T, ENERGY AND CLIMATE CHANGE
FOR FORESTS

OCIETY

w
(V)
Rt
>
S
()
w
S
()
-’
w
>
w
[©)
v
L
©
(=
©
()]
£
N
©
S
O
v
o
o
S

Dry Grasslands of Europe:

Grazing and Ecosystem Services

© 2013 HELLENIC RANGE AND PASTURE SOCIETY (HERPAS)
ISBN 978-960-86416-5-5




GREEK MINISTRY OF ENVIRONMENT, ENERGY AND CLIMATE CHANGE
SPECIAL SECRETARIAT FOR FORESTS
&
HELLENIC RANGE AND PASTURE SOCIETY

Dry Grasslands of Europe:

Grazing and Ecosystem Services

Proceedings of 9th European Dry Grassland Meeting (EDGM)
Prespa, Greece, 19-23 May 2012

Co-organized by
European Dry Grassland Group (EDGG, www.edgg.org) &
Hellenic Range and Pasture Society (HERPAS, www.elet.gr)

Edited by
Vrahnakis M., A.P. Kyriazopoulos, D. Chouvardas and G. Fotiadis

© 2013 HELLENIC RANGE AND PASTURE SOCIETY (HERPAS)
ISBN 978-960-86416-5-5

THESSALONIKI, GREECE 2013



SCIENTIFIC COMITTEE
President:

Koukoura Zoi, Aristotle University of Thessaloniki, Greece

Members:

Abraham Eleni, Aristotle University of Thessaloniki, Greece

Acar Zeki, Ondokuz Mayis University, Turkey

Arabatzis Garyfallos, Democritus University of Thrace, Greece

Fotelli Mariangella, Agricultural University of Athens, Greece

Kazoglou Yiannis, Municipality of Prespa, Greece

Koc Ali, Atatiirk University, Turkey

Korakis Georgios, Democritus University of Thrace, Greece

Kourakli Peri, Birdlife Europe, Greece

Mantzanas, Konstantinos, Aristotle University of Thessaloniki, Greece
Merou Theodora, Technological Educational Institute of Kavala, Greece
Orfanoudakis Michail, Democritus University of Thrace, Greece

Parissi Zoi, Aristotle University of Thessaloniki, Greece

Parnikoza Ivan, Institute of Molecular Biology and Genetics, Ukraine
Sidiropoulou Anna, Aristotle University of Thessaloniki, Greece

Strid Arne, Professor Emeritus, University of Copenhagen, Denmark
Theodoropoulos Kostantinos, Aristotle University of Thessaloniki, Greece
Torok Peter, University of Debrecen, Hungary

Tsiripidis loannis, Aristotle University of Thessaloniki, Greece

Venn Stephen, University of Helsinki, Finland



Preface

Dry grasslands are herbaceous vegetation types, mostly dominated by
grasses (in the sense they botanically belong to the family
Gramineae=Poaceae), and graminoids (representatives from the botanical
families of Juncaceae, Cyperaceae, etc.), while broadleaved herbs may also
contribute to a significant percentage in botanical composition. In Europe
they are mostly met (a) in zonal lowland steppes (like in Ukraine, Russia,
Kazakhstan, etc.), (b) as alpine (dry) grasslands broadly in European
mountain above timberline, (c) as azonal/extrazonal dry grasslands in areas
where, due to relief and soil, zonal forests are not grown, and (d) as
secondary (semi-natural) grasslands, grown in areas where forest
vegetation is not met due to human activities (livestock grazing, mowing,
mining) or in areas where arable land is relaxed or abandoned. Secondary
dry grasslands is the dominant type in most European countries and
recently emphasis is placed from the EU as they generally constitute what is
termed as High Nature Value (HNV) grasslands.

Grazing is an integral biological attribute of grassland ecosystems. Through
grazing humans intervene in the evolution of grassland vegetation and
quite often are able to benefit from the provision of various ecosystem
services. Supporting, provisioning, regulating and cultural services In this
sense, dry grasslands are of paramount importance for Europe. They
sustain economies, from the domestic to the national levels, societies by
providing valuable ecosystem services, like adjusting water balance, and
nature by, e.g. forming numerous habitat types where exceptional
elements of biodiversity flourish. Apart from their importance in terms of
the maintenance of biodiversity, several other services and products are
provided by grasslands. They play a major role in providing high quality
forage for both livestock and wild animals; they support communities of
insects with major roles in the ecosystem services of control and
pollination, sustain apiculture, and contribute to the prevention of erosion
processes, maintenance of the water cycle; they combat the negative
impacts from fertilizers and pesticides, as well as their highly significant
aesthetic recreational values. Given to their importance, a number of
scientific groups are scanning, searching and promoting structural and
functional elements of European dry grasslands, in disciplines ranging from
the political to the economic and to the ecological. Among them the
European Dry Grassland Group (EDGG, www.edgg.org), which is an official
group of the International Association for Vegetation Science (IAVS,



www.iavs.org), from its inception in October 2008 onwards is placing the
development and conservation of European grasslands as first priority.

Present volume is an effort to publicize and promote further the significant
values and ecosystem services provided by the European dry grasslands.
Controlled livestock grazing appeared to be the major vendor of these
values and services. The first part of the volume is dedicated to the impact
of grazing on the biotic environment and the role grazing that plays on
herbage production and quality, representative species of wild fauna,
vegetation structure, spatial distribution, historical changes, and floristic
diversity. The impact of grazing on elements of the abiotic environment,
like soil and landscape properties, land productivity, and carbon
sequestration is the focus of the second part of the volume. The largest part
of the volume is the third one dedicated to ecology and management of dry
grasslands; among others vegetation and ecological characteristics from dry
grasslands of various places of Europe are presented, various impacts of
wildfires, mycorrhiza formation, faunal and floristic diversity are
investigated, and phytosociological identities and habitat-type statuses are
presented. Finally, life quality, landscape historical evolution, infrastructure
development, environment-friendly livestock production systems,
proposals for sustainable rural development i.e. the tight links of local
societies and European dry grasslands is the focus of the last part of the
volume.

It is evident from the above contributions that European dry grasslands is a
valuable source for the continuum of ecosystem services. However, it is
rather a neglected land use/type, although they occupy a significant part of
the European continental. Let’s counterbalance the lack of the analogous
interest from agrarian policy makers with the scientific faith for their
paramount importance and drastic actions for their restoration and
conservation.

Michael Vrahnakis
TEI of Larissa,
Karditsa, Greece
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Relationship between chemical composition and in vitro
digestibility of rangeland vegetation of northern Greece

Bouris F.}, Babasis V.", Parissi Z.M.", Kyriazopoulos A.P.%, Abraham E.M.,
Sklavou P.*

1Laboratory of Range Science (236), Faculty of Forestry and the Natural
Environment, AUTh, 54124 Thessaloniki, Greece
’Department of Forestry and Management of the Environment and Natural
Resources, DUTh, 193 Pantazidou str., 68200 Orestiada, Greece
e-mail: pz@for.auth.gr

Abstract

The relationship between chemical composition and in vitro digestibility of some
rangeland species in northern Greece was examined in the present study. Samples of
herbaceous and ligneous browse species were collected during middle of June and early
October. Nutritive value of the above species was evaluated based on chemical composition:
crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent
lignin (ADL) and the in vitro organic matter digestibility (IVOMD). The herbaceous IVOMD did
not significant correlated with any of the cell wall fractions in June. However, a significant
negative correlation with NDF and a positive one with CP were found in October. Concerning
the browse species IVOMD’s, it was negatively related with NDF, ADF, and ADL, both in June
and October. It seems that, cell walls content is a reliable predictor for both summer and
autumn in vitro digestibility for browse species but it is not for herbaceous species.

Key words: forage quality, herbage, browse species

Introduction

The estimation of forage digestibility is probably the most useful tool of
the pasture quality (Graham et al., 1997), as it is related to energy content
of feed and presents a positive correlation to crude protein. It is known,
that rangelands species differ in chemical composition and nutritive value,
according to their botanical family and stage of maturity (Marinas et al.
2003, Bell 2003). Therefore, digestibility is mainly predicted by chemical
and biological methods for each species separately.

In rangeland ecosystems floristic diversity in relation to the soil
characteristics, climate, season, and management (Georgiadis and
McNaughton 1990) controls the growth and maturity of each species and
consequently affects forage digestibility (Arzani et al. 2006). Thus, the
nutritive value of grasses and legumes in mixed pastures may be different
from that in monocultures (Vazquez-de-Aldana et al. 2000). Moreover,
forbs contribute to animal feed when they are in a mixture with grasses
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(Cook and Wayne 1983), while they considered as less favorable feed
separately.

The digestibility trials are time- consuming, laborious and require
expensive facilities. Thus, the use of chemical composition could be an
alternative for the indirect estimation of IVOMD. The aim of this study was
to evaluate the nutritive value of herbaceous and ligneous species based on
the relationship between their chemical composition and in vitro
digestibility.

Materials and methods

Herbaceous and ligneous species from two different locations in
northern Greece were tested in this research. Hand-harvested samples of
the herbaceous understory vegetation of a silvopastoral oak system
(Quercus frainetto) were collected from ten different sites in 2010. The
study area was located in Cholomontas, Chalkidiki (40°23'N, 23°28'E) at 800
m a.s.l. The climate of the area is classified as subhumid Mediterranean,
with a mean air temperature of 11.1°C and an annual rainfall of 767 mm.
Four samples in quadrats (0.50x0.50m) were cut to 2 cm above ground level
in each site. The dominant species were representative of different
botanical families including grasses, legumes and forbs (Dactylis glomerata,
Brachypodium sp., Trifolium sp., Vicia lathyroides, Galium sp., Silene sp. etc)
which have different forage characteristics (Van Soest 1994). At the
meantime hand-plucked samples (i.e. leaves and twigs <2 mm) of four
ligneous browse species (the evergreen shrubs Arbutus unedo L., Arbutus
andrachne L. and the deciduous Robinia pseudoacacia var. monophylla L.,
and Morus alba L.) from the Aristotle University’s farm, Thessaloniki (40°
34’ E, 23°43" N, at sea level) were collected. The climate of the area is semi-
arid, with a mean annual temperature of 16.4°C, and a mean annual
precipitation of 374 mm. For each species, foliage from four individual
plants was collected. Both herbaceous and ligneous samples were collected
at two vegetative stages: at reproductive (middle of June) and at regrowth
(early October).

The samples were oven-dried at 60°C for 48 hours, ground through a 1
mm screen and analyzed for N using a Kjeldahl procedure (AOAC, 1990).
Crude protein (CP) was then calculated by multiplying the N content by
6.25. Additionally, neutral detergent fiber (NDF), acid detergent fiber (ADF)
and acid detergent lignin (ADL) were determined according to Van Soest et
al. (1991). In vitro organic matter digestibility (IVOMD) of the samples was
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determined using Tilley and Terry (1963) method as modified by Moore’s
(Harris, 1970).

The procedures of SPSS 10.0 for Windows statistical software were used
for the implementation of Pearson correlation between chemical
composition and in vitro digestibility (Steel and Torrie,1980).

Results and Discussion

There was a significant positive correlation (Tables 1, 2) between IVOMD
and CP in herbaceous vegetation both in June and October, although it was
weak. This finding is in agreement with results reported by Getachew et al.
(2004).

Table 1. Correlation coefficients between chemical composition and in vitro
organic matter digestibility for herbaceous species in June

NDF ADF ADL IVOMD
CcP -0,265 -0,736 0,187 0,439
NDF 1 0,358 -0,448" -0,298
ADF 1 0,417 0,377
ADL 1 -0,230

CP:Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent
fiber, ADL: Acid detergent lignin, IVOMD: In vitro organic matter
digestibility, Significant at ** P< 0.01, * P<0.05

Table 2. Correlation coefficients between chemical composition and in vitro
organic matter digestibility for herbaceous species in October

NDF ADF ADL IVOMD
CP -0,884" -0,342 0,219 0,386
NDF 1 0,534" -0,175 -0,478"
ADF 1 0,392° -0,273
ADL 1 -0,168

CP:Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent
fiber, ADL: Acid detergent lignin, IVOMD: In vitro organic matter
digestibility, Significant at ** P< 0.01, * P<0.05

Moreover, IVOMD was significantly negative correlated (P<0.05) only
with NDF (Table 2) in October (r=-0,478), while it was not significantly
correlated with any cell walls parameter (NDF, ADF, ADL) in June. Similar
negative correlations between NDF and ADF with digestibility have been
found by Moreira et al. (2004). On the contrary, Marinas et al. (2003), found
strong negative correlation between IVOMD with NDF and ADF in herbage
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species, but a weak correlation with ADL in consistent with our findings
(Tables 1, 2). These findings indicated that it is very difficult to use indirect
methods in order to predict IVOMD for herbaceous species. This may be
attributed to high variance of chemical composition among species due to
different stage of maturity (Aguiar et.al. 2011).

In the ligneous browse species, IVOMD was significantly positive
correlated (P<0.01) with CP only in June (Tables 3, 4). Similar, Arzani et al.
(2006), working with forage species of Zagros Mountain, found a significant
positive correlation of IVOMD with CP. Concerning the cell wall
components, there was a significant negative strong correlation (p<0.01)
with IVOMD both in June and October (Tables 3, 4).

Table 3. Correlation coefficients between chemical composition and in vitro
organic matter digestibility for ligneous species in June

NDF ADF ADL IVOMD
CcP 0,139 -0,307 -0,090 0,230
NDF 1 0,555 0,815 0,772
ADF 1 0,887 0,916
ADL 1 -0,940"

CP:Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent
fiber, ADL: Acid detergent lignin, IVOMD: In vitro organic matter
digestibility, Significant at ** P< 0.01, * P<0.05

These results are in agreement with those of Ammar et al. (2004), who
found a strong negative correlation between IVOMD and both ADF (r=-
0,659) and ADL (r=-0,701), in Spanish browse species, collected at different
stage of maturity from spring to autumn. In addition, Papachristou (1990)
found higher correlation between in vitro digestibility and ligneous species
compared to grasses and forbs in shrublands in northern Greece.

Table 4. Correlation coefficients between chemical composition and in vitro
organic matter digestibility for ligneous species in October

NDF ADF ADL IVOMD
CcP 0,076 -0,617 -0,163 0,370°
NDF 1 0,524 0,907 -0,880"
ADF 1 0,818 -0,849"
ADL 1 -0,965

CP:Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent
fiber, ADL: Acid detergent lignin, IVOMD: In vitro organic matter
digestibility, Significant at ** P< 0.01, * P<0.05
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Among the cell walls parameters, ADL exhibited the highest correlation
with IVODM. The composition and structure of the cell walls may affect
digestibility to a greater extent than its content, depending on its degree of
lignification (Van Soest, 1994, Ammar et al. 2004), and resulting in higher
negative correlations of the in vitro digestibility with ADL than with NDF
content.

Conclusions

The prediction of in vitro digestibility of herbaceous species based on
the chemical composition parameters had weak correlation with cell walls
parameters. However, the correlation with CP was good. On the other
hand, indirect estimation of in vitro digestibility using cell walls parameters
is reliable predictor for browse species both in summer and autumn.

References

Aguiar A.D., L.O. Tedeschi, F.M. Rouquette Jr, K. McCuistion, J.A. Ortega-Santos, R.
Anderson, D. Delaney and S. Moore, 2011. Determination of nutritive value of forages in
south Texas using an in vitro gas production technique. Grass and Forage Science, 66: 526—
540.

Ammar H., S. Lépez, J.S. Gonzilez and M.J. Ranilla, 2004. Chemical composition and in
vitro digestibility of some Spanish browse plant species. Journal of the Science of Food and
Agriculture, 84(2):197-204.

AOAC, 1990. Official Method of Analysis, 15th edn. AOAC, Washington DC, USA, 746 pp.

Arzani H., M. Basiri, F. Khatibi, and G. Ghorbani, 2006. Nutritive value of some Zagros
Mountain rangeland species. Small Ruminant Research, 65:128-135.

Bell A., 2003. Pasture assessment and livestock production. Agnote series DPI-428 (1st
edition). State of New South Wales.

Cook C., Wayne, 1983. “Forbs” need proper ecological recognition, Rangelands, 5: 217—
220.

Georgiadis N.J. and S.J. McNaughton, 1990. Elemental and fibre content of savannah
grasses. Variation with soil type, season and species. Journal of Applied Ecology, 27: 623-634.

Getachew G., P.H. Robinson, E.J. Depeters and S.J. Taylor, 2004. Relationships between
chemical composition, dry matter degradation and in vitro gas production of several
ruminant feeds. Animal Feed Science and Technology, 111: 57-71.

Graham P., A. Bell and C. Langford, 1997. How pasture characteristics influence sheep
production. Agnote series 4-51 (2nd edition). State of New South Wales.

Harris L.E., 1970. Nutrition Research Techniques for Domestic and Wild Animals. Vol. 1.
L.E. Harris, Logan, UT. pp. 5501-5505.

Marinas A., R. Garcia-Gonzalez and M. Fondevila, 2003. The nutritive value of five
pasture species occurring in the summer grazing ranges of the Pyrenees. Animal Science,
76:461-469.

Moreira F.B., I.N. Prado, U. Cecato, F.Y. Wada and LY. Mizubuti, 2004. Forage
evaluation, chemical composition, and in vitro digestibility of continuously grazed star grass.
Animal Feed Science and Technology, 113:239-249.



18

Papachristou T.G.,1990. Botanical composition and nutritive value of goat diets on
shrublands with different proportions of shrubby and herbaceous species. PhD Thesis.
Aristotle University of Thessaloniki, Greece. 145 pp.

Steel R.G.D. and J.H. Torrie, 1980. Principles and Procedures of Statistics, 2nd ed.
McGraw-Hill, New York, USA, 481 pp.

Tilley J.A. and R.A. Terry, 1963. A two-stage technique for the in vitro digestion of forage
crop. Journal of British Grassland Society, 18:104-111.

Van Soest P.J., 1994. Nutritional Ecology of the Ruminant. (2nd ed.) C. U. Press, Ithaca,
NY.

Van Soest P.J., J.B. Robertson and B.A. Lewis, 1991. Methods for dietary fiber, neutral
detergent fiber and non-starch polysaccharides in relation to animal nutrition. Journal of
Dairy Science, 74: 3583-3597.

Vazquez-de-Aldana B. R., A. Garcia-Ciudad, M. E. Perez-Corona and B. Garcia-Criado,
2000. Nutritional quality of semi-arid grassland in western Spain over a 10-year period:
changes in chemical composition of grasses, legumes and forbs. Grass and Forage Science,
55:209-220.



19

Forage chemical composition of a grazed and an ungrazed
kermes oak (Quercus coccifera L.) shrubland in northern
Greece

Christoforidou, .}, Mountousis, 1., Diamadopoulos, K.", Yiakoulaki, M.},
Papanikolaou, K.

! Department of Animal Production, Faculty of Agriculture, Aristotle
University of Thessaloniki, GR-54124 Thessaloniki, Greece,
2 Technological Educational Institute (T.E.l.) of Western Macedonia, GR-
53100 Florina, Greece,
3 Department of Range and Wildlife Science, School of Forestry and Natural
Environment, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece

Abstract

Kermes oak shrublands (Quercus coccifera L.) are an important source of nutrients for
grazing goats during the critical summer period in Greece. This study was carried out to
identify the growing plant species in a grazed (GS) and an adjacent ungrazed for 10 years
(UGS) kermes oak shrubland at the Municipality of Anthemouda, Chalkidiki, northern
Greece, as well as to determine their chemical composition. Two experimental cages 2x2 m
were placed in each shrubland in order to identify the herbaceous and woody species and to
collect samples. The collected samples were analyzed for ether extracts (EE), crude fibre
(CF), crude protein (CP), calcium (Ca®"), phosphorus (P**), sodium (Na') and potassium (K)
content determination. Mean CF concentration of shrubs was not different (p<0.05)
between the GS (21.3% DM) and the UGS (19.7% DM). Higher CP content was found in forbs
(11.4 % DM) followed by grasses (9.4% DM) and shrubs (7.4% DM) of the GS. On the
contrary, higher mineral content (1316.7 mg Ca®"/100 g DM, 695.5 mg P>*/100 g DM, 1538.6
mg Na’/100 g DM, and 953.6 mg K'/100 g DM) was observed in the UGS, as only shrub
species comprised the vegetation of this shrubland.

Key words: Mediterranean shrublands, chemical composition, plant groups

Introduction

Shrublands occupy extensive areas of the Mediterranean region
covering a total surface of 110,854 km? (Calvo et al. 2011). Generally, their
vegetation is composed of both evergreen and deciduous shrubs with an
understorey of herbaceous species. Kermes oak (Q. coccifera L.) is the
dominant vegetation of evergreen sclerophyllous shrublands, covering
around 1500 km?® or 50% of the total shrubland area of Greece
(Papanastasis 1997). These areas are considered as natural grazing lands,
especially for goats, but they also provide fuelwood for the rural
communities and a natural habitat for the wildlife, while they protect soil
from erosion. Through grazing, goats convert this otherwise unused natural
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resource into animal products of high biological value. In the
heterogeneous forage environment of evergreen shrublands, grazing
animals select their diet from various plant species and plant parts, which
have obviously different chemical composition. It is known that the
chemical composition of forage species common in such environments is
widely variable, depending on species, plant parts, phenological stage,
environmental conditions as well as previous grazing management
(Yiakoulaki 1987, Decandia et al. 2007, Papanastasis et al. 2008).

Information about chemical composition of the dominant plant species
in kermes oak shrublands are relatively limited (Yiakoulaki 1987, Yiakoulaki
and Nastis 1993, Parkal et al. 2011). Such knowledge will assist in achieving
the timely utilization of forage plants, help predict deficiencies of nutrients
and suggest supplementation needs.

The objectives of this study were to identify the growing plant species in
a grazed (GS) and an adjacent ungrazed for 10 years kermes oak shrubland
(UGS) at the district of Chalkidiki peninsula, northern Greece and also to
determine their chemical composition.

Materials and Methods

The study was conducted at the Municipality of Anthemouda in the
district of Chalkidiki peninsula, northern Greece, during the summer of
2009. Two kermes oak (Quercus coccifera L.) shrublands -a grazed (GS) and
an adjacent ungrazed for over 10 years (UGS)- were selected covering an
area of 0.5 ha each. Mean annual precipitation of 2009 was 754 mm while
mean annual temperature was 14.21°C. Two experimental cages sized 2 x 2
m, fenced with rope, were placed in preselected points in each shrubland
and the present herbaceous and woody species were identified. Species
nomenclature followed Flora Europea (Tutin et al. 1968-1993). After that
the herbaceous and woody vegetation were clipped in situ with hand
scissors at 5 cm above the soil surface (Odum 1971). The harvested samples
were categorized in three plant groups: grasses, forbs and shrubs. The
samples were dried at 60°C for 48h, ground to pass a 1-mm screen of a
Willey mill and were analyzed for ether extracts (EE) and crude protein (CP)
content according to the AOAC methods (AOAC, 1995). Crude fiber was
determined by the Bellucci method (Bellucci 1932). Ca, Na, and K
concentrations were determined by flame photometry and that of P by
spectrophotometeric methods (Khalil & Manan, 1990). Data on plant
species were subjected to analysis of variance. The Fisher’s Protected Least
Significant Difference (LSD) test (Fisher 1966) was used for detecting mean
differences (p<0.05).
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Results and Discussion

In the GS were found the following 29 taxa: 3 grasses (Cynodon dactylon
(L.) Pers., Vulpia ciliata Dumort., Setaria viridis (L.) P. Beauv.), 20 forbs
(Anthemis cotula L., Dianthus diffusus Sibth. & Sm., Alyssum heldreichii
Hausskn, Trifolium lappaceum L., Plantago lanceolata L., Erysimum graecum
Boiss. & Heldr., Trifolium angustifolium L., Sinapis arvensis L., Malva
montana Forssk. sec. C.Chr., Trifolium repens L., Teucrium polium L.,
Trifolium arvense L., Centaurea diffusa Lam., Erodium moschatum (L.)
L'Hér., Sedum tenuifolium (Sm.) Strobl, Scutellaria columnae All., Asparagus
acutifolius L., Cirsium arvense (L.) Scop., Medicago minima (L.) Bartal.,
Carlina vulgaris L.) and 6 shrubs (Juniperus oxycedrus L., Cistus incanus L.,
Crataegus oxyacantha L., Erica arborea L., Phillyrea latifolia L., Quercus
coccifera L.) On the other hand only 5 taxa (shrub species) were found in
the UGS: Crataegus oxyacantha L., Erica arborea L., Juniperus oxycedrus L.,
Phillyrea media L. and Quercus coccifera L. Kermes oak was the
predominant shrub species in both shrublands (GS and UGS). The absence
of herbaceous species in the UGS is in accordance with findings of Metera
et al. (2010), who referred that in many areas of Europe, low or no grazing
pressure leads to the creation of unexploited areas that are covered by
shrubs. In our study the shrubs of the UGS were tall (more than 1.50 m) and
dense. Tall and dense kermes oak shrubs are often found in the shrublands
of the Mediterranean zone. These shrubs are difficult to be reached or
penetrated by grazing animals (Yiakoulaki and Nastis 1998).

No significant differences (p<0.05) were observed in the EE content of
the shrub species found both in the GS and UGS. Moreover, no significant
differences were found among the three plant groups of the GS (Table 1).

Mean crude fibre content of shrubs species in the GS and UGS did not
differ (p<0.05). However, higher (p<0.05) CF values were found for the
grasses of GS compared to forbs and shrubs, probably due to the rapid
maturation of grasses during the summer.

Mean CP content of the plant groups in this study ranged from 6.4 to
11.4%. The minimum CP value was recorded for the shrubs of UGS, while
the maximum for the forbs of GS. Crude protein is an essential dietary
nutrient for animals’ maintenance, growth and reproduction (Liamadis,
2003). The recommended standards of crude protein for small ruminants
(of weight 30 kg) are 8% for maintenance and 10-12% for lactation (NRC
1985). CP content of forbs and grasses approached or exceeded the
animals' requirements for maintenance and lactation. However, CP content
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of shrubs in both shrublands was insufficient to meet even the maintenance
requirements.

Table 1. Chemical composition of the grazable material in the grazed (GS) and
ungrazed shrublands (UGS)
EE CF CP . N . .
Plant Ca®*/100 | P**/100 | Na*'/100 | K*/100
Season | - ou (% O 1 % | pm DM DM DM
P | om) | om) | Dm) | B g & &
Grazed shrubland (GS)
Grasses | 1.4°| 26.5° 9.3 294.1° | 581.5*° | 787.4° | 583.1°°
Forbs 1.9 | 20.7°| 11.4°| 13155° | 687.9°| 856.1° | 792.0°°
& | Shrubs 1.9°| 20.8°| 7.4°| 559.4°| 3505°| 936.9°| 463.6°
§ Mean 19| 213| 10.3| 10534 | 607.1 865.7 | 702.4
2 S.E. 0.2 0.7 0.7 160.8 54.3 54.2 46.1
Ungrazed shrubland (UGS)
Shrubs - 1ol 1972 | 647 | 13167° | 695.5° | 1538.6° | 953.6°
(Mean)
S.E. 0.6 1.0 0.7 3444 | 130.2 18.8 | 125.9

Mean with different letters (a—c) along the same column differ at (p<0.05).
Ca*": Calcium; CF: Crude Fibre; CP: Crude Protein; EE: Ether Extracts; P>*: Phosphorus; Na': Sodium; K*:
Potassium; S.E.: Standard Error of Mean

Ca, P, Na and K content of shrubs of the UGS was higher (p<0.05) than

that of shrubs of the GS (Table 1). Grasses of the GS had the lower Ca value
compared to forbs and shrubs. However, significant difference (p<0.05) was
found only for forbs. Similarly, lower Ca content in grasses compared with
forbs and shrubs has been reported by Yiakoulaki and Nastis (1993). On the
other hand, forbs tended to maintain greater P and K content than shrubs
and grasses. Regarding the Na content of the three plant groups of the GS
there were no significant differences (p<0.05).

The recommended Ca requirements of goats (30 kg) for maintenance

and medium activity are 300mg/100g DM when the consumption is 1 kg of
DM per day. Dry matter intake of goats grazing in Mediterranean
shrublands has been reported by Yiakoulaki (1992) to be 840 g DM/day.
All plant groups contained sufficient Ca to meet the requirements of goats
except grasses. Na, P and K content of all plant groups reached or exceeded
the recommended levels for goats (100 mg/100 g DM, 210 mg/100g DM
and 500 mg/100g DM, respectively).
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Conclusions

More taxa (29) were found in the GS compared to UGS (5). Specifically,
there were found 3 grasses, 20 forbs and 6 shrubs in the GS, while only 5
species (shrubs) in the UGS. As a consequence, the presence of herbaceous
species resulted to higher CP in the GS compared to UGS. On the contrary,
higher mineral content was observed in the UGS as only shrub species were
present in this shrubland. The studied mineral content of all plant groups
has approached or exceeded the recommended levels of goats.
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Abstract

The aim of the study was to determine the effect of different grazing system and
environmental variables on plant species distribution in highlands of eastern Anatolia Region
of Turkey. Eight range sites, two of which belong to season-long and the others belong to
transhumant grazing system, were selected. The vegetation was sampled using the line
intercept method. All data were performed Redundancy analysis (RDA) using CANOCO
software, version 4.5. Monte Carlo permutation tests were used to determine the
significance of environmental variables. Species distribution was located in separate groups
depending on grazing season on ordination diagram. Species distribution produced strong
correlations with grazing season and bulk density, pH, CaCO3, Ca, P and Na properties of the
soil (p<0.05). The results indicated that grazing seasons displayed an important role at
distribution of species and also soil properties were important at these rangelands. Hence, it
will be better if traditional upland-lowland (transhumant) grazing systems improve with
respect to grazing time and stocking intensity for sustainable use of semi arid highland
rangelands.

Keywords: highland rangelands, ordination analysis, transhumance, species distribution

Introduction

The rangelands have a significant role in animal husbandry in the Eastern
Anatolian Region of Turkey. The rangelands in the region have been grazed
for centuries, consequently, rangeland vegetations have been progressively
shaped in both an ecological and evolutionary sense by this long history of
intensive grazing. The different response of range plant community under
similar ecological conditions to grazing can be attributed to timing,
duration, intensity and system (Price et al. 2011). Grazing systems, by
controlling the frequency and duration of grazing, are a management tool
to optimize livestock and plant performance (Heitschmidt and Taylor 1991)
and botanical composition (Arevalo et al. 2011).

Although grazing has a key role in shaping plant communities, there are
other environmental factors such as climate, soil, altitude and aspect are
more important than grazing to understand plant species composition and
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spatial distribution in rangelands (Vermeire et al. 2008, Arevalo et al. 2011).
Therefore, grazing can not be evaluated alone as it is one important
element shaping plant community as well as other factors.

Understanding the effect of environmental variables such as herbivory,
soil, altitude and aspect on vegetation pattern may contribute to apply
these findings in management, development and improvement practices.
The objective of this study was to determine the role of different grazing
system and environmental variables on distribution of plant species on
natural rangelands in semi-arid highlands.

Materials and Methods

The study was conducted in 2007 and 2008 at the Kargapazari Mountain
in Erzurum, the eastern Anatolia Region of Turkey. Eight range sites, where
two different grazing systems, two of them belong to season-long grazing
system and the others belong to transhumant grazing system, have been
applied traditionally, were selected in the experimental area. The sites can
be summarized as follow: (1) Season-long grazed sites; these sites (40° 18' N
and 41° 19' E, altitude of 2350 m and 40° 16' N and 41° 23' E, altitude of
2200 m) are grazed from the beginning of spring to the end of autumn. (2)
Spring and autumn grazed sites; these sites (40°23' N and 41° 25'E, altitude
of 1950 m and 40° 25' N and 41° 21'E, altitude of 2000 m) are grazed firstly
from the beginning of spring to the middle of June and from the middle of
the September to the late of November (lowland part of transhumant). (3)
Summer grazed sites; these sites (40°21' N and 41° 24'E, altitude of 2150 m
and 40° 26' N and 41° 20'E, altitude of 2450 m) are grazed from the middle
of June to the middle of the September (upland, yayla (Turkish), of
transhumant) and (4) Winter grazed sites; these sites (40° 18' N and 41° 21
E, altitude of 1900 m and 40° 20' N and 41° 19'E, altitude of 2400 m) are
grazed initially in the first half part of growing season and closed to grazing
until winter and re-opened to grazing at the beginning of the winter and
continues up to snow cover on the ground (winter range of transhumant).
Winter range sites are located on the south aspect of the mountain, and
grazed mainly by sheep flock, whereas the other areas are grazed by sheep
and cattle herds.

The study area is characterized with harsh climatic condition with long
and extremely cold winter and cool, short and dry summer. The long-term
average annual temperature is 5.7°C, average total annual precipitation is
450 mm and it is generally fall from autumn to the late spring. Soil analysis
performed according to Soil Survey Laboratory Staff (1992) procedures
revealed that the sites soils textures changed loam, clay-loam, or sandy-



27

loam among the sites, organic matter content ranged from 0.9 to 6.7 %, pH
ranged from 5.73 to 7.91. The soils of all sites were poor in lime and
phosphorus but rich in potassium.

Vegetation survey of range sites were carried out when common plants
reached flowering stage in the both years using the line intercept method
developed by Canfield (1941). Measurements were performed using 8-line
intercept transects (for 10 m interval over a fixed 80 m long transect) based
on the basal area in each site.

The relationships between vegetation and environmental variables (soil
properties, altitude and grazing system) were analyzed by ordination
techniques. Redundancy analysis (RDA) was used to examine the
relationships of floristic composition to the measured environmental
variables at different sites (Leps and Smilauer 2003). Species data were
transformed because the data contained many zeros using the
transformation In (10 x X + 1), where X= species number in species score
(ter Braak and Smilauer 2002). Automatical selection was used to
determine the variance explained by individual variables. Monte Carlo
permutation tests were used to test the significance of each variable. The
relationships between plant distribution and environmental factors were
performed using the CANOCO 4.5 software (ter Braak and Smilauer, 1998).

Results

The relationships between plant species distribution and environmental
variables were presented in RDA ordination diagram (Figure 1). The Monte
Carlo permutation test indicated that all canonical axes were significant
(p<0.05). The plant species distribution showed clear differences on the
ordination diagrams depending on grazing system application. Season-long
grazed sites placed in the right site of ordination diagram and soil P, Na and
bulk density significantly affected species distribution on these sites
(p<0.05). Winter grazed sites were placed on the right side of the ordination
diagram and there were not any relation between soil properties and
species distribution on these sites (Figure 1). Summer grazed sites were
placed on the left side of ordination diagram and there was significantly
relation between species distribution and some soil properties such as pH,
CaCO;, Ca on these sites (p<0.05). COVA, CAST, SCAN and ASLA were
common and characteristic species of the rangeland sites under season-
long grazing system while FEOV, THMI and KOCR were common in the
rangeland sites under winter grazing system. ASMA, SASP and FSP were
common plants in the rangeland sites under summer grazing system but
annual species such as BRTE and XEAN were common in the rangeland sites
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under spring-autumn grazing system. In general, undesired species were
more common in the rangeland sites under season long grazing system that
of the other.

—
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Figure 1 RDA ordination diagram rangeland vegetation composition with
environmental variables.

Key to abbreviations: AGCR Agropyron cristatum; AGIN Agropyron intermedium; AGSP Agropyron sp.;
AGTR Agropyron trichophorium; AGLA Agrostis lazica; ALTE Alopecurus tectilis; ANIS Andropogon
ischaemum; BRDA Bromus danthonia; BRER Bromus erectus; BRIA Bromus japonicus; BRSP Bromus sp;
BRTO Bromus tomentollus; BRTE Bromus tectorum; CAPA Catabrollesa parviflora; DAGL Dactylis
glomerata; FEOV Festuca ovina; FEPR Festuca prantensis; FESP Festuca sp.; FEWO Festuca woronowii;
KOCR Koeleria cristata; PHAL Phleum alpinum; PHMO Phleum montana; POAL Poa alpina; POBU Poa
bulbosa; STLA Stipa lagascea; ASER Astragalus ericophalus; ASLI Astragalus lineatus; ASSP Astragalus
sp.; COOR Coronilla orientalis; COVA Coronilla varia; LOCO Lotus cornuculatus; MEFA Medicago falcata;
MELU Medicago lupilina; MEPA Medicago papillosa; MESP Medicago sp.; MEVA Medicago varia; MEOF
Melilotus officinalis; ONSP Onobrychis sp. TRAR Trifolium arvense; TRHI Trifolium hirtum; TRMO
Trifolium montanum; TRSP Trifolium sp.; TISP Trigonella sp.; VICR Vicia cracca; VIVI Vicia villosa; ACCA
Acantholimon caryophyllaceum; ACBI Achilla biebersteinii; ACMI Achilla millefolium; ALRO Allium
rotundum; ALDE Alyssum desertorum; ALSP Alysum sp.; ANAL Anemone albana; ANCR Antemis cretica;
ANVU Anthllis vulneraria; ARCA Arabis caucasica; ARGR Arenaria grandiflora; ARCH Artemisia
chomaemiellifolia; ARSP Artemisia spicigera; ASLA Asperula laxiflora; ASMA Astrantia maxima; ASAL
Aster alpinus; BAFA Bapleurum falcatum; CAST Campanula stevenii; CANU Carduus nutans; CASP Carex
sp.; CACA Carum carvi; CESE Centaurea sessilis; CEPU Centaurea pulcherrima; CEVI Centaurea virgata;
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CEPR Cephalaria procera; CEDI Cerastium dichotomum; CIIN Cichorium intybus; CIAR Circium arvense;
COLI Convolvulus lineatus; DESO Descurania sophia; DISP Diantus sp.; DRBR Draba brunifolia; ERCU
Erysimum cuspidatum; ERCA Eryngium campestre; EUVI Euphorbia virgata; FAVU Falcaria vulgaris; FECO
Ferula communis; FEAU Ferulago aucheri; FRVE Fragaria vesca; GAIN Galium incarnatum; GAVE Galium
verum; GATR Galium tricarnatum; GLTR Globularia trichosantha; GLGL Glycyrrhiza glabra; HEPA
Helichyrsum pallasii; HEPA Heracleum pastinacifolium; HEIN Herniaria incana; HYPE Hypericum
perfaratum; INSP Inula sp.; LEOX Leontodon oxylepis; LISP Linum sp.; MECI Melica ciliata; MISP
Minuartia sp; NECO Nepeta concolor; NISE Nigella segetalis; ONAR Onosma armenum; PASP Papaver
sp.; PECA Pedicularis caucasica; PEAL Petrorhagia alpina; PHPU Phlomis pungen; PIAU Pimpinella aurea;
PLLA Plantago lanceolata; PLEC Plosella echioides; POAV Polygonum aviculare; POSP Poligonum sp;
PORE Potentilla recta; POSP Potentilla sp.; POSA Poterium sanguisorba; PRAU Primula auriculata; RUAC
Rumex acetosella; SAAR Salvia argentea; SASP Salvia sp.; SCAN Scleranthus annuus; SCSP Scobiosa sp.;
SCOR Scutelleria orientalis; SEAR Sempervivum armenum; SELO Senecio lorentii; SIMO Sideritis montana;
SISP Silene spergulifolia; SIAR Sinapis arvensis; STSP Stachys sp.; STIB Stachys iberica; TAAB Tanacetum
abrotanifolium; TAAU Tanacetum aucheranum; TAAN Taraxacum androssovii; TECH Teucrium
chamaedrys; TEOR Teucrium orientale; TEPO Teucrium polium; THMI Thalictum minus; THPA Thymus
parviflorus; TRAU Tragopogon aureus; VESP Verbascum sp; VEOR Veronica orientalis; XAST Xanthium
strumarium; XEAN Xeranthemum annuum; ZICL Ziziphora clinopoioides

Discussion

The results revealed that grazing system and some soil properties
affected spatial distribution of plant species at different scale. Plant species
distribution showed distinct differences on ordination diagram depending
on grazing system application. Grazing plays a key role in shaping plant
distribution together the environmental factors (Li et al. 2009, Price et al.
2011). In addition to the differences in soil properties and the other
environmental factors, the differences in grazing time and intensity existing
from grazing system may contribute to differences in species distribution
among the sites. The increases in undesired plant species abundance in
season-long grazed sites most probably stemmed from adverse effect of
continuous grazing during the active growing season. As it is well known,
uncontrolled continuous grazing has seriously detrimental effect on desired
range plants (Price et al. 2011).

Soil nutrients and some physical characteristics have significantly role on
species distribution on the rangelands in semi-arid ecosystems (He et al.
2007, Zuo et al. 2012). While Na content and soil bulk density were
positively related with CAPA, pH was related with ASMA, TRSP, TISP, POSP,
PASP, MISP and STSP. Similar results also reported the other studies
conducted on different places on the world (Jafari et al. 2004, Rinella and
Hileman 2008, Price et al. 2011).

In addition to investigated environmental variables, the other
environmental variables such as altitude, slope, aspect etc. have absolutely
considerable effect on plant distribution (Vermeire et al. 2008; He et al.
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2007) which is main reason for site selection for special grazing season in
animal raiser communities in the region.

In conclusion, according to RDA, uncontrolled season-long grazing
system had the most adverse effect on rangeland vegetation than the other
system in steppe rangelands in high elevation. The grazing systems
providing resting for plants during the growing season showed prominent
results with respect to species composition in the rangelands. Hence, it will
be better if traditional upland-lowland (transhumant) grazing systems
improve with respecting to grazing period and stocking intensity for
sustainable use of semi arid highland rangelands.
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Abstract

Arable land abandonment is a major land use change in the Mediterranean region. Plant
colonization and vegetation succession in these areas depend on local climatic conditions,
soil quality and, especially, on management practices. Livestock grazing can modify or alter
the process of succession by facilitating the colonization of certain species at the expense of
others. The aim of this study was to investigate the effects of grazing on vegetation of old
fields. The research was conducted in the Taxiarchis village located in the Holomontas
mountain of Chalkidiki, northern Greece, with a sub-humid Mediterranean climate. Plant
cover and biomass were measured in adjacent moderately to heavily grazed mainly by goats
and protected plots of an old field abandoned for 20 years. Species richness and abundance
were also recorded and the Shannon —Wiener and equitability diversity indices were
calculated. Total plant cover was significantly decreased due to grazing, but herbaceous
cover was not significantly affected. Woody species did not appear in the grazed plots, while
in the protected ones they covered 12.8% of the ground. Current year’s and total herbage
biomass was significantly decreased due to grazing. Total biomass (herbage and woody) was
dominated by the herbaceous component and differed significantly between the two
treatments. Shannon — Weiner index and equitability were significantly higher in the grazed
plots, due to the significant increase of species numbers and abundance. The results indicate
that moderate to heavy grazing can control woody species invasion and enhance plant
species diversity in old fields of sub-humid Mediterranean environments.

Keywords: Shannon index, Grazing, Production, Herbaceous species, Woody species.

Introduction

Arable land abandonment is a major land use change in the
Mediterranean region. In Greece, such abandonment is widespread in
mountainous areas (Papanastasis 2007). Plant colonization and vegetation
succession in these areas depend on local climatic conditions, (Zhang and
Dong 2009, Osem et al. 2004), soil quality (Fernandez-Lugo et al. 2009) and
especially management practices. Vegetation of abandoned arable fields is
closely related to the applied grazing management. Livestock can
significantly affect plant species composition (Akiyama and Kawamura
2007) and, consequently, modify or alter the process of succession by
facilitating the colonization of certain species at the expense of others. The
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kind of animal and the degree of grazing pressure are regarded as the two
main factors affecting vegetation dynamics (Rook et al. 2004). The aim of
this study was to investigate the effects of livestock grazing on vegetation
dynamics of old fields.

Materials and methods

The research was conducted in the Taxiarchis village located in the
Holomontas mountain of Chalkidiki, North Greece. The climate is
Mediterranean sub-humid. In an old field abandoned for 20 years, adjacent
moderately to heavily grazed mainly by goats and protected plots were
established. Plant cover was measured along 5 transects in each plot with
the point method (Cook and Stubbendieck 1986). Species richness and
abundance were recorded using 30 quadrats (25 x 25 cm each) and the
Shannon —Wiener and equitability diversity indices were calculated.
Furthermore, herbaceous and woody species biomass was measured in 10
qguadrats (1x1m each for the woody species and 50x50cm each for the
herbaceous ones) by cutting vegetation with hand-scissors at the ground
level.

In the laboratory, herbage and woody biomass was sorted out by hand
into current year’s and old growth components. Only the current year’s
growth is reported in this paper. All biomass samples were oven dried at
602 C for 48 h and weighed. Data for cover, biomass and diversity in grazed
and protected plots were compared by using a t test. Significant differences
for all statistical tests were evaluated at the level of p<0.05. All data
analyses were conducted using the software package SPSS 11.0.

Results and discussion

Total plant cover was significantly decreased by 20% due to grazing, but
herbaceous cover was not significantly affected (Table 1). Livestock grazing
eliminated woody species presence, indicating its negative effects on
secondary succession, as these species dominate in the later successional
stages of old fields in Mediterranean environments (Papanastasis 2007).
Specifically, woody species did not appear in the grazed plots, while in the
protected ones they covered almost 13% of the ground (Table 1).

Total biomass was dominated by the herbaceous component (Table 2).
In the grazed plot, current year’s herbaceous and total biomass were
significantly decreased by 49% and 62%, respectively indicating moderate
to heavy grazing pressure . These results confirm previous studies where it
was found that the most important effect of grazing is the reduction of
aboveground biomass (Bonanomi et al. 2006, Billeter et al. 2007),. The
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absence of shrubs in the grazed plot should be attributed to the fact that
goats were the predominant kind of animal grazing in the study area. Goats
have been shown to reduce woody biomass (Celaya et al. 2007) as shrub
species can be more sensitive to both consumption and trampling
generated by grazing than the herbaceous species in the Mediterranean
region (Tzanopoulos et al. 2007).

Table 1. Plant cover (%) in grazed and protected plots

Cover class Grazed Ungrazed
Herbaceous 74,20a 79,40a
Woody 0.00b 12,8a
Total 74,20b 92,20a

'Means within the same class followed by the same letter are not statistically
different at the 0.05 level.

Table 2. Current year’s e biomass (g DM m™) in grazed and protected plots

Biomass class Grazed Ungrazed
Herbaceous 112,04b 219,14a
Woody 0.00b 78.32a

Total 112,04b 297,46a

"Means within the same class followed by the same letter are not statistically
different at the 0.05 level.

Species richness, the Shannon — Weiner index and equitability were
significantly higher by 52%, 46% and 26%, respectively in the grazed plots
than in the ungrazed ones(Table 3). Similar results have been reported by
other researchers as well. For example, Noy- Meir et al. (1995) have found
higher species diversity in a grazed than in adjacent ungrazed grassland in
Israel. Also, lovi et al. (2003) recorded a higher Shannon - Weiner index of
diversity in heavily grazed rangelands than in lightly grazed ones in
Greece.lt seems that goat grazing can increase species diversity, with
potentially more herbaceous species to thrive in the community as shrub
dominance decreases (Celaya et al. 2010).
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Table 3. Species diversity in grazed and protected plots

Index Grazed Ungrazed
Species richness (no. species/0.25 cmz) 15,87a 7,67b
Shannon 2,37a 1,28b
Equitability 0,86a 0,64b

'Means within the same row followed by the same letter are not statistically
different at the 0.05 level.

Conclusion

The results indicate that moderate to heavy grazing can control woody
species encroachment and enhance plant species diversity in old fields of
sub-humid Mediterranean environments.
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Abstract

Protection from grazing results in biomass accumulation and lower forage quality, which
in the long-run adversely affects lower-seral wildlife species’ use. The effects of short-term
(i.e. two years) and long-term (more than 15 years) protection from grazing by livestock, on
the use of grasslands by the European hare (Lepus europaeus) were investigated in a typical
Mediterranean grazing land, using the pellet count method. Hares used the grazed sites with
a sparse herb layer more intensively than the short- and long- term ungrazed ones where a
denser and higher plant structure occurs. The most striking effect was that even the two
year protection from grazing was sufficient enough to reduce the hare’s grazing intensity to
a level similar with that of sites ungrazed for more than 15 years. These findings confirm that
vegetation characteristics play a prevailing role on the use of space by the hare.
Furthermore, these findings guide new strategies both on hare conservation and multiple
rangeland management, since grazing by small ruminants may function as an agent to create
suitable habitats for the hare.

Keywords: livestock-wildlife interactions, herbivory, animal behaviour, rangeland
management, wildlife management.

Introduction

Livestock grazing affects the composition, structure and the secondary
succession of vegetation, which is often beneficial for wild herbivores
predominating in earlier stages of succession (Karmiris and Nastis 2007,
Kuijper and Bakker 2008). This could be justified by decreasing forage
quality, as the plants grow taller and mature in ungrazed sites earlier than
in grazed ones (Davidson 1993). However, in addition to forage quality
effects, grazing reduces the vegetation sward height, which may be
advantageous for small- and medium- sized herbivores, such as the
European hare (Lepus europaeus — hereafter hare), as it is easier to locate
visually approaching predators (Karmiris and Nastis 2007, 2009, Bakker et
al. 2009). Therefore, livestock grazing can be used as a valuable ‘tool’ to
manipulate small- and medium- sized herbivores’ habitats (Holechek et al.
2001, Karmiris and Nastis 2009).

The hare prefers the grazed and partially disturbed habitats, such as
grassland, scrubland, clearings in scrub and forest stands and farmland
(Tapper 1987). It is documented that hare seems to prefer the moderately
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grazed pastures (about 40% of the annual production grazed) with a sparse
herb layer over lightly grazed ones (about 20%), and avoid the ungrazed
habitat patches (Karmiris and Nastis 2007). Despite its importance, little is
known about the effects of the ceasing of grazing on hare’s use of space.

The aim of this study was to investigate the impact of grazed, short-term
(i.e. two years) and long-term (i.e. more than 15 years) exclusion of grazing
by livestock on the potential use by the hare. Our hypothesis was that there
was no significant difference in the use by the hare of short-term ungrazed
sites in relation to the long-term and the grazed ones. Given that, the hare
avoids the ungrazed sites (Karmiris and Nastis 2007) and uses the
microhabitats covered by short and sparce herb layer (Karmiris et al. 2010),
we predicted that the hypothesis tested should be false at least for the
latter comparison. However, significant differences between short- and
long- term ceasing of grazing depend primarily on the plasticity of the
hare’s behaviour by responding to changes in the biotope and making shifts
in its feeding areas in a relatively short space of time.

Material and Methods

The study was conducted in a 100 ha rangeland (360-520 m altitude),
located north of the city of Thessaloniki, in central Macedonia, Greece,
covered approximately 70% by shrubs and 30% by herbaceous species.
There was no farmland in the study area. The soil was shallow, of low
productivity and partially degraded. The climate is semiarid (average annual
precipitation 416 mm), with cold winters and hot dry summers.

This area is a mosaic of kermes oak (Quercus coccifera) shrubland sites
intermingled with scattered grassland sites (0.3 and 3 ha). Other shrub
species, such as Jerusalem thorn (Paliurus spina cristi), dog rose (Rosa
canina), hawthorn (Crataegus monogyna) and phryganic plants, such as
pink rockrose (Cistus incanus) and asparagus (Asparagus acutifolius) also
coexisted in the study area. The main herbaceous species in the study area
were brush grass (Chrysopogon gryllus), yellow bluestem (Dichanthium
ischaemum), sheep’s fescue (Festuca valesiaca), Bermuda grass (Cynodon
dactylon), drooping brome (Bromus tectorum), ovate goatgrass (Aegilops
ovata), cocksfoot (Dactylis glomerata), star clover (Trifolium stellatum),
hairy medick (Medicago polymorpha), haresfoot clover (Trifolium arvense)
and hop trefoil (Trifolium campestre). The main wild mammal species in the
study area were brown hare, fox (Vulpes vulpes), beech marten (Martes
foina), weasel (Mustela nivalis) and badger (Meles meles).

The whole study area was grazed by sheep and goats in common for
several decades, following a traditional continuous grazing system. In order
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to protect this area from development and to maintain its conservation and
aesthetic role, several protection measures have been applied, such as
hunting ban and limitations on grazing. Recently, about one third of the
total area was protected and grazing herds moved to other areas. As a
result, there are sites which have not been grazed for more than 15 years,
others which have been ungrazed for the last 2 years and those which have
been moderately grazed by sheep and goats (ratio 1:4). Hereafter, these 3
categories of sites (i.e. grazed, short- and long-term ungrazed) are
considered as treatments. Hares were using the grasslands at night as
feeding places while during the day they usually rested in shelters under
shrubs. This is a typical behaviour of the hare (Hutchins & Harris, 1995;
Holley, 2001, Karmiris 2012). The evaluation of the spatial distribution of
the hare was based on pellet counting, which is considered as an
appropriate estimate of the abundance and the feeding intensity of hare
(Langbein et al. 1999). Fifty permanent fecal-pellet count plots (0.5 m
radius) were randomly established on each treatment. Faecal pellets were
counted and subsequently removed from each plot.

Pellet count data were subjected to ANOVA using the S.P.S.S. statistical
package (version 13.0). Treatments were fixed factors. Homogeneity of
variances was checked using Levene’s test (Petrie and Watson 1999). A
log(x+1) transformation of the original data was used in order to
homogenise the variance between treatments (Steel and Torrie 1980).
Mean differences were evaluated with Tukey’s HSD at P < 0.05.

Results and Discussion

The feeding intensity (as estimated by the number of pellets per m?) of
hares in the grazed sites was significantly higher (F=9.7, d. f. =2, P <0.001)
than both the short-term and the long-term ungrazed sites (Figure 1).
However, non-significant differences were detected between short- and
long- term ungrazed sites (P = 0.980).

Based on previous studies from northern Europe, the hare might be
disturbed by the presence of farm animals (Barnes et al. 1983, Tapper and
Barnes 1986), one might expect the opposite outcome, i.e. the grazed sites
should be used less than the ungrazed ones. If the overriding factor shaping
spatial distribution of the hare was the decreasing forage quality as the
plants grow taller and mature in ungrazed sites (Rhodes and Sharrow 1990),
then the observed differentiation between the grazed and ungrazed sites
should not be apparent in spring when the growing plants are usually short
and more nutritious, a hypothesis however that has been rejected (Karmiris
and Nastis 2007). Under this perspective, the more intensive use of grazed
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sites by the hare in relation to the ungrazed ones, which was observed in
this and in previous studies (Karmiris and Nastis 2007, 2009), should
probably be the outcome mainly of the modified structure of vegetation
mainly by the domestic herbivores. It seems that the hare is seeking for
feeding areas covered by short and sparse plant communities (Karmiris et
al. 2010). Hence, the effects of plant structure seem to be more important
than disturbance by livestock for the hare and under proper grazing
management strategy the co-development of livestock and game in the
same time-space is feasible.
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Figure 1. Mean number of hare pellets (* SE) deposited in grazed, short-
term (2 years) and long-term (> 15 years) ungrazed sites.
Different letters indicate significant differences at P < 0.001.

The most profound outcome of this study was the non-significant
differences between the use of short- and long- term ungrazed sites (P =
0.980). Within a time interval of two years since the protection from grazing
the use of short-term ungrazed sites were very low and similar with that of
the long-term ones. This raises the hare’s ability to make shifts in the use of
space according to changes in the vegetation characteristics in a relatively
short space of time. From these findings can be concluded that livestock
grazing can be used as a ‘tool’ for the creation of suitable habitats for the
hare and to influence its movements and the use of space.
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Conclusions

Grazed rangeland sites, under moderate levels of grazing intensity, were
used more intensively by the hare as feeding places than the short- and the
long- term grazing exclusion treatments. Just two years of exclusion seems
to be sufficient to suppress the feeding intensity of the hare to a similar
level with that of sites ungrazed for more than 15 years. Reduction in
aboveground biomass can be used as a means for the management of
wildlife species, such as the hare, which is inhibited by tall and dense
vegetation. Thus, livestock grazing can be used as a ‘tool’ to create suitable
habitats for hares. The Mediterranean rangeland management strategy
should be focused to a more holistic approach integrating livestock and
hare needs.
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Abstract

The aim of the present study was to investigate the effects of grazing intensity on plant
cover and floristic diversity of a juniper - oak rangeland ecosystem in the Mediterranean
region. The research was conducted in an area, which is grazed mainly by goats, at Megalo
Dereio in Evros region, northeastern Greece. Three experimental plots were selected in a
rangeland dominated by Juniperus oxycedrus with the spontaneous presence of Quercus
frainetto: 1) a lightly grazed plot, 2) a moderately grazed plot and 3) a heavily grazed plot. An
area of 25 m%in each plot was fenced in autumn 2008, in order to be protected from grazing.
The plant cover, the species composition and the herbage production were measured in
June 2010 and ecological diversity indices as well as the forage utilization percent were
determined. The plant cover was significantly reduced by heavy grazing. The floristic
diversity was not affected by the different grazing intensities. There was however, a
significant reduction of it where protection from grazing was applied.

Keywords: Overgrazing - Plant cover - Silvopastoral system - Species composition.

Introduction

Biodiversity plays an essential role to all levels of the ecosystem service
hierarchy: as a regulator of supporting ecosystem processes, as a service
and as a good that is subject to valuation (Mace et al. 2012). Consequently,
one of the main challenges for rangeland managers is to identify effective
grazing management strategies in order to maintain biodiversity and
enhance multiple rangeland ecosystem services.

It is well substantiated that grazing pressure is an important
determinant of plant diversity in rangeland ecosystems (Dorrough et al.
2007, Yayneshet et al. 2009). Grazing effects, in natural plant communities,
include changes to vegetation structure and composition as certain species
are favoured by grazing so that their numbers and cover will increase, while
others are disadvantaged and will reduce in number and cover (Belsky
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1992). Furthermore, livestock grazing is considered essential in maintaining
species diversity, as in many Mediterranean ecosystems it has been
decreased when grazing was removed (Noy- Meir et al. 1989).

On the other hand, livestock grazing is considered as the most important
factor of soil erosion and consequently desertification in the Mediterranean
region (Papanastasis 1998). Defoliation of vegetation by the grazing animals
results in reduced plant cover which is essential for combating soil erosion.
The degree of plant cover reduction is seriously affected by grazing
intensity (Papanastasis and Noitsakis 1992).

The aim of this paper was to evaluate the effect of different grazing
intensity by small ruminants on plant cover and floristic diversity of a
juniper - oak rangeland ecosystem in the Mediterranean region.

Materials and methods

The study was conducted in the area of Megalo Dereio which is located
in Evros prefecture, northeast Greece at 380 m a.s.l. The climate of the area
is classified as sub-Mediterranean, with a mean air temperature of 13.7° C
and an annual rainfall of 560 mm. The study area extends in the
thermophilous deciduous oak zone i.e. Quercion frainetto subzone sensu,
Dafis (1973) and Horvat et al. (1974) and is dominated by Juniperus
oxycedrus with the spontaneous presence of Quercus frainetto. The area is
grazed mainly by goats. Three experimental areas of similar vegetation but
with different grazing intensity were selected: i) a lightly grazed, ii) a
moderately grazed and iii) a heavily grazed. An area of 25 m” in each plot
was fenced in the autumn of 2008, in order to be protected from grazing. A
similarly-sized area was assigned next to the fenced plot for comparison.
The sampling of herbaceous vegetation (the number of species, frequency
of occurrence and herbage yield) was carried out in four 0.5 m x 0.5 m
guadrats in every grazed and protected plot in June 2010. The difference of
fenced and open plots yield was used to calculate forage utilization percent.
It was calculated to be 20% in the lightly grazed plot, 50% in moderately
grazed plot and 70% in the heavily grazed one. Four transect lines of 20 m
long were established in every grazed plot. The plant cover was measured
by using the line-point method (Cook and Stubbendieck 1986) in June 2010.
Contacts were obtained every 20 cm.

The nomenclature of the recorded taxa follows Strid and Tan (1997,
2002) and Tutin et al. (1968-1980; 1993). Floristic diversity was determined
by the number of species (N), the Shannon-Wiener diversity index (H’), the
Simpson diversity index (D) and the Berger-Parker dominance index (d). The
formulae of the indices are given below (Henderson 2003):
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S Sohs 2 d N max
H, = - . ln . D = 1_ i =
2, -7 N,
where S is the maximum recorded number of taxa, pi is the proportional
abundance of the i-th taxa, Np.y is the number of records of the dominant
taxon and Ny is the total number of records.
General linear models procedure (SPSS 18 for Windows) was used for
ANOVA. The LSD at the 0.05 probability level was used to detect the
differences among means (Steel and Torrie 1980).

Results and Discussion

Species richness and floristic diversity, as described by the diversity
indices and by Berger-Parker dominance index, were significantly higher
when grazing was applied (Table 1). Floristic diversity tends to be higher in
the heavily grazed plot compared to both moderately and lightly grazed
ones, but this increase did not produce significant results with the
exception of the Berger-Parker dominance index. No significant interactions
between the grazing intensity and the grazing protection treatments were
recorded (Table 1).

Table 1. Floristic diversity indices of the different grazing treatments.

LG MG HG Significance
G P G P G P LSD PT Gl PTxGI

N 575 3.00 825 400 7.75 633 178 * ns ns
H 139 078 124 098 168 129 032 * ns ns
D 468 205 363 230 520 320 093 * ns ns
d 040 0.70 051 062 035 046 009 * * ns

LG, Lightly Grazed; MG, Moderately Grazed; HG, Heavily Grazed; G, Grazed plot; P, Protected
plot; PT, Protection from grazing treatment; Gl, Grazing Intensity; LSD, Least significant
difference

*P<0.05; ns, non significant

Many authors have found that grazing abandonment leads to a decrease
in plant species richness (Poschlod et al. 2005, Guretzky et al. 2007).
Cessation of livestock grazing modifies both the disturbance regime and
interactions among plant species (Marc et al. 2003). Thus, the reduction of
floristic diversity found in the present study could be related to dominance
of woody species such as Juniperus oxycedrus subsp. oxycedrus and Cistus
incanus subsp. creticus in the protected plots (Kyriazopoulos et al. 2010).
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The plant cover decreased progressively as grazing intensity increased.
Its lowest value was recorded in the heavily grazed plot (Figure 1). Similar
results have been reported by Kyriazopoulos et al. (2010) in an open
coppice oak forest located close to the study area. Livestock consume the
aerial parts of vegetation and involve mechanical actions such as trampling
(Crawley 1997). Thus, light grazing would have a profound effect on
vegetation recovery. This drastic reduction of plant cover may increase the
risk of soil erosion. Moreover, bare soil was limited in the lightly grazed plot
compared to the moderate and heavily grazed plots (Figure 1). Apparently,
these results confirm that grazing causes a reduction in vegetative cover
(Plubar et al. 1987, Hill et al. 1992).

8 Plant cover O Litter O Bare Soil

100% -

90% - a a

80% -

70% a

60% -

50%

40%

ab;

30% -

20%

10% +

0% -

Lightly Grazed Moderate Grazed Heavily grazed
Figure 1. Cover (%) in the different grazing intensities. Means within each
group followed by the same letter are not significantly different (P<0.05).

Conclusions

Protection from grazing reduced floristic diversity. Heavy grazing slightly
increased floristic diversity in comparison to light and moderate grazing.
However, it resulted in a drastic reduction of plant cover, which may
increase the risk of soil erosion. Thus, moderate grazing could be
considered as the most appropriate grazing intensity as it slightly decreased
plant cover and can enhance floristic diversity.
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Abstract

The Burren in western Ireland is famous for its biodiversity. It is well accepted that the
high biodiversity of the region is linked strongly to its agricultural traditions. However, there
are significant changes happening in the landscape including a major expansion of hazel
scrub into grazing land. This is due, at least in part, to changes which have occurred in
farming in recent decades. To provide some evidence-based insight into this issue, this study
investigated the effects that the complete cessation of grazing in Burren grasslands would
have on biodiversity — with the focus on vascular plant and land snail communities. Large
changes were recorded from within fenced grassland exclosures (with more mixed pictures
emerging for scrub and woodland). A significant decrease was seen in both species richness
and diversity for the plants in the grasslands, along with a significant increase in the amount
of litter present. In the case of the snails, however, abundance increased significantly inside
the fenced plots, while there was only a very small change in the controls. Shifts in
community structure were also evident. It is likely that the molluscs benefitted from the
higher vegetation and denser litter, providing them with food, shelter and moisture.

Keywords: Mollusc, Burren, Land-use change, Exclosures, Diversity

Introduction

The Burren in the west of Ireland is famous for its flora and fauna and its
impressive biodiversity and landscape (O'Connell and Korff, 2001; Viney,
2003). All of this is indebted in no small way to the agricultural traditions of
the area (Dunford, 2002). Many of the best known habitats, including
limestone pavements and species-rich grasslands, are now considered to be
under threat from encroaching hazel scrub (The Heritage Council, 2006).
The scrub also interferes with farming practices by blocking pathways used
by stock and taking over grazing land. There is no single reason for the
increased rate of scrub encroachment, but one of the main contributing
factors is changes in farming practices. The use of less-hardy animal breeds,
the decrease in the practice of out-wintering animals, farmers often
working off-farm and the changeover from beef cattle to suckler cows has
resulted in a general decrease in the grazing pressure on some of the most
valuable Burren habitats (Dunford, 2002; Williams et al., 2009). With these
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changes in mind, the current study was devised in order to investigate the
effects that might be wrought on biodiversity should grazing cease
altogether. The focus was on vascular plant and land snail communities.

Materials and Methods

A network of twelve fenced exclosures (each 20x20m) was set up across
the Burren region in 2006. The fences prevent access by large grazers
(mainly cattle and goats) and were placed in three types of habitat: rough
grassland, areas with low or scattered hazel scrub, and hazel woodland.
Beside each fenced area is an unfenced control plot of similar size. Plants
and snails have been monitored since the set-up in these paired fenced and
control plots. Plant data were collected from five fixed 2x2m quadrats
within each plot, and molluscs were sampled using 25x25cm quadrats
placed adjacent to these (vegetation was removed, dried and the molluscs
picked from the samples and identified to species level).

To investigate if the cessation of grazing had an effect on plant species
richness or diversity, general linear ANOVA models were constructed. These
tested for differences in changes in numbers of plant species and diversity
between 2006 and 2008. Diversity was measured using ‘Simpson’s Diversity
Index’. The factors used in the model were ‘habitat’ (fixed), ‘site’ (nested
within habitat; random) and ‘treatment’ (i.e. fenced/unfenced; fixed). The
effect of ‘year’ was accounted for in the analysis by using ‘change in species
number’ as the response variable. Tukey Simultaneous Tests were used for
post-hoc analysis. Before computations, data were tested for normality and
homogeneity of variances, and transformed where necessary. Analyses
were carried out in Minitab 13.3.

To elucidate the effect of cessation of grazing on mollusc community
structure NMS (non-metric multidimensional scaling) was used. This is a
form of indirect gradient analysis, and is a robust ordination technique, well
suited to extracting patterns from community data which are often non-
normal and ‘zero-heavy’ (McCune and Grace, 2002; Perrin et al., 2006). All
data were screened using outlier analysis, and the distance measure used
was Quantitative Sgrensen (Bray-Curtis). All analyses were carried out using
PC-ORD 5. Only a subset of the analyses is presented here — i.e. the fenced
grassland plot data only.

Results and Discussion

A significant interaction (p<0.001) between ‘habitat’ and ‘treatment’
was found in the test for differences in species number between 2006 and
2008, meaning that the effect of the treatment between years changed
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depending on the habitat (Figure 1). Post-hoc analysis revealed that the
changes in species numbers inside the fenced plot in grasslands were
significantly different to the changes in the grassland controls (p=0.0001),
but that this was not the case for either woodlands or scrub. For changes in
diversity, results again indicated a significant interaction between habitat
and treatment, with post-hoc analysis showing that there was a highly
significant difference (p<0.0001) between the change in diversity seen in
the woodland fenced and control plots (diversity increased more within the
fenced plots) (Figure 2). There was a more moderate, but still statistically
significant (p=0.0291), difference between the changes seen in the fenced
and control plots in the grassland sites (diversity decreased inside the
fences but remained almost unchanged in the controls). No significant
differences were found for the scrub plots. These findings, though perhaps
surprising clear-cut for a short-term study, are not without precedent.
Other studies based in grasslands, such as those of Gibson (1997), Hansson
and Fogelfors (2000), Moles et al. (2005), Enyedi et al. (2008) and Deenihan
et al. (2009), have all found lower species richness and/or diversity in
ungrazed grasslands, when compared to grazed sites.
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Figure 1. Interaction plot showing effects of treatment on the mean
change in number of species between 2006 and 2008 in each of the three
habitat types.
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Figure 2. Interaction plot showing effects of treatment on the mean
change in Simpson’s Diversity Index between 2006 and 2008 in each of the

three habitat types.

With respect to the land snails, while there was no change in the total
number of species recorded (25 each year), the mean number of individuals
collected per quadrat inside the fenced plots (across all species and all
habitats) increased by almost 50% between the first and second sampling
periods — from an average of 14.1 +2.3 snails to an average of 20.9 £5.4.
There was only a very small change in the corresponding control plot
numbers (a decrease of 3%, from 12.1 £2.6 to 11.8 +2.5). The largest and
most consistent changes were seen in the grassland sites (more detailed
data available on request).



52

02006
o ||a2008

>

o o 4

N A .

o |4 Litter o o

% Veg hgt

No. indivs Bare earth o
(@]
A A A :

A
[¢]

Axis 1 (30%)

Figure 3. NMS ordination of mollusc data from fenced grassland plots.
Each point corresponds to a quadrat. Figures in brackets on axis labels are
the percentage of the variation in the distance matrix which is explained by
this axis. The most influential variables are overlaid.

Multivariate analysis of the fenced grassland plot data showed a definite
shift in the species composition of the mollusc communities over the two-
year period, with quadrats sampled in 2006 tending to separate from those
sampled in 2008 (Figure 3). (Analyses not presented here confirm that no
such trend is evident from the control plots.) The main factors associated
with this shift were found to be cover of litter and vegetation height, both
of which increased substantially in the absence of grazing.

The findings presented here suggest that the snail populations overall
benefitted from the longer vegetation and denser litter which resulted from
the exclusion of grazers from grassland plots, and these findings concur
with those of Boyd (1960) and Labaune and Magnin (2002). Ausden et al.
(2005), in a study of fens, also found that the exclusion of cattle caused an
increase in the number of molluscs. Further, on the re-introduction of cattle
grazing, they recorded a reduction in litter, and a reduction in mollusc
densities. It is likely that the build-up of litter provides extra food, shelter
and moisture for snails, and thus conditions improve (at least for certain
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species). It should be noted that no such trends were seen in this study in
scrub or woodland habitats.

Conclusions

The significant decrease in both species richness and diversity in vascular
plants recorded from within the grassland fenced plots points to the crucial
role that grazers play in maintaining grassland plant communities. However,
the numbers of individual snails recorded increased dramatically within
fenced grassland exclosures over the study period. These contrasting
findings highlight the importance of assessing a suite of taxa when
investigating the effects of changes in management practices on
biodiversity.

The exclosures set up during this study provide a valuable tool for
monitoring long-term vegetation and landscape change in the Burren into
future decades. It is hoped that this work will be continued into the longer
term. In particular, it will be of interest to investigate the longer-term
effects on rarer snail species and on those requiring open habitats.
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Abstract

Palynological studies have been carried out in the Lailias, Belles, Voras and Pieria
(Flambouro) mountains which are located in north- central Greece. The four mountainous
sites share some common geological and vegetation features. All sites have crystalline
bedrocks and the high altitude forest vegetation is dominated by beech and/or pine forests
though there are differences among these areas regarding the extent of these forest types,
their location in relation to the coring sites etc. A distinct subalpine zone is present in all
sites except Lailias and is dominated by Juniperus communis ssp. nana, ericaceous dwarf
shrubs and extended grasslands. A comparative palynological study of the changes in the
high-altitude vegetation of the four sites is attempted covering the Late Holocene. Pollen
types related with human induced disturbance (e.g. forest clearings, animal husbandry) are
compared up against pollen types of major forest vegetation units. Signs of local grazing
pressure can be traced in various time periods in the diagrams of Beles, Lailias and Pieria.
Though traceable in the Voras diagram, grazing pressure seems to have no major impact on
the forest vegetation.

Key words: pollen analysis, vegetation, Greece, Voras, Lailias, Beles, Pieria

Introduction

Human impact on the natural vegetation of eastern Mediterranean has a
long history of several thousand years (Bottema and Woldring 1990).
Human impact manifested itself in the form of forest clearings, cultivation
of land but quite often as animal husbandry.

Pollen analysis and reconstruction of past vegetation hav