of Sarcopoterium spinomum., Qur own tests, made without such
extracts, but in maximumm imitation of natural conditions, showed, as
stated, an absence of inhibition as far as Quereus ithaburensis acorns were

concerned.

7+3.2 Root and shoot growth in Quercus tthaburensie seedlings

From a nursery bed sown in December 1975, 10 seedlings each were chosen at
random, 1, 2, 3 and 4 months after the sowing date (altogether 40 seedlings),
and their root and shoot lengths measured. The results appear in table 7.4,

Table 7.4: Shoot and root lengths of Quercus ithaburensis seedlings,

and their ratio, 1, 2, 3 and # mouths after sowing.

Date January 1976  February 1976 March 1976 April 1976
shoot root shoot root shoot root shoot Troot
mwean length (mm) 0 85 30 289 129 321 199 446
S.D. 0 70 22 83 61 93 73 126
shoot/root ratio 0 0,097 0.433 0,465
s.1n, a 0.08 0.22 0,19

From this table we learn that the root starts growing earlier and has a
faster growth rate than the shoot. Even at the end of the growing season the
root is still twice as long as the shoot, Thus no significant linear correlation
between shoot and root length was found throughout the entire measuring period.

Examination of the shoot/root ratio did indeed show differences between the
first and second, and between the second and third period (at the significant
level of 0.005 t test), but no significant difference was found to exist
between the third and fourth period. In that season (March~April) the growth
rates of shoot and root are slower and the ratio is more or less stable.
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There is a conspicupus variability in the different seedlings with regard
to their shoot and root lengths, which finds expression in the high standard
deviations for shoot and root lengths in all of the 4 measuring seasons.

Ten acorns each were collected from three weight groups in forest plot Y (see
map 3.2} in December 1976. The fresh acorns were sown in a 95 ¢m high seed box.
After completion of root growth (observed through glass screen of seed box) in
June, the seedlings were carefully removed by soil-flooding and the lengths of
their roots measured. All the roots were found to have grown straight down to
the bottom of the box. The results of this experiment are recorded in

table 7.5. ¥

Table 7.5: Root leugths of Quercus ithaburensts seedlings which
germinated from 3 weight-batches of acorns.

mean weight of acorn (gr) 5.4 12.7 34.3
S.D. 0.5 0.6 0.9
mean length of root (mm) 648 1078 1263
§.D. 90 129 94

We found a significant difference between root lengths from the first and
the second batch, at the significant rate of 0.001 in t-test, and also between
those from the second and third weight groups, though at a rate of 0.01 in
t-test. It therefore follows that the length of the root clearly depends on
the weight of the acorn.

In summing up these two experiments it will be found that whereas root
growth starts immediately after sowing, shoot growth is delayed for about two
months. Although there is no evident correlation between shoot and root
lengths, the ratio between them augments from the date of sowing until March,
at which time it more or less stabilizes. There is no doubt that the deflection
of the seed's entire resources to the growing of the root during the first
stage, affords the seedling an obvious advantage that will make itself felt
with the onset of the drying-up of soil at the beginning of May (see also 8).

x) The experiment was carried out wirh the gracious help of the
late Dr. Yitzhak Harif.
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The bigger the acorn the greater the advantage, because until the soil starts
drying up the seedling has better prospects to reach damper layers and to thus
survive until the winter. A similar comnection between the weight of an acorn
and its root length during the first year exists also in Quercus calliprincs
{Harif, 1974).

7.3.3 Examination of methods of growing Quercus ithaburensis seedlings, and
suggestions as to thelr applieation

perforated polyethylene bags of 10 cm diameter, in December 1974. After 14
months, the seedlings were transferred to a natural area, free of Quercus
tthaburenzie tress (M, see map 3.2). Prior to transplantation of the seed-
lings the area was cleared of grasses, and the polyethylene bags were removed.
Another seed-batch was sown straight into an area protected against cattle
and wild bear activities. Germination results and survival of seedlings cne
year after sowing or planting in open ground are recorded in table 7.6.

Table 7.6: Propagation of Quercus ithaburersis by sowing direct irn
open ground, and by seedling transplantation.

% of survival

Number . . .
Germination in open ground
of seeds
Z after one year
Direct sowing in
open ground 64 100 89,5
Sowing in bags
and subsequent
transplantation 480 98.5 60.9

Whereas there is no significant difference between the two breeding methods'’
germination percentages, the direct sowing method has a significant lead in
survival percentage after one year (significance level 0.005, chi square
test). All the seedlings grown in polyethylene bags during a period of 14
months were found to have twisted roots, whereas roots of seedlings whose
bags were opened two months after sowing, had not vet twisted although they
had started growing horizontally at the bottom of the bag. Transplantation
of seedlings to the open ground at this stage proved generally successful,
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though transplanting of two-months old seedlings was not repeated often
enough to enable us to draw unequivocal conclusions.

7.3.3.2 Discussion and Conclusions:
1. Propagation by direct sowing or transplanting of seedlings

We found that direct sowing into the soil affords the seedling a distinct
advantage and enhances its survival potential after the period of one
year. In our measurings of root lengths (see 3.2) we had already found
that the roots grow fast, attaining a length of 65 cm in small acorns
and up to 125 cm in big acorns in the first year. The growing of seedlings
in polyethylene bags does nog enabie deep penetration of the root and on
the one hand causes growth suppression, and on the other a twisted growth
that is likely to impair the seedling and hinder the tree after trans-
plantation. Transplantation of the seedling during its first growth
period, before the root starts twisting, is likely to afford the tree the
advantage of developing in the desirable habitat without any hindrance,
in protected and controlled conditions during its germination and further
Toot penetration.

In experiments of Quercus fthaburensis propagation in nursery conditicns
(Biran, 1977}, several weeks old Quercus tthaburensis seedlings were
transferred to 1-litre volume polyethylene bags, and after 4 months to

15 litre volume containers, In each transplantation the roots of several
seedlings were pruned. It was found that pruning before the second trans-
plantation resulted in root ramification and a greater height of the
seedling which was ramified in its upper part, without impairing the
continuation of its apical growth. As against this, mere pruning before
the first transplantation caused ramification, but also considerable
twisting, of roots, as well as ramification of branches attended by stop-
page of apical growth. Where no pruning had been effected the result was
a single, twisted root, and only little ramification of branches which
were distributed throughout the whole length of the seedling. Biran con-
cludes that late pruning of roots improves the root system and causes
weakening of the apical domination and an increase in apical control.
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2. Suggestions for application of Quercus ithaburensis propagation methods
The fact that the Yahudia Forest is a remnant of the Quercus ithaburensis
forests that once covered large tracts of the Golan (see 5) compels us
to try and conclude from the ongoing processes in it what techmiques had
best be applied by us to rehabilitate these forests, This objective we

consider to be an important part of our work,

The experiments carried out by Biran referred to above (7.3.3.2.1) no
doubt show us a direction for propagating gQuereus <thaburengis in nursery
conditions. However, in order to grow Quercus i{thaburensis in nature con-
ditions without irrigation, the root of the seedling requires to reach a
maximum depth during the first year, to enable the tree to survive its first
summer without suffering desication., This carmot be achieved if the seedling
has its root pruned at the age of 4 months. Desication of seedlings is a
critical problem in the first dry seasons (more on this subject in 8,4,3.6).

We recommend the following propagation methods for Querecus ithaburensis,

in order of priority:

1, Direct sowing into open ground after clearing area of grasses, at least
in first year (either by hand or by spraying with germination inhibitors)

2. Sowing in nursery, and tramsplanting of seedlings in open ground at the
end of winter (at age of 2-3 months). (Clearing area of grasses is
desirable,) This method is worth adopting wherever acorms are at risk of
being consumed by rodents or wild boar

3. Sowing in nursery and subsequent transplanting of seedlings in open
ground with the onset of the second winter {at age of 12-14 months), with
roots being pruned above the twist, This method should be adopted where
young seedlings face risk of being trampled on by cattle or wild boar.

should be collected when brown, and while still on the tree but easily de-
tachable from cupule. In a large-scale operation, it is worth cleaning the
ground around the tree of acorns already shed, and picking the ripe acorns off
the tree in the way olives are picked - either by shaking the branches of
beating them with a stick.
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Sowing: Acorns should be sown 2 om deep, with longitudinal axis in horizontal
position, within a few days of collection.

Preparation of sowing or_transplantation area: ground should be cleared of

grasses and kept clear during 2-5 seasons.
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8 GERMINATION AND ESTABLISHMENT OF THE QUERCUS ITHABURENSIS IN THE YAHUDIA
FCOREST

8.1 Introduction

This chapter will deal with the natural conditions which bring about or
inhibit germination as well as conditions of establishment and commencement of
the development of Quercus ithaburensis seedlings in the Yahudia Forest.

Examination of conditions was made both by observation of seedlings in the
field and by sowing and planting in various habitat conditions and grazing
regimes.

As we have seen above (7.3.1.3) the gemmination potential of Quercus i{tha—
burensis acorns depends upon the amoumt of water they retain. This was dis~
covered in the Quercus calliprinocs by Waisel and Friedman (1960) and Harif
(1974) and confirmed by us with regard to the Quercus ithabwrensis, Waisel and
Friedman maintain that the gexmination bed of the Quercus calliprince seeds is
of prime importance and the more protected it is from dehydration or the more
deeply embedded in the soil the greater its germination potential. They contend
that the essential inhibitor of the growth in the species is germination and
not establishment. However, Harif (1974) shows that the Quercus ealliprinos has
many establishment problems and only about 20% of the seedlings which have sur-
vived their first year actually reach the age of seven years. He draws several
conclusions regarding the natural conditions under which the Quercus ealliprinos
establishes itself:

~ in humid habitats such as northward facing slopes or stone terraces the
percentage of establishment is 65% greater than in more arid habitats in
the same area such as southern facing slopes.

- competition over water with herbaceous plants completely inhibits establish-
ment of the Quercus calliprinos and establishment is more successful among
shrubs than in exposed areas.

- seedling mortality is directly dependent upon the amoumt of water available
in summer and by supplementation of irrigation it was possible to prevent
mortality.

- distribution of seeds in suitable habitats also influences establishment.
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It has been found that about 90% of the seedlings are situated at a di-tance
of up to 10 metres from the parent plant. Rodents were found to be distributors
of seeds and even if they had gnawed part of the acorn its germination potential
was still maintained. The larger the remaining piece of acorn, the greater its
establishment potential.

Section 7.1.2.2 has already dealt with the effect of wild boar and rodents
on the number of remaining Quercus ithaburensis acorns in a plot. Mellanby
(1968) states that those animals which are acorn consumers and destroy most of
them, are also a significant factor in regeneration of the oak. Long-range
distribution is mostly carried out by birds. The Jay (Garrulus glandarius)
carries the acorn to a distance of up to several hundred metres and buries it
in the soil. Some of the acorns germinate and are established; in some cases
the cotyledons are consumed after germination, and in some cases they are con-
sumed as acomms (Bossema, 1979). 1

The distribution areas of the Quercus <thaburensis indicate that its germin-
ation and establishment is possible over quite a wide range of precipitation
and soils {see above 5.1.3), but they offer no indication of the factors
within the natural conditions, which determine the extent to which germination
and establishment of this species can succeed.

The establishment of a seedling does not necessarily ensure the continuation
of the species, it is ohly ensured once the plant has reached the reproductive
stage, According to Shmida (1980) the reproductive stage in the Quercus species
depends more on height than on age, with genetic divergence from species to
species, The Quereus calliprinos ylelds fruit at a height of 2} metres and the
Quercus boisster’ at an even greater height.

Mellanby (1968} states that rabbits and hares gnaw the young oak shoots in
England, but these are able to withstand the damage. Cattle and sheep eat seed-
ling right down to the root and most of these do not regenerate. Deer in sparse
numbers do not prevent establishment of osks. Jones (1959), however, maintains
that in England, deer have caused damage to 60-90 cm high cak seedlings. Boar
also cause damage to seediings by burrowing intoc the ground for remains of
acorns, According te Harrington (1978) aithough cattle sever the apex of the
seedlings, they do not destroy them. However, because they are prevented from
reaching any great height they are rendered available to goats which have great
influence over the existence of the seedlings.
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Dense populations of herbivores affect the seedlings not only by actually
eating them. Trampling both directly affect the shoots and also compresses the
s0il which inhibits germination (Howard, 1967).

We have seen, therefore, that the effect of these animals on germination and
establishment processes are debatable, Their contribution to these processes
can be either positive or negative in different situations.

We shall deal with the impact of conflagration on seedling later on (9.1.1),
but shall mention here that fire causes the trees to remain at a low height
because of the destruction of the above-ground parts and sprouting of new
branches from the base of the plant {Rocky Moumtains, 1960; Trabaud, 1977) and
that the survival potential of young seedlings following conflagration is much
lower than that of more mature trees (Humphrey and Mehrhoff, 1958).

8.2 Methods

8.2.1 Plote emd moin treatments

In 1973 nine plots in the Yahudia Forest were fenced off and labelled, each
representing a different grazing regime and varying types of vegetation. In
section 5.2.3 above we have described the type of fencing and degree of grazing
whithin each plot. We shall just mention that the cattle grazing was not
strictly supervised and amounted to 80-110 days of cattle grazing per hectare
per year. Boar foraging was estimated at an average of 22 days foraging per
hectare per year, although in winter, particularly during the acorn season, the
pressure was temporarily greatly increased. A list of plots and treatments is
recorded in table 8.1.

Examination of germination and establishment in natural conditions was made

in two separate experiments in the same plots:

1. Natural germination: marking, mapping and follow-up of all natural seedlings
within the main plots.

2. Sowing and planting of acorns and seedlings which had germinated in a
nursery in the main plots of various habitats.
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Table 8.1: A list of plots, their size and mgin treatments wuich they
represent for purposes of following up germination and
establishment of Quercus {thaburensis in the Yahudia Forest
{see map 3,2 for marking of plots},

vegetation type grazing regime plots ha
Quercus ithaburensis +cattle + boar R, P 1.0
" " ~cattle + boar K, D 1.0
" " ~cattle - boar C, B 0.2
Ziziphus lotus +cattle + boar A 1.0
" " ~cattle + boar L 1.0
" gpinachristii -cattle + boar 8 1.0

8.2.2 Natural germination

Note: During all the years of observation we found no Quercus ithaburensis
seedlings among vegetationm of the Zizi{phus lotus type, so that these
plots were excluded from the data processing system and analysis,
However, this fact is significant in itself.

Mapping of parent trees in each plot: in each plot an exact mapping was
made of all mature trees (a tree above the height of 1.5 metres is considered
mature) and of the cairns within the plot.

Time of observation: Each plot was observed anmually and the Quercus <tha-
burensis seedlings measured. CUbservation was effected during June-October
when the green seedlings stand out against the surrounding yellow grass,
since at this time the ocak does not undergo any significant phenological
changes. The observations were carried out over the course of four years
(1974-15777.

Recording of seedlings: As concentrations of seedlings were found to be
in the near vicinity of a mature Quercus tthaburensie or group thereof,
recording of the seedlings was effected in relation to the tree, or group
of trees which the seedling was near, but no farther than, 6 metres. Each
seedling received an "identity mmber'" related to the parent tree and to
its serial number within the group of seedlings in the proximity of the
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parent tree. Seedlings found a distance of more than 6 metres from any tree
were listed accordingly and marked on the map. The seedling mumber was
recorded on an aluminium label in wax pencil and the label was wound round
the stem so as to enable the stem to thicken without hindrance, by expansion
of the aluminium band.

8.2.2.2 Measured Parameters

1. Parameters measured once during the first year of observation for each
seedling (parameter signs such as those used for data processing appear
in parentheses}.

(IT)
(10C)

Number of trees in the parent tree group.

Locaticn of each tree in relation to the cairn nearest to it or
upon which it grows: the cairns upon which or near to which most
of the trees grow, were divided into "'zones" (see figure 8,1); top
of cairn, slope of cairn, bottom of cairn and flat open area out-
side the cairn (marked 0, 1, 2, 3 respectively).

(IST) Mumber of seedlings in proximity to the parent tree group and at a

distance of up to 6 metres from them.

Parameters describing the seedlings

(DEG)

(LS)

(AGE)

Location of seedling in relation to the tree: the area surrounding
the "parent tree'" was divided into eight segments of a circle with
the tree in the centre. The segment in which it grew was recorded
for each seedling. The segments were marked according to the compass,
north, north-east, east, south-east, south, south-west, west and
north-west (0, 45, 90, 135, 180, 225, 270, 315 degrees respectively).
Location of seedling in relation to the cairn: as with the trees

(see above) a recording was made of the location of the seedling at
the cairn's top, slope, bottom or cutside (marked 0, 1, 2, 3 res-
pectively).

Minirum age of seedling during its first observation year: an
estimate was recorded of the age of the shoot in its first
observation year. The estimate was based upon the mmber of inter-
nodes in the stem of the shoot from the neck of the root until the
leaves. This estimate provides the minimm age only, since if there



*(Areat3oadsaa g 1 gz ‘g) uaren eyl 2pTSINO punoad usde JBTJ pUB WITED Jo wolloq ‘udareo jo adors
‘fuaies 3o dol !SUOTIDIS 01UT PIPTAIP SeM uareo ayjl *sssodand ano Joj Moald seoal syi yo isow
yotys uo issaoi eIpnyei oyl ur weysAs uareo TeotdLy v ur sBurTpess BLEUDINGOYL T SNOIENG T8 2aNT1]
§

0 LI T _ . 3 _ T ] _ o




125

has been rebudding from the neck of the root following damage to
the entire stem, this is difficult to identify on the new stem.

On the other hand, it is difficult to distinguish between internodes
after the age of four years and all the shoots above this age were
placed in one group of a minimal age of four vears and over. The
age at each year is, therefore, the initial estimated age plus the
nunber of observation years of the seedling.

2. Annually measured parameters

Date of cbservation: marked in four numerals (two for the month and two
for the year).

(IB)

(IBB)

(HT)
(HTB)
(BS)

(BSE)
(F,H)

Number of branches on the seedling on the day of observation.

All seedlings whose branches totalled more than 14 were grouped
together.

Mumber of branches on regenerated seedlings following damage.
Following fire, gnawing, breakage etc., regeneration sometimes
occurs outside the normal seascn for budding in spring.

Height of seedling in centimetres above ground level.

Height of seedling as above after regeneration following damage.
Site of seedling regemeration: each year, with the exception of
the first year of the seedling's life, at least one wave of budding
occurs, which issues from a basal bud, a lateral bud or an apical
bud and sometimes from several buds simultaneously. The highest
location was recorded and mumbered with the following code mmbers:
3 - apical budding, 2 - lateral budding, 1 - basal budding.

Site of seedling regeneration following damage as above.
Conflagration: if the seedling had been damaged by fire, record was
made of total damage (F) (desiccation of all the leaves) or partial
(H), (desiccation or scorching of some of the leaves). A recording
was also made of whether or not there was budding after conflagration
and if so, the site of regeneration (BSB), height (HTB) and number
of branches after regenmeration (IEE).
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REMARKS

Remarks on phenological changes and various damage to the seedling: these
remarks are qualitative, dichotomous variables and were recorded only if
the phenomencn was cbserved., The remarks recorded were:

Y -
X -

O m < O MmN =
'

Z 2+
I

-~
]

8.2.2.3

appearance of budding

appearance of shedding signs (change in leaf colour to autumn colours)
or actual shedding

appearance of leaf desiccation signs

dry seedlings, all leaves dried

seedling trampled by cattle (identified by footprints)

seedling, or parts thereof, consumed by cattle

seedling uprooted by wild boar (identified by footprints)

partial gnawing of seedling (excluding neck of root and apex) by rodents
(identified by gnawing signs)

gnawing of root neck by rodents

gnawing of seedling apex by rodents

seedling germinated from acorn partially gnawed by rodents

seedling whose leaves have been partially or wholly consumed by insect A
larvae -

seedling uprooted by animals (excluding wild boar)

Primary processing of raw data

Raw data was fed into the computer and filed according the plots,
treatments and measured parameters., Processing was carried out with the aid
of SPSS programmes file (Nie et al., 1975) utilizing mostly 'Frequency' and
"Scattergram'' programmes,

In addition a number of new parameter were defined, which were calculated

from

the raw data.

The following is a complete list of calculated parameters:

(MIT) - Average number of leaves per seedling for all the cbservation
years

(MIBB) - MIT following damage (fire, breakage, trampling, gnawing etc.)

(MHT) - Average height of seedling over all cbservation years

(MHTB) - MIT following damage as above

(BS1) - Frequency of occurrence of basal budding during the life of the



(BS2)

(BS3)

(BS1-3)
(BSY1-4)

(YRMC}

(FG)

(HG)

{YG)

(X6

(WG}

(26)

(WZG)

(CG)

(V6)

(VG)

(EG)

(0G)

(TG)

(UG)

)
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seedling

Frequency of occurrence of lateral budding during the life of
the seedling

Frequency of occurrence of apical budding during the life of
the seedling

BS1-3 following damage as above

Location of budding from the first calendar year (1974) umtil
the fourth (1977) accordingly

Survival of seedling., Mmber of calendar observation years
during which the seedling was observed alive

Total conflagration frequency of seedling during observation
years

Partial conflagration frequency of seedling during observation
years

Frequency of occurrence of budding in seedling during observation
years

Frequency of appearance of autumn colours or shedding during
observation years

Frequency of appearance of shedding process in seedling during
observation years

Frequency of appearance of total desiccation in seedling during
observation years

Frequency of appearance of partial or total desiccation during
observation years

Frequency of appearance of trampling by cattle during observation
years

Frequency of appearance of eating of seedling by cattle during
observation years

Frequency of appearance of damage by cattle to seedling during
observation years

Frequency of appearance of uprooting of seedling by wild boar
during observation years

Frequency of appearance of gnawing of seedling by rodents during
observation years

Frequency of appearance of gnawing of root neck by rodents
during observation years

Frequency of appearance of gnawing of seedling apex by rodents
during observation years
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MG) - Frequency of appearance of seedling which has germinate during
observation years from a gnawed acorn

(ORG) - Frequency of appearance of damage by rodents during observation
years

(NG) - Frequency of appearance of seedling whose leaves are consumed

by insect larvae during observation years
(KG) - Frequency of appearance of uprooting of seedling by animals
during observation years
(NKG} - Frequency of appearance of damage by animals (excluding damage
identified as damage by cattle, wild boar and rodents) to seed-
ling during observation years
Frequency of appearance of damage by any animals to seedling
during observation years.

(DAMG)

8.2.2.4 Analysis of data on natural gemmination

Data was analysed with the aid of a computer using SPSS programme file
(Nie ez al., 1975), using mainly "Frequency'', "Scattergram'', "'Crosstabs*
and "Anova" programmes.

Examination of comnection between two variables was made by means of
scattergram and linear regression, but generally by means of a chi-square
test.

Whenever distribution of the variable occurred over a wide range, it was
either recategorized or turned into a dichotomous variable taken the value 1
if the phenomenon had taken place and the value 0 if it had not. Analysis of
several variables together was done by stepwise logistic regression (LR},
programme file BMDP {Dixon and Brown, 1979).

8.2.3 Sowing and planting of the Quercus tthaburensis

Within the main plots and in accordance with main treatments (see 8.,2,1},
acorns were sown or seedlings transplanted from nursery to three natural
habitats (HAB). Letter in parentheses indicate codes for variables used in
data processing.

(FLAT) = OQutside cairn on flat, open surface (site 0 in fig. 8.1)
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{CATRN} - The lower part of the cairn (site 2 in fig. 8.1)
{TREE-CAIRN} - The lower part of the cairn and in the shade of the Quercus
ithaburengte (or 2iziphus spinachristii in plots S, L, A).

Sowing of seedlings (SEED, SD2) took place during the course of three
years, 1973, 1974, 1975 (B.YEAR), in the month of December which is the
acorn ripening time. For purposes of sowing, ripe acorns were collected
from the trees at a stage where they are easily detached from the cupule,
They were collected from at least ten different trees in plot Y (see map 3.2),
and the acorns well mixed before being sown. (With regard to significance
of seed source, see 7.3.1}. Each replicate plot, which was 1x1 metre in size,
was marked and either 100 acorns (in 1973, 1974} or 50 acorns (in 1975) sown
therein, In each habitat (HAB) at least four replicates were sown in each
main plot. In those plots where over 20 seeds germinated record was made
accordingly as well as thimming out down to 20 seedlings only, in the month
following germination.

In addition, two secondary treatments were carried out:

{IRR) - Irrigation: supplementary irrigation given to replicate plots
which, for this reason, were sown in three habitats in main plot B
{grazing treatment: - cattle and - boar) during 1975. The water
was collected by means of a gutter network and barrels which
drained the rainwater during the course of the winter of 1975, and
irrigation was carried out by watering can at the end of May, in
an amount equivalent to 70 mm of rainwater.

{WEED) - Weeding: during 1973 and 1974 a number of plots were sown, from
which herbaceous plants were weeded, In the 1975 sowing, all
replicate plots were weeded, with the exception of four replicate
plots for inspection purposes,

Planting (SEEDLING, SD1) of 2-3 month old seedlings transplanted from a
nursery was carried out in the main plots during February-March. The seed-
lings were nursery-grown from acorns which had been collected and sown in
December of the previous year. Eight seedlings were transplanted to each
replicate plot 1x1 metre in size. Planting in habitats and treatments was
effected as with the plants sown directly into the open ground

Table 8.2 gives a list of treatments and replicates carried out.
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+/-C : with/without cattle grazing

+/- B : with/without boar foraging

QUEITH ! Guercus ithaburensis vegetation type

2IZLOT : Ziziphus lotus vegetation type

ZIZSPI . Zisphus spinachristii vegetation type

(GRAZ) ¢ grazing treatments: -C -B; -C +B; +C +B

(VEGT) : grazing treatment according to main tree types were:

QUEITH -C -B : -C -B in Quercus ithaburensis forest (identieal to -C-B
under "GRAZ" treatments)

QUEITH -C +B : =C +B in Quercus ithgburensis forest

QUELTH +C +B : +C +B in Quercus ithaburensis forest

ZIZLOT =C 4B : =C +B in Ziz<phus lotus vegetation type

ZIZLOT +C +B : +C +B in Ziziphue lotus vegetation type

ZIZSPI -C +B : -C +B in Ziziphue spinachristii vegetation type

TIPUL = GRAZ + VEGT treatments

There was, therefore, a total of 322 plots containing seedlings which had
been sown and 98 plots containing seedlings which had been transplanted.
The seedlings were observed from December 1973 until August 1978, a total
of 57 observation months. Cbservation was terminated of those plots, when
no live seedling was seen for 14 continuous months.

8.2.3.2 Measured Parameters
Each replicate plot in the field was marked and an index card opened
containing details of treatment and secondary treatment, habitat and number
of replicate.

The following parameters were recorded for each monthly observation:
Date of cbservation

(NSEED} - number of live seedlings in replicate plot

(8) - number of seedlings before thimning out. This note only appears
if over 20 seedlings germinated and the seedlings had been
reduced to 20

(NSBUDS) - mumber of seedlings budding in replicate plots

{MNL) - mean mumber of leaves per seedling per replicate plot

(BS) - site of spring regeneration (excluding year of germination)
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(Bs1) - mmber of seedlings in replicate plot regenerating from basal
bud

(BS2) - number of seedlings in replicate plot regenerating from lateral
bud

(BS3) - mmber of seedlings in replicate plot regenerating from apical
bud,

In cases where the seedling had regenerated from several buds record was
made of the highest.

(F) - mmber of seedlings in replicate plot totally damaged by con-
. flagration (desiccation of at least all of the leaves)
H) - mmber of seedlings in replicate plot partially damaged by con-

flagration (desiccation of part of the leaves)

(REMARKS)- various remarks were recorded on shoots in phenological conditiom
and of damage, particularly by animals. The variables are
quantitative and record was made of the number of seedlings per
replicate plot, to which this damage had occurred. This list of
rvemarks is identical to that given above {8.2.2.2) with regard
to natural germination.

8.2.3.3 Primary data processing
Raw data was processed by computer. Dataz was '‘filed" according to plots,
treatments, months of the year and measured parameters, while retaining the
identity of the replicate plot from which the data had been collected. Pro-

cessing was done with the aid of programme file SPSS (Nie et gf., 1975)

using mainly "Frequency" and "Scattergram’ programmes. In addition, several

new parameters were defined, some of which had been calculated on the basis
of the measured parameters. These parameters are:

PGERM : germination percentage in sown seedlings (""SEED'™), or percentage
of those which had taken root of seedlings transplanted from a
nursery ("'SEEDLING').

PLIVE : Survival percentage of seedlings calculated on the basis of the
number of seedlings from the previous year, thus:

PLIVE i = fumber of seedlings alive at year i

mmber of seedlings alive at year i=1 = 100
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5
PLIVES = 1 PLIVE1i
i=2
PLIVE was calculated in percentages for each replicate plot. In order to
process data this variable was classified in two ways:

1. Dichotomous variable taking the value either 1 or 0 for survival, or
non-survival, respectively, of seedlings in replicate plot;

2. Quantitative variable in following divisions of survival percentage: 0,
1-25, 26-50, 51-75, 76-100,

T.PLIVE : Survival percentage of seedlings calculated on the basis of mmber
of seedlings in replicate plot during first year following germination.

_— mmber of seedlings alive at year i
T.PALIVE 1 no. of seedlings alive at first year after germination x 100
oML : Difference in maximm mean mmber of leave per replicate plot from
one year to the previous year.
DML i : (maximm mean munber of leaves at vear i) - (maximu mean mmber of

leaves at year i-1).

At each observation the mean number of leaves per seedling per replicate
plot was recorded (MNL). The yearly maximum MNL was usually after springtime
budding during February-March. DML was calculated with regard to each
Teplicate plot. For purposes of data processing IML was divided into the
following groups:

=100% : seedlings had lost all their leaves

=98 ~ -21% : significant decrease in mmber of leaves
-20 - +20% : no significant change in mumber of leaves
+21 - +99% : significant increase in mmber of leaves
*100% : mmber of leaves at least doubled.

B.2.3.4 Analysis of data on_sowing and planting experiments
Data was analysed with the aid of a computer using programme file SPSS
(Nie et al., 1975). Mainly used were 'Frequency', "Scattergram" and "Cross-
tabs" programes.
Examination of the commection between two variables was made by X2 test.
Whenever the variable was distributed over a wide range it was recategorized
or turned into a dichotomous variable taking the value 1 if the phenomenon
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had taken place and the value 0 if it had neot., t-Tests and median tests were
made to compare treatments over several years and to compare distribution of
variables over the months of the year.

8.3 Results

8.3.1 Natural germination of the Quercus ithaburensis in the Yahudia Forest

inter-relationships

In figure 8.2 the frequency of various measured parameters is described.
(IT) Number of parent trees in group: Approximately 60% of the trees stand
singly and about 28% in groups of 2-3 trees. Group of 0 trees in group
signifies seedlings found in the area not in proximity to a "parent tree'.

(IST) Mumber of seedlings surrounding a group of "parent trees': About 15%
of the trees had no seedlings in their immediate vicinity and about 12% of
the trees had one seedling in close proximity. It was sometimes possible to
find several tens of seedlings surrounding some groups of trees. On one case
66 seedlings were found round one group of “parent trees'. The figure does
not show low frequency of seedling group within the range of 25-40 seedlings
peT group.

(LOC) Location of tree in relation to cairn: (see figs. 8.1, 8.2) About 74%
of mature trees grow on the cairn slopes and another approximately 16% on
the lower part of the cairn. The least number of trees are situated at the
top of the cairn or outside it.

We found that there was a most significant correlation (sig. X2= 0.0005)
between the location of the parent tree and its mumber of surrounding seed-
lings, so that more seedlings were found to be growing near trees on the
slope of the cairm.

There was also a significant correlation (sig. X2< 0.0001), between the
location of the "parent tree'' and the number of trees in a group, showing
that more trees grow in a group when they are situated on the slope of the
cairn,



135

(DEG) Position of seedlings round the “parent tree", in relation to the
compass: The seedlings did not tend towards any particular direction, as we
had previously assumed, believing that there may be some advantage to the
more shaded northward direction. We therefore dealt no further with this
parameter during analysis of the results.

(LS) Location of the seedling in relation to the cairn (see figs. B.1, 8.2):

Approximately 68% of the seedlings were situated on the cairn slope and
about 25% on the lower part of the cairn. The least number of seedlings
were found outside or at the top of the cairn.

(AGE) Age of seedlings during their first observation year (fig. 8.2):
Relative quantity of seedlings decreases with age. Approximately 20% of
seedlings were registered in their year of germination and a similar per-
centage recorded in their first year. Because, after the fowrth year, we
were unable to determine their specific age, the age-group of five years

and over constitutes about 34% of the seedlings and includes a variety of
ages. It should be noted that according to ocur impression, mmber of branches
and height of seedlings in this group, their age was over five years.

(BS) Location of budding (fig. 8.2): Apical budding cccurs in approximately
59% of the budding seedlings, about 21% from lateral buds and about 19%

from basal buds., Of those seedlings which bud laterally or basally, most
(80-84%} do not rebud a second time from the same type of bud; of theose which
bud apically approximately 33% rebud from the same type of bud, 22% rebud
twice and about 45% rebudded basally, or died.

(BSB) Location of budding following damage or conflagration (fig. 8.2}):

Of those seedlings which budded during the same summer of aunmm after fire
or damage, most budded laterally or basally and only a small percentage (7%)
budded apically.

(IB) Number of branches per seedling (fig. 8.2): Approximately 42% of the
seedtings had only one branch and 13%, 2 branches, A small percentage of
seedlings had a2 larger number of branches. About 21% of the seedlings had

15 or more branches. These are usually large, well-develcoped seedlings of

an estimated greater age {see (AGE) above). They constitute a separate group
which caupses a gap in the distribution of the mmber of branches between this
group and the group with 14 branches or less. In examination of correlation

between age of seedlings and their mmber of branches no positive correlation
was found between the two variables.
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(IBB) Number of branches on seedling which had regenerated after con-
flagration or damage (fig. 8.2)}: 23% of the seedlings were damaged by fire.
20% of these did not regenerate in the same year and 33% rebudded during
the sumper or autum following damage, usually producing a single branch.

(HT) Height of seedlings (fig. 8.2): Most of the seedlings (approximately
57%) varied from 9 to 24 ams in height. Correlation between number of
branches and height of seedling is described in fig, 8.3, It may be seen
that over a relatively small range of heights there is a relatively large
variability in the number of branches. Low linear correlation co-efficient
(R=0,58) and extreme changes in the maximm height curve, indicate that
there is no clearly umeguivocal correlation between mumber of branches and
height. In examination of correlation between age and mumber of branches or
of height (fig. 8.4), we found that the two parameters follow a similar
pattern to that of age, which showed a moderate increase until 4-5 years of
age, followed by a steeper increase, with a tendency to stability, after
the age of 7, The sensitivity of the curve after age of 7 years is less,
because the age of the seedling, when first observed, can only be identified
exactly up to the age of 4 years, (see 8.2,2.2); nevertheless, observation
was continued., We were thus able to follow up seedlings until 7 years as
well as a large group of 5 year old and over, seedlings during the first
year of examination.

(DHT} Distribution in height differences in each seedling, calculated between
each year and the previous vear is given in fig. 8.5. From this figure we

see that most of the seedlings remain at a more or less permanent height

{+ 10 ams), the minority grow taller or grow shorter at a greater rate

(+ 20 cms) and only single seedlings deviate from this in either a positive
or a negative direction.

H

(HTB) Height of regenerated seedtings following conflagration or damage:
(fig. 8.2): Most of the seedlings do not regenerate during the year of
damage. The few which do regenerate do not reach any great height, usually
by 20-60% lower than the original height,

We carried out several tests on the correlation between quantitative
parameters describing the seedling (age, number of branches, height) and
the location of budding which is a parameter of the physiological situation
of the seedling and its growth potential.
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Figure 8.3:

Figure 8.4:
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A scattergram of height of seedling against its number of
branches. The full line represents the median values of
height for each number of branches, in between the dotted
lines representing minimum and maximum height values.
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Figure 8.5: Distribution of change in length of seedlings in cms

from one year to the preceding year. The graph
describes median values of the 3 years of examinatiom

(1974-76).

Figure 8.2: Frequency of following measured parameters:

IT - mnumber of "parent trees" in group

IST - number of seedlings round '‘parent tree' group
LOC -~ Jlocation of trees in relation to caim

LS - Jlocation of seedlings in relation to caimm;

(O = open; 1 = bottom of caim; 2 = slope of
cairn; 3 = top of cairn)

BS - location of bud of seedling

BSB ~ location of bud after fire or damage (1 = basal
bud; 2 = lateral bud; 3 = apical bud)

IB - mumber of branches on seedling.

IBE - number of branches after fire or damage

HT - height of seedling in cms

HTB - height of seedling in cms after fire or damage
F - frequency of fire expressed in number of times

per seedling.
AGE - age of seedlings in vears.
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+/=C = with/without cattle grazing;
“+/-B = with/without boar foraging.
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(BS X AGE) Correlation between location of bud and age of seedling: There is
a most significant correlation (sig. X%< 0.0001) between the two variables,

with greater frequency of younger seedlings when there is no budding. Those

seedlings in which budding occurs, increase in quantity as they increase in
age. However, there was no apparent correlation between location of bud and
frequency of seedling at any age.

{(BS X IB) Correlation between location of bud and number of branches on
seedling: Significant correlation {sig. X%< 0.0001), was found between the

two variables with frequency of apical budding increasing together with
increase in mumber of branches. Lateral budding was found in great quantities
in three-branch seedlings and basal budding found in two-branch seedlings.
This correlation is shown in table 8.3. The table is limited to seedlings
with no more than five branches, since there was not sufficient data for a
greater rmmber of branches.

Table 8.3: Distribution of number of seedling branches according to
their place of budding. 0 =~ no budding; 1 - basal budding;
2 - lateral budding; 3 - apical budding. Each cell lists
the number of seedlings and its column percentage
(sig., X2< 0,0001),

numbect o f branches

count
col. pet, 0 1 2 3 4 5
By 131 958 163 55 38 15
93.6 67.0 36,2 27.2 31.7 22.1
I 2 189 64 27 8 6
1.4 13.2 14,2 13.4 6.7 8.8
2 ] 107 73. 38 21 9
0.7 7.5 16.2 18.8 17.5 13.2
3 6 176 150 82 53 38
4.3 12,3 33.3 40.6 44,2 55.9

BS = 0 signifies dead seedlings, but their number of branches was
recorded. 0 branches sipgnifies seedling found after damage at the
bud break stage and prior to growth.

.
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(BS X HT) Correlation between place of budding and height of seedling:
Significant correlation was found (sig. X2< 0.0001) between the two
variables, The greater the height the greater frequency of apical budding.
High frequency of basal budding was found in groups of shorter height
{15=40 ams).

(F) Damage to seedlings by conflagration (fig. 8.2}: of all the seedlings
recorded, 19.1% were totally damaged once by fire (no green leaves left

after fire) and 4.4% twice damaged. Fire has a most significant effect

{sig. X2< 0,0001) on rebudding which occurs in the summer or autum following
conflagration. Table 8.4 illustrates this correlation. Fire increases the
rate of budding in these seasons from 4,7% to 22.9%.

Table 8.4: Frequency of budding seedlings (y=1) percentages thereof
in case (F=t) or absence of (F=0) fire.

Fire

Q 1.
count ¥ 1193 296
col. pet. 0 95.3 77.1
count y 49 88
col. pct. 1 4,7 22.9

(Z) Desiccation of seedlings: 34.4% of the seedlings dried up during the
course of observation, some rebudded the following year (see following)}. In
4,3% of the seedlings desiccation was recorded in the same seedling two years
running and in one case a seedling became desiccated for three consecutive

years,

(X) Premature shedding: Premature shedding which occurred in the summer or
auturn was observed in 7.5% of the seedlings. Approximately one quarter of
these continued to reshed their leaves prematurely for two or three years
before the usual season in winter.

(C) Trampling of seedlings by cattle: This was recorded in only 1,4% of the
seedlings.

) Browsing' of leaves by cattle: This occurred in 6.8% of the seedlings.
About half of these were browsed by cattle for one or two additional years.
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{(E) Uprooting by boar: Found in only 0.2% of the seedlings and constitutes
only a marginal phenomenon in cases of seedlings after germination.

{0) Gnawing of leaves or stem of seedling by rodents: Phenomenon recorded
in only 0.4% of the seedlings.

{T) Gnawing of root neck of seedlings by rodents: Recorded in 2.1% of
seedlings.

(U} Gnawing of seedling apex by rodents: Exists in 3.7% of seedlings.

B.3.1.2 Factors_influencing survival of seedlings:

As an indicator of seedling survival we examined the proportion of seed-
lings which had remained alive or which had died in the year following the
recording of an event such as fire, desiccation, budding, etc. As a measure
of seedling development, we chose a comparison of seedling lengths from one
year to the previous year as expressed in centimetre or in terms of
lengthened, shortened and unchanged (+ 5 cms).

(YRMC) Survival of seedlings according to calendar year: Frequency of seed-
lings at each year's commencement of observation, for the duration of all
observation years, indicated a survival rate of (in percentage approximately
60% as may be seen in table 8,5.

Table 8,5: Survival rate in ¥ of seedlings, calculated each year on
the basis of the first year (1974, 1975 or 1976) of seed-
ling observation.

First observation year 1974 1975 1976 mean
%Z survival first year 78.3 63.3 41.3 61.0
% survival 2nd year 66.13 49,6 58.0

Z surviwval 3rd year 60.0 60,0

From the time of the seedling's appearance, a change of 40-60% in their
mmber occurred over a period of one year to three years, with the greatest
annual decrease occurring in the first year (22-59%) and a smaller annual
decrease (6-14% on the basis of the first vear) in the following years.
These trends may also be seen in graph form in fig. 8.6a by the graph's
lqssening slope with time.
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1, Effect of location of budding on survival of seedlings (BS)
We see from table 8.5 that, of the budding seedlings most continue to
live for the year following budding (approximately 90%) and lower in
seedlings which bud basally (71-84%) while differences in survival po-
tential among budding locations were found to be most significant during
1975, 1976,

Table 8.6: Survival of seedlings in the year following basal, lateral
or apical budding during 1975, 1976, Order in each cell is
as follows: no., of seedlings, row percentage and column per—
centage for each sub—table.

Life Budding 1975 Budding 1976

year basal  lateral ical basal  lateral  apical

after atera apica asa atera pica
28 17 3 15 27 32

dead 6.8 22.4 40.8 20.3 36.5 43,2
28.9 10,8 9.1 16.1 20.0 9.8
69 140 309 78 108 293

alive 13.3 27.0 59.7 16,3 22.5 61.2
71.1 89,2 90.9 83.9 80,0 90.2

sig x2 < 0,001 0.0100

Of the remaining live seedlings we found that 33% had decreased in height
in comparison with the previous year, about 5% remained unchanged and
about 48% of the seedlings had grown taller although there was no sig-
nificant difference between budding location and lengthening.

2. Effect of seedling desiccation on survival (Z)
In an examination of seedling survival in the year after desiccation had
been recorded, we found significant correlation between the two factors.
The death rate in seedlings had doubled as a result of desiccation as
may be seen in table 8.7.
Desiccation had also usually caused greater frequency of shorter seed-
lings, as compared with seedlings which had been undamaged by
desiccation, as shown in table 8.8, for 1975.
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Table 8.7: Survival of seedlings in the year following desiccation (Z)
or non-desiccation (0) for 1974-76. Order in each cell:
number of seedlings, row percentage, columm percentage for
each sub-table.

Life 1974 1975 1976

year

after 0 Z 0 Z 0 Z
133 ] 100 80 140 159

dead 94.3 5.7 55.6 44.4 46.8 53.2
21.0 44.4 17.2 38.6 21.8 46.5
499 10 481 127 01 183

alive 98.0 2.0 79.1 20.9 73.2 26.8
79.0 55.6 82.8 61.4 78.2 33.5

sig. x? 0.0371 < 0.0001 < 0.0001

Table 8.8: Change in length of seedlings in year following desiccation
{Z) or non-desiccation (0) as compared with previous vear.
Data are from 1975. Significance level y2 - 0,05, Order in
each cell: number of seedlings, row percentage and column

percentage,
0 z
shorter 164 56
74,5 25.5
34.1 44,1
no change 33 7
82,5 17.5
6.¢ 5.5
taller 28,4 64
81.6 18,4
59.1 50.4

3. Effect of conflagration on seedling survival (F)
No significant correlation was found between damage to seedlings by fire
and their survival, or change in their length as compared with the year
following conflagration. However, there was significant correlation
between fire and desiccation (sig. x2< 0.0001) causing an increase in de
desiccation from 11% to approximately 47% as seen in table 8.9.
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Table 8,9: Number of desiccated seedlings (Z) or not-~desiccated {(0)
from damage by fire (F). Order in cell is number of seed-
lings and column percentage (sig. y%< 0.0001),

o Z
0 935 297
89,0 52.8
F 118 266
11.0 47,2

Table 8,10: Survival of seedlings ome year after premature shedding (X),
summer or autumn hudding (Y), cattle browsing (V), gnawing
of root neck by rodents (T), Order in each cell: number of
seedlings, row percentage and column percentage in each
sub-table. Data are from 1973,

Life Fall of leaves Budding Cattle browsing Root=-neck

nibbling
year

after 0 X 0 Y 0 v 0 T

177 3 179 1 179 1 167 13
dead 98,3 1,7 99.4 0.6 99.4 0.6 92.8 7.2
24,3 4.9 24,2 2.1 25.0 F.4 21.6 92.9

550 38 562 46 538 70 607 I
alive 90.5 9.5 92.4 7.6 88.5 11.5 99.8 0.2
75.7  95.1 75.8 97.9 75.0  98.6 78.4 7.1

sig. x2  0.0009 0.0009 < 0.0001 < 0.0001

4. Effect of premature shedding on survival of seedlings (X)
Significant correlation was found between premature shedding and survival
of seedlings in the following year (table 8.10). After premature shedding
the percentage of live seedlings increases from about 75% to sbout 95%.

5. Effect of summer or autum budding on survival of seedlings (Y)
Significant correlation was found between rebudding occurring in summer
or aytum and survival of seedlings in the following year (table §.10),
Following this budding the survival rate increased from about 75% to
about 98%,
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6. Effect of cattle browsing on seedling survival (V)

Significant correlation was found between browsing of seedlings by cattle
and their survival (table 8.10) so that the percentage of those remaining
alive in the year following browsing is greater than of those which were

not browsed.

. Effect of root neck gnawing by rodents on survival of seedlings (T)
Significant correlation was foumd between gnawing of root neck by rodents
and survival of seedlings in the following year (table 8.10). Gnawing of
Toot neck significantly reduces percentage of living seedlings from
approximately 78% to approximately only 7%. We have provided data from
1975 in table 8.10 as sample data. 1976 data took the same trend and
significance. 1974 data, based on 1973, were insufficient and not
significant.

The minimal number of cases of other damage by animals did not enable

us to make a reliable examination of their effect on seedling survival.

. Effect of seedling age on survival (AGE)

Most significant correlation was found (sig. %2<0.001} between age of
seedling and its survival. We see from table 8.77 that the greater the
age of the seedling, the greater its likelihood of staying alive.
Survival was examined at the end of the last year of seedling
observation. If we compare distribution in age {colum percentage) of
those remaining alive and of those which had died, we find that in both
groups there was a decrease in number of seedlings in each age-group
until the age of 4, and an increase in the 5-years old and above age-
group. As this latter group consists of a number of age-groups, it is
possible that the tendency to decrease actually continues, although we
were unable to measure this.

Table 8.11 shows that the proportion of age-groups 1-3 is smaller among
the live seedlings (48.1%) than in the dead seedlings (66.3%). The four
years age-group was of similar preportion among both the dead and the
live seedlings. The proportion of 5 years and over age-group was greater
among the live seedlings (49.5%) than the dead (31.3%). Thus, the four
years age-group constitutes the meeting point of live and dead
distribution.
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Table 8,11: Survival of seedlings in last opservation year according to
age in years. Order in each cell: number of seedlings, row
and column percentages,

Age Dead Alive
150 166
1 47.5 52.5
29.7 20.9
138 154
2 47.3 52.7
27.3 19.4
47 62
3 43.1 56.9
9.3 7.8
12 13
& 38.3 61.3
2.4 2,4
158 393
>5 28,7 71.3
31.3 49.5

9. Effect on survival of seedlings position on caim (LS)
An average of 77% of seedlings growing on the slope of the cairn survived.
70% of those at the top of the cairn survived. On the lower part of the
cairn an average of about 62% and an average of 61% outside the caimn.
Effect of seedling situation on their survival each year was significant.

Table 8,12 gives 1975 as a sample year, when a significance level of
0.0001 was found in ¥ test. There was no consistent correlation between
change in length of seedlings from year to year and their situation in
relation to the caim.

Table 8.,12: Survival of seedlings in various cairn habitats, Order in
each cell: number of seedlings, row percentage, column per-

centage.
Life
year Flat Bottom Slope Top
after
4 65 98 8
Dead 5.0 36.1 54.1 4.4
392.1 33.2 18.5 21.1
14 131 433 30
Alive 2.3 21,5 7.2 4.9

60.9 66.8 81.5 78.9
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Effect of cairn habitat on damage to seedlings by conflagration (F X LS)
Significant correlation was found (sig. x2= 0.0131) between position of
seedling on the cairn and probability of damage by fire. Comparison of
proporticn of total damage by fire (no green leaves left) with partial
damage by fire, showed that outside the cairn 100% total damage was
caused, on the lower part of the cairn 94.4%, total damage, to those on
slope of cairn B4.1% and top of caimm 86.7%. Therefore, the higher the
seediing's position on the cairn, the less its likeliihood of total damage
by fire. The advantage of the cairn fram the point of view of damage by
fire is also apparent in table 8.13 which shows significant correlation
for 1976, between position on cairn and likelihood of damage by fire.

On the lower part and outside the cairn the likelihood of damage by fire
is greater than on its slope and top.

Table 8.13: Damage to seedlings by fire (F) or non—damage (0) in wvarious
habitats connected with cairn., Drder in each cell: number of
seedlings, row percentage, column percentage.

Fire Flat Bottom Slope Top
18 149 451 34
0 2.8 22,9 69.2 5.2
78.3 76.0 84.9 89.5
5 47 80 4
F 3,7 34,6 58.8 2.9
21.7 24,0 15.1 10,5

Effect of cairn habitat on seedling desiccation (WZ X LS)
Frequency of seedling desiccation depends most significantly {sig, yx2<

0.0001) on its position on the cairn., Desiccation rate lessens higher up
the cairm.
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Table 8.,14: Damapge to seedlings by desiccation (WZ) or non-dacage (0)
in various habitats connected with cairn. Order in each
cell: number of seedlings, row percentage, column percentage.

Drying Flat Bottom Slope Top
76 34 26
0 1.7 18,0 74,2 6.1
30,4 38.8 59.1- 68.4
16 120 217 12
WZ 4.4 32.9 59.5 3.3
69.6 61.2 40.9 31.6

10. Effect of grazing regimes on seedling survival (GRAZ)

For examination of table 8,15, we see that cattle grazing significantly
affects greater survival potential of seedlings. Absence or presence of
boar made no apparent difference to survival.

Comparison of Quercus ithaburensis forest with Ziziphus spinachristii
type vegetation with +boar and -cattle grazing regime showed no consistent
trend,

In examination of change in length of seedlings from year to year in
various grazing regimes, we found that in 1976 lengthening of seedlings
cccurred in cattle grazing areas and in 1974-75 a lessening in height in
presence of cattle and lengthening in absence of cattle.

Effect of grazing regimes on seedling desiccation (GRAZ X Z)

Frequency of seedling desiccation in various grazing regimes is described
in table 8.16 which shows significant correlation between seedling
desiccation and grazing regimes in which they are found. Percentage of
damage from desiccation in cattle grazing is a good deal less than the
percentage of damage in other grazing regimes. From these grazing

regimes it would seem that with no grazing at all (-boar and -cattle),
the percentage of desiccation is higher. With regard to the Ziaiphus
spinachrigtii there are no consistent results so that it was not possible
to reach any conclusions.
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Table 8.15: Seedling survival in 1975, 1976 in various grazing regimes
in Quercus ithaburensis forest and Zigziphus spinachristii
savanoid vegetation.
+/=C = with/without cattle grazing; +/-B = with/without
boar foraging. Order in each cell: number of seedlings and
column percentage im each sub—table.

Life QUEITH ZIZSP1
year

after +C +B ~-C +B ~C—B -C +B
dead 23 117 12 28
1975 16.0 29.7 19.7 26.9
alive 206 277 49 76
1975 80,0 70.3 80.3 73.1
sig. x? < 0,000}

dead 43 131 19 106
1976 15.4 32.9 30.6 43.4
alive 236 267 43 j3g
1976 B4.6 67.1 69.4 56.6
sig. ¥? < 0,0001

Effect of grazing regimes on damage to seedlings by conflagration
{(GRAZ X F): No significant cerrelation was found between grazing regimes
and damage by fire.

Effect of location of budding on survival in various grazing regimes
(GRAZ X BS): In examination of the effect of budding location on survival
potential in various grazing regimes (table 8.17) we found significant
correlation between survival and location of bud in that the higher the
prlace of budding, the higher the survival. We found differences in the
range in survival potential in varying grazing regimes. In cattle grazing
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Table 8.16: Desiccation of seedlings (Z) or non-desiccation (0)
during 1975, 1976 in variocus grazing regimes in the
Quercys ithaburensis park forest and in ZZziphus
spinachristii savanoid vegetation, Order in each
cell: number of seedlings, column percentage in
each sub=-table.

. QUETTH ZIZSPI
drying

out +C-B -C+B -Cc-B ~C+B

0 200 255 25 101
1975 87.3 64.7 41,0 97.1

A 29 139 36 3
1975 12.7 35,3 59,0 2.9
sig. x2? < 0.0001

0 226 281 44 90
1976 81.0 70.6 71.0 36.9

z 53 17 18 154
1976 19,0 29.4 29,0 63.1
sig. x2 < 0.0001

regimes approximately 84% of those budding basally remain alive and
about 93% of those budding apically, In -cattle and +boar grazing regimes
about 44% of those budding basally remain alive and about 79% of those
budding apically. Where no grazing exists only 25% of those budding
basally remain alive, while about 86% of those budding apically remain
alive. It may be concluded as most obvious, that the rate of those seed-
lings which bud basally and remain alive lessens, as the grazing regime
"lessens” [(+C+B » -C+B > -C-B).

Effect of premature shedding, summer or autuwm budding and gnawing of
root neck on survival of seedlings in various grazing regimes (GRAZ X Y,
X, T): Significant correlation was found in all grazing regimes between
survival and premature shedding, summer or autum budding and gnawing of
root-neck as found above with regard to all seedlings. In the case of
gnawing of root neck by rodents we found that frequency of this phenomenon
was greater in -cattle grazing and -boar foraging (5.6% of seedlings die
from this type of damage). It was smaller where only +boar foraging (1.5%)
and +boar foraging and +cattle grazing together (1.8%) existed.
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Table 8.17: Survival of seedlings in various grazing regimes (GRAZ)
classified according to location of budding in seedling
(B5). Each cell contains number of seedlings and the
column percentage. +/-C = with/without cattle grazing;

+/=B = with/without boar foraging.

GRAZ +C+B -C+B -C-B

BS basal 1lateral apical basal lateral apical basal lateral apical

dead 7 4 4 18 17 38 4 0 5
16.3 4.3 6.9 56.2 34,0 21.0 75.0 0 14,3

alive 36 90 54 14 33 143 1 3 30
83.7 95.7 93.1 43,8 66.0 79.0 25.0 100.0 85.7

sig x2 0.01 < 0.01 < 0.0

Table 8.17 exemplifies data on survival and budding for 1975. A similar
picture was cbtained for 1974 and 1976.

Effect of grazing treatments on distribution in age of seedlings (GRAZ X
AGE}: With regard to young seedlings (1-4), we found that in the absence
of boar there is a tendency towards greater seedling age than in
treatments with boar, as may be seen in table 8.17 a.

In the case of 5 years andolder seedlings, which, for our purpose, formed
one unit, we found that frequency of seedlings in this group was signi-
ficantly greater with cattle grazing than without it (in t test over the
years at a level of 0,05).

Table 8,17 a: Summary of distribution in age of seedlings in various
grazing regimes: +/=C = with/without cattle grazing;

+/~B = with/without boar foraging.

+C-B -C+B -C~B
mean age (years) for seedlings 1-4 years 1.9 1.8 2.4
median age (years) for seedlings l=4 years 1.5 1.7 2.7
frequency (%) of seedlings of age >3 years 67.7 50.] 51.6
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Effect of grazing regimes on height of seedlings (GRAZ X HT, DHT)

We found no differences worth noting in distribution of height in seed-
lings in various grazing regimes. However, in height distribution of
seedlings regenerating after fire, we found a tendency to greater
frequency of taller seedlings in cattle grazing regimes, as opposed to

other treatments, Frequency of seedlings at a height of 5-8 cms. in
cattle grazing areas was twice that in non-cattle grazing areas although
most of the seedlings in all the treatments were up to a height of 4 cms.

We found no significant changes among grazing treatments when comparing
height changes in seedlings from one year to the previous year. In all
the treatments there was a mean change in height within . a range of + 4
cms. Median height was within the same range. It should be noted that in
non-grazing treatments there was a positive median in the 3 years of
examination {range: 0.50 - 4.17 ams). -Cattle and +boar treatments had
one year of positive median (range: 12.66 - +0.84 cms), while in +cattle
and +boar treatments there were two years of positive median (range:
-3.63 - +3.64 cms).

Analysis of effects of conflagration, desiccation and 1ocat§on in caimn
=

In the first stage the stepwise logistic regression model was nun through
the camuter with the following variables: difference in height of seed-
ling in a particular year as against the previous year (DHI), damage or
non-damage by fire (F) and by desiccation (Z), and location of seedling
on the caim (LS},

In 1974 it was found that DHT clearly explains survival, in 1975 survival
was explained in order of importance, by DHT, Z, LS ard F and in 1976
survival was explained by DHT, LS, Z and F individually and in order of
importance as well as by interaction between them, THT X Z and IHT X E.

on survival, with the aid of stepwise logistic regression

In the second stage an experiment was made to examine the effect on seed-
ling survival of F, 7 and LS without MY which was the dominant factor
affecting survival in the first stage. There was no improvement in the
explanation of survival and its rate without DHT was low.

%) This analysis was carried out by Mrs. Anat Halevi as a part of her
degree for the M.Sc in statistics, at the Hebrew University of
Jerusalem, and I wish to thank her very much for her assistance.
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In the third stage we attempted to operate the model without Stepwise
by dictating the interactions which the model should examine. The inter-
actions examine were between DHT and each of the variables Z, F and LS,
after it was proven in the preceding stages that DHT is dominant in ex-
planation of survival.

In 1974 it was found that DHT remains the dominant factor in explanation
of survival, but interaction between DHT X LS and THT X F took an
important part in explanation of survival.

For 1975 the result was as in Stepwise: all of the main factors were
effective in order of their importance: DHT, Z, F and LS, but without
interaction between them.

In 1976 DHT was the dominant factor explaining survival followed by DHT
XZ, HT X F and Z, in that order.

In conclusion it may be stated that DHT is the factor which best explains
survival, followed by Z, LS and F. IHT was also found to affect inter-
action with F (in 2 out of 3 years} and with Z and 1S (each in one year
out of the 3 years).

Summary of results of natural germination

We found that most of the seedlings in the Yahudia forest are concentrated
in close proximity to mature trees with no preference for direction in
regard to the compass. The major part of the seedlings and the trees grow
in cairn habitats, mainly on the slope of the cairn. An insignificant

mmber of seedlings grow on the flat, open ground. Damage by fire and
desiccation is less and survival potential greater, on the caim.

Phenological parameters such as mumber of branches and height of seedlings
show a moderate increase until the age of 4-5 years, after which a steep
increase occurs for 2-3 years, followed by a tendency to stability. The
older the seedling the greater its survival potential. The preportion of
age 4 among living and dead seedlings was similar whereas the proportion
of younger seedlings was greater among the dead, and proportion of older
seedlings was greater among living seedlings.

Apical budding indicates good condition of seedling with high survival
potential, Basal budding indicates a worse condition with lower survival
potential.
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Desiccation and fire affect survival negatively, while premature
shedding, summer or autumn rebudding and browsing of leaves by cattle,
show a positive correlation to survival. Gnawing of root-neck by rodents
was destructive.

In cattle grazing areas desiccation of leaves was lower than in other
grazing treatments. Recovery of seedlings after conflagration was
speedier in cattle grazing areas and survival rate greater with
significant intensification of survival among seedlings which bud
basally. As a result, age divergence in cattle grazing areas also showed
a greater rate of seedlings in the 5 years and over age-group.

Sowing and planting of Quercus ithaburensis in Yahudia Forest

1 Germinatjon of seeds and taking root _of seedlings (PGERM)

Percentage of germination in seeds and percentage of seedlings which take

root and their mean percentage in each replicate according to main plots,
treatments and habitats for both transplanted and sown seedlings are listed

in

1.

Appendix 8.1.II Vol. II.

Germination of seeds in various habitats

Table 8.18 shows germination of seeds which had been sown in various
different habitats. This table shows significant correlation between
percentage of germination and habitat. Percentage of plots in which
75-100% of the seeds succeed in gemmination is greater in open habitats
(12.5%) than in cairn habitats (0%). Open habitats also retain their ad-
vantage over other habitats at a germination rate of 51-75% and the
cairn is more advantageous than the tree cairn. The percentage of plots
with low germination is greatest in tree cairns. Percentage of plots
where seeds did not germinate at all was about 30% in all three habitats.

Table 8.21 shows mean percentage of germination in different habitats
and different sowing years, and indicates a similar trend of highest
germination percentage in open habitats and lowest in tree cairns. High
variability from year to year is apparent. Germination percentage was
low in 1973. Variability of data was high and all the differences in
habitats were not significant.



Tables 8.21 - 8.23:
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Mean permination percentage (PGERM) (and -~ in
parentheses - number of replicate plots from which
means were calculated), by sowing years (B.year), by
habitats and by grazing treatments. +/-C = with/without
cattle grazing; +/-B = with/without boar foraging.

8.21 B, year .
HAB 1973 1974 1575
0.7 20.5 29,5
Flat (24) {52) (52)
N 1.8 6.3 26.6
Faicn. (16) (37 (44)
e ree-caicn 2.6 4.1 15.6
{(16) (29 (36)
8,22
GRAZ. TREATMENT
B. year + C 4B -C +B ~C ~B
1.1 2.6 1.3
1973 .
(32) (15) 9)
1.0 1.9 28,5
1974 (40} (40) (46)
16,2 17.3 33.7
. .
1975 (36) | (4@ (56)
8.23 B Year 1974 B Year 1975
HAB +c +8| -c +B|-c -B| +c +B| —C +B| -c -8B
0.8 0.8 s2.0] 5.8 | 16.3 | 50.3
Flat (18) (18) {16) 1(12) {(16} |(24)

] 1.3 4.5 12.81 27.2 | 20.8 | 32,0
cairn (12) (12} (13) |2 (16} (16)
Tree—caiin 1+3 0.8 8.0] 21.3 | 15.0 | 10.5

|(12) (12) (13) [(16) |{16) [(16)
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In fig. 8.7 we see the relative advantage of the open habitat, from the
high germination percentage.
Germination of seedlings in different grazing regimes

We learn about germination of seedlings in different grazing regimes
from table 8,19, which shows significant correlation between grazing
regimes and germination percentages. Percentage of plots in which
germination was greater than 25% is higher in non~-cattle grazing and
non-boar foraging treatments than in the two other grazing treatments.
Percentage of plots in which no germination occurred at all increases
together with the intensity of grazing Chighest in cattle grazing and
boar foraging plots, reaching approximately 43%).

This trend also appears in table 8.22 which gives the mean germination
percentages in various sowing years. Preference for non-grazing plots is
apparent in the year 1975 and particularly 1974. Variability in germin-
ation percentages among the different plots was high and all differences
in grazing regimes were not significant.

Fig. 8.8 presents the advantage in high germination percentages of non-
grazing treatments as against a large percentage of plots in other
treatments in which germination percentage is low.

It may thus be concluded that in boar foraging treatments the percentage
of germination decreases significantly (in approximately 52% calculated
cn the basis of mmber of seediings). In cattle grazing treatments there
is a tendency to decrease in germination percentage {in about 14% of
number of seedlings) compared with non-grazing treatments.

Germination of seeds in various vegetation umits

Comparison of germination percentages among the three grazing regimes in
Quereus ithaburensies forest (table B.20) provides results similar to the
general results which are mainly based upon the Quercus ithaburensis
forest.

For the Ziziphus lotus type vegetation, table 8.20 compares two grazing
regimes, In +boar foraging and -cattle graring treatment the percentage
of plots in which germination occurred was higher at all levels of
germination than +cattle grazing and +boar foraging treatment. The per-
centage of plots in which germination occurred was alsc higher in -cattle

grazing treatments, Altogether, the germination percentage in -cattle
grazing treatments is approximately 12% higher, calculated on the basis
of mumber of seedlings.
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Figure 8.7: DPercentage of seed germination (in tens) in various
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Figure 8.8: Percentage of seed germination (in tems) in various
grazing regimes: with/without cattle grazing (+/-C},
with/without boar foraging (+/-8).
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In comparison of -cattle and +boar grazing regimes in the three types of
vegetation we find that the germination percentage in the Quercus {tha-
burensis forest is lower than Ziziphus species by about 11% but no dif-
ference was apparent between Ziziphus lotus and Ziziphus spinashristii.
In comparing +cattle and +boar grazing regimes between Quercue ithaburen-
gie and 2iziphus lotus there was no definite trend.

. Interrelations in influence of habitats and grazing regimes on
germination

Table 8.24 shows the correlation between germination percentage and the
habitat in various grazing regimes. It is seen that where there is no
grazing at all, the advantage of an open habitat is significantly re-
tained. However, the introduction of boar foraging lessens preference
for this habitat and the correlation between habitat and gemmination per-
centage become non-significant. In the presence of cattle and boar the
open habitat's germination percentage becames inferior and the preference
for the cairn becomes greater.

Table 8.23 shows that in sowing years 1974 as well as 1975 {1973 was ex-
cluded from the table since data was insufficient) the combination of
total absence of grazing and open habitat provided the highest
germination percentage. The combination of absence of grazing on the
cairn was second in the level of germination. However, with grazing, the
cairn becomes the habitat with highest germination percentage.

. Taking root of seedlings transplanted from a nursery

Our data showed no significant correlation between root-taking percentage
of seedlings following transplantation to an open area, neither between
percentage of those which had taken root and habitats, nor between
grazing regimes and vegetation units.

The only prominent, unequivocal fact was that in —cattle and -boar
grazing regime there was 75-100% root-taking in all plots, while in other
grazing treatments, taking of root was dispersed over the whole range
from 0-100%.

. Summary of results on seed germination and taking root of seedlings from
a nursery

The topic of germination may be summarized thus. The open habitat takes
preference for seed germination over the cairn, but the presence of boar
which are more active in open ground, makes the cairn a preferable
lecation.
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Germination with ~boar and -cattle grazing is more intense than +boar
both with regard to seedlings sown in the field and seedlings trans-
planted from a nursery.

Seed germination is better in Ziziphus epinachrietii and Ziziphus lotus
units than in Quercus ithaburensis forests.

and_grazing regimes_and in major vegetation units

Tables 8.25 and 8.26 show observed parameters of seedlings. For each
parameter the change of number of plots in which it was recorded, with
calendar month, is shown.

With regard to some specific months, mumerical data is given on percentage
of plots in which the parameter is recorded in the same month, and the per-
centage of plots in which the parameter was recorded in a month, out of the
total mumber of plots in which it was recorded. The months chosen were peak
months, or months which appeared significant as far as the results were con-
cerned. In addition, the percentage of plots is shown in which the parameter
is recorded all year round in various habitats and treatments for seedlings
sown in the open ground ("SEED') and seedlings transplanted from a nursery
(""SEEDLING" in table "SDING'').

Table 8.25 gives several phenological parameters:

(NSEED) - Number of plots in which oak seedlings were observed: This value
reaches a peak in spring and becomes stabilized in autumn., The highest
percentage of seedlings was recorded in the cairn and the lowest in the
open ground. With regard to transplanted seedlings the cairn was preferred,
Among grazing treatments no great differences were noticeable among

seedlings, and in the vegetation units there was a tendency to preference
of the Ziziphus spinachristii unit, With regard to transplanted seedlings
the low percentage of plots in which seedlings were observed was apparent
in non-grazing treatments,

(NBUDS) - Mumber of plots in which budding seedlings were rvecorded: This
value reaches its peak in the spring as may be expected from the charac-
teristics of the Quercus ithaburensie (see chapter 6). Of particular in-
terest is uncustomary autumn budding which shows two peaks at end of
sumrer and end of auturm. Here too, there is a peak percentage of budding
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seedlings in the cairn and low percentage on the open ground, which can
also be seen in fig, 8.9. This figure also shows, that in autum budding,
the percentage of budding seedlings is highest in the caimn.

Among grazing treatments, wild boar and cattle grazing have a tendency
to a lesser degree of budding and in the vegetation units the ZZziphus
spinachristii has the highest values. Transplanted seedlings have the
highest degree of budding among +boar and +cattle grazing plots and in
the ZZiziphus lotus vegetation unit.

(MLV5) - Number of plots in which presence of leaves on seedlings was
recorded: Absence of leaves can be a result of shedding, premature
shedding, browsing, gnawing and desiccation. Percentage of seedling plots

in which presence of leaves was recorded is greater in the cairn and
smaller on open ground. Transplanted seedlings also had a slightly higher
percentage in the cairn. With regard to grazing treatments there is a
tendency in seedlings to a lower percentage with both cattle and bear
grazing and with regard to vegetation umits there is a higher percentage
among the Ziziphus spinachristii. Transplanted seedlings have a higher
percentage in +cattle and +boar grazing treatments, it is particularly
low in non-grazing treatment.

BS1-3 - Mumber of plots in which recording was made of seedlings which bud
basally, laterally or apically, respectively: In the three variables,

the peak occurs in spring, This is caused by the phenological characteris-
tics of the Quercus ithaburensis (see chapter 6), An additional peak in
autumn represents autumn budding, Spring basal budding continues for a
longer period of time than buds situated higher on the seedlings whose
autum budding values are the lowest. With regard to habitats, the cairn
receives the highest values in all three parameters, and open ground
usually receives the lowest. However, in comparison of BS1, BSZ and BS3,
the advantage of the caimm in apical budding is prominent. This is shown
in figure 8.10 where we also see that preference for the cairn over the
tree cairn and preference for the latter over the open ground is also
prominent in autum wave of budding. These characteristics are seen both
in sown and transplanted seedlings.

With regard to grazing treatments in sown seedling plots, +cattle and
+boar treatment take the lowest values of all budding locations (BS1-3)
and non-grazing treatments take the highest. Percentage of seedlings
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Figure 8.9: TFrequency of budding in seedlings sown in the open ground,
according to months and various habitats, expressed in
percentage of plots in each month in each habitat in which
budding was observed. General budding.
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Figure 8.10: Frequency of budding in seedlings sown in the open ground,
according to months and various habitats, expressed in
percentage of plots in each month in each habitat in which
budding was observed. Apical budding.
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which bud apically is highest in all three treatments. In vegetatiocn
units the Z<siphus spinaciristit is highest in all three parameters and
Ziziphus lotus the lowest.

As opposed to sown seedlings, transplanted seedlings show preference for
treatment with +boar and +cattle grazing and non-grazing treatments have
the lowest budding percentage. In Quercus {thaburensiz type vegetatiocn
budding is higher than in ZZ{ziphus spimachrieti< and in the latter
budding is higher than in the ZZztphus lotus.

X - Shedding or appearance of shedding colours: The characteristics of the

Quercus ithaburensis usually cause winter shedding (see chapter 6). It

is interesting to note premature shedding which sometimes occurs in
summer and is typical of the seedling. On examination of variability of
seedling shedding percentage throughout the year in various habitats, we
found that premature shedding was more common in the cairn and tree cairn
than on the open ground, but in no case was it higher than a rate of 5%
of the seedlings, In table 8.25, we summarized the months of premature
shedding (Jun-Oct) and it is apparent that during all these months the
percentage of seedlings which shed their leaves prematurely is 14.8% of
total shedding in seedlings, which constitutes a mean 1.3% per month of
the seedlings, It is interesting to note here the low percentage of sown
seedlings in the open habitat in which shedding was observed., With regard
toc transplanted seedlings this percentage is also very low in the tree
cairn.

Table 8,26 illustrates a series of parameters concerned with damage to
seedlings by desiccation, fire and animals,

Z - Total desiccation of seedlings: Desiccation of seedlings reaches its
peak in August. Percentage of sown seedling plots in which this pheno-
menon was recorded is slightly higher in the caim, although in fig., 8.11
it may be seen that in comparing percentage of plots each month in the
open habitat, the seedlings shedprematurely, This is also apparent in
transplanted seedlings (fig., 8.12).

With regard to grazing regimes, the percentage of sown seedling plots
where most desiccation had occurred, was in non~grazing plots and the
least desiccation occurred where there was cattle and wild boar grazing,
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This may be seen in figure 8.13 whers we learn that desiccation occurs
early where there is absence of grazing rather than where there is some
grazing.

In the case of transplanted seediings the highest desiccation percentage
was in +boar foraging plots, but in non-grazing plots there was intense
desiccation in the summer, which caused the death of most of the seed-
lings and thus low values for the rest of the year (fig. 8.14).

In vegetation units there was less desiccation in ZZziphus Iotus plots,
both among sown and transplanted seedlings. Parameter W, representing
partial desiccation, is similar to Z {total desiccation). Because of the
partial character of the phenomenon it represents, results were less
significant and therefore not mentioned here.

F - All parts of seedling damaged by conflagration: Damage to seedlings by

fire occurred only during Jun-Aug, with a peak in July, when 92.5% of
the damage occurs. It is most common in the open habitat, less common in
the cairn and minimal in the tree cairm.

The grazing regime in which percentage of plots damaged by fire is
highest in the non-grazing regime, and the lowest is in the +cattle and
+boar grazing regime.

Effect of conflagration in various habitats and treatments on sown seed-
lings and transplanted seedlings is similar, although the degree of
damage is greater in transplanted seedlings.

H - Seedlings partially damaged by conflagration: The behaviour of this para-
meter is similar to that of total damage (F), although, due to its partial
nature, to a lesser degree.

The subject of fire in a reserve and its effect on the Quercus ithaburen—
sts will be dealt with in detail in chapter 9.

Damage to_seedling by cattle

C - Trampling by cattle: Trampling occurs mostly during the winter months
when the ground is muddy and effect is significant both in the underfoot
and surrounding areas. The phenomenon is more common in ¢pen habitat than
in cairn, to where the cattle usually cannot reach. Frequency of the
phenomenon is quite low.
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V - Browsing of seedlings by cattle: This occurs mainly in summer but is

not common and no significant difference in frequency were found among
the various habitats. We shall return to effect of cattle on Querecus
{thaburensiz in chapter 10.

Damage to_seedlings by wild boar

E - Uprooting of seedlings by boar: This occurs only in spring and winter

when the earth is soft and suitable for burrowing. During some of this

period (Nov-Dec) this is accompanied by searching for acorns by bear in
the vicinity of the trees. This is not frequent although more common in
the open habitat and less common in the cairn. There was no significant
difference in plots with cattle grazing or plots without cattle grazing.

Q - Consuming of seedlings by boar: This is a more frequent phenomenon,
particularly in the season directly after sowing, when the boar burrow
and eat either the acorn before germination, or as a young seedling., The
highest percentage of damage to plots occurs in the open habitat and the
lowest percentage in the nen~tree cairn. The presence of cattle does not

affect eating of seedlings.

Damage_by_rodents

O - Nibbling of foliage and stem by rodents: This is not common and occurs
in winter and spring.

T - Gnawing of root-neck by rodents: This is a fairly common phenomenon and
causes the collapse of the above-ground section. It is common mostly in
spring and beginning of summer and there is no significant difference
between the habitats. In -boar grazing treatment, however, the phenomenon
is more common.

U - Nibbling of seedling apex by rodents: This is rare and occurs in summer,
not damaging significantly the seedling.
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M - Seedling germination from acorn gnawed by rodents: This sometimes
occurs and was observed mainly in spring with commencement of germination,
however, around growth is obtained.

Damage to_seedlings by other animals

N - Eating of leaves by insect larvae: This is infrequent and occurs in
summer, being relevant to the insect life-cycle.

K - Uprooting of seedlings by unidentified animals: Uprooting can be caused
by porcupines, boar, spalax, etc., and is not frequent, occurring mainly
in spring. It is significant mostly with regard to seedlings transplanted
from a nursery to the open habitat.

T. Survival of seedlings in various habitats: Table 8.27 presents survival
as a dichotomous variable taking the value 1 if seedlings survive in plot
and 0 if they do not, as against the habitats. Correlation between sur-
vival and habitats was most significant (sig. x2< 0.0001). It may be seen
from the table that seedlings survived in 31.8% of plots in the open
habitat, in the cairn 85.3% remained, and in the tree-caim live seedlings
were found in 57.4% of the plots.

With regard to seedlings transplanted from a nursery it appears that in
the open habitat, seedlings remain alive in only 2.7% of the plots, 20%
in the cairn and 25% in the tree-cairn. This is shown in table 8.28 where
significant correlation was found between survival and habitats (sig.

x2= 0.0263).
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Table B.27: Number of replicate plots in which seedlings in various
habitats survived (PLIVES = 1) or did not survive
(PLIVES = 0}; sown seedlings.

HABITAT

Count
Row I TREE
Col. % FLAT CAIRN CAIRN
PLIVES 60 10 29
o 60.6 101 29,3
68.2 14,7 42.6
28 58 39
i 22.4 46.4 31.2
31.8 85.3 57.4

Table 8.28. Number of replicate plots in which seedling, transplanted
from nursery, in various habitats survived (PLIVES = 1)
or did not survive (PLIVES = {),

HABITAT

Count
Row 7%
TREE
Col. % FLAT CAIRN CATRN
PLIVES 36 24 21
0 44,4 29.6 25.9
97.3 80.0 75.0
1 6 7
1 7.1 42,9 50.0
2.7 20,0 25.0

From examination of survival of sown seedlings each individual year,
compared with the previous year (PLIVEi) there is a similar trend with
noticeably high survival in 1977, illustrated in fig. 8.15. Distribution
of survival in 1977 (PLIVE 5) as in other years is characterized by 2
peaks: the first is 0% survival particularly noticeable outside the
cairn in the open habitat, and a second peak in high survival percentage
(96~100%), noticeable in the cairn, but also in the tree cairn.
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Figure 8.15. Survival of seedlings in 1977 (percentage in tens)
which were sown in the field in various habitats:
open ground, cairm and tree—cairn.
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Figure 8.16. Survival of seedlings in 1977 (in percentage of tens)
which were sown in the field in various grazing regimes:
with/without cattle grazing (+/~C), and with/without
boar foraging (+/=B).
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Mean and median survival values in percentages for various habitats is
given in table 8.29, where for each year most significant differences
were found between habitats (median test sig. < 0.001). Here also, seed-
ling survival is highest in the cairn habitat and lowest in the open
habitat.

Table 8.29. Mean and median of sown seedling survival in three habitats:
open ground, cairn, tree-calirn. Survival calculated each
year in percentages from the previous year.

Mean PLIVE 3 PLIVE 4 PLIVE 5
Median 1975 1976 1977
HABTTAT
6.8 13.8 60.2
FLAT 0.0 0.1 74.8
59,2 59.8 86.7
CAIRN 80. 1 62.0 92.9
64,9 44.6 73.1
TREE CAIRN 74.9 39.6 86. |

Median test

\ < 0,001 < 0,001 < 0.001
sig.

1974 data were not given because of limited data fram 1973.

In examination of survival each year (i) compared with the first year
after sowing or planting (T.PLIVEi), presented in table 8.30, it may be
seen that each year consistently, mean survival is highest in the caimn
habitat and lowest in the open habitat, (although no significant dif-
ference was found between habitats because of great variability of the
data).

In table 8.30 the great difference in mean survival between sowing years
in the open habitat is alsoc emphasized. In sowing year 1975 survival is
highest and in 1973 - lowest. This difference between years does not
exist in the cairn and tree-cairn,

Survival of seedlings in various grazing regimes: We found no significant

inter-relations in influence (x? test) between grazing treatments and
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Table 8.30: Mean survival percentages for the years 1975, 1976 and 1977 om
the firat year after sowing, in various habitats in each sowing
year (in parentheses - number of replicate plets from which means
were calculated).

T,plive 3 -1975 T, Plive 4 - 1976 T.Plive 5 -~ 1977
B.YEAR 1973 197¢ | 1973 |1e74 | 1995 | 1973 | 1974 | 1975
HAB
2,1 0 4.0 11.4| o 3.6 5.9
FLAT 32y | ao | 2] @sn| an| (2| @e
CAIRN 61.1 | s1.5 | s2.5 | 20.5| 57.2] 52.5 | 28.3 | 43.3
(8) (22) (8} z2y | (3@ | (®) (22| (38)
41.4 | 45.3 | 43.2 | 24.9| 35.2] 28.2 | 22.4 | 26.7
TREE-CAIRN| (10) (18) (10) (18y | 40y | (10) (18) | (40}

Table 8.32: Mean survival percentages for the years 1975, 1976 and 1%77
calculated on the basis of number of seedlings in the first year
after sowing in various grazing regimes and vegetation types in
each sowing year (in parentheses - numher of replicate plots from
which means were calculated).

TREAT. QUETTH ZIZL0T ZIZSPI
B.YEAR +C +B| -C +B|-C ~B + +B| —C +B -2 +B
T.Plive 3 [1973 34,9 31.8| 26.7
1975 24) | (8 | 6)
1973 IL.4 | 25.0] 25.5 1 33.3] 34.4
(13) | 13| 34 (5)| (8
1573 34.2 | 21.5] 33.3
T.Plive 4 ad) | @ |
1976
1974 23,7 19,3} 15,5 13.3 9.4
(a3 | 1| 6 (5} ] (8)
o 48,4 ] 33.0] 5.0 | 8.1 5L.¢ 1.2
(200 | 2| 2y | 1oy |lao (9)
1973 34,2 21.5 3
T.Plive 5 e | ® | (e
1977
23,7 14.8| 15.4 20,0 4,2
1974 an | an| @3 | 4 @
1915 37.0 21.3| 18.7 21.,5] 29.1 29.6
{20) (22) (52) {10 (10) (9}
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survival, as & dichotomous variable neither in sown seedlings nor in
seedlings transplanted from a nursery.

In examination of survival percentages in each year, based upon the
previous year (PLIVEi) it may be seen that there is a higher survival
rate in +cattle and +boar grazing, and lowest in non-grazing regimes.
Sample distribution of survival in 1977 is given in fig. 8.16, which
shows a higher survival rate in +cattle and +boar grazing regimes and in
only about 3% of plots in this regime no seedlings at all survived.
However, in -cattle grazing treatments, with or without boar, no seed-
lings survived in about 16% or about 19% of the plots respectively.

It appears that this phenomenon is consistent, from examination of table
8.31, which gives mean and median values of survival percentages for
various treatments, while differences in treatments are usually most
significant (median test).

Table 8.31: Mean and median of survival percentages in sown seedlings
over various years (PLIVE.) with combinations of grazing
treatments with and withoiit cattle grazing (+/-C) and with
and without boar foraging {+/-B).

Mean PLIVE 3 PLIVE 4 PLIVE 5
Median 1875 1976 1977

Grazing treatment

~C -B 29,9 -1 73.0
4.0 19.1 79.9
-C +B 33.3 40,9 70.9
6.7 25,0 87.C
+C +B 47.5 47.8 83,2
36.7 48.5 94.2

median test sig. < 0.001 0.056 < 0.001

A similar examination of transplanted seedlings did not show a signi-
ficant difference between grazing treatments and it is possible that this
is due to lack of sufficient data and minimal surviving seedlings in the
first year. In non-grazing treatments seedlings did not survive at all,
and in +boar and -cattle grazing treatments survival percentage was 19.2%.
In +boar and -cattle grazing treatments percentage was 171.7%.
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In examination of survival percentage each year on the basis of the first
year (T.PLIVEi) it appears that +cattle and +boar grazing treatments are
preferred to other treatments. In -cattle and +boar grazing, survival
percentage is usually higher than non-grazing treatments, shown in table
8.32 which presents mean survival percentages for each year on the basis
of each sowing year (B.YEAR) and for various grazing treatments. The
advantage of +cattle and +boar grazing treatments is particularly
apparent in Quercus ithaburensis vegetation treatments, for which data
are complete, and plots numerous.

A similar trend was also seen in seedlings transplanted from a nursery,
although this was based on too few surviving seedlings from the outset
for us to be able to give the results here.

Complete data on T.PLIVE are given in appendix 8.1.II in Vol. II.

. Survival of seedlings in various vegetation umits: We foumd no sig-

nificant interrelations in influence between main vegetation units, Quer-
cug ithaburensig forest, Ziziphus spinachristii and Ziziphus lotus, and
survival, neither in y? test with survival as a dichotomous variable, nor
in median test camparing survival distribution in various vegetation
units and grazing treatments.

Table 8.32 presents mean survival percentages in varicus combinations of
vegetation units and grazing regimes. The abovementioned trend of the
Quercus ithaburensis forest in which the highest survival percentage is
in +cattle and +boar grazing regimes and the lowest in non-grazing
regimes, does not appear in the ZZziphus lotus. In comparison of the
same grazing regime (+C and +B) between Quercus i thaburensie and Ziziphuse
lotus there is a tendency to higher survival in the Quercus ithaburensis,
while in +boar and -cattle grazing regimes there is no definite trend
when comparing Juercus ithaburensis, Ziziphus lotus and Ziaiphus spina-
christit,

Interrelations in influence of habitats and grazing regimes on seedling

survival: A x? test of habitat as opposed to survival as a dichotomous
variable, was made on the following grazing treatments: non-grazing;
+boar and -cattle and +boar and +cattle. Summary of these tests is
given in table 8.33.
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Table 8.33: Percentage of plots in whiech seedlings survive in com—
binations of habitat and grazing treatments with or without
cattle grazing (+/=C) and with or without boar foraging
(+/-B} and significance level in ¥2 tests as taken from
original tables. (Parentheses: mmber of plots from which
percentage was calculated.) :

PLIVES = | HABITAT g
TREE .
GRAZ FLAT  CAIRN % X
-C -B 40.0 81.5 38.5 0.0016
(45) (27) (26)
—C +B 10.4 56.8 57.9 0.0003
(48) (37 (38)
+C +B 18.8 61.8 43.8  0.0943
(32} (34) (32)

This table gives the percentage of plots and the number in which seedlings
survived. Survival percentage in the open habitat is greater in the -boar
grazing treatment than in the other grazing treatments and the -boar
grazing treatment is equivalent to the tree-cairn habitat. Survival per-
centage in the non-grazing cairm habitat is also greater than this
habitat in other grazing treatments.

Since the original table from which these data were taken and in which
the correlation between grazing treatments and survival was examined, did
not show significant correlation (see 8.3.2.2) one camnot reach any:
conclusions with regard to the difference in grazing regimes in each
habitat.

In examination of survival percentage each year in proportion to the first
year after germination [T.PLIVEi) in combinations of habitats and grazing
treatments, variability of the data was greater and we found no signi-
ficant correlation between the combinations. Nevertheless, in the tree-
cairn there was a tendency to the same order of treatments as above:
highest survival in both +cattle and +boar grazing treatment and lowest
in non-grazing treatment. In the cairn and the open habitat the highest
survival rate was in +boar and +cattle grazing treatment. However, while
there was no definite tendency in the cairn, towards other grazing
treatments, there was consistent preference in the open habitat for
-cattle and -boar treatment over +boar and -cattle treatment (see matrix
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No. 2, App. 8.1.II).

. Correlation between survival of seedlings and change in their number of

leaves: We have seen above (table 8.25) the change in mean mmber of

leaves per replicate plot over the months of the year and in various

habitats and treatments.

We examined the difference in percentages between maximum number of

leaves in two consecutive years (DMi;= MNL; - MNL; ;). This variable

ranges theoretically from -100% to infinite, but in practice its value

did not exceed 150%.

We divided the range of variability of DML into 5 categories:

-100% seedling with leaves in the previous year now completely
leafless. A seedling which was leafless in the previous
year is not included in this category and is considered a
missing value.

-99% - -21% mmber of leaves on seedling significantly diminished.

-20% - +20% no significant change in mumber of leaves.

=21% - +99% significant increase in nmumber of leaves.

> 100% seedling at least doubles its mumber of leaves compared with
previous year.

Fig. 8.17 shows the DML variable for 1977 against 1976 as a typical
example. It may be seen that in most of the replicate plots there was no
significant change in number of leaves, and a slight tendency to increase
in mmber of leaves in the plots. In comparison of habitats in this figure
we see that the percentage of plots in the open habitat, where no leaves
remain or significantly diminish in number, is highest. Of the plots in
which no significant change in mumber of leaves occurs, which is the
largest group of plots, the percentage of plots is greatest in the caim
habitat. Among those whose mumber of leaves increased there was some
preference for the upen habitat. The smallest group was that in which the
seedlings at least doubled their mumber of leaves and wihtin this group
the tree-cairn habitat shows a higher percentage than the others.

In comparing DML in sown seedlings among the various habitats for 1975-
1977, (1974 was excluded due to insufficient data), table 8.34 is
obtained, which presents mean and median values of ML, with a signifi-
cant difference in habitats for each ML in the median test.
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Percentage of plots calculated from the number of plots
in each habitat, or of all the plots in which number of
leaves in 1977 as compared with 1976 had at least
doubled (100%), had increased considerably (-21% — +9537),
had not increased considerably (-207 - +20Z), had
decreased considerably (~99%7 - -2!%), or had been left
left with no leaves whatever (=100%).
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Table 8,34: Mean and median values of differemce in number of leaves on
seedlings in consecutive years 1975-1977 in various habitats.

mean DML 3 DML 4 DML 5
median 1975 1976 1977
HABITAT
flat -82.6 -49.3 -17.0
-99.7 -57.1 - 0.8
cairn =-20.1 12.9 12.4
- 8.3 9.7 14.7
tree -17.7 -18.3 4.3
cairn -11.1 -1%.3 0.0
median sig. < 0.001 < 0.001 < 0,001

The table illustrates that the difference in mumber of leaves is very
small in the open ground and usually very high in the cairn. Here, too,
1977 stands out as a year of comparatively greater development of seed-
lings compared with other years.

In seedlings transplanted from a nursery to the experimental area there
is a tendency for preference of the cairn over cpen ground, where all
the seedlings died. This tendency is not significant, probably because
of insufficient data (see also App. 8.1 II).

Correlation between survival of seedlings and change in mumber of leaves

according to habitats: x? tests were carried out on seedling survival as

opposed to change in mumber of lsaves in two consecutive years (PLIVEi X
mLi) in various habitats. In every vear (excepting 1974) and in every
combination, most significant correlation was found between change of
number of leaves and survival (x° sig. < 0.0001, see App. 8.2. II).
After examining in these tables the three combinations of habitat in
which the difference in number of leaves was greatest, the following was
found:

In_the_open_habitat: the three highest combinations ranged over 1%-100%
survival, with the number of leaves either remaining unchanged or
diminishing (DML -99% - +20%).

Cairn and tree-cairmm: here we found that the three highest combinations




183

ranged fram 51% - 100% survival, usually within a positive ML range.
Thus there is significant correlation between mmber of leaves and sur-
vival, with greater tendency to high IML values and survival in the cairn
habitats.

Correlation between survival and change in number of leaves according to

difference in number of leaves for consecutive years (IML) 1975-1977,
against grazing treatments in all plots, in Quercus <thaburengis type
vegetation and Ziziphus lotus type vegetationm.

Tables 8.35, 8.36, 8.37: Mean and median values of difference in number
of leaves from one vear to the previous vear for 1975-1977
in various grazing regimes: with/without cattle grazing
(+/-C}), with/without boar foraging (+/-B) in all plots (B.35),
Queith forest {8.36), Zizlot unit (B8,37).

mean ML 3 DML 4 DML 5
median 1975 1976 1977
TREATMENT
-C -B ~46,8 -24.8 3.2
—41.4 -10.8 0.3
-C +B =52.5 =-24.5 - 5.3
-98.6 =23.1 0.1
+C +B =35.4 - 3.0 7
=56.1 - 0.2 N
QUEITH
-C -B -46.8 -24.8 3.2
-41,4 -10.8 0.3
-C +B -48.9 ~24.8 - 4,7
-97.6 -23.1 1.2
+C +B -43.8 13.] 15.5
-76,2 - 0.1 17.3
ZIZLOT
—C +B -61,1 =25.1 -32.9
-97.3 ~27.3 =16.7
+C +B 17.2 ~46.1 - 8.0
-10.0 -96.8 - 1.7
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The difference in median values in each DML; in the three sub-tables was
most significant (median test sig. < 0.001). The tables show that the
treatment in which difference in mumber of leave from ome vear to the
preceding year is highest, is the +cattle and +boar grazing treatment,
and the lowest in ~-cattle and +boar grazing, both in the Quercus <thabu—
renais forest and in the Z<ziphue Lotus unit.

Comparison of the 3 main vegetation units in -cattle and +boar treatments,
show IML values in the Z7ziplmus gpinachristii to be highest and in the
Ziziphus lotus to be the lowest. Comparison of Quercus tthaburensis and
Ziziphus lotus in +cattle and +hoar treatments showed no definite trend.

There was no clear correlation in seedlings transplamted from a nursery,
between the grazing treatment and difference in amount of foliage and

this is possibly due to the great variability and small mmber of seed-
lings which survived after their first vyear.

In examining change in mumber of leaves in each of the vears 1974-75
against survival in those same years (]JMLi X PLIV‘Ei) for various grazing
treatments, significant correlation was found (x? sig. < 0.05) between
difference in number of leaves in a year, as compared with the preceding
year, as against survival in the same year (excluding one case in 1974),
These data are given in App. 8.3. II of Vol. II. However, this correlation
does not indicate an wunequivocal trend in variability of cambinations of
ML, and F’LI‘:"Ei with treatments. In most of the treatments recurrence of
high survival values occurs, accompanied by a more or less constant number
of leaves {IML -20 - +20) with slight tendency to higher values of IML
accompanied by high PLIVE in +cattle and +boar treatments. Any other dif-
ference in number of leaves (+20<DML<-20) was usually accompanied by
lower survival values.

Correlation between survival of seedlings and location of regeneration
bud: In examination of the correlation between seedling survival as a
dichotomous variable (PLIVES) and each of the variables BS1, BS2, and
BS3 which represent mumber of replicate plots in which seedling rege-
neration from a basal, lateral or apical bud respectively had occurred,
significant correlation was found (x% sig.< 0.0001) between survival and
each of the regeneration sites. However, we did not find that the grazing
treatments had any effect upon the rate of plots in which there was re-
generation from a basal, lateral or apical bud. We have therefore not
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shown the dependency of BS1-3 on PLIVE and in table 8.38 have shown the
correlation between place of budding and survival for all the treatments
together,

Table 8,38: Number of plots in which there was basal, lateral or apical
budding (BS5]1, BS2, B33 respectively) as apainst survival or
non=-survival (PLIVES 1, 0) of seedlings in all the treatments
together, Order of numbers in each cell: count, row per-
centage, column percentage., Significance was found in each
sub~table in xZ test < (.0001.

B5 1 BS 2 BS 3

PLIVES o H PLIVES ¢ 1 PLIVES 0 1
165 15 177 3 179 1
g 91.7 8.3 0 98.3 I,7 0 99.4 0.6
81.3 12.9 77. 3.3 91.8 0.8
38 101 51 88 16 123
1 27.3 72,7 1 36.7 63,3 1 11.5 88.5
18.7 87.1 22,4 96.7 8.2 99.2

Of those remaining alive the percentage of plots in which apical rege-
neration occurred (BS3) was highest (range 80,5 .- 95.8% in the three
grazing treatments) as against those regenerating from lower buds (BSI1,
BS2, range 52.1 - 88.0% in the three grazing treatments).

Survival in the budding seedlings was sustained in 96.7 - 100% of plots

© with apical budding, 96.2 - 97.1% of plots with lateral budding and in
75.9 - 100% of plots with basal budding.

Analysis of numbers of replicate plots in which regeneration and survival
occurred (lower right cell in each of the tables BS1-3 in each grazing
treatment), showed us that there was no significant difference in grazing
treatments. However, there was a significant difference in regeneration
locations (a rate of 0.05 in F test), compared with the rate of those
which survived and budded apically, which was the highest, and the rate
of those which survived and budded laterally, which was the lowest.

We see, therefcore, that apical budding has a very high rate, both among
budding seedlings and surviving seedlings and this is illustrated in the
table summarizing the three grazing regimes (table 8.38 above).
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The BS variable behaves similarly with regard to PLIVES in habitats as
well as in grazing treatments. Significant correlation was found in each
habitat (x2 sig.< 0.0001) between PLIVES and each of the variables BS1,
BS2, BS3. Among surviving seedlings a high percentage of regeneration
from an apical bud was apparent (93.5 - 100%) as compared with lateral
or basal rebudding (48.3 - 82.8%). Of the seediings which rebudded, those
which budded apically survived at a higher percentage (98.4 - 100%) than
those which budded laterally or basally (70.6 - 100%).

Analysis of the number of replicate plots in which there was regeneration
and survival (lower right cell in each BS table in each habitat) showed
that variability of hsbitat is greater than variability of budding
locations and that there was a significant difference between each two
habitats (t test sig. = 0.05).

In the cairn, budding rate is highest. Of the budding locations, apical
budding tended to have the: righest rate, particularly in the cairn, and
this is shown in table 8.39.

Table 8.39: Number of replicate plots in which seedlings survived and in
which basal, lateral or apical budding occurred (BS!, BS2,
BS3 respectively), in various habitats. Order of numbers in
each cell is count, row percentage, column percentage.

count
row % HABITAT
col.%
TREE~
BUDDING SITE FLAT CAIRN CAIRN
24 45 32
BS 1 23.8 44,6 31.7
51.3 29.6 31.4
14 47 27
BS 2 15.9 53.4 30.7
24,1 30.9 26.5
20 60 43
BS 3 16.3 48.8 35.0
34.5 39.5 42,2
Total 58 152 102

18.6 48.7 32.7
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7. Correlation between survival of seedlings and appearance of summer or
autum budding: Frequency of budding in seedlings is shown in table 8.25
above. The usual budding season is in spring (Feb.-April), while autum
and summer waves of budding are more rare (see alsc 6.3,1). Rebudding
both summer and autumn is noteworthy, This appears in many cases, after
conflagration or damage by animals.

Table 8.40 shows the mumber of replicate plots in which seedlings sur-
vived, compared with those in which budding was recorded in May-Dec., for
the three grazing treatments.

Table 8.40: Survival of seedling against appearance of rebudding in
May~Dec. in various grazing regimes with/without cattle
grazing {+/-C) and with/without boar foraging(+/-B). Order
of numbers in each cell: number of replicate plots, row
percentage, column percentage in each sub~table.

GRAZ. -C -B -C +B +C +B
SN BUDS 0 1 0 | 0 1
PLIVES
25 16 34 4 20 7
0 61.0  3%.0 83.5 10.5 4.1 2
92.6 25.8 87.2 8.5 80.0 17.1
2 46 5 43 5 34
1 4.2 95.8 10.4 89.6 12,8 87,2
7.4 74,2 .8 91.5 20.0 B2.9
sig. ¥° < 0.0001 < 0.0001 < 0.0001

Percentage of surviving seedlings which bud, is over 85% with a very high
percentage in non-grazing treatments (95.8%). However, comparison of
surviving seedlings ocut of those which bud only, in a non-grazing treat-
ment, shows that 74.2% survive, in contrast to 91.5% in +boar and -cattle
grazing treatments, and 82.9% in +cattle and +boar grazing. (Difference
between the first vears, on the basis of the first three sowing years was
significant at a rate of 0.01 in t test.)
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Analysis of seedling survival against mumber of seedlings rebudding a
second time in variocus habitats, showed significant correlation in the 3
habitats between survival and budding (see table 8.41). The highest per-
centage of surviving seedlings budded in the tree cairn, and the lowest
in the flat, open habitat, although the difference was slight and non-
significant.

Table 8.41: Survival of seedlings against appearance of rebudding in
May-Dec, in various habitats, Order of numbers in each cell:
number of replicate plots, row percentage and columm per-
centage in each sub-table,

HABITAT FLAT CAIRN TREE - CAIRN

SN BUDS 0 1 0 1 0 1
PLIVES
40 19 14 0 25 8
0 67.8  32.2 100.0 0 75.8 24,2
93.0  46.3 70.0 0 89.3  15.7
3 22 6 58 3 43
1 12.0 88.0 9.4 90.6 6.5 93.5
7.0 53.7 30,0 100,0 10.7  84.3
sig. x2 < 0,0001 < 0.,0001 < 0,0001

However, comparison of survival percentage of those which budded showed
that in the open habitat only 53.7% survived and in the cairn and tree-
cairm 100% and 84.3% survived respectively. The difference in the open
habitat and the other habitats was found to be significant (in t test on
the basis of three sowing years at a significance level of 0.071).

Effect of supplementary irrigation on seedling survival: Seedlings sur-

vived in 61.5% of the plots which received supplementary irrigation at
the beginning of summer at a rate equivalent to 70 mm rain, compared with
only 32,7% in those which did not. This difference was found to be signi-
ficant at a rate of 0.03 in y? test (see table 8.42).
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Table B.42: Seedling survival with and without supplementary irrigation
of 70 mm, at the beginning of summer; order of numbers in
each cell: number of replicate plots, row percentage, columm
percentage. Significance level in 2 test was 0,0306.

count TIRRIGATION

row %

col.Z 0 1

PLIVES
33 10

0 76.7 23.3

67.3 38.5
16 16
50.0 50.0
32.7 61.%

Comparison of tables similar to table 8.42, for each habitat individuwally,
did not show significant correlation, possibly because of the small mm-
ber of plots obtained when dividing irrigation treatment into three
habitats. Nevertheless, the trend remained: irrigation increases sur-
vival. In the open habitat the increase rate was from 26.1% with ne
irrigation, to 36.4% with irrigation. However, in the caimn, irrigatiom
increases survival percentage from 63.8% to 88.9% and in the tree cairn
from 20.0% to 66.7%.

Effect of weeding on survival of seedlings: Examination of the dependency

of survival on weeding round the seedlings, did not show significant
dependence, neither in the various habitats, nor in all the plots to-
gether. However, we did see a tendency to greater survival in plots which
had been weeded. In 55.3% out of 159 replicate plots, seedlings survived
in weeded plots, compared with general survival percentage of 43.6%. It
should be remembered that this difference is mainly due to weeding in the
open habitat, since in the caim very few weeds exist. Lack of sufficient
untreated replicate plots in the year in which most of the weeding took
place restricts the possibility of obtaining significant results.
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10. Summary of results on seedling survival: From the above it may be con-
cluded that seedling survival is greater in the cairn. Sown seedlings
prefer the non-tree cairn and seedlings transplanted from a nursery tend
to prefer the tree cairn. The more varied the grazing regime, the greater
survival potential, so that the highest survival rate was recorded in

+cattle and +boar grazing.

Correlation similar to the cairn and grazing regime was found in the
difference in mumber of leaves from year to vear. This was higher in the
cairn and in +cattle and +boar grazing regimes.

Apical budding was accompanied by high survival mainly in the cairn. On
open ground more seedlings budding basally survived.

Survival reacted positively to supplementary irrigation at the end of
spring and also to weeding round the seedlings.

8.3.2.4 Summary of effect of habitats, grazing treatments and main vegetation
types_on_germination and survival of seedlings sown in the open ground
and_seedlings transplanted from a nursery: The following is a summary
in qualitative and schematic form, of the correlation between habitat,
grazing regime and vegetation type, of variable concerned with germination
and taking root of seedlings. We have only listed significant and main cor-
relations,
The following symbols are used: > : greater tham; < : smaller than;
= : no significant difference; « : direct positive ratio.

habjtats : flat, cairn, tree-cairn, as illustrated in fig. 8.1 (0, 2, 2

respectively);
grazing treatments : +/-C = with/without cattle grazing
+/=B = with/without boar foraging;
vegetation types : QUEITH = Quercus tthaburensis park forest
L2IZSPI = Ziziphus spinachristii savammoid formation
LIZI0T = 2iziphus Totus bushy grassland;

propagation method : 5d - from seeds in the area; Sding- transplanted seed-
lings;

PGERM : Germination percentage;

Habitat : Sd : flat » cairn » tree-cairn

Grazing : Sd : -C-B > -C+B > +C+B
Sding : -C-B > -C+B , +C+B




191

Vegetation : 84 : QUETTH : -C-B > -(C+B > +(+B
Z2IZ10T : ~C+B » +(+B
-C+B : ZIZLOT = ZIZSPI > QUEITH
Sowing year : Sd : 1975 > 1974 > 1873

Grazing X Habitat : Sd : -C~-B  flat > caimn > tree-cairn

-C+B  cairn > flat, tree-caim
+C+B  cairn > flat, tree-cairn:

Remarks concerning drying out, fire, damage by animals

- drying out: -C-B > -C+B > +(+B

- burning : flat > caim > tree-cairn; -C-B » =C+B » +C+B

-~ cattle trampling : flat > cairn, tree-caimn

boar uprooting : flat > tree-cairn > caimn

- boar eating : flat > tree-cairn > cairn

- rodent root-neck nibbling : flat > tree-cairn, caim; -C-B > -C+B, +C+B:

- Lo 'm0 "o
1

PLIVE - survival of seedlings

Habitat : Sd : cairn > tree-cairn > flat
Sding : tree-cairn > cairn » flat
Sowing year : 1975 > 1974 > 1973; flat only
PLIVE : Sd : PLIVE 1977 > PLIVE 1976, PLIVE 1975
Grazing : Sd, Sding : +C+B > -C+B > -C-B
Habitat X Grazing : Sd : -C-B : cairn > tree-cairn = flat
{(-C-B) (cairn) > (+C+B)(cairm) > (-C+B)(tree—cairn)

IML : DML, o« PLIVE; (3 = 1975, 1976, 1977)

+C+B > =C-B > ~C+B

-C+B : ZIZSPI > QUEITH » ZIZLOT

DML (1977) > DML (1976) > DML (1975)

DML X PLIVE : cairn, tree-cairn > flat
PLIVE (-20 < DML < +20} > PLIVE (+20 < IML < -20)
BS - budding site : PLIVES : BS3 > BS1 > BS2
PLIVES X Grazing : -C-B = -C+B = +C+B
PLIVES X Habitat : flat : BS1 » BS3 > BS2
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cairn : BS3 > BSZ » BSi
tree-cairn : BS3 » BS1 » BSZ

SNBUDS - number of budding seedlings
SNBUDS o PLIVE
PLIVE (-C+B) > PLIVE (+C+B) > PLIVE (-C-B)
PLIVE (cairn} > PLIVE (tree-cairm) > PLIVE (flat)

IRRIGATION : PLIVE (IRR) > PLIVE (NO IRR)

WEEDING : PLIVE (WEEDING, flat) > PLIVE (NO WEEDING, flat).

8.4 Discussion

8.4.1 Introduation

In this chapter we have attempted to understand the factors affecting
germination and establishment processes of Quercus tthaburensis seedlings in
the Yahudia Forest. In order to isolate some of these factors, we devised an
artificial system of selective grazing to learn what the effect of the most
important animals would be. In order to learn about the mechanisms operating
at the establishment stage only, we excluded the germination stage from part
of the experiment and brought plants which had been nursery grown to the area.
We simultaneously kept track of the existing seedlings which were at various
stages of germination and establisiment to learn of the conditions in which
they grow naturally and their effect on major factors such as grazing and
habitat, and on the survival potential of the seedlings.

8.4.2 Gertination of Quercus ithaburensis

Examination of natural germination in fact began with a given situation of
existing seedlings with a limited possibility of isolating factors affecting
germination. During the second and third year we were able to keep track of
seedlings added to those found in the first year and learn of the conditions in
which they take root during their first summer. However, we collected much in-
formation on seedlings we had ourselves sown in various habitats and grazing

regimes.
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We have seen that of the habitats, the open ground outside the cairm is
the best habitat for germination. The advantage of this habitat is retained
for as long as there is no boar foraging. The presence of boar, which consume
most of the acoms, decreases the camparative advantage of this habitat and
increases the advantage of the cairn where acorns are less accessible to boar
and are therefore better able to germinate. Behaviour similar to that of the
boar exists in California, in the mule deer which consumes the greater part of
the acorns (Bowyer and Black, 1979). We have thus seen that also in the case
of natural germination, most of the new seedlings were found in the cairn,

Ameng the vegetation types, we found that in +boar and -cattle grazing,
germination percentage was inferior in the Quercus i{thaburensis forest compared
with the ZZziphus epinachristii or Ziaiphus lotue. The foraging habits of the
boar are such that in the acorn season they 'visit" the Quercue ithaburensis
forests and forage most of the acorns in the plots which they reach. During
the season in which there is an abundance of acorns in the oak forests, the
boar are not attracted to the Ziziphus lotus areas and therefore the acorns
which we had sown there were able to germinate in greater amounts. The dif-
ference in germination percentages between the various sowing years is not
sufficiently explained, In 1975 germination was good, perhaps because most of
the plots had been weeded, but the advantage of 1974 over 1973 is not explained
and we were not able to draw any conclusions from comparison of precipitation
between winter 73/74 and winter 74/75 (see fig. 3.2).

8.4.3 Establighment and survival of seedlings

8.4.3.1 Establishment and_survival_in various habitats: An unequivocal and
outstanding finding is that the cairn habitat is preferred for establishment
and survival of the Guercus ithaburensis. This can be learned from the fre-
quency of mature trees comected with the cairn {over 90%} and also from the
location of natural seedlings most of which established themselves in the
cairn. Seedlings which had been sown in the cairn, or transplanted to the
cairmn were more successful. Within the cairn habitat, the cairn slope (see
fig. 8.1), in which about i of the natural seedlings are concentrated, was
found to be preferred.

In the non-tree cairn survival was greater than in the tree-cairn. It

seems that the shade which the tree provides the seedlings beneath is not
significant, since success was not more marked to the north of the tree than
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to the south, despite the long hours of shade. It was also apparent that the
tree's foliage (see 7.3.1.2 - 3) does not delay seed germination or growth.
It is therefore, possible that competition over water between the seedling
and the tree is already of consequence at this stage.

We have seen that natural germination is mostly concentrated in tree
cairns. It should be remembered that long-range distributors of acorns in
the Yahudia forest are rodents which can disperse the acorns to a distance
of several tens of meters (see 4.1.2.3 - 2), far enough for them to reach
nearby unoccupied cairns. However, such cases are most rare and the number
of vacant sites within the forest is limited. Mellanby {1968} found that in
the presence of birds such as the wood pigeon, oak seedlings were evenly
dispersed to a distance of 400 meters from the tree.

It is interesting to note that seedlings which were transplanted from a
nursery took root more successfully in the shade of the tree. We have al-
ready mentioned above (see 7.3.3.2)} that nursery seedlings do not develop a
long root due to the limitation caused by their container and their twisted
root prevents them from reaching a2 moist layer of soil quickly. It is those
seedlings with short roots which require shade in the first instance, until
establishment of the root, to prevent drying out. In contrast to sown seed-
lings which grow deep rcots in a short space of time (see 7.3.2) these
seedlings do not have to compete for water with the tree at the outset,
because they are divided vertically within the habitat.

8.4.3.2 Establishment and survival of seedlings in various_grazing regimes

Survival of seedlings increases with the variability of the grazing regime,
so that low survival is found in absence of boar and cattle, and slightly
higher survival in presence of boar and highest in +cattle and +boar
grazing. In California it has also been found that prevention of cattle
grazing did not contribute to the increase in regeneration of caks {Duncan
and Clawson, 1979) and that grazing by black-tailed deer made germination
and establishment of oaks possible (Griffin, 1979). However, we found that
in the open habitat the survival percentages rises slightly in absence of
boar but the cairn habitat is still preferred.

Survival potention of basally budding seedlings is greater in cattle
grazing regimes than in others. These seedlings are more susceptible to fire
and suffer more from competition with herbaceous plants. It is likely that
these seedlings have a less developed root system, since, if it were more
developed the physiological state of the seedling would be superior,enabling
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it to bud apically.

Cattle grazing provides weak seedlings with an advantage over other
grazing regimes.

The increase in mumber of leaves from year to year, is also an indicator
of more superior seedlings in cattle grazing regimes.

8.4.3.3 Difference_in_vegetation types with regard to_germination and survival

regard to survival of seedlings and other parameters. However, there was a
tendency of seedlings in the Ziziphus spinachristii type vegetation to
develop more leaves from year to year comapred with seedlings in the Quereus
ithaburenaie forest, and of the latter to develop more seedlings than in the
Ziziphus lotus type vegetation, but this can be attributed to topographical
data of the three vegetation types.

The Ziziphus epinachristii belt is lower than that of the Quercus ithaburen—
gis, which in turn is lower than the Ziziphus lotus.

The difference in height of the three umits reaches about 300 meters (see
map 5.1) and is expressed in temperature difference, particularly at the end
of winter in the main budding season (February).

The temperature difference in this season can be significant for ad-’
ditional -growth. It is important to note that we have seen that Quercus <tha
burensie seedlings can establish themselves in all three types of vegetation
moTe or less equally. We therefore extended our experiments to Ziziphus
species types of vegetation. With regard to the Ziziphus lotues we have al-
ready noted (see 5.3.2) that it may be a secondary type of vegetation
because of deforestation of the Quercus ithaburensis forest, and we have al-
ready seen that the Quercus ithaburensis can grow in existing Ziziphus lotus
areas.

8.4.3.4 Change in phenclogical parameters relevant to survival of Quercus itha-

burensis_seedlings: Phenological parameters connected with budding show a
peak in spring, such as mmber of seedlings, number of leaves and various
budding rates. Basal budding also reaches a peak in May, partly because of
damaged plants, which have a high frequency of basal budding and which re-
budded in late spring. An additional, smalier peak in budding appears in
autum and indicates the autumn wave of budding whose frequency is mainlty
due to fire or damage. This peak partly overlaps the begimming of fall in-
dicating lack of synchronisation between seedlings. This situation also
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stands out at the beginning of spring when there is overlapping between
budding and shedding.

We found that the phenological parameters provide quantitative measures
for evaluating establishment of seedlings and that there is close
correlation between them and their survival.

We have seen that there is significant correlation between parameters in-
dicating a good physiological state such as apical budding and sutum
budding, and survival. Correlation between survival and location of budding
in the cairn, and between survival and grazing regimes is also seen in these
parameters showing them to be high in those same habitats and treatments
which have a good survival rate.

However, beyond survival or non-survival, these parameters also serve as
a measure of development. We have seen that the physiological age of the
seedlings is divided into a group of young seedlings from up to 4 years of
age and a group of 5 years cld and over seedlings. The steady rate of about
2/3 of the seedlings which belong to the -4 age grouwp indicates that the
majority does not pass this age. The remaining 1/3 is older and mostly takes
up the 10-15 and even 20 years age group. This opinion is based upon the
large number of branches and relative greater height of the mature group,
compared with the young seedlings of 5 years of age.

In the two age groups the static situatidn stands out, of difference in
mumber of leaves from year to year, of mumber of branches and of difference
in height from year to year. These 3 parameters which indicate almost no
anmual differences, are individually measured on the same seedlings each
year. This shows that the physiological age of most of the seedlings is
static, despite increase in chronological age. Under these conditions it is
difficult for trees to reach maturity, since this depends upon physiological
age. Height, for instance, is a condition for acorn growth, irrespective of
chronological age (Shmida, 1980).

We have seen that of those seedlings which survive, frequency of apical
budding is greater. A plant which buds apically has a greater chance of
growing taller from one year to the next, than a basally budding seedling.
Basal budding, particularly the type which rebuds vear after year on the
same seedling, turns it into a kind of hemicryptophyte in which regeneration
buds are at ground level. We shall deal with the reasons for this later on,
but significance with regard to physiological development of the seedling is
crucial. In the open habitat, where we have already seen that survival is
low, frequency of basal budding is greatest. That is to say, in a habitat
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with many budding difficulties, those which survive are also in a state of
delayed perennial growth, in contrast to the cairn, where both survival and
frequency of apical budding is greater, i.e. the state of the plant is
better.

In the group of parameters which represent various damage to seedlings, most
prominent are the summer peak with regard to those related to desiccation
(fire and desiccation), a considerable winter peak for damage by animals
related to the wet seasons (trampling by cattle and uprooting by boar) and
consuming of acomns which ripen in winter. Spring and summer damage is
caused by animals which eat the seedlings. Rodents are possible active with
seedlings in this season because of their still soft shell (see 6.3.2) and
because in winter the acomns concern them as food, both in gathering and in
eating. We thus found gnawed acorns in this season, which had germinated.

In California it has been found that rodents cause damage to valley oak
seedlings, almost totally preventing survival of seedlings above the age of
4 (Griffin, 1979}, which we too found to be a critical age for survival,
although not necessarily through the fault of rodents. '

Eating of seedlings by cattle and rodents is most common in summer. In
this season, the Quercus ithaburensie is an important compenent of the
cattle's food (see 10.3.2.2). The positive, significant correlation which
we found between browsing of leaves by cattle and survival of eaten seed-
lings, is surprising. Possibly, autum budding which is more common after
browsing brings about survival of the seediings, despite its being con-
ditional to browsing, in the same fashion as autumn budding, which does not
necessarily follow cattle browsing.

Damage by boar is greatest in the open ground, and smallest in the cairn,
because of the facility of burrowing in the ground, especially in winter. In
the tree cairn, there is more damage than in the non-tree cairn and this can
be attributed to presence of boar under the tree, where they eat acorns and
then attack the sown acorns and growing seedlings in the vicinity.

Gnawing of the seedlings root neck by rodents, which we have seen to be
destructive to seedlings, is more common in -boar grazing treatments. We
have mentioned above (see 4.2.2.3) that following the removal of boar from
the plots the mumber of rodents increased particularly Apodemus mystacinus
and Acomys cahirinus, and their activity increased accordingly. Although we
have shown that this does not have any real effect on the germination po~
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tential of the acorns (see 4.2.2.3), there is greater activity and more
damage to seedlings.

8.4.3.6 Conflagration, desiccation and water regime of seedlings and relevance
of these to_their survival: Correlation betwesen desiccation of seedlings and
their survival has been found significant. Damage by desiccation is nost
apparent in non-grazing treatments and least apparent in cattle and boar
grazing. Greater frequency of seedling desiccation was found in the open
habitat than in the caim.

Fire: Similar correlation was found with regard to seedlings damaged by fire
in both the habitat and grazing regime. However, we did not find any direct,
significant correlation between fire and survival, although it was obvious
that fire significantly affects desiccation which in tum significantly
affect survival. Circumstantial correlation which is alse caused by re-
lationship between the habitat and the grazing regime, shows that frequency
of damage by fire in the cairn, was much lower and survival much higher.

Fire in +cattle grazing is also less intense (see 9.3.2) and survival in
this grazing regime is higher.

In all, about 25% of seedlings were damaged by fire and of these only a
small percentage rebudded in the same year. If seedlings do bud after fire,
the majority issue a single branch from a basal bud, i.e. fire contributes
one of the most significant factors in the creation of the "hemicrypto-
phytic" stage of delay in the seedling in addition to its actual affect on
survival itself.

We find that ahsence of direct significant correlation between fire and
survival is due to fault in the parameter which we chose. Desiccation of the
seedlings' leaves by fire was sufficient for it to be registered as damaged.
It seems that damage to the stem is the decisive element in survival. Qur
records did not discriminate between damage to leaves only and damage to
stem, and it is possible that separation of the two may have provided a more
unambiguous picture.

Desiccation and water regime: Desiccation, which attacks nearly hald the
seedlings destroys approximately half of them. The Quercus {thaburensis was
found to be "wasteful" in its water regime. Its transpiration intensity is
similar to that of deciduous trees with mesamorphic leaves, but is not
typical of this group in the low level of water contained in its leaves
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(Litvack, 1954). Oppenheimer {1950) also mentions this as well as a trans-
piration rate of 900 mg/g/h, which is 4 times greater than, for example, the
Quercue calliprinos.

We have seen that, of the acomns sown in 1975, more seedlings survived
than in 1974 and in this year more than in 1973. We believe that the advan-
tage of 1975 came about partly as a result of weeding of herbaceous plants
in the vicinity of the seedlings. We have seen that the reaction of seed-
lings to weeding has shown 2 positive tendency to survival, mainly in the
open habitat.

With regard to survival years, we have seen that in 1977 survival was
greater than in previous years, accompanied by a better condition in the
seedling from a phenological point of view.

Examination of the conflagration mep (see map 9.1) shows that in 1977
only one plot out of the experimental plots (5) was damaged by fire, while
in 1975 and 1976 4 plots were damaged in each year, we have seen and shall
also see in chapter 9 that effect of fire on seedling survival is negative,
and it may be assumed that this was a decisive factor with regard to decrease
in survival 1975-76.

Examination of the precipitation graph (see fig. 3.2) shows that in 1977
there was a high rate of precipitation (602 mm)} with good distribution umtil
April, a factor which could be of significance to the state of the seedlings
in summer 1977. However, 1975 and 1976 had similar amounts of precipitation
(458, 438 mm respectively) but the distribution of precipitation was better
in 1976 and continued until mid-April. This may definitely be significant to
greater survival in the summer of 1976 as against the summer of 1975.

We have seen that survival reacted positively to irrigation. Irrigation
was, in fact, a better artificial method of distribution of precipitation
and was similar, in this, to the natural precipitation of 1977.

It should be remenbered that soil of the basalt type becames extremely
cracked with the onset of drying up (see 3.2.2) and this causes deep-down
drying up and tearing of roots (see also 7.3.2). Supplementary irrigation at
the onset of soil-cracking (MAY) postpones the process and permits longer
root-length and improvement of the seedling.

The tendency to rise in seedling survival after weeding, especially in
the open habitat where the amount of weeds is significant, is effective,
similarly to irrigation, in preventing competition over water with herbaceous
plants, and improving the water balance of the seedling in the same critical
period and end of spring and begimming of summer, which is the major period
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for water consumption in herbaceous plants.

Premature shedding which showed significant correlation to survival, occurs
more in the cairn than in open ground. Premature shedding is an important
defensive mechanism in seedlings, to prevent drying up. Shedding of leaves
in the difficult, end of summer and autum season, 3-4 months before the
usual time, saves water for the plant and prevents the destructive de-
siccation process. This mechanism acts less in the open ground where, due
to presence of weeds, soil dries up more rapidly, both because of the
exposed soil and deep cracking. Thus, in the open ground, the seedlings do
not have sufficient time to develop absiccion tissue and to shed their

leaves and become desiccated. We found proof of this in Litvack (1954), who
discovered in the Quercus {thaburensis that a tree which is late in shedding
also retains a high transpiration rate at the end of summer and a tree which
sheds early decreases in transpiration rate at the end of summer.

We have seen that seedlings' survival is greatly influenced by their
growth as compared with the previous year and that desiccation, fire and
location of seedling in the cairn individually affected survival, especially
in height interaction. Shorter seedlings are more susceptible to fire and
their survival after conflagration is lower than in seedlings which had
grown taller. Tall seedlings are also less susceptible to drying-out as
their root system is deeper so that they have more tendency to survive.
Similarly, seedlings growing on the slope of the cairm, which have been Seen
to have a high survival rate, survive more in a combination of greater
seedling height, possibly also because of more superior water regime in the
taller seedling.
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8.4.4 Theoretical model for deseribing stagee of germinmation and estublishment
of the Quercus ithaburensis

To summarize the main factors affecting germination, establishment and sur-
vival of the Quercus ithaburensis, it may be stated that the best theoretical
habitat for germination is the open ground outside the cairn. However, in the
reality of the Yahudia Forest, with boar impact, especially in mature Quercus
ithaburensis areas which yield acorns, success is greater in the cairn. Effect
of rodents on germination is usually positive, since their consimption rate is
less than production of acorns and burying of acorns in the ground makes it
possible for them to be "saved" from the teeth of boar, as well as germination
of those buried seeds which are buried and not eaten.

To a certain extent, boars also make a positive contributicn. Despite the
fact that they eat most of the acorns, they also trample on them, thus burying
part of the acorns in the damp soil and preventing their drying-up, which is
~ destructive to acorns (see 7.3.1) and enzbling them to germinate.

Establishment of seedlings and their survival is also good in the cairn with
no boar grazing. Cattle grazing affects establishment and survival of seedlings
most positively by decreasing the intensity of fire and lessening competition
with herbaceous plants, Phenological parameters such as budding, location of
bud and state of leaves indicate the preference for the cairn and cattle grazing.

The cental factor, therefore in the success rate of germination is bear,
although a small percentage of germination is sufficient for perpetuation of
the species, taking intc consideration the production rate of the acorns (see
7.1,

The main factor in seedling survival is the water regime, The water regime
is safeguarded by the cairn habitat which has the advantage of being able to
retain humidity and an almost total absence of weeds. A second factor improving
the water regime is cattle grazing which lessens the danger of desiccation from
fire as well as lessening the amount of herbaceous vegetation at the end of
spring which competes with seedlings for water.

Fig. 8.18 describes the theoretical course of growth in the Guerecus Zthabu-
rensts in logarithmic axes of time as opposed to height, which in fact
represents chronological age as opposed to physiological age (see above, height
as condition of fertility). The figure describes a three-stage graph.

Stage I - "Hemicryptophytoid'": This stage begins with germination which is
greatly dependent upon boar and rapid growth in the first year. Next comes the
stage of growth inhibition with basal budding which recurs each year and tumns
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the plant into a type of hemicryptophyte. Typical of this stage is stiff cam-
petition with herbaceous plants over water and vulnerability to fire.

This stage continues until a chronological age of approximately 4 years,
which is the point of balance in survival of seedlings at height range of 0 -
£30 cm. At this stage the percentage of survival is low.

Stage 11 - "Chamaephytoid": At this stage an increase in height occurs and a
stage of long-term irnhibition. At this stage, apical and lateral budding is
more frequent, although from time to time there occurs a return to basal bud-
ding and in this the seedling resembles a chamaephyte in its behavior. Height
range at this stage is about 20-150 cm.

The seedlings at this stage are usually over four years cld, but the length of
this period in time is unknown to us. In our estimation, this stage can even
continue for tens of years. It is typical of these two stages of inhibition
that their physiclogical age is static: minimal change in mamber of leaves, in
number of branches and in height from year to year, in spite of increase in
chronological age. .

Inhibition factors in Stage II of inhibition are, without any doubt, complex.
Competition over water increases from competition with herbacecus plants only
in the first stage, to competition with the mature tree. The mature tree, which
is extravagant in its use of water and has a shallow root regime and is the
cause of outspread trees and formation of the park forest (Oppenheimer, 1950}
does not usually develop roots deeper than one metre (Halfon-Meiri, 1958).
There is also competition over water between the seedling and the tree, pre-
venting seedlings in proximity to the mature tree from becoming trees them-
selves, thus giving preference to the treeless cairn habitat over the tree-
cairn., These relationships form a self-inhibiting mechanism in the Quercus

tthaburensis Species.
Stage III - Phanerophyte: This is a life~form characteristic of the Quercus
tthaburensis as a tree, The transition from second inhibition stage to tree is
slow and does not occur during the course of one season as at the beginning of
Stage I, nor during a small mumber of seasons as in transition from Stage I to
Stage II, During transition teo Stage IIT the tree reaches physiological
maturity and reaching a height of 8-10 metres where it becomes stahle,
Transition to Stage III is conditicnal to removal of inhibiting factors in
Stage II.
We shall return to external inhibiting factors later on {chapters 9, 10, 17).
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The self inhibiting mechanism described above brings us to the theory that
"'all sites are occupied" i.e., all the potential locations in the forest are
taken up and there is no entry into new habitats. These locations are the
cairns, most of which are occupied within the forest. According to this theory,
there was supposedly one tree in the cairn, but mortality of the mature tree,
which inhibits growth of seedlings in its vicinity enables growth of one or
some of the seedlings at the second stage of inhibition. As already stated,
there is survival potential for up to tens of seedlings in close proximity to
most of the trees in the forest and which are in a "take-off' position at the
second inhibition stage, until these inhibition factors are eliminated.

FIG: 818

e H

GERMINATION

I
MICRYET OPHYTOC ‘CHAMAEPHYTOID

]
I +L YEARS I

PHANERDPHYTE
o

LOG ¢

Fig. B.18: Theoretical model of graph showing rise in physioclogical age
against chronological age (expressed in logarithm of pheno-
logical parameter against logarithm of age in years).
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9, FIRES: ANALYSIS OF INCIDENTS; EFFECTS ON THE ECOLOGICAL SYSTEM IN THE
YAHUDIA FOREST

9.1 Introduction

Our aimin this chapter is to study the effect of fires on the vegetation of
the Yshudia Forest in genmeral, and on gQuercue tthaburensis in particular; the
frequency of fires, foci of fire outbreaks and ecological factors affecting
them, and to outline management methods in which the fire factor is taken into
account.

There are many researches which put forward a whole range of viewpoints
regarding the effects of fires on the ecological system. This range of what
often appear to be contradictory points of view is contingent in a great
measure on the nature of vegetation and climate, and application of mamigement
methods is dictated by the researcher's point of departure - i.e. whether he is
a nature conservationist, a forester, or a grazing expert, etc.

9.1.1 Influence of fire om woody vegetation and vegetation etructure

The general opinion in the USA is that fire should be allowed to play its
natural envirommental rfle in fire-type ecosystems such as many of the world's
mediterranean-type ecosystems. Failing this, prescribed vurning should be
applied as a management tool for vegetation control. Otherwise, the
accumilation of fuel material will cause outbreaks of wildfires with
destructive effects (Parsons, 1977; Biswell, 1977). This procedure is
applicable in the Sequoia and King Canyon National Parks in California, where
at high elevations there is little fuel accumulation and fires are allowed to-
Tun their course, while at middle elevation (Sequeia trees) prescribed burning
is used to reduce fuel accumulation and thus prevent disaster (Parsons, 1977;
Van Wagtendonk, 1977).

Fire has a major influence on vegetation structure. The chaparral in
California can be conserved only by prescribed buming (Menke & Villasenov,
1977), and the same applies to the scrub of Donana National Park in Spain
(Novo, 1977).
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After colonization of the USA by white man, density of Quercus maerocarpa
and Quercus alba increased ten-fold, due to cessation of fire and oak opening
with spaced mature trees is being maintained now by controlled burning (Cottam,
1949).

On the other hand, conservation of some woody formations can be achieved by
fire prevention, and by enabling seeds to germinate and seedlings to strike
root (Taber, 1960).

Trabaud (1977) found that frequency of fires in the Quercus coceifera garri-
gues was directly proportional to the below-50 cm vegetation-layer cover, but
that the higher was the frequency of fires, the lower the scrub and tree-layer
cover, A low frequency of fires stops succession and preserves the garrigue
formation, whersas in a total absence of fires the garrigue will transform
into a maquis of Pinus halapensis, Quercus ilex and others.

In the Rocky Mountains, USA, only 1/3 of the 8-12 months-old seedlings of
Mesquite trees survive grass fires. Having been top-killed they later sprout
from the base (Rocky Mountains, 1960). Of the Mesquite trees that are destroyed
by fire, 52% are less than 0.5 inch in ground diameter, but some large trees
can also be destroyed (Humphrey & Mehrhoff, 1958).

Fires result in age-grouping in Scotland's pine forests, with 20-50 year-old
trees being fire~resistant, whereas younger, or older, trees with thin or
eroded barks are not fire-resistant. Fire also builds certain shapes in aduit
trees by preventing regeneration of lateral growth and enabling thick-barked
trees to regenerate (Carlisle & Brown, 1967).

In Spain, savannzh-type vegetation, or open wood interspersed with herbaceous
vegetation, may be maintained stable as an intermediate stage between forest
and grassland, by prescribed fires. Propagated by seeding, this type of cpen
cak wood is interspersed with patches of dense, non-propagating "forest fossil"
(Novo, 1977).

Recurrent fires in mediterranean oak wood ecosystems cause conversion to
maquis-engendered grassland, because most oak species will not produce acorns
on branches that are less than 20 years old, and if fires are frequent branches
will not reach this age and thus not produce any acorns, and hence germination
will not occur. This can be seen in North Africa, where repetitive burning,
together with cutting and grazing, is causing conversion to grassland or bare,
eroded areas (Le Houerou, 1977].



206

9.1.2 Influence of fire on vegetaticm compoeition and succession

The promotion of herbaceous vegetation at the expense of woody formations
in mediterranean ecosystems, has been commented upcn by many researchers
(Hallasey and Wood, 1976; Naveh, 1971; Vogl, 1977). Encouragement of grassy
vegetation, too, has been mentioned in comnection with Quercus tthaburenstis
associations in Israel (XKatzenelson, 1958).

In other cases, fire encourages dwarf-shrub vegetation such as that in the
phrygama in Greece (Papanastasis, 1977) or in the mediterranean maquis (Menke
& Villosenov, 1977; Philpot, 1977).

In their early stages of succession, ecosystems are more sensitive to fire
than in advanced succession stages when there is less fuel accumulation and
hence less burning and trees attain higher ages and become more fire-resistant
(Zivnuska, 1977).

Fires can keep vegetation diversity high mediterranean ecosystem'mainly in
tree-less shrublands (Kruger, 1977), but can alsc lessen species diversity and
bring about a simple-structured, even-aged vegetation (Zivnuska, 1977).

Vogl {1977) claims that fire initially leads to an increase in species
diversity, but if carried to extremes can create pure stands.

9.1.3 Interrelations of fire and wild and domestic arimals

Fire is regarded in many cases as a silviculture tool for improving grazing
pasture (Carlisie & Brown, 1967), and for converting maquis to grassland
(Liacos, 1977). On the other hand, in Quereus <licifeliaz scrub in Pennsylvania,
browsing by deer was found to be more massive in recently-burned plots
(Hallisey & Wood, 1976).

Grazing in woodlands renders fire rare, as shown in Quercus iler and Quercus
guber woodland in Spain (Parsons, 1962), but overgrazing coupled with fire,
causes destruction of vegetation in mediterranean ecosystems (Papanostasis,
1977; Le Houerou, 1977). .

Overbrowsing after fire, mainly of basal sprouts, resulted in trees in
Arizona remaining small and finally disappearing altogether (Humphrey and
Mehrhoff, 1958).
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The influence of fire on small vertebrates has been studied in mediterranean
ecosystem by Wirtz (1877), who proved that rodents can survive fire beneath
s0il or in rock cutcroppings, and that their species-diversity was the same 1
or 17 years after a chaparral fire, but that the number of individuals had
risen during that period. The number of species of breeding-birds was found to
be greater in the first year after a fire rather than in the 17th year, but
the mmber of individuals was smaller.

Howard et ai. (1959) found in California no impact of fire on rodents,
snakes, birds and game animals (the latter even benefit from the opening of
the dense brush). "Fire breaks" created by trampling and foraging of small
vertebrates, protect the trees from high-intensity fires.

S.1.4 Influence of fire on sotl and mm-off water

Lack of anmual vegetation at the beginming of the rainy season in the medi-
terranean climate, due to fire, increases the run-off of water (Carlisle &
Brown, 1967). Naveh (1975} claims that no erosion happens by low grass cover
after the first winter following a fire.

According to Carlisle & Brown (1967}, fire alters the physical structure of
the upper 3-cm layer of soil, while Naveh (1975) claims no such effects, in the
Middle East.

9.1.5 Causes of fires

Natural fires, caused by lightening, occur in 0.6-4% of the burned areas in
the mediterranean region (Susmel, 1973). In the Yosemite National Park, USA,
fires caused by lightening can cover 63% of the park area each year (Van Wagten-
donk, 1977).

Intentional burming was practiced already in ancient times. Naveh (1975)
claims that paleolithic hunters and food gatherers burned the dense forest and
maquis to open them up for easier access. It can be assumed that intentional
burning was stepped up steadily to emable grazing by semi-domestic umgulates,
and used as a means for clearing land for cultivation. From the Bronze age
until the Roman period burning was a common practice in clearing forests and
shrublands for pastural use and cultivation (Naveh, 1975). Fire was used by
Indians in the prairies of the United States, as a hunting technique in driving
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game {Cottan, 1949), as well as in other regions in the world.

Mediterranean ecosystems nowadays are burned alsc by shepherds to maintain
grass pastures (Papanastasis, 1977). Recreationists and vehicles play a
significant r6le in the occurrence of fires.

Man-made fires constitute a considerably greater danger than do natural cmes,
since they are more likely to occur in dry, windy weather, are of higher inten-
sity, and can destroy even fire-adapted trees (Aschmann, 1977).

9.1.6 Fire frequency and intenstty

Fire frequency is inversely proportional to fire intensity due to fuel
accumlation {(Vogl, 1977). Frequency and intensity of fire are related to
vegetation type- and age. The age of chaparral in California was found to be
inversely proportional to frequency, and proportional to the rate of spread and
intensity of fire (Philpot, 1977). In southern France, Quercus cooctferg
garrigue fires are expected every 5-10 years due to acamulation of fuel
(Trabaud, 1973).

The extent of area burnmed was found to be proportional to age of vegetation
and speed of wind (Philpot, 1977).

The effect of fire on an ecosystem has more than one significance, and it
depends to a large extent on the conditions cbtaining in the area with regard
to climate, vegetation, grazing, felling, and the human factor, past and
present. In this paper, we shall endeavour to study the impact of fire under
conditions obtaining in the Yahudia Forest Nature Reserve.
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9.2 Methods and Results

9.2.1 Introduction

All the fires discussed in this paper were unintentional fires caused by
human factors. No regular fire experiments were carried out for the following
Teasons:

a. Risks: Strong westerly winds prevail in the area during the fire season
{(May-October), and there is danger of fires spreading beyond the experimantal
area and untold damage being caused to the reserve and its environments.

the control areas themselves not being burned down.

c. The increased incidence of random fires during the years has yielded us
sufficient material for studying and analysing the problem.

9.2.2 Mapping and Deseription of Fires

All fires occurring in the reserve during the years 1972-80 were recorded
on map 1:50000 (there are no full data for 1972). A separate map was drawn up
for each fire season (May-October). The yearly maps appear in Map Collection
9.1. The classification of burned areas in the fire-frequency map (Map 9.2) is
based on the frequency of fires occurring in them. This map was drawn up from
8 maps of annual fires during 1972-79, using an overlay technique.

Each fire occurrence was annotated with date, size of burned area, cause of
fire (if known), and method by which fire was extinguished.

Season-dependence of size of burned area and mmber of fires is expressed
in Figure 9.1, showing monthly means of all the observation years.

In all, 115 fire incidents were recorded to have burned, during the
observation years, 20285 ha of the reserve, amounting to a yearly mean of
12.8 fires, burning an annual mean of 2254 ha.

Fires occurring in the reserve area have been classified in accordance with
the area's chief uses:
a. Grazing areas which include most of the hiking and holiday sites in the
Teserve;
b. Military fire-practice areas {fres of grazing);
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Figure 9.1: Dependence on season of mean size of area burned
per month and mean number of fires per month
in the Yahudia Forest Nature Reserve in 1972-80.
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€. Other areas, including marginal areas, and hiking and holiday areas not
covered by a above.

Table 9.1 sums up the relative parts plaved in fires by these three classi-
fication units as regards area affected as well as number of fire incidents.

Table 9.1: TFire incidents and areas burnmed in grazing sectors, fire-
practice areas and other sectors, inm the Yahudia Forest in

1972-1980.
Classification Unit Grazing area Fire-practice Others
areas

Total number of

fire incidents 79 29 7
Percentage of

fire incidents 68.7 25.2 6.0
Mean number of fire

incidents per vear 8.8 3.2 0.8
Total unit area in ha 3200 2800 600
Percentage of burned

area calculated out

of uait area 31.3 40.5 19.8
Unit percentage of

reserve area 4B.5 42.4 9.1
Percentage of burned

area calculated out

af total area burned

in reserve 44.4 5.3 5.3

It foliows from the table that the absolute as well as the relative number
of fire incidents was highest in the grazing area, whereas with regard to the
absolute as well as the relative surface burned this was bigger in the fire-
practice areas.

Figures .2 and 9.3 express the dependence on season of the number of fires
and percentage of area burned, in accordance with classification of the reserve
areas into forest grazing areas, military fire-practice areas, and others.
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Figure 9.2: Dependence on season of mean number of fire incidents per
month in forest grazing areas, military fire—practice
areas, and other areas in the Yahudia Forest Nature
Reserve in 1972-80.
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Causes of fires were:

Military fire-practice : 48.5% of fire incidents
Hikers and Passers-by o 10.8y " 0w "
Unknown ¢ 3g.8¢ " " "

Fires caused by 'Hikers and Passers-by' also include intentional ignitions
by poachers, and fires occasioned by smoke bombs and flares, used in directing
helicopters during rescue operations for extricating hikers in distress.

Extinction of fire occurred in 50.4% of the incidents without direct cutside
intervention, being the result of the fire line having reached a fire-break,
or rocks, or of an increase in humidity and weakening of wind. In 49.6% of the
cases, fires were extinguished by herdsmen whose herds were grazing in the
reserve, and by Nature Reserves Authority wardens.

The fire-breaks are 6-20 m in width, and they are sprayed every year from
the air by helicopter or from the ground, along the cattle fences and continuing
down to the brooks. Spraying is carried out in December-January, with a view to
preventing grasses gemminating, and is effected with Atrazine (2-chloro-4-
ethylamine-6-isopropylamine-1,3,3-triazine),

8.2.3 Effect of fires on herbaceous vegetation

In an endeavour to learn about the effects of fire on height, denseness and
cover of herbaceous vegetaticn in the Yahudia Reserve, we selected within an
open Quercus ithaburensis forest region grassy plots that were at least 50 m
away from adult trees, with a 3-5% stone cover. Observations in these plots
were carried out in 5 series, and in each plot we selected 2-4 neighbouring
2x2 m big sub-plots, representing diverse fire and grazing intensity conditions.

In each series 2-4 visits were made at 30-80 day intervals as detailed in
Table 9.2.

The following parameters were recorded during the cobservation period:

- Fire intensity: classified as 'high', 'medjum’', 'low' or 'fire-free'
{marked 3, 2, 1, 0 respectively).

Grazing intensity: classified as 'high', 'medium', 'low’ or 'no grazing'
(marked 3, 2, 1, 0 respectively); classifications representing a relative
degree of vegetation consumption by cattle.

Date of Fire.

Maximum height of herbaceous vegetation: being an estimate of mean height
of the ten tallest specimens in the plot.
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-~ Mean height of herbaceous vegetation: being an estimate of mean height of
all herbaceous plants in the plot.

- Estimate of herbaceous plants seedlings per area unit.
The estimate was made by counting the seedlings in five 20x20 am squares,
selected at random in each plot, basing our calculations of mumbers of
seedlings per square metre on countings made. No estimate was made of
denseness exceeding 1000 seedlings per square metre.

- Percentage of absclute cover of dry pasture vegetation.

- Percentage of absclute cover of green vegetation.

- Percentage of absclute cover of principal vegetation components (Graminaae,

Legleguminosae, and other herbaceous plants).

In view of the many treatments and their combinations, the different dates
of fire incidents and the small mumber of replicates, it is difficult to draw
statistical conclusions from this table, although a repetition of clear ten-
dencies can be foumd in the various observations:

season, as opposed to plots in which no fires have occurred, and this is
particuiarly noticeable in the absence of strong grazing effects. This
disparity is recouped in early spring.

Denseness : gemmination-delay occurs in burnmed plots at the beginning of the
sprouting season, and this, too, is particularly noticeable where there
is little grazing. Denseness of herbaceous plants in burned and umburned

plots evens out around February.
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Dry pasture vegetation

hardly any dry pasture vegetation, or none at
all, remains after a fire.

Green vegetation - in plots where no fires have occurred there is

a tendency towards a fairly large cover of green
vegetation, chiefly at the beginning of the
season - a disparity which is recouped in the
month of March.

Gramineae - there is a tendency tcwards a larger cover of
Gramineae in unburned plots.
Leguminosae - there is a slight tendency towards a lesser

cover of leguminosae in unburned plots.
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Other herbaceous vegetation - there is no noticeable tendency towards
cover-diversity as a result of fire.

It should be stressed that under conditions of high-intensity grazing the
fire impact on herbaceous vegetation is less noticeable, and that the effect of
high~intensity grazing is comparable to a certain extent to the effect of fire.
The relationship between fire and grazing will be discussed in greater detail
in chapter 10.

Chance observations made during cur research in commection with fires, were
also recorded. From these observations, too, it can be seen that after a fire
there is a noticeable growth-delay at the beginning of the season. Belated
flowering of Graminege was observed in the burned area.

Regrowth of several perennials species, such as Carling hispanica, Cynodon
dactylon and Preoeopis farota, was observed in burned areas, whereas in unburned
areas such species were found to have not yet regrown.

8.2.4 Effect of fire on Quercus ithaburensis

9.2.4.1 Effect of fire on Quercus ithgburensis seedlings and adult trees:

5 series of observations were carried out in burned plots. Each series
covered 1-5 neighbouring plots of 1 ha each, burned on the same day and in
the same fire, and representing different gra:zing regimes, or replicates
under the same grazing regimes, as set out in Table 9.3. The mmber of trees
contained in a plot varied between 35 and 134 (median 88), and the number of
seedlings varied between 16 and 192 (median 47). The first observation was
made within two weeks of the date on which the fire occurred, and repeat
visits were made in several instances after 30 and/or 120 days. In each plot
the following details were recorded.

- date of fire

- grazing intensity: relatively classified as High Intensity Grazing,
Medium Intensity Grazing, Low Intensity Grazing, Very
Scanty Grazing, and No Grazing (marked 3, 2, 1, +, 0
respectively)

mumber of trees (or seedlings) unaffected by fire

- mmber of trees (or seedlings) partly harmed by fire, with at least part

of foliage having remained green
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Table 9.3: Fire damage to adult trees and seedlings, and extent of regrowth after fires

under various cattle-grazing intensities in forest plots of the Yahudia

Nature Reserve (blank spaces indicate absence of data).

Series 1

Plot 1-1
Date of Fire 6.77
Grazing intensity 0

2-1
6.74

-2 2-3
6.74 6.74

-4
6.74

3-1
7.75

3-2
7.75

3-3
7.75

3-4
7.75

3-5
7.75

4-1
§6.76

5-1
7.76

% unburned 0
% partially bumned 0
% fully burned 100.0

33.3
33.3
33.3

18.3 7.5
38.3 44.1
43.3 48.4

2.2
25.4
72.4

18.8
52.1
9.2

33.3
40.7
25.9

71.2
25.0
3.8

85.7
14.3

33.0
65.9

40.0
60.0

i of burned trees
sprouting 30

days after fire

of burned trees
sprouting 120

days after fire

died out of total
number of trees 8.0

T

o

43.5

40.8

3.3 0

0.7

50.0

92.3

13.0

1.2

93.3

100.0

22.0

88.1

21.0

66.7

Seedlings
% unburned

% partially burned
{ fully burned

17.7
15.2

14.9

B5.1

27.

—_

65.

—

48.0
12.0
40.0

62.1
6.9
31.0

56.3
18.8
25.0

93.3
3.4
3.4

32.

(¥

58.

—_

29.2
60.4
10.4

% of burned seed-
lings sprouting
30 days after
fire

$ of burned seed-
lings sprouting
120 days after
fire

21.2

15.7

42.7

40.0

47.6

81.0

29.4

55.9

} of budding seed-
lings sprouting
from apical bud

% of budding seed-
lings sprouting
from lateral bud

% of budding seed-
lings sprouting
from basal bud

100.0

160.0

33.3

66.7

25.0

25.0

50.0

41.2

17.6

63.2

26.3

o

died out of
total number of
seedlings

19.6

4.3

22.9

2.1

0.7

6.5

10.4
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-~ number of trees (or seedlings} fully affected by the fire, with no green
leaves remaining on tree.

The mumber of trees {or seedlings) were calculated in
percentages of total mumber of trees (or seedlings) in
plot.

- number of trees {or seedlings) sprouting 30 and/or 120 days after date of
fire, is calculated as percentage of total mumber of
trees (or seedlings) affected by the fire.

- sprouting points in seedlings; 3 situations were diagnosed:

- sprouting from apical bud;

- sprouting from lateral bud;

- sprouting from basal bud.
Percentage of sprouting seedlings in each situation
was calculated from total number of sprouting seed-

lings.

Results of these observations appear in Table 9.3. In analysing this table
we generally ignored the fire incident of Jume 1977 (plot 1.1}, which con-
stituted an exception not only in the observation series recorded in the
table but also in the fire incidents in the reserve in general as to pre-
vailing weather conditions and the quantities of dry grass that combined
together in producing a fire of singular intensity.
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Effects of fire on_trees

Some 85% of the trees were harmed in one way or another under grazing-free
or very scant grazing conditions (grazing degrees 0, + respectively), as
against some 47% in plots with low, medium or high grazing intensity (grazing
degrees 1, 2, 3 respectively) - a quite significant difference (0.08 Wilcoxon
rank test). Particularly striking is the percentage of fully burned trees,
reaching 46% in plots free of grazing or under very scant grazing, as against
a mere 6% in plots with low to high grazing intensity - an extremely sig-
nificant difference (0.07 Wilcoxon rank test). In spite of this, no significant
difference was found to exist between the various grazing regimes as to
percentage of trees completely destroyed by fire, which is 0.7% of the total
aumber of trees (if plot i-1 is taken into consideration, the percentage
reaches 1.3%).

The percentage of trees budding again in that seascn was some 57% in
grazing-free or very scant grazing plots, and some 72% in plots with low to
high grazing intensity, making for a significant difference (0.02 Wilcoxon rank
test), with a tendency towards an increased rate of trees sprouting within the
first 4 months following a fire.

Effects of fire on seedlings

Some 61% of Quercus {thaburensis seedlings are harmed by fire in one way or
another under grazing-free or very scant grazing conditions (grazing degrees 0,
1), while in plots with low to high grazing regimes (grazing degrees 1, 2, 3)
only 46% are harmed, which is regarded as a significant difference (0.01
Wilcoxon rank test). On the other hand, the percentage of seedlings that are
totally harmed by fire reaches some 37% of all the seedlings almost irres-
pective of grazing regime. Equally, there is next to no difference between
grazing regimes as to the percentage of seedlings perishing, reaching 7.4% of
total mumber of seedlings in a plot.

There is a significant difference between grazing regimes with regard to the
percentage of seedlings sprouting again in the same season (0.01 Wilcoxon rank
test). which under non-grazing or very scant grazing conditions is about only
20%, and under low to high grazing intensity regimes about 55%. There is a
noticeable trend towards an increase in the percentage of sprouting seedlings
within the first few months after a fire.
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In the non-grazing or very scant grazing plots where the subject was
examined, the sprouting points were found to be at the base of the seedling,
whereas in plots with low to high grazing intensity there was considerable
sprouting also from lateral and apical buds.

Various chance observations connected with effects of fire on Quercus itha-
burensie trees were recorded in the course of the research period. Some re-
curring phenomena that were observed are listed below.

Form of damage to tyee: in most fires, damage was caused to lower half of tree,
the upper half remaining green. In general, it was leaves, and not branches,
that were harmed. The dry leaves remained on the tree until the following

winter.

Sprouting after fire: sprouting after fire is a common occurrence in adult
trees, but is less common in seedlings. In the event of an early fire (May-
July) sprouting occurs shortly after (some 10 days), but after late fires
(August~October), sprouting comes late, or not at all until normal sprouting

in the following spring.

Effects of caimns: Trees or seedlings growing cut of caimns are much less
harmed by fires than trees and seedlings growing amidst herbaceous vegetation
in open areas. A multitude of cairns makes for fewer fires, at least locally,

and fewer trees and seedlings are exposed to fires there.

Effects of vegetation composition: Northerly declivities with dense growths of
Quercus ithaburensis, Styraxr officinalis, Cercis siliquastrum and sometimes
Quercus calliprinoce (vegetation types QS1-7, see 5.3.2), on which there
exists a relatively lower cover of herbaceous vegetation, are less subject
to conflagrations, and hence trees there are legs hamed by fires,

9.2.4.2 Effects_of fire on yield of Guercus tthaburensig trees

As already shown earlier on (see 7.1.2.3), harm is caused in the year of
a fire to the lower acorns which were to have ripened in the following .
winter, whereas upper acorns are hardly affected. In the year after the fire
there is a significant decrease in the acomn yield since acorns are more
sensitive to fires in their first vear than in their second.

Chance observations in the area showed that fires of low intensity due to
weather conditions or intense grazing do not harm the adult acornms.
Similarly, the actual impact of fire on trees growing out of cairns is
weaker than the impact on trees growing in open areas.
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9.3 Discussion

9.3.1 Effect of fires on herbaceous vegetation

As already shown above (9.2.3), retardation occurs in herbaceous plant
growth in winter, in areas bumed in the preceding summer, affecting the
germination rate as well as the growth rate, and the consequences of this are
also reflected in a belated flowering pericd. The absence of dry pasture
vegetation at the beginning of the germination season no doubt makes for
stronger radiation of warmth from the soil, a fact which can be of decisive
influence on germination and growth rates during the gemmination season when
relatively lower temperatures cbtain. We have seen that the effect of high
intensity grazing which also leaves the soil exposed at the beginning of winter,
is similar to the effect of fire.

The cover of Gramineae in burned areas was found to be lower, while that of
Leguminosae tended to Tise; however, these differences in herbaceous plant
composition are not significant. It is to be assumed that the fires which have
been striking the region from time to time during a period of many years have
produced a fire-type vegetation existing also in other mediterranean vegetation
regions (Philpot, 1977; Naveh, 1975).

Natural pasture, sparse anyway at the begimning of winter, becames even
sparser after a fire due to growth retardation. On the other hand, regrowth of
some perennials after a fire and before the onset of rain, somewhat compensates
for this, chiefly because part of these are pasture plants, such as Cynoden
dactylon and Prosopis farcta, that are eaten by cattle.

9.3.2 The effect of fires on Quercus ithaburensis

We have seen earlier on that the percentage of trees being harmed by fire in
one way or another is high, but that of trees perishing through fire relatively
low (some 0.7%) only. Damage to trees is generally in their lower parts whereas
the crown remains unharmed. The parts most sensitive to fire are the leaves,
which dry up on the tree, remaining on it alse through the winter, not having
had sufficient time to form absiccion tissues. Sensitive, too, are the acomns
set in the spring preceding the fire; most of them get harmed, and this is
expressed some one-and-a-half years later in a decreased acorn yield. Acorns
due for ripening in the winter following a fire are less vulnerable, and in
general only those growing on lower branches are affected. The branches on the
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other hand remain generally umharmed, and this is proved by the fact that most
trees sprout again in the same summer.

The properties of Guercus ithaburensis - a tree with a usually single
stemmed, fire-resistant trunk (Naveh, 1975), and with ramification starting
high off the ground - endow the adult tree with a certain resistance to fires.
Quercus calliprinos, too, was found to be fire-resistant, and thus trees having
withstood a fire do not show a particular difference in lateral growth and
ring-width in years in which fires have occurred (Lophshitz & Waisel, 1967).
However, in high-intensity fires involving also the branches, the flames will
spread to the trunk too, and the tree will perish. Hollow-trunked adult trees
act as flues that fan the fire, and the tree will thus be destroyed before long
with no possibility of extinguishing it.

The percentage of seedlings hammed by fire is very high, too, with about
half of their number being fully harmed without, however, dying. The develop-
ment of most of them is retarded by one year because in the majority of cases
they will sprout anew from the base, while the entire aboveground growth will
die since it consists of only one branch, or of a few thin branches, and is
close to the fire and hence vulnerable.

The degree of fire damage to trees and seedlings greatly depends on the
fire-intensity, which in turn depends on weather conditions, gquantity of dry
pasture vegetation, and location of tree or seedling. Most trees and seedlings
are located within cairns (see Figure 8.1), which constitute insulation belts
as no herbaceous vegetation grows on them. This phenomenon, at least in part,
is the result of a higher survival rate after fires within cairns as opposed
t0 open spaces. Also, steep and rocky declivities on which there grows not so
much grassy vegetation are burned to a lesser degree, and this may be the ex-
planation for the presence of typical types of vegetation which are outstanding
for their dense growths and for the great variety of their tree species (see
5.3.2).

The effect of low to high intensity grazing is decisive for the extent of
fire damage caused to trees and seedlings. Diminution of bulk of dry pasture
vegetation, which constitutes the principal fuel material, will affect not only
the number of trees or seedlings harmed, but also their revival and sprouting
potential. Such grazing reduces to nearly half the mumber of trees suffering
damage, and by about one third the number of seedlings affected by fire. All
in all, however, seedlings are more vulnerable than trees, and the percentage
of those sprouting again after a fire is much lower than that of trees, and
this is the case under non-grazing (20%, against 57% trees} as well as under
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grazing conditions (55%, against 72% trees). Also, the percentage of seedlings

perishing is about ten times higher than that of trees (7.4%, against 0.7% trees.
The phenomenon of quick sprouting after a fire occurring in early summer,

and belated sprouting, or absence of sprouting, after a fire in late summer,

(discussed above under 9.2.4.1) is inherent in the tree's physiological

condition at the time of the fire. Fahn (1953) found that, in Israel, the

cambium of Quercus <thaburensie is still active in early summer, while in

mid-August it passes into a state of dormancy. The time-span from stimulation

of cambium activity following a fire until bud-break, apparently covers several

weeks, or, altematively, no such activity takes place in that season at all.

9.3.3 Spreading of fires and fire—frequency

Study of maps 9.1 and 9.2 will show that spreading of fires is discontimuous.
This fact derives from natural obstructions which check the fire - such as
streams, rocks, cairns, and also from fire breaks. The shape of a surface
burned also depends on these factors, as well as on the wind prevailing during
the conflagration. The area where fire-frequency is highest is the central part
of the reserve's southern region, in which the chief conflagration factor is
military fire-practice. Out of the 8 observation years recorded in map 9.2,

7-8 year fire frequencies appear in limited areas of the above region as well
as in the northern and north-western corners of the reserve. Although under
grazing, there are large stretches in the western part that were burned 3-5
times - a relatively high frequency as compared with the remainder of the area
under grazing. This can be attributed to the combined factors of the proximity
of the road passing throughout the length and to the west of the area, and the
westerly winds prevailing in the fire season - factors which increase the like-
lihood of fires being caused by cigarette ends thrown from cars.

As against this, fire-frequency is lower in mid-forest, which forms the
central area of the reserve's northern part, where even wide stretches were
found to have remained wuntouched during all the observation years. Fire
frequency is low also in the extreme southern sector which consists of the
steep banks of the Daliot Stream and the stream itself, and large areas there
have rtemained unburned.

The majority of fires in the Yahudia Reserve as regards affected area
(about 70%) and mumber of incidents (about 60%), occurred in May-June (Fig. 92.1).
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Maps 8,1: Fires in Yahudia Nature Reserve.during the summers of 1972-1985.
(SBurned areas are marked differently for eagh year)

1972

1974

1976




continued.

Maps 9.1:
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The largest area in any one month was burned in May, the principal factor
being conflagrations in military practice area (Fig. 9.3), but the major number
of fire incidents occurred in June, the main factor being the fires in grazing
areas (Fig. 9.2).

In military practice areas, large stretches are consumed by a small number
of fires, whereas in grazing and forest area a greater number of fires cause
smaller areas to be burned than appears to be the case from Figs. 9.2 and 9.3,
and from Map 9.1. In pasture areas, measures are applied to quench fires and
thus prevent them from spreading, while no preventive measures are taken in
military practice areas. The relative as well as the actual surfaces burned are
larger in military practice areas. The other areas are small and marginal, and
the number of fire incidents occurring in them too insignificant for a meaning-
ful analysis to be made.

Eire factors

In practice areas, the majority of fires are caused by military fire practice.
In pasture areas, which are also forest and hiking areas, fire factors that can
be enumerated are: hikers, cigarette ends thrown from vehicles, and premeditated
incendiaries. Nevertheless, there are many fires the causes of which are un-
known, but not a few of these may have their source iIn military fire practice

too.

Information based on first-hand accounts of the period between the beginning
of the century and the year 1967 (Toma Bakar and other local inhabitants,
personal information), points to infrequency of conflagrations during that time.
Fires in the area under review occurred once every 5 years and were not very
extensive. At the outbreak of a fire villagers went cut to smother the flames
with wet sacking and branches.

Most of the prescribed fires being resorted to in mediterranean type
vegetation areas in the world, are intended to prevent accumulation of com-
bustible material which, if seized by flames once every few years, can cause
big conflagrations (Parsons, 1977; Trabaud, 1973}. With the type of vegetation
growing in the Yahudia Forest however, there is in fact no accumulation of
combustible material. For the most part, inflammable material consists of annual
or peremnial grasses which, unless grazed or burned, will decompose through
rain in the winter, and the only combustible material to be found at the
begimning of the dry period, in May, are plants grown in that season. This fact
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refutes the widespread opinion among many researchers (see 9.1.1) which is,
however, also supported by Gutman (1979). Too few branches are shed by the
Quercus ithaburensis trees themselves to constitute a factor in the accunulation
of combustibel material, and most of the leaves shed either disintegrate during
the winter period, or fall among the stones of the cairns on which most trees
are growing (see Fig. 8.1). These factors, combined with the absence of bushes
and shrubs in the Yahudia Forest (see 5.3), eliminate in fact the accumlative
risk inherent in the absence of fires during a consecutive number of years.

Spontaneous fires resulting from lightening de occur to a certain extent in
mediterranean regions (Van Wagtendonk, 1977; Susmel, 1973). In our estimation,
the probability of such fires occurring in the Yahudia Forest region is ex-
tremely limited. From multi-armmal averages of days on which thunderstorms
occurred I], it appears that in one year there are about 15 thunderstorm-days
in the Yahudia Forest region; of these 1.5 days on the average occur in May,
0.1 in June, 0.2 in September, (.8 in Octcber, while none were recorded in
July-August. These thunderstorms occurred either after, or immediately prior
to, or were accompanied by, rain. Thunderstorms in May occur in years in which
the month of May is still rainy and herbacecus vegetation has not yet wilted
and is therefore not combustible. Also in October thunderstorms occur under
rainy conditions, with only little dry pasture vegetation remaining after the
grazing season, with slicht probability of fires breaking out.

The thunderstorm data have been based on the mumber of thunder-peals heard
near a local meteorological station and covering a radius of several kilometers,
thus the already limited probability of lightenings occurring during June-
October is even further reduced in view of the fact that they are spread over
quite a large area. This fact, combined with the discontinuous pattern of fire
expansion due to matural obstacles, accounts for the lightening-engendered
fire element having, if any, a minimal effect in the Yahudia Forest Reserve.

We therefore consider the conflagrations to be deriving from human factors, and
particularly from man's modern life-style, finding expression in the frequency
of fires which has been on the increase since 1967, when drastic changes
occurred in the nature of activities in the area following the Six-Day War.

x) I am grateful to the Israel Meteorological Service for the collection and
transmission of data. .
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9.3.4 Conclusions, and recommendations for reserve management with respect to
fires

As we have seen, fires in the Yahudia Forest have no significant effects on
herbaceous vegetation, and their influence on the establishment of Quercus
tthaburensts is negative. Nor do they contribute to pasture improvement, as is
usual in perennial and bush vegetation. Furthermore, small likelihood of
spontanecus fires, low fire-frequency in the past as also the absence of year
to year accumulations of combustible material, eliminate the risk of con-
flagrations of catastrophic proportions resulting from the accumulative effect
of non-occurrence of fires. This situation dictates a policy of reserve
management with a minimm of firves. Cattle, goat and sheep grazing as it
existed in the past, and grazing regimes applied nowadays, no doubt constitute
decisive factors in the diminution of the number of fires, areas burned, and
fire intensity.

The northern region of the reserve which is the area of the Quercus fthabu-
rgnsig forest and the main teurist and holiday area, is also the region which
is under a cattle grazing regime today. It is important in this region to
continue with preventive measures, such as spraying of fire breaks, and
smothering by herdsmen and wardens of any fire breaking out. In California it
is customary to sow the fire-breaks with perennial wheatgrasses (Pacific
Southern Forest, 1961) and, indeed, it is easier to extinguish a fire in a
strip of herbaceous vegetation. In the conditions obtaining in the Yahudia
Forest it is not difficult to penetrate amongst the trees for the purpose of
fire-extinguishing because there is no dense tree-growth; on the other hand,
there are no local perennial grasses that are green throughout the year and
will not burn.

Although remaining green for a longer period than other grasses, the Cynodon
dactylon that spreads along the fire-bresks wilts in July-August, when it
becomes a fire conductor. The introduction of non-indigenous plants for sowing
along fire-breaks is not accepted by us as a management method in nature
reserves. There would seem to be mo solution therefore at present but to keep
the fire-breaks clear of all vegetation. In addition, we recommend increased
fire control and observations in the Quercus 1thabuvensis forest area, and
having people on cail in May-July, and especially in June, during which months
fire-frequency in this area is at its highest. Particular attention should be
given to the western part of the forest where fire frequency is higher, by
exercising increased control and cutting of additional fire~breaks.
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In our view, it is not necessary to adopt fire-extinguishing measures in
the reserve's southern region, which is partly being used as a military
practice area, and in any case less wooded. One plot of Quercus ithaburensis
forest (plot T, see Map 3.2), - in which there is no grazing and fires are
frequent ~ constitutes a contrcl area for the remainder of the Quercus ithabu-
rensie forest which is under grazing and in which fires are infrequent.
Concentrations of Quercus ithaburensie appear on the declivities; a greater
variety of tree species is to be found on the steep slopes facing north (see
5.3.2 and Map 5.1), and these trees are less vulnerable to fires because of
the rocky slopes. The remaining parts in the southern region are areas of
batha and springs. Fires in these parts to a certain extent take the place of
grazing. Because, as we have seen earlier on, there is no change in the com-
position of herbaceous species in a burned area where the main sufferers from
a fire are the trees, there is no objection to allowing batha areas partly to
burn themselves out. Infrequent, as well as frequent burnings (Map 9.2) enhance
the vegetation variety in the area. It is recommended therefore not to resort
to any fire-extinguishing measures in the southern area and to discontinue the
spraying of fire-breaks from the air being carried out there anmually.
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10 PASTURE MANAGEMENT IN THE YAHUDIA RESERVE AND ITS EFFECTS

10.1 Introduction

This chapter deals with the effects of cattle grazing on vegetation in the
Yahudia Forest form the point of view of reserve management which employs
cattle grazing as one of its methods.

10.1.1 Pasture management, and reciprocal effects of pasture and vegetation

Many researchers and nature conservationists consider grazing to be an
efficient tool for the management of rangeland. It is accepted, however, that
uncontrolled grazing may cause damage to plant composition and structure, teo
the soil, and to the ecosystem as a whole.

In principle, grazipng - if distributed uniformly in space and time - is
considered a good management system (Leloup, 1953) for maintaining plant
camposition, soil structure and equilibrium with other organisms.

The full potential of primary production is attained as long as the rate of
biomass removed by grazing is less than the growth rate. Stability of the
grazing system is maintained in this case (Noy-Meir, 1975).

Uniform distribution over a period of time is attained by utilization of
grazing season and rotation of grazing, and uniform distribution in space
through density of animals.,

Rotation of grazing exerts less pressure on the range and affords advantages
to the pasture as compared to continuous grazing (Tainton, 1974). The ground
cover of species was not changed fundamentally by variation of grazing
mapagement, but changes in species composition were noticed, and these were
most marked in treatments of extreme grazing regimes (Kydd, 1964; Gutman, 1979).

Deferred grazing allows seeds sufficient time to germinate and grow to a
stage where the rate of grazing will remain lower than the growth rate and the
system remains stable. It was shown that grazing in the dry summer increased
primary production by 20% over grazing in the reproductive growth period
{Tainton, 1974) and prevented scil compaction (Laycock & Conard, 1967). Grazing
pressure in spring reduced preduction significantly (Frischknecht, 1968} and
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changed species composition {Blattman, 1966). In mediterranean vegetation it
was shown that overgrazing starting too early in the season causes destruction
of vegetation (Papanastasis, 1977}.

Damage caused by trampling was found to be significant in wet socils and
during growth stages of plants (Edmond, 1966).

Rotationally deferred grazing, or moderate grazing resulted in high species
diversity and floristic stability in a Quercus ithaburensis park forest in
Lower Galilee, Israel (Naveh & Kinski, 1975).

Uniform distribution of grazing in space is achieved by low grazing pressure.
Increased trampling pressure initially stimulates but subsequently reduces
primary production (Goldsmith, 1974) and number of species (Grime, 1973).
Uniform grazing and utilization of range can be achieved by rotational use of
watering places (Martin & Ward, 1969) and small paddocks.

Selectivity and species_composition

Differences in palatability of species causes differences in preference and
may have a strong influence on species composition and grazing intensities in
different types of vegetation (Eygenraam & Pieters, 1966).

Grazing plays an important rSle in vegetation succession (Ellison, 1960;
Westhoff, 1971; ¥Knapp, 1971). Succession is influenced by change of cessation
of grazing regime (Maarel, 1971; Wells, 1969; 1871).

Cattle grazing can be used to improve species composition in disturbed areas,
restoring it to its natural condition (Katznelson, 1956). Katznelson showed how
grazing of thorns in their flowering season suppressed them, and how grazing on
dry pasture encouraged legumes. Letting the range rest during gemmination and
early grass growth, led to an increase in the coverage of this group. It was
found also (Naveh, 1971; Crompton & Walters, 1964) that cattle grazing favours
geophytes and Orchidea.

Most conclusions concerning the influence of grazing on changes in plant
species composition refer to heavy grazing, and little is kmown about the
effects, if any, of light or moderate grazing (Ellison, 1960; Heady, 1964).

Selectivity of cattle depends on available forage and on season. Wangon et
al, (1960} found that at the beginning of the growing season cattle are not
particulariy selective, mainly when plants are low, dense and evenly mixed.

In spring, when forage becomes more abundant, the animal is able to consume
more forage per unit time and begins to show increasing preferences for certain
plant species. Preference of a certain plant species is related to the other
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plants with which it grows in association. For this reason, preference of the
same species varies from pasture to pasture. Wangon (1963) showed that in
Californian annual grassland dry forage, which is readily consumed in summer
and early winter, is neglected by cattle in spring when green forage is
available. Grasses were found to be 84% of the diet in the vearly average,
while legumes composed 2% in the early season and 50% in late spring. Browse
constituted 1-2% of diet only. Other researchers (Rocky Mountain, 1959) found
that grassland was preferred by cattle over open timber, which in turn was
preferred over dense timber.

The digestibility of leaves and shoots of some plants of the mediterranean
maquis showed values of ca. 30~60% (Geri & Sottine, 1970). Higher values in
herbaceocus plants may be the reason for higher preference. In California
during absence of green forage oak leaves are preferred (Wangon, 1963).

Preference of acorns

In examining aspects of grazing in a Quercus ithaburensis forest, special
attention was paid to the r8le of acorns in the diet of cattle.

Acorns are quite palatable to cattle which, in California in years of plenty,
spend considerable time (2 out of the 8 hours daily of feeding time) in
foraging for acorns and consuming them (Wangon ez al., 1960). Wangon (1963)
found that acorns of Quercus douglasii may constitute 15% of the diet in a
season, and that in years of high acorn production the cattle ate acorns to
the extent when they had to vomit them. In Spain, 1.6 million swine grazing
in open oak wood during October-January feed chiefly on acorns the yield of
vwhich is 600-700 kg/ha (Parson, 1962).

In California the combination of green forage and acorns (up to 17.5 pound
per day) was found to make the cattle gain weight while causing no negative
symptoms, whereas consumption of acorns along with dry forage low in protein
resulted in a marked decrease in liveweight (Wangon, 1960). This corresponds
with our results, showing that acorns have high energetic value but are low
in protein (see 7.2.2).
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A_comparable study in transitional mediterranean steppe

An interesting comparison can be drawn with the research being held in the
Kare-Deshe Experiment Range. Kare-Deshe is located in Upper Galilee at +200 m
altitude, about 10 km west of the Yahudia Nature Reserve. The climatic and
edaphic conditions as well as herbaceous vegetation composition are quite
similar to those obtaining in the Yahudia Nature Reserve (see Gutman & Seligman,
1979).

Basing ourselves on Seligman & Gutman (1976 a2, 1976 b), Gutman & Seligman
(1979) and Gutman (1979), we can draw the following picture of this grazing
system.

A comparison of 4 cattle grazing regimes was made: continuous heavy (1.2 head/hs),
continucus moderate (0.7 head/ha), and rotational moderate (0.8 head/ha) com-
verted later into rotational heavy (1.3 head/ha). Grazing started in the green
season when pasture had established itself (January-February) and continued
into the dry season till the onset of the first rains, or wmtil the dry herbage
was completely grazed down.

Primary production was fundamentally the same in all treatments (ca 3000 kg/ha
per year). This is attributed to the fact that less than 45% of plant biomass
was consumed during the growing season, and 40% during the dry season. Dead
standing vegetation was found to have little effect on biomass in the following
seascn, although some delay in germination and cover development was recorded
during heavy and continuous grazing.

Liveweight gain in cattle per unit area increased with grazing pressure,
but liveweight gain per head was found to be somewhat higher at the moderate
stocking rate, especially during the dry season when more dry forage remained
in the field.

Heavy grazing - preferable in terms of liveweight gain per unit area - has
a marked influence on plant species composition. High selectivity in heavy
grazing reduces availability of seeds of some favoured species and may change
the proportion of these species in the following season. Species propagating
through windspread seeds reach the area where they succeed as a result of
reduced competition. These are mainly Compositae species such as Seolymus macu-
latus, Notobasis syriaeca and Senecio vernalis whose proportion in vegetation
has been generally low.

The relative cover of grasses (60%) and of forbs (30%) suffers no change
under moderate rotational grazing, but under heavy continuous grazing grasses
decrease to 30% and forbs increase to 50%. Under moderate continuous grazing
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the relative grass cover decreases to 50%, with forb cover showing some
increase. As regards legume cover differences between years are greater than
differences between grazing umits - a well-known phencmenon in these regions
(Ofer & Seligman, 1969). No influence of grazing treatment on the perennials
Prosopie fracta, Psoralea bituminosa and Cynodon dactylon was recorded.

10.1.2 Pattern of behaviowr and feeding habits of cattle om pasture

Activities

Ameng the activities of cattle on the ramgeland eating occupies most of the
time. Time spent on grazing and browsing varies through the seasons and
increases with growing herbage supply (Werk et qZ., 1974), while Wangon et ai.
{1960) found that feeding takes up 12 hours of the 24 hours day on dry pasture,
14 hours on short new-plant growth in early spring, and 9-10 hours on high
green forage in late spring.

Grazing time and rate depend not only on available forage but also on body
condition. Grazing may be faster and more time consuming if body condition is
poor, or during the lactation period (Arnold & Dudzinski, 1966).

The feeding tempo as measured by number of bites shows that in good pasture
conditions cattle take 50-60 bites per minute and walk between bites without
lifting their heads for 40 minutes (Wangon et ql., 1960). Generally speaking,
most records of cattle movement show that daily distances covered are within
a range of 0.68 - 6.4 miles, depending on forage conditions: the less forage
is available, the more travel occurs. That is, in the early season and on a
heavily-grazed range, more time is spent grazing mainly due to increased
walking; supplemental food reduces travel by about cne third (Wangon et al.,
1960) .

The number of grazing cycles a day is 2-4, depending on conditions.
Kilgour (1975) found 3 grazing cycles a day and Wangon et al. (1960) speaks of
2 major and 2 additional cycles a day. The first of the two major - and more
or less constant - grazing cycles occurs from arcund sunrise and continues for
2-3 hours. The second cycle starts late in the afterncon and continues until
after dark. Between these definite periods, there may be one or more distinct
periods of variable lengths, depending on season, forage conditions and
weather. These two cycles usually cccur before noon and around midnight.
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In winter, cattle graze during most of the daylight hours, whereas in summer
they graze more atnight. Wocturnel grazing takes up about one third of grazing
time (Schlottler et gl., 1975) and is closely related to the high temperatures
cbtaining in summer, though it does not depend eon the presence, or absence of
moonlight (Wangon et «l., 1960)}. Kilgour (1975) foumd increased night-grazing
time to be a sensitive indicator of heavy grazing pressure.

Other major activities apart from feeding and walking, are mminating and
resting. Ruminating takes up about 30% of time in continuous periods of 20-40
minutes with 15-40 minutes intervals. Resting occupies 10-15% of time, most of
it lying down (Wangon et al., 1960; Wangon, 1963).

Other activities such as sleeping, idling, lactating, watering, defacating and
urinating are negligible from the point of view of time consumption.
Defecations occur about 12 times a day covering 8 sq.ft. a day (Wangon, 1963).
These locations show changes in botanical composition within a radius of Z ft,
and are avoided by cattle during 13-18 months (Norman & Green, 1958). Except in
favoured bedding areas, cattle scatter their droppings and urinations
indiscriminately about the pasture {Wangon et al., 1960).

Distribution pattemn

Uniform grazing distribution in space, as mentioned above (10.1.1), depends
on cattle density. Density depends not only on the mumber of animals in a given
area paddock, but alsc on local conditions in the paddock, such as microclimate,
topography, availability of forage, water, and supplemental food.

Goodall (1969) showed that the closer to water and fence am area is, the
more densely it is used. During hot weather, more time is spent in the shade,
with beneficial effects (Garrett et «l., 1967).

There was found to exist close correlation between forage production and
cattle distribution, and thus in the early season southerly slopes with earlier
forage growth were utilized to a higher degree {Wangon, 1968).

10.1.3 Domestic grazing in relation to wildlife grasing

The interaction of big herbivores and grazing cattle is frequently discussed
in literature. Conclusions as to competition for food between these two groups
carmot be drawn easily if stocking rate is low.

Competition for forage between cattle and elk populations exists due to
similar food preferences (Nagle & Harris, 1966). Krueger & Winward (1974) found
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that cattle, mule deer and elk, grazing together in the same area, had an
impact on the vegetation and that this was reduced when the area was being
grazed by wild animals only.

On the other hand, forage quality can be improved by a combination of cattle
~ and big herbivore grazing (Anderson & Scherzinger, 1975), and the area put
to better use by both producing beef and getting income from humting fees
(Passey, 1966).

Complementary use of range by cattle, buffalo and oryx was found in East
Africa by Field (1979 and others.

Two big wild herbivores occur in the Yahudia Nature Reserve: the wild boar
(Sus serofa) and the gazelle (Gazella gasella gazella) {see above 4.1.1.3).

The vegetarian part of the wild boar's diet, as recorded by Gnaani {1972) in
Upper Galilee, Israel, includes grass spikes, roots and storage organs, leaves
and acorns, fruits and mushrooms. Wild boars chew the grass, suck it and spit
it out, as shown above (Table 4.1). While not being very selective with regard
to species, wild boars are selective as to plant parts, showing a preference
for roots, storage organs and fruits (Eisemberg & Lockhart, 1972).

Studies on the biomass and feeding habits of the gazelles were made by
Baharav (1974; 1975) in a comparable area of the Yissakhar plains, 37 km south-
south-west of Yahudia. In this area, whose primary production is 1800 kg D.M.
per ha per year, gazelles were found to consume 500 gr D.M. a day per head.

A population with a density of 30 head per sq. km, consumes 25% of primary
production. According to Baharav, feeding during the growing season appears not
to be selective and consists of 73% grasses, 23% forbs and 4% browse. During
the drying-up and dry season, when browse is green, browse selectivity increases
and the diet consists mainly of Prosopis fareta, Zizyphus lotus, Zizyphus
apinachrietii, Alhagi maurorum, Cynodon daotylon and Arietida caerulescens.

10.1.4 Former grazing regimes in the Yahudia regiom

The wild ox was first demesticated in about 8000 B.C., and modified eco-
systems were created through intensification of animal husbandry (about 3000
B.C.} by grazing (Love, 1961). An intensely populated area for many centuries
the Middle East was grazed continuously by domestic animals. Elan & Gutman
(1977) state that nearly all existing range and forest plant species in Israel
underwent a permanent selection process throughout the ages, and only those
which withstood fire, over-grazing and cutting have survived.




239

Peters {1978) claimed that from the 2nd century onwards, Bedouin grazed
their flocks of goat and sheep and their cattle and camel herds on the Golan
chiefly in swmmer, after finishing winter pasture in Syria.

There is no evidence of over-grazing during the last centuries, since the
Golan was not densely populated. Settlement there in the last century caused
local phenomena of over-grazing around villages. During 13 centuries of Arab,
Turkish, French and Syrian rule, pasture lands were considered public domains
of the villages. Since everyone was free to take his flocks anywhere he chose,
it was impossible to control grazing pressure, and naturally a gradient of
overgrazing from the villages outward was created (Elan & Gutman, 1977}.

No written information is available about pasture and grazing animals in
the current century up to 1967. From aerial photographs of this period we have
been able to discern cattle grazing, and our impression is that overgrazing
took place around villages within a radius of about one lam only.

A few members of the Bedouin tribe Arabel-Talawiya, and several others whe
had commections in the area before 1967, have drawn the following picture:
Sheikh Awad a Ga'aber and, from 1961, his son, had 300 head of cattle and 400
goats grazing in an area extending over 2600 ha, including most of the north-
western part of the Yahudia Nature Reserve, i.e. the area between the Yszhudia
and Meshushim streams. To the north and east in the Asalia, Sewiya Garabe and
Karane villages, there were living Bedouin of the Arab-el-Talawiya tribe who
had some smaller herd on an area of about 1600 ha.

In the southern part of the reserve, between the Yahudia and Daliot streams,
the Nimrod clan of the Arab-el-Talawiya tribe lived, with 300-400 heads of
cattle and 500 goats on 2 range of 2500 ha. This creates a grazing pressure
equivalent to about 5.9 ha per cattle head.
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10.2  Methods

10.2.1 Pasture Momagement in the Reserve

Following the increase of fires in the reserve during 1967-6%, a herd of
beef cattle belonging to Kibbutz Neveh-Eytan was introduced for grazing in
1969. Main developments in pasture management took place during 1970-75.

10.2.1.1 Herd _size and composition: Made up of beef cows deriving from
Charolais, Brahma, Baladi (local), Dutch and Hereford strains, the herd
comprises:
about 800 mothers and offspring depending on seasons of year;
about 4{ breeding bulls;
about 150 heifers.

10.2.1.2 Division_of pasture area: The reserve area under grazing extends over
3300 ha brutto (including dissected plots mot actually exploited for grazing
purposes), representing 82% of pasture range of the entire herd.
The pasture area is divided into 28 paddocks, of which 20 are within the
confines of the reserve (see Map 10.1). Mean size of paddocks is 173 ha
(range: 50-400 ha). All paddocks are enclosed by a 1.20 m high cattle fence
consisting of 4 barbed-wire strings. Most paddocks have natural water
sources, and those where there are non have been equipped with troughs as
detailed in Map 10.1. There are 3 corrals in the range (Map 10.1).

Each winter, fire breaks are sprayed on the cattle drives along the

fences, continuing over the stream banks down to the water (see 9.2.2).

10.2.1.3 Pasture Msnagement: The pasture management is concerned with the meat
cattle remaining in the pasture area during all seasons of the year. The
cow herd is split up into 4 basic groups of mother cows and heifers, a
group of weaned calves, and a group of bulls.
The cattle breeding cycle is as follows:

mating: November-January {bulls are kept in a separate group during
February-October) ;

calving: August-October;

weaning: May-June (green pasture turns dry);

sale of calves: July.
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Map 101

Cattle Grating Map
Paddock Border ——
FPaddock Number 11
Summer Grazing 19
Winter Grazing A
Corral -
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Sales of calves and cows are made on a selective basis only,
with emphasis still being on increase in number of mother cows.
supplemental food: supplemental food is given in the wilting season from
the end of May till November. Chicken manure is given freely, and
supplemental concentrated food is given in quantities of up to
1 kg per head depending on state of pasture and on growth stage;
control: the Kibbutz keeps a pasture diary in which number of heads of
cattle in each paddock, and supplemental food given, are recorded.
Each autum a grazing plan is drawn up for the following grazing
year (December-November). This plan is subject to alterations
arising from changed circumstances in the field such as fires,
pasture yield, epidemics etc.
In each paddock, grazing days were summed up on the basis of the
pasture diary. Separate summaries were made for the green-pasture
season (December-April) - for this purpose entitled 'winter®, and
for the dry-pasture season (May-November), entitled 'summer'.
For each season grazing pressure was calculated in umits of
grazing days per hectar. The mmber of grazing days in each
season were summed up separately and divided into the mumber of
seasons recorded. The total obtained was in fact the mean murber
of grazing days per hectar per paddock, severally for summer and
winter season. This for the purpose of establishing a comparative
scale for the various seasons and their total of all the years.
However, the figures obtained should not be regarded as a
representative mean, since there is great variability between
years as regards paddocks.

The mumber of seasonal grazing days per hectar were recorded in
the map of grazing paddocks - a separate map for each year (Map
10.2), and alsc in a summarizing map of total number of grazing
days per hectar per season divided by mmber of seasons {Map 10.7).

Since the wilting season (entitled 'summer') extends over 7 months, and the
green-pasture season (entitled 'winter') aver only 5 months, we have used
the following method of graphic description: the summer season is represen-
ted by a square 'snail', and the winter season by a triangular 'snail’,
with each rib representing 10 grazing days per hectar per season. Thus, the
comparative value of summer and winter is expressed by the mmber of
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convolutions and not by the number of ribs of the 'smail', and this in view
of the following equations which are good approximations:

muber of ribs in triangular 'snail’ convolution _ 3 _
number of ribs in 'square' 'snall’ convolution F

= 'winter' months _ 5 _
= 0-75 T5mer” months - 7 - 077

We have therefore contented ourselves with a graphic method for describing
pasture management in the reserve during the years 1972-80.

10.2.2 Pattern of cattle behaviour and feeding in the reserve

10.2.2.1 Mechanized survey of behaviour pattern: A time-recorder, model
Kinzle T.F.W. 24/8 was used for measuring the behaviour pattern of cattle

on the pasture range. The instrument is based on a revolving paper disk
(see photo 10.1), divided into hours, with a recording pendulum gliding over
its surface. The vibrations of the instrument cause lines to be traced on
the paper disk in the direction of the radii whose density is proportional
to rate of vibrations. Each month, the instrument was linked to one
particular bull during 8 days on which the bull was on the pasture range.
Because of his regular deeding habits a bull was chosen rather than a cow
whose habits are subject to change as a result of pregnancy and suckling. In
the years 1976-79 control was carried out with the aid of the time-recorder,
and inciuded 33 series of successful time-recorder operation.
Densities of lines on the paper disk were graded in three categories:
Grade 1 : much movement - if there is great density of vertical lines, and
line-covered surface is larger than surface not covered by lines.
Grade 2 : 1little movement - if vertical lines are few and surface covered
by them is smalier than surface not covered by lines.
Grade 3 : rest - if line is circular with no vertical lines being traced.

The fixing of borders between the 3 density grades is subjective to a
certain extent, but the error margin is not great, and since the borders
were fixed solely by the author - there is uniformity.

With the aid of a digitizer we transferred the data from the disks to
coordinates within a vertical axes system graded them into categories of
activity, and, with the aid of a computer, calculated the periods of time
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Photo 10.1: A paper disk of Kinmzle T.W.F. 24/8 time recorder, used
for a mechanical survey of cattle's behaviour pattern.
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devoted to each category of activity. For this purpose, the day was divided
into eight 3-hour periods, and the time devoted to each category of activity
was calculated for each pericd - and this for each of the 8 monthly ob-
servation days.

2.2.2 Feeding habits_of cattle on pasture range: During the years 1974-1979
(as also in Jamuary 1980}, observation of feeding habits was carried out
monthly in the following way. During the course of one day in the month we
recorded the plant species consumed by a certain bull on the pasture range.
Records were taken during a number of grazing hours. The length of the
observation period depended on the feeding habits which showed considerable
change during seasons, and was limited to day-light hours only. Observation
was carried out from horseback at very close range {1-3 m) from the grazing
bull, and the number of bites and the species consumed were tape-recorded.
A separate record was made of species consumed, or of activity, during each
full minute, as well as a continuous record for the periods 'between minutes''.

Distinction between species was . generally clear, except in the case of
Gramineae which are difficult to distinguish one from another during June-
November and almost impossible to distinguish at the onset of the green
season (November-January).

At the end of each observation day, we took 4 sample bites. The size of
sample was determined by imitating a cattle bite on the basis of experience
gained during that observation day. The samples were dried in an oven at
70 l:’C, and subsequently weighed. In case of Quercue Ithaburensis leaves and
acorns having been consumed, samples were alsc taken of these and treated
similarly. This observation was carried ocut in the week the time-recorder
was linked to the bull, and we were thus enabled to calibrate the results
of the instrument with observations made in the field.

Siml taneously, a record was made of the vegetation composition in the
region, on the basis of a representative quadrangle of 5x5 m for herbaceous
vegetation, and of 100x100 m for arboreous vegetation. Composition was
expressed in percentages of absolute coverage of the various species, and
from these we later calculated the relative coverage percentages. A record
was made of height of herbaceous vegetation. ’

Height was assessed on the basis of two parameters: estimated maximum
height assessed by taking the mean of the ten tallest plants within the
quadrangle, and mean height assessed on the basis of estimated average
heights of all the plants in the quadrangle.
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For the purpose of calculation of quantity and botanic composition of
forage, we only took into account active grazing hours. For active grazing
time, more or less continuous periods of grazing were taken into account,
discounting time periods of 10 minutes and more during which continuous
activities other than feeding took place.

In estimating botanic composition of forage on the basis of time, we
calculated foreach species (or group of species) the relative period of time
devoted to its consumption, and for each activity the relative pericd of
time devoted to it. Thus, the total proportional period of time for the
different species gives us the proportion of the time period devoted to
feeding. Total time devoted to all the activities, including feeding, gives
us the full observation time.

For the purpose of assessing the hotanic composition of the food on the
basis of number of bites, we calculated the relative part of bites of each
species (or group of species) out of the total number of bites on that ob-
servation day. Calculation was made on the basis of one observation day {one
day per month), and we also made a general assessment of the total percentage
of bites for each species out of the total of bites recorded during all the
observation years.

A description of the species preferred by cattle in forage is given by
two graphic methods:

1. The consumption by cattle of botanic species is calculated as percentage
of bites of species in their diet as a function of the relative cover of
the species in the area. All dots above the diagonal between the axes of
the square represent preference, while all dots below it represent
avoidance.

2. The electivity index for fish food, as defined by Ivliev {1961) is as

follows:
g=rxi-pi
T1L + pl

which, adapted to pasture forage composition, would read:

ri = the relative proportion of ingredient i in the diet;

pi = the relative cover of the same ingredient in the food complex.
Elective index values vary from -1 to +1. Where the E values are positive
the species is consumed in greater proportions than are to be found in
the area - i.e. it is a preferred species. Value Es1 represents maximal
selection. Where E=0, species consumption is in proportion to what exists
in the area, and where the E values are negative, the species is consumed
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by cattle in lesser quantities than are to be found in the area. Where
E=-1, the species is being avoided altogether. The remainder of the
negative E values indicate that although the species are eaten by cattle
they are being consumed in lesser quantities than are to be found in the
field. These aspects we shall call "'species avoidance”, and their rate
will decrease in keeping with value's approach to zero.

Apart from the regular observations, we also recorded and summarized
chance cbservations of cattle behaviour and feeding.

70.3 Results

10.3.1 Pasture Management

Table 10.1 represents a typical model of annual grazing planning in the
Yahudia Reserve. Planned grazing pressure in all the paddocks was 130 grazing
days per hectar per year. This figure is based on experience in similar areas
and on estimation of carrying capacity of this area, effected with the help
of Dr. M. Gutman to whom I wish to express my thanks here. In view of this area
being a nature reserve, the estimated carrying capacity was multiplied by 2/3,
to be on the safe side. The herd was divided into a number of groups, with
several paddocks being allotted to each group for rotational grazing throughout
the year.

The table records grazing days that were actually utilized in each paddock
and their relative part in the desired grazing pressure plamned for 130 grazing
days per hectar per annum.

Maps 10.2 show pasture utilization inside and outside the reserve during
1972-80, and Map 0.1 is a summary of pasture utilization in that period.
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Table 10.1: Annual grazing planning in the Yahudia Reserve (December 1978-
November 1979), and utilizatiom of actual grazing days and
their relative part in the desired grazing pressure of 130
grazing days per hectar per annum (numbers of paddocks are
those appearing in Map 10.1).

Number of Grazing days
Herd .. cattle Paddock per ha Utilization  Remarks
composition Ne.
heads per year z
Mothers 150 1 6% 53
2 69 33
3 72 55
8 31 24
9 4 3
Mothers 150 4 65 50
3 65 50
Mothers 150 10 94 72
11 62 48
12 148 114
Mothers 150 6 33 25
7 33 25
Bulls 40 15 126 97 15.3 = 15.11
Calves 200 19 105 81 ) from weaning
13 112 26 (May) to
14 59 45 weaning
Heifers 200 21 142 109
22 142 109
23 75 58
17 153 i18
18 118 91
Treatments 24 70 54
and spare 25 29 22
areas 20 20 15
27 153 118
16 4] 0
28 153 118

Horses 26 146 112
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10.3.2 Behaviour and feeding pattern of cattle on pasture

10.3.2.1 Mechanical measuring of cattle behaviour on pasture: The statistics,
named for the purpose of this amalysis "RAD" and '"'SLOPE" (see Appendix
10.1.1}, show that the 8 monthly days do in fact represent replicates which
are representative of that month. "RAD measures the deviations from the
mean during time intervals - deviations which were found to be slight -,
while "SLOPE" measures the direction taken by the change during transition
from one interval to the next, and this, too, was found to be slight.

From the "RUN TEST" we made it was found that there was no dependence

between one observation day and another in the same month; that is, the days

in that month were autonomous replicates representative of that month, and
in accordance with this we examined the daily observations. We chose to
present the median value of activities during each time interval of the 8
observations days, this being placed between the second biggest and seventh
biggest values, rather than presenting the minimum and maximm values (first
and eighth day), in order tc avoid the effects of days of extreme activity.

Apart from the impression gained from the graphs, some of which appear in
Appendix 1.1, we also made a separate analysis of variance for each season.
We found that there was no significant effect of any one month of activity
within the season, which means that the months represent replicates that are
representative of the season. On the other hand, we found that there were
significant differences between time intervals and years as well as inter-
action of month and interval (with the exception of spring and autum),
month and vear, and interval and year. Information interpreted by amalysis
of variance was meagre (20-32%) in most seasons, and middling (some 55%) in
winter. There was no great difference between years. In view of the signifi-
cance of the interaction components and the existence of mutual effects of
the divergencies, it has been difficult to distinguish between the effects
of single variables, and hence all the effects of time intervals on
activities, and of seasons on activities, represent tendencies only.

The mean of activities in all the seasons of the year was around 1.5 hrs
per interval of 3 hours, so that activity totals are similar in all the
seasons. Thus, the differences between seasons can be attributed chiefly not
to the duration of activities but to the pattern of their distribution over
the 24-hour day.

In general, it can be said that the sum of day activities exceeded that
of night activities, and seascnal changes were as follows.
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late morning, and at dawn. Where there were 3 cycles, peak activity took
place between 06.00 and 09.00 hrs, with activity going on during most of
this 3-hour time interval. When there were two activity peaks the princi-
pal one occurred during 15.00 and 18.00 hrs, with generally over 2.5
hours out of 3 being utilized for activity.

The secondary activity peak took place before dawn between 03.00 and
06.00 hrs (sometimes between 00.00 and 03.00 hrs), with about 2 out of 3
hours of this time interval being utilized for activity.

During the remaining hours, certain activity took place in most time
intervals and almost no absclute rest was recorded.

Spring (Feb.-Apr.}: This season is conspicucus for the absence of umiformity
in the various months. Principal peak of activity usually occurs between
15.00 and 18.00 hrs, and the number of secondary peaks varies between 0
and 3 peaks recorded at different hours of night and dawn. Although no
characteristic tendency is apparent, it can be said that what is charac-
teristic is the time at which principal paek activity takes place; that
the level of activity is gemerally more than 1 ocut of 3 hours (usually
between 1 and Z hours), and that almost no rest whatscever is recorded.

a) a single daily peak, occurring between 12.00 and 18.00 hrs, with level
of activity being over 2.5 out of every 3 hours.

b) 2 daily peaks is the more characteristic summer activity pattern, when
the principal peak occurs generally between 15.00 and 18.00 hrs, with
activity level being more than 2 out of 3 hours, and a secondary peak
mostly between 03.00 and 06.00 hrs, with an activity level of 1 ocut of
3 hours. :

There are almost no periods of rest in summer, though between peaks, the

level of activity is almost always less than 1 out of 3 hours.

observation of general tendency difficult, but it appears that a single
peak of activity occurs between 15.00 and 18.00 hrs, with a high activity
level (3 out of 3 hours), and a low activity level during 00.00 and 03.00
hrs, with activity occurring during about 1 out of 3 hours.
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Calibration of observations made with the aid of a tape recorder with
data obtained from the time-recorder, has shown that what has been recorded
as '"high activity" by the time recorder identified with over 90% of grazing
time. In winter and spring, more than 98% of the time was devoted to feeding,
with almost no "walking for walking's sake", whersas in summer and autum
these values varied between 90 and 95%. In view of this accord, we have con-
sidered '"full activity" to be grazing, because in our estimation there was
+10% accuracy in the interpretation of the time recorder data, too.

-3.2.2 Cattle feeding habits and forage composition on pasture

1. Bite and food gathering rate: Number of bites of cattle on pasture per

hour as counted during active grazing hours, are shown in Figure 10.1.
Here, the high rate of winter feeding is conspicuous, especially in
December-January. A relatively low rate of feeding is discernible in late
spring (April-May). The feeding rate tends to rise in June-July. In late
sumer and autumn there is lack of correlation between minimum, maximum
and median values, indicating an inconsistent tendency in this period.
Figure 10.2 records weight changes in bites of cattle on pasture.
Relatively small bite-weight (less than 1 gr dry matter per bite) was
recorded in the winter months, with a steep rise in spring, reaching its
peak in April, with about 3 gr dry matter per bite. Bite-weight diminishes
with the onset of summer, attaining an additional peak in autumn (Sept.).
Multiplication of the values of mumber of bites by mean bite-weight gives
the weight of forage per active grazing hour, hereinafter called '"Food
Consumption Rate', the change pattern of which during the months of the
year is recorded in Figure 10.3. Two pesk forage collection rates are
discernible. The first one in spring (March-April), and the second, less
characteristic one, in summer (August). In winter, hourly values tend to
be low, but there is a conspicuous absence of a clear tendency in this
period due to the high maximm values.

Figure 10.4 shows height of vegetation in the paddocks in which control
of grazing rate and forage composition was carried out.

The relatively low growth of herbaceous vegetation in winter reaches its
peak height in April. Beginming in May and continuing until the autumn,
herbaceous vegetation height shows a decline which can be attributed to
grazing. In order to keep the figure legible, we abstained from giving
maximum and minimum values for each curve, but there was considerable
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uniformity between vears in most months except for the spring months in
which the dispersion of dots is greater. As regards relative retardation
in the vegetation growth rate, 1975 was conspicuous among the years.

. Forage supply and composition in cattle's diet: Forage composition ex-
pressed in bites: Figures 10.5, 10.6 and 10.7 demonstrate the pattern

of change in the consumption of grasses, legumes and Quercus <thaburensis
leaves and acorns by cattle on pasture. Consumption is expressed in
percentage of total number of bites observed. Grasses represent the
chief component of forage, constituting over 80% of the diet during most
months of the year. The grass component decreases from March onwards, but
especially in April and May, and there is a simultaneous increase in the
legume component during this period. Quercue ithagburemsie leaves con-
stitute a significant component in the forage in late summer, whereas
during ripening of acoms in winter the latter make up an important paft
of the forage. From figure 10.7, which is based on number of bites, it is
difficult to learn something about the significance of acoms in forage
composition. Weight of herbaceous vegetation bites varies between 0.1 and
3.0 gr of dry matter, whereas the bite weight of Quercus thabureneis
leaves comes to 1.0 - 3.2 gr of dry matter, and that of acorns to 8.2 -
11.8 gr of dry matter. We therefore decided to demonstrate the changes
in weight of Quercus ithaburensis components consumed per active grazing
hour.

Figure 10.8 shows changes in weight of Quercus ithaburensis compomnents
consumed during the months of the year, with separate records for leaves
and for acorns. This figure draws a comparison with figure 10.3, which
represents hourly weight of all the forage components taken together.

At this point, we consider it worth bringing a mumber of additional ob-
servations collected by us with regard to consumption of Quercus <thabu-
rensie components by cattle; observations that have not found expressien
in the above figures.

In January, when most Quercus ithaburensis trees are shedding their
leaves, we repeatedly observed cattle browsing on twigs. In February and
March, during the budbreak period, the trees show many signs of browsing,
and there is "pruning” up to a height of about 1.5 which is being kept up
in fact during the entire year. Considerable browsing of leaves can be
noticed in sparse Quercus ithaburensie forest (where no regular observ-
ations were carried out), as also in areas where there is little
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herbaceous vegetation due to intensive grazing or fires. As against this,
there is hardly any consumption of Quercus ithaburengis components in
wet grasslands with green vegetation where we noticed, however, con-
siderable consumption of swamp plants: Prosopis fareta and even Saliz
acmophylla trees were seen to have been browsed up to a height of about
1.5 m and to have developed a single trunk. In summer, we saw in pasture
paddocks Quercus ‘thaburensis trees budding up to the browse-line, but at
the same time we noticed an absence of budding in paddocks free of
grazing.

In the acorn ripening season, the cattle search vigorously for acorns on
the trees as well as on the ground, and will even move stones to find
them. Much time is devoted to Iooking for acoms and to scrabbling among
the fallen leaves to find them, particularly at the end of the acorn
season when they are getting scarcer. Acorn consumption is conspicuous
in easily accessible places, while consumption is smaller in places that
are less easy of access, such as cairns. In the majority of cases, the
glands are eaten without the cupules, and we even abserved cattle
separating the glands from the cupules by rolling the acorns on the
ground with their tongue and lips; however, in the absence of glands
cattle will alsc eat the cupules. In extreme cases, some 30% of the time
was devoted to foraging and looking for acorns, and up to 600 gr of dry
acorn matter were consumed per hour. The stomach contents of a cow
slaughtered in November showed a very high percentage of glands with
shells, but without cupules.

The proportion of each species in the cattle's diet (as estimated on the
basis of its proportion in the number of bites), is shown in Table 10.2.
The first colum gives the percentage of bites devoted to each species in
each month of the year as the mean of that month of the years 1974-1980.
Colum No. 2 of Table 10.2 gives the percentage of the species in the
general forage composition, calculated as percentage of the bites eaten
of that species out of the total bites observed during the whole period.
During the single months as well as during the whele period, we summarized
the percentage of bites according to principal groups: Grasses, Legumes,
Other Forbs, and Quercus Zthaburensis.

S0 far, we have expressed the composition of cattle diet in bite percentages.
As said before (10.2.2.2), diet composition was measured by us also
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according to the percentage of time devoted to the consumption of each
species. After summarizing these data, we found that discernment is less
accurate in this method, and many species consumed "between minutes" do not
figure.

Although the relative proportion importance of these species in the diet
is minimal, their appearence, or non-appearance, contributes to the picture
of the range of diet in the various seasons. As against this, so far as the
main components of diet were concerned, we found no significant difference
in the relative diet composition which is expressed in bite-percentage or
time-percentage, and we therefore decided to omit from this paper the data
of diet composition on the basis of time percentage. At the same time, we
should point out that for the purpose of field-recording, this method is
easier and costs less effort, and it also reflects the time devoted to other
activities, because each activity, including foraging taking place during
a full minute, is recorded. Hence, we do not reject the time-percentage
measuring method but prefer, in this case, to demonstrate diet composition
in terms of bite percentages.

Diet_composition expressed in terms of frequency of species_consumption

Colums 3 and 4 in Table 10.2 show the frequency of consumption of
species in the various months and in all the years together. Species com-
sumption frequency represent the number of times a species appears in the
cattle's diet during a certain calendar month over the years 1974-80,
without having regard to quantity consumed of that species, but referring
only to the fact of its appearance, or non-appearance, in the diet. This
presentation also for species forming a minimal diet component, but the fact
of whose consumption at the period at which they get eaten is in itself of
interest.

In sumarizing the colums, it can be learned that the largest species
variety in the diet appears in spring, mainly in the month of March, when a
mean of 15 different species are consumed during each observation. Species
variety in the diet declines in summer and autumm to about 6-8 species, and
in winter to about 4-6 species on the average per observation. The species
variety has been summarized separately also with regard tec main plant groups.
As far as the range of grasses is concerned, not many changes can be dis-
cerned over the seasons of the year, and the number of species usually
averages around 3 grass species per observation. The low figures in winter
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are due mainly to difficulty in distinguishing between grass species in this
season, as already pointed out above (10.2.2.2).

In the legume range we have relatively high values, averaging 3-4 species
per observation in spring, with a considerable decrease in winter (0.2-0.7
species on the average per observation).

The main contributors to the range of species in spring are the other
forbs, many species of which are consumed between the beginning and end of
spring (February-May).

In Table 10.2 Quercus ithaburensis appears as a group made up of three
components: leaves, acorn glands and cupules; and the total figures of
comsumption frequency express in fact the mean of components censumed during
each observation. Hence, these figures are lower than 1.0 during the greater
part of the year, but show an increase in the acorn ripening season.

Selection_as_a_function of forage supply in_the field

Figures 10.9 - 10.14 show the percentage of consumption by cattle on
pasture of several species and groups of species, as a function of the
relative cover of these species in the field. The diagonal line represents
equality where there is no food preference and cattle eat in accordamce with
the forage supply extant in the field. Dots above this line indicate
selection - i.e. relative consumption is higher than relative supply -, and
dots below the line indicate rejection - that is, consumption is lower than
existing supply.

There is a conspicuous preference for the whole range of grasses (Figure
10.9). Grass consumption tends to rise more steeply than does grass supply,
especially where high cover percentages are concerned. Consumption and
preference of dry grasses, too, {Figure 10.121) increases with rise in cover,
so0 that under low cover conditions there is rejection (up to 10%), under
medium cover conditions (10-15%) there is no selection, whereas under high-
cover conditions (50-80%) there is a clear preference for dry vegetation,
consumption of which varies between 82% and 97% of total forage consumed.

As opposed to grasses, legumes are not preferred by cattle (Figure 10.10),
and conspicuous rejection is apparent in the low cover percentages. Con-
sumption tends to rise with increase in cover.

Compared with their cover in the area (Figure 10.17) other forbs are not
generally selected by the cattle, excepting a few cases of selection in
conditions of relative cover of 10-20%. Consumption does not appear to be
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contingent on the cover of species in the field.

The consumption cover of other forbs is similar to that of Quercus {thabu-
renats consumption (Figure 10.12) which is limited to a more or less constant
cover of these trees in control paddocks, and to changes in consumption.
Figure 10.13 shows that consumption of Advenz sterilis rises steeply with
increased cover of this species in the field, so that under low cover con-
ditions there is only slight preference, and under high cover conditions
preference is considerable. Cattle do not show preference for Hordewn bulbo-
gun in the relatively low cover percentages {up to 15%), evincing slight
preference in the higher cover percentages (Figure 10.14); all the same a
rise in consumption is apparent where there is an increase in relative cover.

With regard to other species and species groups consumed by the cattle,
we have considered umnecessary bringing a graphic description of their con-
sumptic;n as compared with their cover in the field, either because of
sparsity of dots in the graphs or because of very low cover and consumption
(less than 5%) in which the relative percentage of measurement error is
high. Of these species and groups we shall mention only a few: unidentified
grasses showed a distribution similar to that of Avena sterilis, and they in
fact turned out to be Avena stertlig which had not been identified as such
with certainty in the winter period. Loli{um rigidum, whose cover in the
field is low, shows also low consumption by cattle, with a tendency towards
selection independent of cover percentage. Trifoliwn purpurewn, normally
having a lower cover than 10%, shows normally also low consumption. In a
number of cases, consumption relative to cover was high (15-28%) without
there appearing to be a clear dependence on cover percentage.

In other observations we saw that in spring leaves and stalks of Aveng
gterilis and Loliwm rigidum get eaten, whereas of Hordewn bulbosum mainly
the leaves are taken. At the beginning of the wilting pericd we noticed
active rejection of Hordewm bulbosum stalks that got into cattle's mouths
accidentally, whereas at the end of the wilting season, when most of the
ears of that plant have been shed, cattle will also eat the stalks of the
ears, especially since by that time the greater part of dvene sterilis has
already been consumed. We also noticed that part of the grasses consumed
during the wilting period are seeds picked up near ant-hills collected by
the ants.
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Electivity index as_expression_of food selactivity

Changes in the electivity index of species groups and of several
additional species over the seasons are shown in Figures 10.15 - 10.23.
Median, maximm and minimm values were calculated for each month in 1974-
1980.

As can be seen in Figure 10.15, grasses as a group are generally pre-
ferred in all seasons of the year with the exception of April, when that
season’'s negative electivity index indicates rejection of grasses. During
the remainder of the year the electivity index is positive amd subject to
little change, generally in the region of 0-0.2.

As opposed to grasses, legumes are usually rejected during the greater
part of the year, with the exception of April, as can be clearly seen in
Figure 10.16. Particularly low values of electivity index were found in the
winter months.

Other forbs, too, are generally being rejected during all seasons of the
year (Figure 10.17), and their electivity index values are very low. A
tendency towards lesser rejection and, at times, even preference, is
noticeable in the spring months (April-May), and in high summer (August).
Quercus ithaburensis generally shows a negative electivity index during all
seasons of the year (Figure 10.18), and its electivity index values are
lower than -0.8. Rejection tends to lessen in summer (July-September), and
also in winter when the acorns are ripening.

Dry grasses (Figure 10.19) are rejected by cattle in winter and spring,
but preferred in summer @nd at the beginning of winter (July-December),
although at values not pgenerally exceeding 0.2.

Figure 10.20 demonstrates the changes in electivity index as regards
Avena sterilis and umidentified grasses. Since umidentified grasses are
ustially Avena sterilie, and since they appear at a season where there are
no data on Avena sterilis, we have presented them in the same figure.
Electivity is generally positive and does not exceed 0.3, but in spring
(April) there is clear rejection of Avena sterilis, and in autum (October)
there is rejection of dvena sterilis and of unidentified grasses.

Hordewm bulbogwn (Figure 10.21) is generally rejected, although it is
elected at the beginning of spring and at the beginning of autum (February,
Septenber). The distribution of dots in the figure during these seasons
indicates an absence of stability in preference for this species.

Trifolium purpurewn (Figure 10.22) appears in the area only during March-
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during 197%-1980, covering several species and species
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Figures 10,16 ~ 10.23 (continued)
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October. In that pericd, wide-range fluctuations in electivity are dis-
cernible, with a high tendency towards electivity in spring (April-May) and
in sumer (August) and towards rejection during the remainder of the period.

Cichorium pumilum is preferred by cattle in spring (Figure 10.23), and in
February-June appears as a species in demand (though alsc under negative
electivity). During the remaining months, electivity is negative and
generally low, and observations are far between.

Earlier on we brought a graphic description of changes in the electivety
index for main groups and species. Among additional species with low fre-
quency of appearance, we would quote a few: ’

Lolium rigidum attains positive electivity index values in spring (April-
May) and at the end of summer (September), whereas during the remaining
seasons it is generally rejected by cattle.

Cynodon dactylon appears in the diet only in the summer and autunn months
(June-October) and is generally greatly preferred by cattle (E.I = (-)0.5-
0.9), although at times it may also be rejected (E.I = {-) 0.2 - (=) 0.3).

Trifolium piilulare is consumed mainly in spring and at the beginning of
summer. The cattle show lack of consistency in electivity, vacillating
between considerable preference (E.I = 0.8) and complete rejection (E.I =
-1.0} in one and the same seasocn.

Lack of consistency in electivity is also noticeable with regard to
Medicago rotata, which is consumed in spring (February-May). As against this,
Hymencecarpos cireinnatus is preferred at the begimning of winter, with pre-
ference diminishing until it turns into rejection in late spring, and
showing a slight tendency towards rise and positive electivity index values
at the beginning of summer. Trifolium argutum is preferred in April (E.I =
0.6-0.9), and rejected in May and June (E.I = (-}0.4 - {-)0.6).

Scabicsa prolifera appears in the diet in winter and spring, usually
with negative preference, and tendency towards greater preference in late
spring (April-May). Daucus bicolor also figures in the diet during a short
period, sometimes appearing as a preferred food component in spring, with
electivity decreasing at the beginning of summer. Senecio vernalis figures
in the diet in spring only (February-March) with negative, though generally
stable, preference (E.I = (-)0.6 - (-)0.8).

Carlinag hispanica, appearing as a focd component during all seasons of
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the year, is mostly eaten in winter and at the beginning of spring (December
-February) and figures in the diet under negative preference or absence of
preference.

 Syneleosciadium carmeli appears in the diet during a limited period, with
a pronowunced negative preference in February-March, and pronounced positive
preference in April and May.

The low frequency of appearance of the remainder of species in the
cattle's diet, sometimes accompanied by considerable dispersion of dots,
renders the description of changes in electivity index during the seasons
insignificant. Regarding these species we have therefore contented curselves
with a mean annual electivity index, which appears in Table 10.2 under
colum 5, for all the species in the diet.

10.4 Discussion

10.4.1 Pasture management in the reserve and its effects on vegetation

The physical conditions of the pasture in the reserve render possible a
wiform distribution of grazing throughout the area. In most paddocks there
are stream-beds with water and shade, contributing to the dispersal of the herd
in the paddock, as compared with paddocks containing drinking troughs, causing
the cattle to concentrate around them, and making for an uneven distribution of
grazing pressure. Such paddocks are to be found in the south-eastern part of
the reserve (Map 10.1).

The paddocks vary in size, but most of them are 100-200 ha. The western,
relatively large (250-400 ha) paddocks, have irregular grazing distribution
due to the existence of preferred and non-preferred areas within the paddock
itself. Partition of paddocks 5, 6, 8 and 12 into smaller units would no doubt
result in more uniform grazing.

The percentage of pasture exploitation by cattle was in most cases lower
than plammed, with the exception of a few paddocks. It is clear therefore that
the present herd does not utilize to the full the 2/3 of forage units in the
area that are permitted for exploitation under current grazing conditions. At
the same time, there is quite uniform long-range grazing dispersal in the area
(as can be seen from Map 10.1), extending from 20 to 60 grazing days per ha in
the dry season, and from 20 to 40 grazing days per ha in the green season, with



a tendence towards greater exploitation in the north-eastern paddocks, and
lesser exploitation in the north western paddocks. Grazing dispersal over the
area in the single years has not however been altogether umiform, as is

apparent from Map 10.2.

Gutman (1979) found that primary production at the Karei-Deshe Farm was some
300 gr dry matter per sq.m., and we assumed that production would be the same
in the Yahudia Reserve in view of the similar conditions obtaining there (10.117.
The consumption of an average pasture cow in the region is about 8 kiles dry
matter per day {according to Gutman, 1979). On the basis of the aforementioned
grazing pressure, the consumption rate of cattle in the green season would be
160-480 kilos per ha, constituting some 5-15% of primary production, while the
production rate in the dry season would be 160-320 kilos per ha, constituting
5-10% of primary production. It follows that total amnual comsumption is much
lower than primary production.

Various researchers have discussed the changes in vegetation composition as
a result of grazing. The stricter ones claim the removal of 50% of the primary
production as being the cause of changes in vegetation (Johnson, 1966), wile
other claim that removal of 45% of primary production in the growing season,
and up to 40% in the dry season, would not cause harm to vegetation composition
provided grazing were not continuous (Gutman & Seligman, 1979; Gutman, 1979).
Researchers agree, as a rule, that under very heavy grazing plant composition
tends to change, but then the grazing management in the Yahudia Reserve does
not envisage a heavy grazing regime. And indeed, in a survey of vegetation
composition in paddocks under cattle grazing, as compared with paddocks not
under grazing (5.3.5), no significant differences in vegetation composition
were found, except for local difference.in areas with particularly heavy
grazing, near feeding and drinking troughs, with a preponderance of forbs
(Table 9.2).

As emphasized in Table 10.1, grazing plamning shows a rotational pattern,
with each herd of 150-200 head of cattle grazing 2-5 paddocks. Since the
greater part of the cattle's pasture area is based on the reserve, there are
no possibilities of deferred grazing that would give the pasture rest during
the sprouting season, which would be preferable from the point of view of
primary production and vegetation composition (see 10.1.1), though some of the
paddocks do in fact enjoy such grazing in view of rotation.

Rotational grazing, leaving over a quantity of dry matter until the beginning
of winter, affords cattle the advantage of being supplied with forage for the
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transition period between the dry and the green seasons, and of advanced
germination in the paddocks in which dry matter has been left over (see Table
9.2). Rotational pgrazing results in a non-uniform grazing distribution in time
in the short range, but leads to controlled grazing affording uniform dispersal
over area and time in the Jong run. All the same, we found from Gutman (1979)
and also in this research, that rotational grazing management had no influence

on primary production. We have shown that, under the grazing pressures obtaining

in the reserve, primary production, which has been estimated from herbaceous
vegetation height and seedling density, does not suffer, althcugh as mentioned
there is a certain growth inhibition which is, however, compensated by the end
of winter (Table 9.2). The primary importance of rotational grazing in a nature

reserve lies in the conservation of its botanical composition {see 10.1.1), and

such grazing would therefore appear to be a desirable management policy for the
Yahudia Reserve.

10.4.2 Pattern of behaviour and graaing of cattle on pasture

10.4.2.1 Behaviour pattern: As we have seen, the cattle's activities change
from season to season and from time interval to time interval during the
24=hour day, there being only small differences between the various days of
the dame month, between months of the same season, and no great differences

between the years.

We have seen that, in spring, cattle take almost no rest and number of
activity cycles varies, while in summer activity is concentrated in one or
two periods during the 24-hour day, with a tendency of rest during the
remainder of time. As against this, almost no test is recorded in winter,
and the pattern of 2-3 cycles at more or less fixed hours is a characteris-
tic one.

It appears that provision of supplemental food in summer results in
cattle gathering around the feeding troughs and in a lowering of activity,
while collection of roughage generally takes place over a short period of
time. This is in contrast to what happens in spring when there is plenty

of forage and a great choice of species and activity going on during the
greater part of the 24-hour day. Also, in spring there is considerable
selection of species, there are more species, and species that are rejected
at other seasons are being eaten at this time.

It should, however, be stressed that the activity mean, which is similar in
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all seasons, demonstrates that there is no change in the total hours of
activity, and that it is merely the distribution over the Z4-hour day which
is the main variabie.

The significance of interactions of time intervals, month and year,
proves that the pattern of activity is a changing factor, and no doubt
depends on supply of forage, on the weather, etc. It should be pointed out
that only 22-55% of change are explained by these variables, while the
remainder must be attributed to seasonal factors in the bull himself, his
social relations with other bulls in the herd, willingness or otherwise of
particular cows, and so on, and also to envrionmental factors of forage
supply, weather conditions, etc. It follows that in order to draw con-
clusions from the behaviour pattern, a more conclusive follow-up is re-
quired, that will take intc account additicnal variables and extend the
pattern to include a number of animals at one and the same time.

However, the important conclusion to be drawn for our purpose is that the
total time devoted to activity does not greatly change during the seasons.
As we have seen, this activity identifies, with more or less approximation,
with the time devoted to grazing, with 5-10% deviation in summer and autumn
- seasons in which scarcity of pasture forces the herd to walk over greater
distances, partly with the object of reaching pastures, without feeding on
the way.

4.2.2 Feeding habits_and diet composition of cattle on_pasture:

Seasonal changes in hourly food consumptien: In the course of our work as
well as in literature (Wamgon et «l., 1960), we found the bite-weight to be
low at the beginning of the season and high at its peak, and the number of
bites to be numerous at the beginning of the growth season and low at its
peak. From Figures 10.1 - 13.4 it follows that in spring the combination of
tall grasses, high bite-weight and low mumber of bites produces a medium
forage-collection rate (1600 gr dry matter per hour). In winter, with a
combination of low grasses, small bites, and a high number of bites, the
cattle do not manage to cellect more than 400-1300 gr of dry matter per hour.
It is possible that, in order to make up for this, the cattle extend their
hours of activity or, alternatively, they require more chicken manure, but
this has not been checked in our research.

What was unexpected is the result of hourly comsumption at the end of
sumer and beginning of autum (August-September), at which time the com-
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bination of medium grass height, quite high bite-weight and the low number
of hourly bites produces the highest forage collection rate (2300-3200 gr of
dry matter per hour). The increase in consumption at this season is not self-
understood, since food of low value on the one hand, diminishes consumption
in view of the lowered roughage digestion potential, but on the other hand
the addition of chicken manure which contains protein, affords effective
digestion and thus increases consumption. 1t is surprising that the main
contribution to forage quantity derives from the big bites rather than from
the mmber of bites, a fact which perhaps indicates that low growth is
partly the result of trampling of vegetation which yet affords its
utilization. It is also possible that diminution of selectivity and
transition to grass consumption at the end of summer have an effect on bite-
size, since grazing under conditions where there is a choice of species, or
of parts of them, affects the diminution of bite-size.

Seasonal changes in food composition: We learned (Figures 10.5 - 10.8), that
the chief contributors to the rise in hourly food consumption during August-
Septemher are the grasses and Quercus ithaburensis leaves, the bite-weight
of which is several times higher than that of herbaceous plants. In spring
on the other hand it is the legumes that make the main contribution to the
diet. However, there is no doubt that grasses constitute the principal
factor in the cattle's diet (Wangon, 1960, see 10.1.1), and this we alsc
found to be the case during our research work, with the exception of the

spring season.

Quereus ithaburenszig: As pointed out above (10.1.1), the acorns of Quercus
ithaburensie are the food which is most in demand with cattle. We have shown
in this paper that acorms constitute a significant diet component during two

months of the year (November-December), when they represent up to 1/3 of
weight consumed in 1% of the time only (Figures 10.7 and 10.8). It is
interesting to compare this datum with Wangon (1963) {see 10.1.7), who,
while indicating a high acorn consumption, shows that cattle devote only
about a quarter of their time to their ingestion. The advantage of acoms
in cattle foraging at this time of the year is considerable, since it is the
poorest season for herbaceous forage, dry vegetation have already partly
decomposed or been consumed, and green vegetation only just beginning to
germinate. Their high energetic value and easy digestibility (see 7.2} make
the acorns a most important factor in the diet. The tannins contained in the
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acorns, the significance of whose influence on preotein digestion is not
clear, do not affect palatibility (Rodriguez er al., 1973).

The practice of giving food supplements in the form of chicken manure,
and even concentrated supplemental food during the transition period in
autum, is an accepted procedure for meat cattle in Israel. We believe that
in the Yahudija Forest some 50 days of food supplementation can be economized
by directing cattle to the forest plots, a possibility which is not being
taken advantage of by the cattle growers in the reserve. As far as the
likelihood of harming germination is concerned, it has already been shown
that consumption of acorns by cattle prevails over consumption by wild bear
(see 7.2.2.2), and the germinaticn prospects of an acorn depend to a
greater extent on where it falls down (cairn or open field), or on it being
trodden into the ground by cattle or wild boar, than on it being or not
being eaten by cattle (see 8.4.2); and indeed, as we have seen, consumption
of acormns by cattle takes place mainly in places that are easily accessible,
and less frequently on cairns where cattle have greater difficulty in
walking as well as in extracting acorns from among the stones.

Apart from the economic significance of having cattle feed on acorns and
the resulting saving on supplementary food, there is also a diminution in
the quantities of outside nutrients introduced into the reserve by such food,
and a rise in the rotation of food factors within it.

In general, Quercus ithaburensis has negative preference during all
seasons of the year. Consumption of leaves is usually at a lower rate than
the relative cover of trees in the area (Figures 10.12 and 10.18), and is
certainly low relative to the biomass of the trees the greater part of which
is not available to the cattle. During July-September, in which period the
leaves constitute a more significant food component (Figure 10.7}, the
electivity index, too, usually approaches 0.0 and sometimes even attains
positive values. Herbaceous vegetation in this season is dry and poor in
value, and hence an increase takes place in the consumption of Quercus itha-
burensis leaves which constitute almost the only green food in the area. In
the dry season, browse is relatively rich in protein and in greater demand
by herbivores (Field, 1975).

With the onset of autum colouring, there is a decrease in consumption of
Quercus ithaburensis leaves, and hence the cattle, during autum and winter
{except in the acorn season), prefer open areas with high herbaceous cover
to the Querocus ithaburensis forest areas.
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These facts tally with what has been said above (10.1.1} on the subject
of the low percentage of browse in forage, the high preference of grassland
and low preference of dense forest.

The effect of cattle on tree-shape is also noticeable. Browsing on leaves
and twigs up to a height of 1.50 m, results in “pruning” or trees, in
raising of crowns, and in the forming of a single trunk which is a basic
characteristic of the Quercus i{thaburensis tree if undisturbed by felling or
burning. This structure diminishes the tree's vulnerability to damage by
fire. On the other hand, in very sparse Quercus tthaburensis forest, or in
an area where there is regrowth of forest with low tress, heavy grazing
prevents trees growing to a height and exerts strong pressure on single
trees. Given the fact that main consumption of leaves occurs in July-August,
it is desirable to abstain from having cattle graze in areas of sparse,
young, or regrowing forest during these months.

Grasses: The proportion in the diet of the grass group is usually higher
than its proportion in the field, and shows a tendency towards a big rise
in consumption in high cover percentages at a relatively high rate of cover
increase (Figure 10.9). During most months of the vear grass consumption
exceeds 80% of the diet (Figure 10.5), and shows a positive electivity index
in nearly all months of the year.

The tendency towards a decrease in electivity and diet composition of
grasses in spring, notwithstanding the non-diminution of supply in the field,
derives from preference during these momths for other groups, and from an
increase in the variety of forage components (Table 10.2, Column 3). The
contribution of grasses to the species variety in the daily diet which
amounts to only 2-3 species, is more or less constant throughout the year.

In summer, the dry grasses constitute the main food component. Dry
vegetation in fact consists of several species, but Avena sterilis is the
decisive component, and Hordewn bulbeosum the next important component, which
however is much smaller than the first one. Conspicucus in Figures 10.121
and 10.19 is the fact that in summer the electivity index of dry vegetation
is high, and consumption increases at a higher rate than that of the cover
increase in the field with the rise in cover. As against this, in winter the
dry vegetation has a conspicuously negative preference due to its low
quality as compared with green vegetation, and perhaps due also to its low
cover. It appears that in medium covers of 20-50% there are no clear pre-



ferences or rejecticns of dry vegetation by cattle, and the consumption rate
matches cover rate in the field.

Avena sterilie: enjoys clear preference during the greater part of the year.
A rate of consumption exceeding the cover in the field is discernible in all -

cover grades of this species, and there is a tendency towards an increased
rise in consumption, particularly in high covers. If we regard the "unin-
dentified grasses' as Avena sterilis, which is generally justified, we shall
see that negative electivity is apparent only in spring and autum (Figure
10.20). Spring rejection, as pointed out above, derives mainly from a pre-
ference for legumes, while autum rejection can be put down mainly to in-
creased electivity of Hordeum bulbosum in that season (Figure 10.21).

Hordeum bulbosum has in general a negative electivity, and its rate of
consumption - particularly in relatively low cover percentages - is smaller
than its rate of cover in the field (Figure 10.14), but a decisive pre-
ference for it exists in early spring and in autumm. Electivity in early
spring can be related to the advantage enjoyed by Hordeum bulbosum in being
a perennial plant with early growth and leaf production, while electivity

in autuwmn can be put down in the main to shedding of ears. We have seen that
cattle do not consume the ear stalks of Hordewn bulbosum in summer because
of the thorny ears and husks, and that electivity increases with the shedding
of ears at the end of summer.

-

Lolium rigidwm is a quantitatively small component of the diet, in which it
however appears during most months of the year with a slightly negative
preference.

In sumier and autum, Cynodon dactylon represents a significant forage
component and is being preferred by the cattle. Its advantage over other
herbaceous plants lies in the fact that it remains green throughout the
summer, turning yellow only in the autum, and it is therefore preferred in
this season when the remainder of grasses are dry (Table 10.2).

Legumes: This group does not enjoy particular preference, and is even re-
jected in relatively low cover percentages (Figure 10.10}. Rejection is more
pronounced mainly in the winter months, whereas during the remaining months
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there is less rejection, with a clear electivity trend in spring (Figure
10.16). This finds expression, too, in the composition of forage (Figure
10.6), and also in the monthly contribution to the species variety in the
diet made by the grasses (Table 10.2, Column 3).

The three principal components in the legumes group are: Trifoliwnm pur-
pureun, Trifolium pilulare and Medieage rotata, representing together only
about 4% of the total diet. Electivity of these species is generally negative,
although in the spring months they constitute a significant component of
the diet. Trifoliwn purpureum is preferred in spring and at the end of
summer (Figure 10.22). The fact that it is elected also at the end of summer
is worth mentioning, and it is to be assumed that this is due to the species'
morphological characteristics. While the remainder of legumes in the diet
(with the exception of Psoralea bituminoea) are ‘'spreading' species, Trifo-
Lium purpurewn grows upright, reaching a height of about 40 cm, a charac-
teristic that affords a greater length of time during which it can be con-
sumed by the cattle.

Other Forbs: As a rule, this group is not elected by cattle (Figure 10.17),
and its rate of consumption is lower than its composition in the field,
without dependence on the relative cover of the species there (Figure 10.11).
A trend of increased consumption, and at times even electivity, is noticeable
in spring and at the end of summer. The percentage of this group in the
forage composition is generally low and constitutes a significant component
only in late spring (April-May)} when it attains a rate of up to 20% of the
diet (Table 10.2, colum 7). On the other hand, this group is the main con-
tributor to the wide range of forage species in spring (Table 10.2, colum 3.
Among the species in this group being constmed more frequently, we can
name Cichoriwm pumilum, Scabiocsa prolifeva, Daucus bicolor, Enthemis borm—
muellert, Dianthus polyeladus, Crepis 8p. carlina hispaniea and Synelcoscia-
dium earmeli. Cichorium pumilum is a species which is being consumed almost
during the whole of the year, and even preferred in spring (Figure 10.23},
whereas the others are consumed during more limited period, mainly in spring,
and their electivity is generally negative. An exception in this group is
Carlina hispaniea, which is consumed mainly in winter, a fact which on the
one hand can be related to this being a per ennial plant (similar to Hordeim
bulboswm, as stated above), and on the other to the plant's spinosity which
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is less prominent in the young leaves sprouting in winter or autumn in the
wake of a fire.

Selectivity: By nature, grazing is selective with regard to species, and the
proclivity of species in pasture areas is that they enjoy electivity by
cattle and are also resistant to grazing (Ellison, 1960). In contrast to the
harvest procedure, during which the whole shoots are cut down indiscriminate-
1y all at once, grazing removes portion by portion, with a choice of pre-
ferred species, and the harvest does not therefore fulfill the same
ecological rBle that does grazing (Gutman, 1979). The less lignin and fibres,
and the more protein the parts of a plant contain the more are they pre-
ferred by cattle (Heady, 1964). It thus alsc appears that winter grazing in
the Yahudia Reserve is not selective, and that nearly all the existing
species, most of which rich in proteins during that season, are consumed by
the cattle. It seems that the key to their consumption is to be foumd mainly
in the height of plants, and indeed, at the beginning of winter grasses are
the tallest plants and are consumed by preference, whereas in paddocks that
were burned in the preceding year, and in which there has been growth in-
hibition, lepumes and grasses attain similar heights and are consumed at
similar rates of preference.

10.4.3 Other herbivores in the Reserve

The rile of herbivores that existed in the region in the past, or are
existing there now in limited numbers (Table 4.1, 4.2.1), is today filled by
cattle. Harrington (1978) found that there was little overlapping of botanical
species consumed by the domestic herbivore species (cow, sheep and goat),
though in other researches mentioned, some overlaps were found (see 10.1.3).
The extent of forage overlapping among herbiveres was measured by Stoddard &
Rasmussen (1945) by competition index calculation proportional to the multi-
plication of the percentage of area exploited by two herbivores by -the per-
centage of species consumed by both.

In the Yahudia Reserve, the decisive biomass of herbivores, exclusive of
cattle, falls into two species. The estimated pepulation of the mountain
gazelle (Gazella gazella gazella)} in the Yahudia Reserve is 200-350 head, and
that of the wild boar (Sus scrofa) 200-400 head (see Table 4.1).

The wild boar, the consumption rate of which in Yahudia Forest Reserve
conditions is umknown, but whose forage composition, as stated above (10.1.3)
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conditions is unknown, but whose forage composition, as stated above (10.1.3)
greatly differs from that of cattle, will show a very low index of competition
with cattle and gazelles. The gazelles, whose consumption according to Bzharav
(1975) reaches up to 600 gr dry matter per head a day in winter, and up to
about 500 gr dry matter per head a day in summer, and whose density in the
Yahudia Forest is only about 0.05 head per ha (Table 4.1), consume only 1/3%
of the primary production. Although it was found by Field (1975} that small
herbivores are able to be more selective than cattle because of their smaller
mouths and greater physical ability to distinguish between botanical species,
we can assume only with difficulty that consumption by gazelles could be
significant from the point of view of primary production and plant composition
with regard to the competition index as compared with cattle.
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11 GENERAL DISCUSSION

11.1 Introduction

In this paper we have been dealing with 6 main subjects:

- physical conditions in the Yahudia Reserve;

- inventory of vertebrates;

- inventory and mapping of vegetation;

= Quercus ithaburensis in its various aspects, with emphasis on germination
and establishment;

~ fires and their effects on the ecological system, and

- cattle grazing and its effects on the ecosystem.

Each subject has been discussed separately, and its connection with the
other subjects has also been touched upon.

Each subject is regarded by us as having its own intrinsic value in con-
tributing to the '"Reserve Book', whether by way of information on physical
conditions, whether as inventory of wild and plantlife, or as a
description of the principal processes affecting the reserve.

The inventory and the processes are the tools for working ocut a suitable
biological management policy for the reserve.

11.2  Principal interrelations of central factors

Figure 11.1 describes, in a condensed form, the mutual relationships of the
central factors in the reserve. The figure does not pretend to be a represent-
ation of the entire system of relations between factors, but only of such
relationships as have a decisive impact and have been touched upon in this

paper.
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FIG. 1.3
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Figure 11.1: Mutual relations between physical conditions, wildlife,
vegetation, fires and grazing in the Yahudia Reserve.
Direction and relative width of darts are quantitative
relativity measurements for gauging relationships
between factors.
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The Quercus ithaburensis Forest Park is the dominant factor in the Yahudia
Reserve, partly because of its importance as a forest park of Quercus fthabu-
rensts growing on basalt, such as cannot be found growing in association
anywhere else in Israel, and partly because of the size of wooded area within
a, for Israel, relatively big nature reserve sustaining vegetation associations
and dynamic wildlife populations. What follows is a summary of the central
factors having an impact on the system at the heart of which stands Guercus
tthaburensis.

The basic physical conditions, such as climate, rock and soil, have an
influence on the entire system, including Quercus {thaburensis, although the
latter is not particularly selective with regard to these factors. As against
this, the most significant habitat within the system is the caim, whether
natural or man-made; it is the preferred habitat of Quercus ©thaburenstia and
rodents, and within it there is almost no vulnerability to fires.

Burning and grazing affect the survival of Quercus 7thaburensia. The pheno-
menon of fire plays a most significant 16le in reduced seedling-survival and
tree yield. Grazing, too, has a direct effect through reduced competition with
herbacecus vegetation and through prevention or reduction of fire damage.
Cattle grazing under Yahudia Forest conditions has proved to be a positive
factor in the survival of Quercus fthaburensis trees. Quercus ithaburensis
affects pasture mainly by supplying green leaves in summer and acorns in autumn
when lack of pasture is making itself felt and outside supplemental food has
to be given. Fires on their part affect pasture in a decisive way since they in
fact destroy the cattle's natural source of forage - the herbaceous vegetation.

The cattle in turn affect the herbaceous vegetation at two levels: in the
shert run, very heavy grazing influences the change in species composition in
the direction of ruderal plants, whereas moderate and light grazing has in fact
no influence on composition. In the long rum, grazing leads to the development
of grazing-resistant plant associations; this is actually an '"inheritance" of
thousands of years of grazing - an inheritance which must be preserved. Similar
mutual effects exist between the other herbivores and herbaceous vegetation.

The link between gQuercus ithaburensis and the other vegetation components is
that, together, they form plant associations which are combinations of species
components. Apart from this, competition with the herbacecus vegetation has a
negative effect on the establishing potential of fuerous ithaburensgig. The
Quercus tthaburensis forest is the habitat of different species of vertebrates.

Some of these, such as ror instance dcomys cahirinue and dpodemus mystactnus,
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are closely comnected with the caims and with Quercus 7thaburensig, and there
are others which are comnected with Quercus <thaburensie, such as Sus serofa,
a considerable part of whose sustenance in winter is based on acorns. On the
other hand, notwithstanding the fact that these animals are acormn consumers,
they also encourage germination by hiding the acorns in caches (rodents) or
stamping them into the groumnd (wild boar, cattle).

The whole system is subject, of course, to the effects of time, mainly as
regards changes in plant- and wildlife associations, and also to human
influences which are expressed on the one hand in external impact through
development, which has a damaging effect on landscape as well as on the water
system through pumping and sewage, and on the other in exploitation of the
reserve's resources for touristic purposes. Man, of course, constitutes a
central factor in the management of the reserve, and this includes grazing.

11.3  Quercus ithaburensis - its place within the region and in the Reserve's
plant associations

Guercus Tthaburensis 1s a deciduous tree, whose region of distribution is
the Eastern Mediterranean. The fact that it sheds its leaves in winter proves
that the tree has not adjusted itself to the climate of the region where winters
ar not particularly cold and plant growth is indeed possible, especially in
view of the fact that winter is aiso the rainy season.

Shmida (Shmida, A., perscnal information) believes that the deciduousness
of about fifty percent of Mediterranean forest trees points to a more con-
tinental origin with cold winters where no growth is possible. Zohary (1973)
sustains this contention and maintains that Quercus ithaburensis and Fistacia
atlantiea (which latter is also a deciducus tree) are relics of a period when
Irano-Turanic species were dominant in our region. Rabinovitz (1977) concludes
on the basis of the variety of Quercus {thaburensie habitats, that this species
is at the beginning of its expansion, and 1ikeiy to conquer other species at
the fringes of their distribution. And indeed, on the Golan we have noticed
that Quercus ithaburensis is expanding northwards and penetrating regions in
which Quercus calliprinocs and Quercus boissieri are the climax.
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It is interesting in this context to examine the place of Ziziphus lotus,
which occupies the belt above the Quercus ithaburensis Park Forest. Its
distribution today includes the iranc~-turanic phytographic zone, with pene-
trations into the sudano-decanic and mediterranean zones (Zohary & Feinbrum,
1962). Berliner (1978) points out that along the declivities sloping towards
the Jordan Valley between the Dead Sea and Lake Tiberias, Zisiphus lotus
appears in association only in the northem part, gradually disappearing
towards the sout. Zohary {1973) describes this region as being the primary
habitat of Ziziphus lotus, and the cleft forests of Quercus fthaburensis as
being its secondary habitat. In the light of all this, and in the light of the
historical data supplied by us, the Ziziphus Ilgtus belt above the Quercus
tthaburensts Park Forest can be regarded as a Quercus 1thaburensis climax
Tegion.

A different picture is obtained if we examine the distribution of the
Ziziphus spinachristii association below the Quercus 7thaburensis Park Forest.
Distribution of Ziziphus spinachristii extends over the sudano-decanic phyto-
geographical zone, with penetrations into the saharo-sindi and tropical region
(Zohary & Feinbrun, 1962), and it appears that its location at the lower
fringes of the Quercus ithaburensis Park Forest, by way of continuation into
its more southern distribution region, does indeed constitute its primary
habitat.

As pointed out earlier on, Quercus ithaburensts is a water-squandering tree,
and this is one more reminder of its non-adjustment to the mediterranean
climate in which the dry season extends over some 7 months in the year. This
tendency makes for an open landscape of park forest in which the root system
of each tree is occupying much space. Nor do the acoms retain their water for
a long period, and loss of water within the first week of shedding causes them
to lose their germination potential.

Despite all this, certain properties ensure the survival of this species in
our region. During the initial stage of germination, the acorns send forth deep
roots which may reach a length of nearly one metre in the first months before
the first leaves have appeared. This property ensures a water supply for the
seedling in summer. We have noticed the phenomenon of shedding of branches,
which may be a mechanism for regulating crown size and for the adjustment of
rate of transpiration to the roots' water-absorption potential. The seedling's
ability to advance the shedding of leaves, a process which shortens in fact the
period of transpiration, is a property which greatly enhances the seedling's
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survival potential.

T1.4 Descriptive model of establishment and development of Quercus thaburen—
sts

The age division of fuercus {thaburensisz in the Yahudia Forest points to two
felling periods during the last hundred years, identified by us with the period
of circassian settlement (the 70's of the 19th Century), and the final period
of the turkish regime up to the end of the First World War (1905-1918).
Regrowth occurred in part of the trees from the more adult stumps whose age we
have been unable to establish. But the conspicuous fact is that a gap exists
between trees (whether regrown from stumps or not) and seedlings. We attribute
this gap to growth inhibition and to seedling mortality at an early age. We
have no doubt that fires are most significant as regards the Querecus thaburen-
gis species. Relative fire resistance of the adult trees notwithstanding, the
decrease in acorn yield, and in particular the low seedling-survival rate,
prove that Quercus i{thaburensie as a species is non-resistant. Relative re-
sistance of oak species adults was also found by Plumb (1979), and we, too,
found the mortality rate in adult trees to be low. Browsing enhances z tree's
survival prospects, leading as it does to a heightening of the crown and to
formation of a single trunk.

Interactions of fire and grazing, and those of fire, grazing and vegetatiom,
are complex. The rate of recovery of Quercus ithaburensis trees and seedlings
after fire is the greater the heavier has been the grazing in the vicinity, and
this can be attributed to fire intensities being the lower the greater
quantities of grasses have been consumed. The likelihood of a tree being harmed
by fire in a pasture area is smaller, because fires cover a more limited area
in an absolute as well as in a relative sense; they are of lower intensity
although their absolute number is greater.

Fires and summer grazing have similar effects on growth inhibition in
herbacecus vegetation in the following winter, with no interaction of fire and
grazing occurring with regard to this subject. Effects of fires and grazing on
herbaceous vegetation composition are generally marginal, toc, although under
very heavy grazing, changes will take place in the composition of herbaceocus
vegetation, and after a fire there is a tendency towards a slightly lower cover
of Graminae and a slightly higher one of Leguminosae. All in all, it can be
said that the small changes in herbaceous plant composition in the wake of fire



or grazing are proof of the fire and grazing resistance of the herbaceous plant
associations, while the same camnot be said of the trees, at least not where
fires are concerned.

Fire frequency is lower in the Styraxr offictnalis -~ Ferula tingitana alliance
within the GQuercus {thaburensis formation on the rocky declivities where there
are less herbaceous plants, and where trees are more crowded. The Saliz acmo-
phylla ~ Neriuwm oleander formation, too, is less vulnerable to fire due to it
remaining green during the high—frequency fire period, and to it growing partly
in water.

Among the animals (excluding cattle} that can be named as having an impact
on vegetation in general and on Quercus ithaburensis in particular, Sus serofa
is dominant. This animal particularly affects germination through acorn con-
sumption on the one hand and burying of acorns by trampling on the other. The
rodents, which are alsc acorn consumers, have no significant effect on quantity
of acorns, but it is interesting to observe the stimulus to their populations
as a result of suppression of wild boar. This can be attributed to the absence
of competition for acorns, and perhaps also to absence of predaticn of young or
other disturbing- factors.

Small as they are, the herbivores' selectiveness of food is considerable
(Field, 1975). According to this principle, the gazelles are much more selective
than cattle. There are not enough direct data on food composition of gazelles
in this research, and observations need to be carried out in denser populations,
such as can be found on the slopes of the southern Golan, for instance. The
impact of gazelle populations on vegetation is negligible in comparison with
that of cattle. Cattle have an effect mainly on quantity of grass and less so
on its composition, and they affect Guercus ithaburensis through consumption of
leaves and acorns.

Consumption of acoms, although they may constitute up to 1/3 of the weight
of cattle forage in the acorn season and relatively little energy is invested
in obtaining them (about 1% of the time), is also low if compared with the rate
of acorn consumption by wild boar. The main impact of the cattle is positive,
and this is expressed chiefly by improved germination and rate of survival, and
in the shaping of high-crowned, single-trumked trees, which latter properties
afford the tree fire-resistance, and a higher specific value as far as recre-
ational purposes are concerned through enlargement of the shadow zone.
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We have seen that cairns ere a preferred habitat of Quercus ithaburensie
where trees have better prospects of gemmination and establishment, and where
most trees and seedlings are to be found. We have attributed the stability of
the Quercus ithaburensies forest population to the theory of 'all sites are
occaupied”, and to the self-inhibition mechanism which prevents physiological
maturation of voung trees in the vicinity of adult trees. On the basis of the
vegetation map (Map 5.1), we can see that there are "free sites” at the fringes
of typical Quercus ithaburensis forest (QA), and particularly in the 2<ziphus
lotus region and on the slopes of the Sheikh Ali fault. And in fact, we found
that there has been an increase in tree density in these areas during the last
few decades.

The main problem of the forest's expansion lies in the seed source. As there
are no animals which can transfer acorns over distances, expansion depends on
the rate of physiological maturation of trees able to supply seeds for further
expansion at the new fringes of the forest. When we curselves took over this
role we found that the establishment rate and survival rate in the Zizipime
lotus and 2iziphus spinachristii region was the same as in the Quercus {thabu-
rensis regions. In other words, these regions are potential "free sites" for
Quercus ithaburensis.

A question which arises concemning the connection between Quercus ithaburen-
eis and the caims is: which came first? Did the cairns create the habitat in
which Quercus ithaburensie arrived from nearby regions, or did Quercus ithabu—
rensigz also exist in the area earlier but has survived only in the cairns?

As already pointed out above (5.1.1) a pollen analysis showed that Quercus
ithaburensis had been in the region as early as the Pleistocene, though it is
possible that at that period it occupied only slope habitats populated today
by the Styrar officinalis — Ferula tingitana alliance, but when the cairns were
created, these too were seized by Quercus ithabuvensis.

It is quite peossible that the prevailing conditions enabled Quercus ithabu-
rengie to exist also outside the cairns, and that the increase in the mumbers
of wild boar, resulting from the extermination of the big predators, and the
increase of fires and deforestation in non-stony regions for agricultural pur-
poses, have been responsible for pushing Quercus ithaburemsis to the cairns.

It does not look as though it will be possible for us, within the framework
of our research, to give an answer to this question, though it is clear that
under conditions obtaining today, the cairn habitat is more or less a must for
the existence of the Avena sterilis - Hordewn bulboswn alliance within the
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Quercue 1thaburensis formation which constitutes the typical Quercus ithaburen-
sig Park Forest.

We have seen that the forest's expansion to “free sites'" depends on the
physiological age of the trees on the fringes, and we have already pointed out
earlier (8.4.4) that it is the physiological, and not the chronclogical age
which determines the start of a tree's production, and we have also included a
graph (Figure 8.18) in which the one is confronted with the other.

Figure 11.2 is a different presentation of the aforementioned graph, in-
c¢luding factors having an influence at each and every stage. During the germin-
ation stage, the decisive factors having a bearing on the success of the pro-
cess are wild boar and water. During the first inhibition stage, in which the
seedling has been called "hemicryptophytoid", the direct influence of water,
or the competitions with herbaceous plants for water together with fires, are
the decisive factors the absence of which will cause the seedling to attain a
higher stage of development. This seedling, which we have called "chamaephytoid"
is also affected in a decisive marmer by fire, and also by water - either direct
or in competition for it with adult tree and herbaceocus vegetation. Should one
of these factors have a drastic effect, a seedling at this point is aiso likely
to revert to the first inhibition stage, and this is especially true in the
case of fire. If some of the inhibition factors are absent at this stage, the
seedling is also likely to pass to the stage of "phanerophyte". Transition
from stage II to stage III is slow, and during the process the plant attains
physiological adulthood and continues to develop wuntil it has reached the usual
height of 8-10 m. As a result of a strong conflagration, or felling, a fully
developed adult tree is also likely to revert to the 'inhibited seedling' stage
and, after a shorter or longer period, may perish as a result of fire, felling,
disease, or it may die a "natural death".
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12 PRINCIPLES OF MANAGEMENT IN THE YAHUDIA RESERVE

12.1 Variety in space and stability in time

Van Leeuwen's theory {71966) mentioned by us earlier on 2.1.1, considers
variety in space (pattern) and stability in time (process} to be cne of the
principles of nature conservation and management.

Stability in time, achieved in undisturbed habitats, gives expression to
the natural variety existing in the area which it is desired to conserve on a
long-term basis. In nature reserve management it is not enough to strive for
variety for variety's sake, but this should be defined, as should be the aims
one wishes to achieve, and the ways and means by which one hopes te achieve
thesm.

In the botanical sphere, we learned that in the north-westemn part of the
reserve the Quercus ithaburensis forest is quite uniform in its compositicn,
but highly variegated as far as spring stream and stream bank vegetation is
concerned. The south-eastern part of the reserve has a greater variety of
water plant stream bank and grassland habitats. This part is also more
variegated from a geological peint of view, containing not only ancient volcano
craters but also limestone layers of the Neogene period. The cormection between
geological and botanical variety springs to the eye if we look at Maps 3.3 and
5.1. A similar pattern of variety shows up from the landscape point of view,
with wmiformity characterising the level heights of the Quercus ithaburensis
Forest Park, and variegation characterizing the streams and stream banks, and
in particular the waterscapes, the waterfalls, the Hexagon pools and the
canyons scenery. The south-eastern part is characterized by similar sceneries
with, in addition, impressive landscape views and mighty canyons.

The faunistic variety presented by us covers only vertebrates, and these
only in part on the basis of accurate surveys, and most of them on the basis
of chance observations. A clear picture can be obtained oniy upon additional
research into invertebrates, and a fundamental survey of vertebrates, and in
particular of reptiles and mammals.
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12.2 Main objectives in Reserve Management

12.2.1 Botanieal objectives

We attach little importance to the extent of naturalness or unnaturalness
of vegetation in the Yahudia Forest, because in a region of ancient human
civilization such concepts can be defined only with difficulty and are often
irrelevant. Of course, vegetation - as presented in the vegetation map of the
Yahudia Forest - is the result of natural and human conditions which have
evolved in the course of thousands of years. The relevant question here is
whether the vegetation potential as we want it tc be in the Reserve, is that
represented in the map or not. It seems to us that it is important to preserve
a variety of vegetation that includes park forests in the plains, and dense
and more variegated forests on the declivities, savannoid of Ziziphus lotus
and Ziziphus spinachrietii, grassland, and stream and springs vegetation.
Recovery of trees on the steep slopes is a very important process, and one
which is continuing without any intervention. Intervention is necessary on
those upper plateaus in the sout-east of the reserve where there are treeless
grasslands without regrowth but where there are "free sites" for the
establishement of Quercus ithaburensis. Regrowth of forest such as existed in
this region in the last century, is most important, and the success of steps
taken in this direction is evident in a small plot in which we planted Quercus
ithaburensis and Pistacia atlantica (see M, Map 3.2). Renewal of Quercus itha-
burensie forests is of importance also outside the reserve in the entire
central and southern part of the Golan where such forests have existed in the

past.

12.2.2 Zeologieal objectives

The scanty data we collected make it difficult for us to define as yet non-
existing objectives to be achieved in the reserve. We attach considerable
importance to the herbivores - the group which has the greatest impact within
the system and whose presence is vital. Direct circulation of primary production
in the system means growth and decomposition processes without the presence in
the circuit of herbivores and their predators, and of invertebrates and the
micro-organisms comnected with this circuit (Kydd, 1966). The contribution of
this circuit to species and habitat variety is considerable.
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Various herbivores exploit the system in different ways as concerns space and
time, and as concerns, toc, the basic character of their forage requirements
(browsers, grazers, root consumers) and specific selection of species consumed.
A rich variety of herbivores can thus lead a balanced existence (Bell, 1971;
Eisenberg & Lackhart, 1972). A balance between the various herbivores, and
between herbivores and vegetation, exists in a stable system, with fluctuations
depending on the extent of dependence of plants on herbivores, and of one
herbivore species on the other (Caughley, 1976).

In the system presented here, and given the present size of population, the
herbivore species are not apparently dependent one on another, and the
herbaceous vegetation system seems stable. Thus, the general trend in the
Yahudia Reserve should be towards augmentation of the present natural herbivore
population, or reintroduction to replace such species as existed in the past
but were exterminated. When a state is reached where there is competition
between the cattle and natural or reintroduced herbivores, it will be necessary
to reduce, or even suppress, cattle grazing. This trend is important for the
sustainment of larger wildlife populations in the reserve on the one hand, and
for a more balanced exploitation of vegetation by the wildlife on the other
{Darling, 1960). However, with a gazelle density of 30 head per sq km (Baharav,
1675), damage to agriculture is apparent, and high density in the reserve of
wild boar will also lead to damage in agricultural areas in the vicinity, which
will perhaps require a thirmming-out of their population.

It appears that the factor at present inhibiting the growth of populaticn in
the reserve is not necessarily that of forage, but seems to be comnected with
other, social factors within the wildlife populations, as well as on human
factors. It does not therefore seem likely in the near future that primary pro-
duction will be exploited to the desired extent by wildlife alone.

Apart from the aspect of encouragement of existing populations, the Yahudia
Reserve, in view of its size and habitat variety, seems to us a potential place
for reintroduction of wildlife species which have become extinct here. The re-
introduction of gazelle populations appears to have been a success, and as al-
ready stated earlier (4.2.1), Capra aegagrus existed in this region, and, we
are convinced, could be restored to it. Restoration of additional species would
require consideration and additional research exceeding the terms of reference
of this paper.

Establishment of herbivores would make possible also establishment of pre-
dator populations, such as Pamthera pardus and Cants Iupus, and would help
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balance the Cants cureus population which, in the opinion of several researchers,
has reached outsize proportions on the Golan and is the cause of decrease in
the populations of Alectoris graecag by violating their nests (Mendelssohn, H,
personal information). Predation of new-born calves by jackals during August-
Novenber, i1s a widespread phenomenon within the reserve and outside it, and
there have been attempts at unlawful poisonings of jackals outside the reserve,
causing the death of at least 6 specimens of Gyps fulvue in 1980. Given this
situation, a thinning-out of the jackal population has to be considered, but
more research is necessary in this commection.

We believe that breeding of birds of prey in the Reserve does not attain its
full potential either, considering the existence of suitable habitats and the
fact that in some years nests are plentiful.

12.2.3 Seenery ond towrism cbjectives

The touristic potential of the Yahudia Reserve, and its intrinsic value,
necessitate plamning which will obviate damage to natural assets, populations
and reserve landscapes.

Part of the plan is concerned with external factors commected with develop-
ment outside the reserve affecting its scenery and in particular its water
resources. The scarcity of clean, perennial streams in Israel requires efforts
to be made to prevent pollution of the streams and to preserve the volume of
their waters. Plamning of outside factors sometimes affects also the reserve
itself, in cases of attempts being made to deprive the reserve of land for
agricultural purposes, or water being pumped from the reserve for agricultural
and drinking purposes. As a principle, the reserve and its waters should be pre-
served, and excess pumping allowed only from the lower reaches of streams out-
side the reserve.

The pattern of integration of the visiting public is envisaged at several
levels:

1. Strict Reserve: Reserve zones to which the public has no access, and in
which all the habitats are represented. Such zones will be preserved as um-
disturbed areas, and within them there will be continual follow-up,
particularly on wildlife.

2. Zones open to the public on footpaths covering routes of from one hour up to
one day.

3. Zones for intensive development covering relatively small areas and being
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located at sites which are attractive to the public and not vulnerable in
terms of nature conservation. These zones will contain short walking routes,
a picnic area and an information centre which may possibly contain a display
and supply guidance.

4. A zone for housing existing wildlife or reintroduced animals, with observ-
ation points at the fringes of the reserve, with possibility of visitors
being driven by reserve staff within the zone densely populated by wildlife,
along a fixed, short route that will penetrate into the reserve not more
than 1-Z km.

12.3 Recommendations for Management of the Reserve

12.3.1 Fire prevention

Preventive measures against fires are the sprayed firebreaks, which we re-
commend should be continued with. However, in the absence of suitable control
and fire-extinguishing by reserve staff and by the herdsmen grazing their
cattle in the reserve, the effectiveness of these firebreaks is small. We have
seen that in the northern part, where we have the main concentration of Quercus
ithaburengis forest, fire frequency is higher in Jume~July, and hence in these
months observations should be made from high points at frequent intervals during
the entire day, so that fires can be spotted as soon as they break out. Special
attention should be given to the north-western part, where fires are more
frequent and whence the risk of fire to the reserve is greatest due to the pre-
valence of westerly winds in all the summer months. Attention should be paid
to education of tourists and advertising the risks of fires and means to pre-
vent them.

Fires are less significant in the southern part. One of the forest plots
(T, see Map 3.2} serves as control plot for comparison between a grazing regime
with infrequency of fires obtaining in most parts of the forest, and a non-
grazing regime with frequent fires obtaining in that plot. The remaining part,
consisting of grassland and springs, and also of regrowing forest on steep and
rocky declivities, is less vulnerable to fire. In the short rum, the area is
subject to a fire regime, in view of its location within a military training
area, and we have therefore recommended that the fire~break there should not
be sprayed, since this is in any case not effective, and that these measures
should be directed at the vulnerable north-eastern part of the reserve. In the
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long run, endeavours should be made to put a stop to the fire-regime there.

This would undoubtedly encourage regrowth of timber vegetation and oblige the

reserve management to find out whether the grassland and savannoid areas of

Ziziphus spinachristii will be preserved also in the absence of fires - and if

this is not the case, to endeavour to preserve this diversity by grazing of

indigenous or reintroduced herbivores, or by controlled burning of small areas.
The principal means of fire prevention is grazing.

12.3.2 Grazing

Herd size: We recommend cattle grazing of 1200 mother cows with accompanied
bulls and calfs.

Annual plamming: In the pattern presented above, planning is done once a
year, in autum. Greater emphasis should be put on spring grazing in regions
vulnerable to fire, particularly in the north-west of the reserve, and autum
grazing should be planned in Quercus ithaburensie forests at the time of acorn
ripening, hand in hand with a lowering of outside fodder supplies to cattle.

A mmber of paddocks should be reduced in size by dividing them into smaller
paddocks of about 150 ha each. Thus, uniform exploitation of pasture would be
achieved, which is of particular importance in winter and in spring towards the
fire season, so that all paddocks will stand a more or less equal chance of
reduced fire risk in the dry season.

12.3.3 Afforestation

We recomnend that there should be no intervention in botanical processes,
with the exception of the high-lying grasslands in the south-eastern part,
where Quercus ithaburensis should be planted, and this goes also for areas
outside the reserve.

As a result of our experiences, we have recommended the following methods
(see applications, 7.3.3.2).

Sowing or planting in cairns: Preference to be given to direct sowing of

big, fresh, ripe acorns 3 an deep in the soil, where no interference by wild
boar is envisaged. Where there is fear of such interference, it is preferable
to grow seedlings in nurseries, and transplant them in the following winter.
If there is a possibility of irrigation, it is recommended to transplant the
seedlings in the second winter after pruning their roots. It is important to
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keep the ground around the seedlings free of grasses during the first few years,
and it is desirable to give water in late spring and in summer.

12.3.4 Tourtsm and Ginking

In accordance with the objectives set out above (12.2.3), we recommend that
utilization of the area should take the following form. .

1 Strict zones : -Quercus ithaburensis forest - between the Meshoshim and r
Zavitan streams;

~Grasslands, savannoid vegetation and springs - between the
Yahudia and Daliot streams;

-Streams: Taybeh, Batra, Dalict and Gamla streams, with
exception of the reaches above the Daliot and Gamla stream
waterfalls.

In fact, the whole area between the Yahudia and Daliot streams is closed to
the public, and this area is alsc earmarked for being populated with wild-

life (see below).

All the strict protected habitats are represented also in the area to which
the public have access.

2 Walking routes: -the upper reaches of the Daliot and Gamla streams;
~-the Gamla antiquities;
-the Yahudia, Zavitan and Meshoshim streams;
-forest areas between the Yahudia and Zavitan streams and
east of the Meshoshim stream;

3 Intensive : -Gamla - visitors centre, including exhibits and guidance on
:i:g‘iomt the Gamla antiquities, water scenery and nests of raptors;
-Yahudia - central starting point for walking tours, picnic
area and information centre;
-Karane - observation point, picnic area, starting peint for
visits to Meshoshim pool;
4 Wildlife : -In the Batra area (T, see Map 3.2), with acclimatization
sanctuary

enclosures and various facilities at the border of the
reserve, and a route of about 2 km for guided tour in
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reserve vehicles along fringes of animal sanctuary.
Suitably equipped observation points around area.

12.3.5 Research

In this research we have not elicited all the information we could from the
Yahudia Reserve. Many spheres have not been covered, and others have been
covered only partly. We recommend that research and information should be
enhanced, particularly in the following fields:

- Primitive plants of the Thallophyta groups and Bryophyta phylum;

~ Aquatic flora and fauma;

- Quantitative and qualitative invertebrates survey;

- A more intensive research of vertebrates;

- Applied research on agricultural damage, such as finding a suitable solution
with regard to jackal population size;

- Populating the reserve with wildlife. Research of methods and of species
to be reintroduced.
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13 SUMMARY

6 main subjects commected with the ecology of the Yahudia Forest Reserve are
discussed in this paper, following a general survey of the history of nature
conservation in Israel against the background of the neighbouring countries.

We have described the physical and historical background of the Yahudia Forest;
the inventory of vertebrates; the inventory of vegetation, analysing composition
and mapping; described and researched Quercus ithaburensts from various aspects,
with emphasis on phenology, germination, establishment and survival, and have
also described and researched fires and cattle grazing in the Reserve.

The Yahudia Forest is a nature reserve situated in the central part of the
Golan, north-east of Lake Tiberias. The reserve, which extends over some 6600
ha, is located mostly 0-300 m above sea level. Level in its greater part, the
reserve is cleft by deep canyons of peremnial streams. Its soil, mostly
basaltic-montmorilonitic, overlies mother rock of cover basalt which erupted in
the Upper Pliocene and the Pleistocene epochs. A few limestone exposures from
the Neogene can be found in the southern part. The climate is mediterranean,
with anmual precipitation of about 500 mm.

In our survey of vertebrates we found 172 species. A more detailed survey
was made of rodents and birds. As for mammals, our main interest was centred
on wild boar, gazelles and rodents in context with their impact on vegetaticn
in genmeral and on Quercus tthaburensis in particular.

The vegetation survey was analysed by the nodal ordination method, and
vegetation units were established accordingly. The central vegetation umit is
the Quercus i{thaburensis formation whose principal alliance of associations is
that of a Quercus {thaburensis park forest, with grasslands of Avena sterilis
and Hordeum bulbosum occupying the greater part of the plane areas. The higher
areas of the Quercus ithaburensis Park Forest contain a umit of Ziziphus lotus
savarmoid vegetation, which appears to be z secondary vegetation following
deforestation. In the low-lying regions of the forest park we have a unit of
Ziziphus spinachristii savannoid vegetation. On the steep declivities grows an
alliance of Styrax offiecinzlis and Ferula tingitana associations which creates
a denser forest. The aquatic vegetation is represented by the Szliz aemophyliz-
Nerium oleander formation, and on the limestone exposures we have the Salsola
vermiculata = Salvia dominieq formation.
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The phenology of Quercus ithaburensis .as been researched and described, and
the formation of cambial rings examined. It was found that normally ope annual
ring is formed, and that a direct comnection exists between the quantity of
annual precipitation and ring-width. On the basis of this connection and
correlation between surface of sections and ages of trees, we drew up a diagram
of distribution of tree ages which shows a high frequency of 40-60 years old
trees and a low frequency of trees over 100 vears old. On the basis of this
diagram and historical evidence, we came to the conclusion that most fellings
of trees in the forest occurred in the periods of Circassian settlement during
the latter half of the 19th Century and during the period of the First World
War. The relatively high frequency of seedlings and mature trees, and the low
frequency of middle-aged trees, led us to a deeper research of the subject of
seedling germination, establishement and survival.

We examined the fertility of Quercus i{thaburensis trees and the extent of
acorn consumption by animals, and found great variability in acorn productiom,
though the average yield per tree was 800 acorns. The greater part of the acorns
are consumed by wild boar, and the smaller part by cattle and rodents. Acorns
have a high germination potential, but lose it within a few days of having been
exposed to dry weather conditions.

Over a period of 5 years observations were made of natural, hand-sown and
transplanted seedlings under different grazing regimes (without wild boar or
cattle; with wild boar and without cattle; with wild boar .and cattle), and in
different habitats comnected with cairns on which grow most of the trees in the
forest {top of cairn; slope of cairn; slope of cairn within tree's shade zome;
bottom of cairm; open space outside cairn).

We found that there was more gemination in open habitats, though only in
the absence of wild boar. Where wild boar are present cairns have the advantage
because not only are they more difficult of access to wild boar but desiccation
of acorns is avoided there.

The positive reactions to irrigation and weeding have proved that water and
competition are limiting factors in seedling establishment. It was found that
acorns survive better in cairns where they are shielded from desiccation,
competition with grasses, and to a relative extent also from fires. Satisfactory
establishment was found under cattle-grazing regimes, where seedlings have less
competition with herbaceous vegetation and fact lower fire frequency and in-
tensity.
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An analysis was made of the fire incidents in the Yahudia Forest - all of
which man-made. In the southern part of the reserve which contains military
training areas, a high frequency of fires was recorded in May, Here, a small
mmber of fires consume large areas. In the northern part, which is under
grazing, more fires occur although they are of lower intensity and consume
smaller areas, and frequency is highest in June-July. A fire-frequency map was
drawn up, enabling forecasts to be made of fire-prone areas, and accordingly
a pelicy of fire-break spraying and control was recommended. It was found that
notwithstanding the relative fire resistance of the adult tree, the impact of
fire on seedlings and acorns is of tremendous significance for the forest's
existence.

Cattle-grazing in the reserve has been examined with regard to its effects
on herbaceous vegetation and on Quercus t{thaburensie. A quantitative analysis
of forage camposition and cattle behaviour on pasture was made. It was found
that only heavy grazing affects the composition of herbaceous vegetation and
causes a relative rise in the growth of ruderal species. Quercus ithaburensis
was found to form an important component of the cattle's diet, with leaves
being consumed in summer, and acorns in winter. The quantity and nutritional
value of acorns consumed made them a factor that should be taken into account
in pasture planning.

A theoretical model describing the processes of germination, establishment
and survival of Quercus ithaburensies has been brought, as have the varviocus
factors affecting the two main inhibition periods in the life of the seedling.
The main factors were found to be fire, water regime, and competition with
grasses and adult trees, whereas rodents and wild boar have positive as well as
negative effects, particularly during the germination period.

We have recommended that reserve management be based on programmed cattle-
grazing of about 1200 mother cows in the northern part of the reserve, and on
a fire-prevention regime with emphasis on the self-same area,

We have worked out a policy of regulating visitor intensity in accordance
with the vulnerabilities of the various reserve areas, based on strict zones
in the cental part of the reserve; zones for walking tours, and intensive de-
velopment zones. Recommendation has been made to concentrate wildlife and
reintroduce wild animal species that existed in the region in the past into
the central area of the reserve's southern part, and to afford the public
limited access to this area.
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As far as vegetation is concerned, no intervention appears to be necessary,
with the exception of afforestation of Quercus ithabureneie and Pistacia atlan—
ttea in the high-lying, unforested parts, and to extend such afforestation
also to regions outside the reserve that were covered with forest in the past.
A technique for planting Quercus ithaburensie trees has been recommended,

In this paper, we have dealt with the processes and main problems of the
Teserve, with a view to gaining tools for its management and with the intention
that it may also serve as a model for researches in other nature reserves in
Israel and comparable areas elsewhers. We are aware that there is still much
room for research and accomplishment in spheres which have not found expression
in this paper.

SAMENVATTING

In deze publicatie worden 6 belangrijke onderwerpen, verband houdende met de
ecologie van het Yahudia Bos Reservaat, besproken in aansiuiting op een algemeen
overzicht van de geschiedenis van de natuurbescherming in Isra#l, bezien in
groter verband met die van de aangrenzende landen. De fysische en de histo-
rische achtergrond van het Yshudia bosgebied wordt beschreven met een inven-
tavisatie van de vertebraten-fauna en een inventarisatie vam de vegetatie,
waarbij de samenstelling wordt geanalyseerd en in kaart gebracht. Quercus itha-
burenais wordt beschreven en vanuit verschillende aspecten onderzocht.

In het bijzonder wordt aandacht gegeven aan de phenologie, het kiemen, het
aanslaan en het overleven. Tevens werden het optreden van branden en de begra-
zing door vee beschreven en onderzocht.

Het Yahudia Bos natuurreservaat is gelegen in het centrale deel van de
Golan, ten Noord-Oosten van het Meer van Tiberias.

Het reservaat, dat een oppervlakte heeft van 6600 ha, is gelegen op 0-300 m
boven zeeniveau. Het is grotendeels vlak, maar het reservaat is doorsneden door
diepe canyons van riviertjes die het hele jaar door water bevatten.

De bodem, meest basalt-montmorilonietachtig, bedekt onderliggende rots van dek-
basalt van erupties in het boven-plioceen en het pleistoceen. Een paar kalk-
gesteende opduikingen wvan het neoceen kunnen in het zuidelijke gedeelte worden
gevonden.
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Het klimaat is Mediterraan, met een iaarlijkse regenval van ongeveer 500 mm.

Bij de inventarisatie van de gewervelde dieren werden 172 scorten gevonden.
Van de knaagdieren en de vogels werd een meer gedetailleerde inventarisatie
verricht. Bij de grotere zoogdieren is de belangstelling vooral geconcentreerd
op het wilde zwijn, de gazellen en de knaagdieren in verband met hun invloed
op de vegetatie in het algemeen en op Quercus tthaburensis in het bijzonder.

De vegetatie werd geanalyseerd met de nodale ordinatiemethode en de vegeta-
tie-eenheden werden op basis daarvan onderscheiden. De centrale vegetatie-een-
heid is de Quercus {thaburensis-formatie. Het voornaamste verbond van associa-
ties van deze formatie is dat van een Quercus <thaburensis-park-bos, met gras-
landvegetaties van dvena sterilis en Hordewm bulbosum, die het grootste deel
van de vlakke gebieden bedekken. De hoger gelegen gedeelten van het Guercus
1thaburensis-park-bos bevat een eenheid (gezelschap) van een Ziziphus lotus
savannoide vegetatie. Dit blijkt een secondaire vegetatie te zijn die zich ont-
wikkelt na ontbossing. In de laag gelegen gedeelten van het park-bos komt een
eenheid (gezelschap) voor van een Ziziphue spinachristii savannoide vegetatie.
Op de steile wanden van de kloven groeit een verbond van Styrazr offfcinalis en
Ferula tingitana-associaties, die een dicht bos vormen.

De aan water gebonden vegetaties zijn vertegenwoordigd door de Sziix acmo-
phylla — Nerium oleander-formatie en op de kalkzandsteenopduikingen groeit de
Salsola vermiculata - Salvia dominica=-formatie.

De phenologie van Quercus 7thaburensis wordt onderzocht en beschreven en de
vorming van cambiumringen bestudeerd. Het lijkt dat er normaal jaarlijks een
ring gevormd wordt en dat er een direkt verband bestaat tussen de hoeveelheid
jaarlijkse neerslag en de breedte van de ring. Op grond van dit verband en de
correlatie tussen de oppervlaktes van de secties en de leeftijd van de bomen,
is een diagram gemakt van de verspreiding van de leeftijden van de bomen. Dit
levert een hoge frequentie op van 40-60 jaar oude bomen en een lage frequentie
van bomen boven de 100 jaar.

Op grond van dit diagram en van historische gegevens wordt geconcludeerd dat de
meeste bomen in het bos werden gekapt gedurende de periode van Circassische be-
woning gedurende de tweede helft van de 19¢ eeuw en gedurende de eerste wereld-
oorlog.

Het veelvuldig voorkomen van zaailingen en wolgrceide bomen en het feit dat er
weinig bossen zijn met middelgrote bomen leidde tot een diepgaander onderzoek
van het onderwerp betreffende het kiemen, het aanslasn en de overleving van de
zaailingen.

Bij de bestudering van de vruchtbaarheid van de Quercus <thaburensis-bomen
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en de mate van eikelconsumptie door dieren, werd een grote verscheidenheid ge-
vonden in de produktie van eikels, hoewel de gemiddelde cpbrengst per boom
800 eikels bedroeg. Het merendeel van de eikels wordt genuttigd door het wild
zwijn, minder door vee en knaagdieren.

Eikels hebben een hoog ontkiemingspotentiaal maar verliezen dat binnen
enkele dagen na te zijn blootgesteld aan droge weersomstandigheden.

Over een tijdstip van 5 jaar werden waarnemingen verricht van natuurlijk
verjongde, met de hand gezaaide en geplante zaailingen onder wisselende begra-
zingssystemen (zonder wild zwijn of vee; met wild zwijn, zonder vee; met wild
zwijn en vee). Qok van verschillende habitats die verband houden met steenhopen
waarop de meeste bomen van dit bos staan (de top van de steenberg; de helling;
de helling van de steenhoop binnen het schaduwgebied van de boom; onder aan de
steenhoop; open ruimte buiten de steenhoop}.

Er werd meer ontkieming aangetroffen in de open habitats, hoewel slechts bij
afwezigheid van wilde zwijnen.

Waar het wild zwijn voorkomt hebben de steenhopen het voordeel, cmdat deze niet
alleen moeilijker toegankelijk zijn voor wilde zwijnen, maar bovendien wordt
hier een uitdroging van de eikels verhinderd.

De positieve reakties op irrigatie en wieden hebben bewezen dat water en
concurrentie de bepalende factoren zijn in de vestiging van zaailingen. Het
bleek dat eikels beter overleven in steenhopen waar zij beschermd zijn tegen
uitdroging, concurrentie van grassen en tot op zekere hoogte ook van branden.
De vestiging bleek bevredigend bij veebeweidingssystemen waar zaailingen minder
concurrentie van de kruidenvegetatie hebben en die een lagere frequentie van
branden met geringere intensiteit veroorzaken.

Er werd een analyse gemaakt van de zich in het Yahudia bosgebied voordoends
branden ~ deze waren alle door de mens wveroorzaakt. In het zuidelijk deel van
het reservaat, waar zich een militair cefenterrein bevindt, werd een hoge fre-
quentie van branden in mei geconstateerd. In dit gebied werden grote gebieden
door een gering aantal branden aangetast. In het noordelijk gedeelte, dat werd
begraasd, kwamen meer branden voor, maar deze waren niet zo fel en zij tastten
Kleinere gebieden aan. Hun frequentie was het hoogste in juni/juli. Er werd een
brandfrequentiekaart gemaakt, die het mogelijk maakt aan te geven welke gebie-
den op een gegeven moment het meest brandgevaarlijk zijn. Op grond daarvan
wordt een beleid aanbevolen voor het bespuiten en het controleren van brand-
gangen.
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Bij het onderzoek werd gevonden dat, niettegenstaande de relatief hoge vuurbe-
stendigheid van de volgroeide bomen van Quercus ithaburensis, de invloed van
brand op zaailingen en eikels van zeer grote betekenis is voor het bestaan van
het bos.

De begrazing met vee in het reservaat werd onderzocht met het oog op zijn
uitwerkingen op de kruidenvegetatie en op Quercus ithaburensis. Er werd een
kwantitatieve analyse gemaakt van de samenstelling van grasvegetaties en van
de gedragingen van het vee in het beweidingsgebied. Daarbij werd gevonden, dat
slechts intensieve begrazing invloed heeft op de samenstellingen van de kruid-
achtige vegetaties en daar een relatieve toename vercorzaakt van de groei van
ruderale soorten.

Quercus tthaburensiz bleek een belangrijke component te zijn in het door het
vee opgenomen voedsel, in de zomer werden de bladeren gegeten, in de winter de
eikels. De kwantiteit en de voedingswaarde van de gegeten eikels maken dat zij
voor het voedselpakket van het vee een faktor zijn waarmee rekening dient te
worden gehouden bij het maken van plannen voor de beweiding. Er is een theore-
tisch model opgesteld dat een beschrijving geeft van het kiemen, het aanslaan,
het overleven van Quercus tthaburensis, evenals van de verschillende faktoren
die de twee belangrijkste moeilijke perioden in het leven van een kiemplant be-
invlceden.

De belangrijkste faktoren bleken te zijn: vwur, waterhuishouding en concur-
rentie met grassen en met volgroeide bomen, terwijl knaagdieren en wilde zwij-
nen, zowel positieve als negatieve effecten hebben, speciaal in de periode van
het kiemen.

Er is aanbevolen dat het beheer van het reservsat dient te worden gebaseerd
op geprogrammeerde beweiding met vee (met ongeveer 1200 koeien in het noorde-
lijke deel van het reservaat) en op een regime om branden te voorkomen speciaal
in datzelfde gebied.

Er is een beleid uitgewerkt ter regulering van bezcekintensiteiten in over-
eenstemuing met de kwetsbaarheden van de verschillende reservaatgedeelten.

Dit leidde tot de instelling van afgesloten strikte gebieden in het centrale
deel van het reservaat, gebieden voor wandeltochten en gebieden voor intensieve
recreatie-ontwikkeling.

Er is aanbevolen om speciale gebieden te beheren vcor natuurwaarden om in
het wild levende diersocorten, die vroeger in het gebied voorkwamen, weer terug
te brengen in het cent:ale deel van het zuidelijk gedeelte van het reservaat.
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Het publiek zou dit gedeelte in beperkte mate mogen betreden.

Voor wat de vegetatie betreft, blijkt er geen noodzaak te bestaan tot in-
grijpen, met uitzondering van bebossing met Quercus ithaburensis en Pistacia
atlantica op de hooggelegen onbeboste gedeelten en van uitbreiding van deze be-
bossing ook tot regio's buiten het reservaat, die in het verieden met bos be-
dekt waren.

Er wordt een teclmiek aanbevolen voor het planten van Quercus ithaburensis-
bomen.

In deze publicatie worden de processen en de voornaamste problemen van het
reservaat behandeld met het oogmerk middelen aan te dragen ten dienste van het
beheer hiervan - met tevens de bedoeling dat deze ook als model zouden kunnen
dienen voor onderzoek in andere natwrreservaten in Isragl en in vergelijkbare
gebieden elders.

Het is duidelijk dat er nog veel ruimte overblijft voor verdere studie en
voor de aanpak van onderzoekgebieden die in deze publicatie niet ter sprake
zijn gekomen.
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APPENDIX 5.5.1

Summarizing tables of vegetation analysis for the determination of
vegetation units by means of nodal ordinaticn.

Table 5.1: ORDIN 1 - Vegetation survey - “survey' transects and long
point transects 1976, on the basis of the occurrence of species.

Table 5.2: ORDIN 1 - Vegetation survey - "'survey' transects and long
point transects 1976, on the basis of the dominance of species.

Table 5.3: ORDIN 8 - Vegetation survey - ''survey" transects and long
point transects, on the basis of the occurrence of species.

Table 5.4: ORDIN 8§ - Vegetation survey - "survey" transects and long
point transects, on the basis of the dominance of species.

The figures 3, 6, 15 at the left hand side of each row represent the
rotation level. Figures above each cell represent the nodum mumber of the
nodal ordination amalysis.
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APPENDIX 10.1.I MECHANICAL MEASURING OF CATTLE BEHAVIOUR ON PASTURE -

A STATISTICAL ANALYSIS ®

Statistical analysis of bull activity on eight consecutive monthly days,

during 33 months (see 10.2.2.1, 10.3.2.1) was carried out, in the following

stages:

1.

Graphical proposal of activity data according to 8 intervals of the 24 hour
day, was carried out, from which the following can be concluded:

a. bull activity changes in each day over all months and years;

b. bull activity changes during the 24 hour day in each month;

c. bull activity changes during the 24 hour day in each season.

Data from 8 consecutive monthly days were drawn on one axis system of 3
hours intervals against activity level in each. Medians of activity were
drawn for each month, for each season and for each year.

Differences between intervals of the 24 hours day were conspicuous, but
generally the same trend was identified in the 8 days, without any apparent
order of days. In some months,. exceptional days showed a different trend
and by excluding them a consistent activity pattern could be noticed.

. Statistical tests were carried out to check the hypothesis that the 8 con-

secutive monthly observation days are independent replicates representing
the month.

The statistics “RAD", measuring the sum of deviations from the mean of
Xij - the activity level of the bull in time interval i at day j, was
defined as follows:

e

g

j

The small value of RAD which was obtained (ca. 0.3) shows minimal
variability and thus, relatively slight differences in bull activity time
in the same interval at the various monthly observaticn days.

*)

Statistical analysis was prepared Ly Miss A, Keisar as a part of her
Master's degree in statistics at the Hebrew University of Jerusalem.
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The statistics ""SLOPE", checking the consistency of the direction taken
by the change during transition from cne interval to the next. "SLOPE"
checks the occurrence of exceptional incidents and was defined as follows:

L -
"SLOPE" = £ [ gl —gL

=1 K je1 G
i3 is the j excepticnal observation slope at the i interval (1 = 1....8)
15 is the median of the unexceptional observations slopes.

L is the mumber of intervals in the month having exceptional chservations
K is the mmber of exceptional observations in each interval (K = 0....4)

In case of equality, when in 4 intervals a decline and in 4 intervals an
increase were observed, the group in which greater variability occurs is
considered exceptional. In other cases, the smaller group is considered
excepticnal.

"SLOPE" median value was found to be slight (0.105), which means that
repularity exists in transition from one interval to the next in the 8
monthly observation days.

The Run—TestI), a test checking the random order of similar consecutive
data, showed alsc that the 8 consecutive observation days were independent
{significance level 0.05).

The conclusion drawn from these three tests 1s that the observation days
of the month are autonomous replicates representative of that month.

In the graphical analysis no significant differences were observed as
regards months of the same season, but characteristic seasonal graphs
differing significantly from one season to another were drawn, as shown in
figures 10.1.1 and discussed zbove (see 10.3.2.1).

Relative wniformity was found between observation years. Changes within
each season, in the various years, tend to be similar, regarding winter and
summer in particular (see fig. 10.2.I1).

e e e B o o e e s B T P

median changes in each time interval.
A three-way analysis of variance was carried out for each season
separately using SPSS ANOVA programme (Nie et al., 1975).

X) Sigel 5. (1956): Non-~parametric statistics. McGraw Hill: 52-60.
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Table 10.1.I ~ i: Winter activity - analysis of variance.
Grand Mean of winter activity per interval = 1.43 hrs.
Cases : 328; Missing : 9.

Analysis of Variance : hours by month, interval, vear.

Source sum of af mean F Sig. of F
squares squares
Main effeces 183.318 11 16.683 - 40,967 0.001
Month 1.117 2 0.559 1.372 0.255
Interval 174.138 7 24.877 61.086 0.001
Year 7.709 2 3.855 9.465 0.001
2-way interactions 35.483 30 1.183 2.904 0.001
Month interval 16.475 14 1.177 2.890 0.001
Month year 4.024 2 2,012 4.941 0.008
Interval year 12.544 14 0.900 2.209 0.008
Explained 219.001 41 5.341 13.116 0.00¢
Residual 112,806 277 0.407
Total 331.807 318 1.043

Multiple classification analysis (MCA) : hours by month, interval, year.

. Unadjusted Adjusted for independents
Variable + Category N Dev. ¥ N ETA Dev. # N BETA
Month Nov. 143 -0.04 -0.02

Dec. 96 0.10 0.08
Jan. a0 -0.05 -0.07
0.07 0.06
Interval 6~ 9 39 0.95 0.95
9-12 40 0.24 0.24
12=15 40 0.26 0.26
15-18 40 1.05 1.06
18=-21 40 -0.46 -0.46
21-24 40 -0.07 =0.07
- 3 4G =-0.73 -0.73
-6 40 -1.22 -1,22
0.72 0.72
Year 1976 136 -0.14 -0.15
1977 136 0.19 0.18
1979 47 -0.13 -0.10
0.16 0.15

Multiple R squared = 0.0553
Multiple R a 0,744
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Table 10,1,I - 2: Spring activity — analysis of variance.
Grand mean of spring activity per interval = 1.4] hrs,
Cases : 160; Missing : 1.

Analysis of Veriance : hours by month, interval, year.

Source sum of daf mean F Sig. of F
squares squares
Main effects 35.795 10 3.580 7.023 0.001
Month 0.354 1 0.354 0.695 0.406
Interval 24.400 7 3.486 6.839 0.001
Year 3.723 2 1.861 3.652 0.029
2-way interactions 26.123 21 1.244 2.441 0.001
Month interval 6.299 7 0.900 1.765 0.100
Interval year 18,209 14 1,301 2.5352 0.003
Explained 61.918 3 1.997 3,916 0.001]
Residual 64.729 127 0.510
Total 126.648 158 0.802

Multiple classification anmalysis (MCA) : hours by month, interval, year.

. Unadjusted Adjusted for independents
Variable 4 Category N Dev. #JN ETA Dev. # N BETA
Month Feb. 79 =-0.22 -3.07

Mar. 80 0.22 0.07
0.25 0.08
Interval 6- 9 19 0.55 0.55
9-12 20 0.08 ¢.08
12-15 20 0.08 .08
15-18 20 0.64 0.64
18-21 20 -0.26 -0.26
21=-24 20 ~0.17 -0.17
0- 3 20 =-0.54 -0.54
3-6 20 ~0.36 -0.36
0.44 0.44
Year 1977 40 -0.39 -0.33
1978 79 0.02 0.03
1979 40 0.34 0.27
0.29 0.24

Multiple R squared = 0.283
Multiple R = 0.532



