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Abstract
The present study was conducted in Magnesia Prefecture, central Greece, during the period May–June 2007. It aimed at the

comparison between conventional and certified organic olive groves with regard to olive and olive oil production, diversity

of plants (herbaceous and woody) and diversity and abundance of avifauna. Correlations between variables within

herbaceous plants (linear regression) and woody plants (Principal Component Analysis), and the role of integration time of

olive groves to the organic system were investigated. Also, finding easily measurable parameters indicating high bird

diversity levels within organic and conventional management systems was a main target of the study. According to our

findings, neither edible olive yield nor olive oil yield showed significant differences between conventional and certified

organic olive groves. There is an increasing trend for alpha and beta diversity of herbaceous plant species, woody plant beta

diversity, density and cover of woody plants, and density of breeding birds in certified organic olive groves (10 years) in

comparison with conventional ones. The effect of time since the adoption of organic procedures is very important and

produces benefits for the biodiversity. In the total olive groves 15 insectivorous, six granivorous and three insectivorous/

granivorous birds species were recorded. Nine bird species distinguished by Ward’s hierarchical clustering were identified

as typical (indicator value, IndVal > 50%) of specific farming systems. Among them, the Eurasian jay, associated with the

10-year certified organic olive groves, and the common cuckoo, Orphean warbler and Red-backed shrike, associated with

the 6-year certified organic olive groves, should be regarded as characteristic species (IndVal > 70%). Conclusively, organic

farming favors some aspects of diversity of herbaceous and woody plants of olive grove ecosystems. On the contrary,

similar effects on breeding bird diversity and density were not clearly recorded. However, breeding bird density proved a

good indicator of their richness.
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Introduction

Economically, the olive tree is the most important

fructiferous tree grown in Greece and at the same time is

ranked third worldwide. Half of the Greek farmers have

included the cultivation of olive trees in their agricultural

activities1. It is well adapted to a wide range of climatic

conditions and is drought resistant2.

Many researchers have stated that olive grove ecosys-

tems are more stable than other agricultural ecosystems3–6.

Cirio7 argues that this stability may be due to the general

stability of the whole olive grove environment, the low

level of infection, the resistance against damage caused by

pests and the abundance of beneficial arthropod fauna.

Generally, the organic olive-farming system seems to be

clearly superior to the integrated and conventional ones

with respect to biodiversity8.

The development of intensive agriculture has focused at

maximizing the production, but resulted in severe environ-

mental degradation, as well as degradation of product

quality. In conventional farming some objectives are the

increase of production, profits through monoculture and

intensive soil treatment, irrigation and use of agrochemicals

and fertilizers. It should be noted that conventional

agriculture is inferior compared to organic agriculture

regarding soil ecology and fertility, and this has resulted

in the reduction of diversity and abundance of soil

organisms9.
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The adoption of modern conventional agriculture is

considered to be among the main threats to global

biodiversity. A dramatic reduction in the number and

abundance of many species associated with farmland has

been reported for the last quarter of the 20th century.

This reduction leads to increasing concern regarding the

sustainability of current intensive production practices10.

Organic farming is a low-intensity farming system

implemented through the use of biological and mechanical

cultivation methods, excluding the use of chemicals and

contributing to biodiversity conservation11,12. According

to European Council Regulation (EC) 834/2007 and

Commission Regulation (EC) 889/2008, the aims of an

organic production system are to enhance the biological

diversity and activity, maintain long-term soil fertility,

minimize non-renewable sources and all pollutants and

treat agricultural products in a way to maintain the organic

integrity and vital substances13.

In 2009, the total organic area accounted for 4.72%

of the total agricultural area in the EU27. The highest

proportions of organic area were recorded in Austria

(18.5% of the total agricultural area), Sweden (12.56%)

and Estonia (10.49%). In Greece, the percentage of organic

farming was 3.94% of the total agricultural area14,15

(Fig. 1).

In Europe, many studies have been conducted regarding

organic farming and wildlife10,16–26. Specialized research

with regard to the effects of management of agricultural

ecosystems on the flora27–32, avifauna33–36, arthropods37–40,

butterflies41 and spiders42,43 has been accomplished.

The role of birds as biodiversity indicators has been

widely recognized in biodiversity studies44–47. Bird com-

munities representing the total biodiversity, were consid-

ered to be the most appropriate biodiversity indicators

because they are easily identifiable, their classification and

systematics are well established and their ecology and

behavior have been thoroughly studied, making the risk of

misinterpretations low. Birds also tend to be high in the

food chain and this would help to detect any ‘signals’ that

accumulate through the chain44.

In Greece there are a few studies concerning various

aspects of biodiversity in conventional and organic farming

systems48–52. However, there is a lack of comparative

studies on biodiversity between conventional and certified

organic olive groves in Greece53–56.

The main aim of our study was to assess the effects of

conventional and organic farming systems on some aspects

of biodiversity of olive grove ecosystems in a typical

Mediterranean environment. Plant and bird communities

and species were used as a tool to indicate the effects

of different management schemes on olive groves. The

specific objectives of the study were to compare con-

ventional and certified organic olive grove ecosystems on

the basis of: (a) their yield, (b) plant diversity (herbaceous

and woody vegetation), (c) diversity and abundance of

avifauna, (d) finding easily measurable parameters indicat-

ing bird diversity within organic and conventional manage-

ment systems and (e) the role of integration time of olive

groves into the organic farming procedure. All the above

objectives are investigated and conclusions are drawn under

the restriction of the one-year duration of the study.

Materials and Methods

Study area

Among the olive grove farms of western Magnesia

Prefecture, central Greece (39�06054.80
00
N, 22�55016.32

00
E)

a set of 16 farms was randomly selected (eight certified

organic and eight conventional). The subset of conventional

olive groves included four sprayed and four non-sprayed

farms (C1–C4 and C5–C8 farms, respectively) and the

subset of organic ones was divided into two groups (four

farms in each group), one certified organic for 6 years and

one for 10 years (O1–O4 and O5–O8 farms, respectively)

(Fig. 2). The area (mean – SE) of farms was respectively

(in ha): 39.25 – 20.95, 43.00 – 21.11, 29.25 – 18.64 and

31.00 – 12.74. The sampling farms were at least 200 m

away from each other and the sampling points 100 m away

from the farm edge to avoid farm edge effects. The

20
18
16
14
12
10
8
6
4
2
0P

er
ce

nt
ag

e 
of

 o
rg

an
ic

 fa
rm

in
g

A
us

tr
ia

B
el

gi
um

D
en

m
ar

k

F
in

la
nd

Fr
an

ce

G
er

m
an

y

G
re

ec
e

Ir
el

an
d

Ita
ly

Lu
xe

m
bo

ur
g

N
et

he
rla

nd
s

P
or

tu
ga

l

S
pa

in

S
w

ed
en

U
ni

te
d 

K
in

gd
om

B
ul

ga
ria

C
yp

ru
s

C
ze

ch
 R

ep
ub

lic

E
st

on
ia

H
un

ga
ry

La
tv

ia

Li
th

ua
ni

a

M
al

ta

P
ol

an
d

R
om

an
ia

S
lo

va
ki

a

S
lo

ve
ni

a

EU27

Figure 1. Organic farming (%) in the EU27 in 2009.

298 A. Solomou and A. Sfougaris

https://doi.org/10.1017/S1742170511000111 Published online by Cambridge University Press

https://doi.org/10.1017/S1742170511000111


sampling farms are surrounding by olive groves, pastures

and natural ecosystems composing a diverse landscape.

The characteristics and management practices applied to

the selected farms are presented in Table 1. The purpose of

this selection was to minimize the influence of ‘external’

environmental factors and to allow a better comparison

among the four farm management systems.

The study area is included in the Quercetalia ilicis

vegetation zone, and Quercion ilicis and Oleo-Ceratonion

subzones. The main rock substrate of the study area is

metamorphic schist. The climate is characterized as

continental with relatively cold winters and hot and dry

summers. The mean annual temperature is 18.8�C, the

warmest month is July and the coldest January and

February (Fig. 3). The mean annual precipitation reaches

350.3 mm and the mean annual air humidity 62%, ranging

for the winter between 69 and 77% and for the summer

between 55 and 66%57.

Plant and bird survey

The sampling of herbaceous vegetation was carried out

in May 2007 in randomly selected plots of 0.25 m2

(0.5 mr0.5 m), where the number of species, frequency

of occurrence and their biomass were estimated58. Woody

vegetation was inventoried during the same period in

randomly selected sampling plots of 100 m2 (10 mr10 m).

In each plot, the number of species, the number of

individuals per species (density) and their coverage were

measured59.

The avifauna was censused from early May until the

middle of June 2007 so as to include the breeding

period60,61. For bird counting, the point count method

was followed62. The counts were conducted from early

morning until 10.30 am and only during the days without

rain or wind. Only breeding pairs, represented by territorial

males, in each plot of 50 m radius were recorded by

two observers. Each count lasted for 10 min. The species

diversity and abundance, expressed as breeding pairs per ha

(bp/ha), were estimated63–65. The number of sampling plots

for each treatment (management practice) was: 60 in the

10-year certified organic olive groves, 60 in the 6-year

certified organic olive groves, 90 in the sprayed conven-

tional ones and 90 in the non-sprayed conventional ones

for each parameter (herbaceous plants, woody plants and

birds).

Figure 2. Study area (western Magnesia Prefecture, central Greece).
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Statistical analysis

Vegetation and bird data were evaluated for normality and

homogeneity with the Kolmogorov–Smirnov and Shapiro–

Wilk tests. Data were transformed using log10(x+1) when

necessary to meet normality assumptions66. For the analysis

of vegetation and bird data, the parametric one-way

analysis of variance was used. Turkey’s HSD (Honestly

Significantly Different) pairwise comparison tests were

used with P < 0.05. Correlations between variables within

each taxonomic group were examined using Pearson

correlation coefficients67. Alpha, beta and gamma diversity

were calculated68. Alpha diversity refers to the diversity

within a particular area or ecosystem, and is expressed by

the number of species (species richness, Shannon–Weiner

index, Simpson index and Berger–Parker index) and

evenness (evenness index) in that ecosystem. We also

examined the similarity in species diversity (Jaccard index

and Sorensen index) between the different olive grove types

expressing the beta diversity. Gamma diversity is a measure

of the overall diversity of the different ecosystems within

a region, whereas Hunter69 defines gamma diversity as

‘geographic-scale species diversity’. All relationships

between herbaceous plant variables were analyzed by using

the Pearson’s product moment correlation coefficient r,

whereas the description of correlation between woody plant

variables was analyzed by using Principal Component

Analysis (PCA)70.

For the definition of biotic indicators of bird species

richness on organically and conventionally managed olive

groves the calculation of linear regressions between the

goal parameter (species richness) and potential indicator

parameters was realized67,71. High positive correlation of a

potential indicator with the goal parameter is considered as

a measure of indicator reliability (R2 > 0.5, P < 0.05)72.

Seven parameters were chosen as potential indicators

of bird species richness: (1) density of all breeding birds,

(2) number of herbaceous plant species, (3) biomass

production of herbaceous plant species, (4) number of

woody plant species, (5) density of the woody plants,

(6) percentage cover of woody plant species and (7) altitude.

The above indicators were used for predicting the vari-

ability of bird diversity within each management system.

Accordingly, the correlation between potential indicators

and the goal parameter for organic and conventional olive

groves was calculated separately. All data analyses were

performed using PASW version 18.0 software73.

In order to study changes in generic composition, we

used the (indicator value IndVal) method of Dufrêne and

Legendre74. We used Ward’s clustering method to group

hierarchically the records of birds of the point counts into

clusters, expressing the different bird community of each

farming system. We also identified the typical species

characterizing each of the clusters using the IndVal

procedure. These calculations were carried out using the

IndVal software75. A species is considered a ‘symmetrical

indicator’ (IndVal > 50%) for one cluster, when it is present

in >70% of the sites of the cluster and when >70% of its

individuals occur in the cluster. A random reallocation

procedure (999 iterations) of sites among site groups was

used to test IndVal significance (alpha = 0.01).

Results

Olive and olive oil production

In the study area during the production period 2006–07, the

mean edible olive yield in conventional olive groves

reached 56.8 – 0.99 kg tree - 1, while in the certified organic

Table 1. General characteristics and management practices applied to the olive grove farms surveyed.

Organic

(6 years)

Organic

(10 years)

Conventional

(sprayed)

Conventional

(non-sprayed)

Average number of olive trees per hectare 200 200 200 200

Age of olive groves 150–170 150–170 150–170 150–170

Variety of olive groves Amfissa, Pelion Amfissa, Pelion Amfissa, Pelion Amfissa, Pelion

Years of enrolment 2001 1997

Type of soil Clay Clay Sandy clay loam Sandy clay loam

Manure (kg per tree) – 50 – –

Fertilizers

Potassium (kg per tree) 1–1.5 1–1.5 – –

Calciferous nitric ammonia (kg per tree) – – 2 2

Borax (g per tree) 200 200

Weed control Grass cutter Sheep grazing Herbicides Soil treatment, shrub cutters
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Figure 3. Ombrothermic diagram of the study area.
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ones the yield was 51.5 – 3.94 kg tree - 1. The olive oil

yield in conventional olive groves was, on average,

11.1 – 0.52 kg tree - 1, whereas in the certified organic ones

it was 10.0 – 0.42 kg tree - 1. However, neither edible olive

yield (P = 0.20) nor olive oil yield (P = 0.12) showed

significant statistical differences between conventional and

certified organic olive groves76 (Table 2).

Herbaceous plants

Frequency of occurrence. In total, in the olive groves

studied [certified organic (10 years), certified organic

(6 years), conventional (non-sprayed), conventional

(sprayed)] 56 species of herbaceous plants belonging to

20 families were recorded (Table 3).

Independently of the management practices applied,

Poaceae and Asteraceae were the most important families

in terms of number of plant species structuring the

herbaceous plant community of the olive groves studied,

including 30 and 23% of the total plant species recorded,

respectively. All the families represented by a unique

species were grouped into one category. Other families

recorded include Zygophyllaceae, Hypericaceae, Chenopo-

diaceae, Linaceae, Liliaceae, Rosaceae, Cistaceae, Lamia-

ceae, Dispacaceae, Scrophullariaceae, Amaranthaceae,

Malvaceae and Apiaceae (%) (Fig. 4).

The most frequently occurring plants in each farming

system were Daucus carota (28.3%) in the 10-year certified

organic olive groves, Aegilops geniculata (55%) in the

6-year certified organic ones, D. carota and Scabiosa

stellata (20%) in the sprayed conventional ones and

S. stellata (30%) in the non-sprayed conventional ones.

Alpha, beta and gamma diversity. The 10-year certi-

fied organic olive groves exhibited the highest values of

species richness (38), Shannon diversity index (0.28),

Simpson index (0.26), evenness index (0.27) and Berger–

Parker index (0.17), whereas the sprayed conventional

olive groves had the lowest values (15, 0.03, 0.04, 0.04

and 0.10, respectively) (Table 4).

Concerning the alpha diversity of herbaceous plants,

significant statistical differences of the species richness,

Shannon diversity, Simpson, Evenness and Berger–Parker

indexes (P < 0.05) were found between the different

management systems.

The highest values of the Jaccard and Sorensen indexes

were found between the 10-year certified organic olive

groves and the 6-year certified organic ones (0.59 and 0.74,

respectively), whereas the lowest value was estimated

between the 10-year certified organic olive groves and the

sprayed conventional ones (0.18 and 0.31, respectively)

(Table 5). As concerning the total number of herbaceous

species of all olive groves it was 56, representing the

gamma diversity.

Biomass production

The highest biomass production of herbaceous plants

(g m - 2) was estimated in the 10-year certified organic

olive groves (1.53 – 0.02) and the lowest was in the sprayed

conventional olive groves (0.88 – 0.04). Significant statis-

tical differences (F = 53.10 and P = 0.00) were detected in

the biomass produced among the different types of olive

groves of the study area (Fig. 5).

Species richness and diversity relationships

A very strong linear correlation was found between the

number of species of herbaceous plants and the Shannon

diversity index (r = 0.96 and P = 0.00) (Fig. 6), whereas a

moderate linear correlation was found between the Shannon

diversity index and biomass (r = 0.50 and P = 0.00). A

weak linear correlation was detected between the number of

species of herbaceous plants and biomass (r = 0.42 and

P = 0.00), the number of species of herbaceous plants and

altitude (r = 0.23 and P = 0.00), biomass and altitude

(r = 0.17, P = 0.00) and the Shannon diversity index and

altitude (r = 0.22 and P = 0.00).

Woody plants

Frequency of occurrence. A total number of 17 species

of woody plants were recorded in all types of olive

groves of the study area [certified organic (10 years), cer-

tified organic (6 years), conventional (non-sprayed), con-

ventional (sprayed)].

The most frequently occurring woody species were: Olea

europaea var. sylvestris (55.2%) in the certified organic

(10 years), O. europaea var. sylvestris (42.6%) and Vitex

agnus castus (42.6%) in the certified organic (6 years),

Pistacia terebinthus (45.0%) in the conventional (sprayed)

and Pistacia lentiscus (36.1%) in the conventional (non-

sprayed) (Table 6).

Alpha, beta and gamma diversity. As regards the

woody plant alpha diversity, the highest value of the

species richness (17) was estimated in the sprayed con-

ventional olive groves, whereas the highest values of

Shannon diversity index (0.31), Simpson index (0.26),

evenness index (0.29) and Berger–Parker index (0.21)

were estimated in the 6-year certified organic olive groves.

Significant statistical differences in the species richness,

Shannon diversity, Simpson, evenness and Berger–Parker

Table 2. Olive and olive oil yield (kg per tree) in organic and

conventional olive groves of the study area.

Mean – SE F P

Organic olive

groves
Edible olive yield

51.5 – 3.94

1.69 0.20Conventional olive

groves

56.8 – 0.99

Organic olive

groves
Olive oil yield

10.0 – 0.42 2.66 0.12

Conventional olive

groves

11.1 – 0.52
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Table 3. Frequency of occurrence (%) of the herbaceous plant species in the olive groves under different management system (asterisk

(*) denotes significant difference in the frequency of occurrence of herbaceous plants among farming systems).

Species

Organic

(10 years)

olive groves

Organic

(6 years)

olive groves

Conventional

(sprayed)

olive groves

Conventional

(non-sprayed)

olive groves F P

Briza maxima 11.7* 1.7 – – 6.22 0

Avena sterilis 18.3 6.7 5 10 2.37 0.07

Tribulus terrestris 5 1.7 – – 2.05 0.1

Echium vulgare 3.3 1.7 – – 1.23 0.29

Piptatherum miliaceum 3.3 1.7 – – 1.23 0.29

Medicago lupulina 3.3 – – – 2.03 0.11

Heliotropium europaeum 8.3 1.7 – 3.3 2.44 0.06

Aegilops ovata 3.3 – – – 2.03 0.11

Trifolium angustifolium 8.3* 1.7 – – 4 0

Hypericum perforatum 6.7* 1.7 – – 2.98 0.03

Chenopodium album 1.7 1.7 – – 0.66 0.57

Linum usitatissimum 3.3 1.7 – – 1.23 0.29

Parietaria officinalis 8.3* – – – 5.36 0

Sorghum halepense 1.7 1.7 – 1.7 0.33 0.8

Vicia pannonica 3.3 – – – 2.03 0.11

Cynosurus echinatus 3.3 1.7 – – 1.23 0.29

Setaria viridis – 1.7 – – 1 0.39

Xanthium spinosum 13.3* 3.3 8.3 – 3.5 0.01

Aegilops triuncialis 3.3 1.7 – – 1.2 0.29

Muscari comosum 1.7 1.7 – – 0.66 0.57

Sanguisorba magnoli 1.7 5 – – 2.05 0.1

Cistus incanus 6.7 1.7 – 3.3 1.72 0.16

Daucus carota 28.3 23.3 20 21.7 0.43 0.73

Hordeum murinum 23.3 25* 3.3 8.3 5.79 0

Chrysanthemum segetum 1.7 5 – – 2.05 0.1

Satureja nervosa 8.3* – – 5 3.17 0.02

S. stellata 8.3 23.3 20 30* 3.1 0.02

Pallenis spinosa 5* – – 3.1 0.02

Chrysanthemum coronarium 10 – – 11.7* 4.83 0

Erigeron canadensis 11.7* – – – 7.79 0

Bromus tectorum 10 10 6.7 – 2.16 0.09

Sinapis arvensis 16.7 15 10 5 1.62 0.18

Verbascum undulatum 1.7 – – – 1 0.39

Sonchus oleraceus 11.7* 3.3 – – 5.29 0

Dorycnium germanicum 3.3 – – 1.7 1.23 0.29

Hieracium maculatum – – – 1.7 1 0.39

Trifolium tomentosum – – – 3.3 2.03 0.11

Cynodon dactylon – – 6.7 8.7* 2.81 0.04

Amaranthus albus – – 5* – 3.1 0.02

Vicia cracca – – – 5* 3.1 0.02

Gastridium ventricosum – – – 1.7 1 0.39

Sisymbrium officinale 3.3 – – 5 1.85 1.13

Sonchus asper – – 1.7 1.7 0.99 0.39

Lolium rigidum 1.7 3.3 6.7 – 1.75 0.16

Carduus pycnocephalus 1.7 3.3 6.7 – 1.75 0.16

Setaria verticillata 31.7* – – – 27.34 0

Hordeum villosum – 28.3* – 6.7 16.04 0

Lolium perenne – – 13.3* 5 9.07 0

A. geniculata – 55* – – 53.1 0

Chamomilla recutita 3.3 41.7* 1.7 – 32.51 0

Papaver rhoeas – 6.7* – 6.7* 2.81 0.04

Tragopogon pratensis – – 1.7 8.3* 4 0

Malva sylvestris – 25* – 8.3 12.42 0

Anthemis tinctoria – – – 11.7* 7.79 0

Reichardia picroides – – – 6.7* 4.21 0

Rapistrum rugosum – 15* 6.7 – 6.3 0
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indexes were found (P < 0.05) among the different man-

agement systems (Table 7).

As concerning the Jaccard index and Sorensen index,

their highest values were calculated between the 10-year

certified organic olive groves and the 6-year certified

organic olive groves (0.92 and 0.9, respectively) (Table 8).

The total number of species recorded in all olive groves

was 17, which represent the gamma diversity.

Density. The highest density (individuals per ha) of

woody plants (7.00 – 0.32) was recorded in the 10-year

certified organic olive groves, whereas the lowest density

(2.91 – 0.16) was recorded in the sprayed conventional

olive groves. Significant statistical differences were detec-

ted (F = 55.18 and P = 0.00) in the density of woody

plants among the farming treatments (Fig. 7).

Cover. The highest percentage (%) cover of woody

plants was recorded in the 10-year certified organic olive

groves (0.60 – 0.02), whereas the lowest percentage

cover was in the sprayed conventional olive groves

(0.34 – 0.01). Significant statistical differences (F = 25.81

and P = 0.00) in the percentage of woody plant cover

among the different types of olive groves were detected

(Fig. 8).

Relationships between variables of woody plants.

According to the PCA results (Table 9) five axes explain

the whole variability observed among the five variables

of woody plants tested (number, density, Shannon diver-

sity index, percentage of cover of woody plant species

and altitude). The first two axes (components) together

explain 75.56% of the variance in variables of woody

plants relation (component 1 = 57.48% and component

2 = 18.07%). For component 1, correlation between the

number, density and Shannon diversity index of woody

plant species was detected, whereas for component 2

moderate correlation between percentage cover and alti-

tude was observed (Fig. 9).

The PCA resulted in the following equalization: for the

component 1, 0.95 number of species + 0.91 Shannon

diversity index + 0.86 density + 0.43 cover + 0.43

altitude; and for the second component, - 0.20 number of

species - 0.30 Shannon diversity index - 0.02 density +
0.67 cover + 0.54 altitude.

Breedingbirds

Frequency of occurrence of breeding bird species. In

total 24 species of breeding birds were recorded in the

olive groves under different farming systems [certified

organic (10 years), certified organic (6 years), conven-

tional (non-sprayed), conventional (sprayed)] (Table 10).

Four of them are Species of Conservation Concern

(SPEC) according to the Birds Directive (2009/147/ EC,

former 79/409). More specifically, the Olive-tree warbler

(Hippolais olivetorum) and Red-backed shrike (Lanius

collurio) are included in the Annex I of the Directive and

the European turtle dove (Streptopelia turtur) and Com-

mon blackbird (Turdus merula) in the Annex II/2. A clear

trend in the number of breeding bird species in relation to

the specific farming system was not detected (F = 0.78

and P = 0.50). All olive grove types as a whole exhibited

high ornithological importance, as three and eight species

of unfavorable conservation status concentrated or not in

Europe (SPEC 2 and SPEC 3) were recorded, respectively

(Table 10).

On the basis of their feeding preferences (food category)

only slight differences in the number of bird species per

food category among the different farming systems were

observed. More specifically, 15 insectivorous, six granivor-

ous and three insectivorous/granivorous bird species were

observed in the study area. Among them nine insectivorous

species were recorded in the 10-year certified organic olive

groves and ten insectivorous species in each of the rest

olive grove types.

Regarding the granivorous birds, six of them were

recorded in the non-sprayed conventional olive groves

and five species in each of the rest olive grove types.

Furthermore, three insectivorous/granivorous species were

observed in the 10-year certified organic olive groves and

two in each of the other farming systems.

The Eastern olivaceous warbler was the most frequently

occurring species in the study area, accounting for 35%

of the frequency of occurrence in the 10-year certified

organic olive groves, 41.7% in the 6-year certified organic

ones, 38.3% in the sprayed conventional ones and 41.4% in

the non-sprayed conventional ones.

Species diversity. Almost the same number of species

was found in all types of olive groves. On the basis of

diversity indexes the highest bird diversity was recorded

in the 6-year certified organic olive groves [Shannon

diversity index (0.21), Simpson index (0.20), Evenness

index (0.21) and Berger–Parker index (0.19)]. No sig-

nificant statistical differences in the species richness,

Shannon diversity, Simpson, Evenness and Berger–Parker

indexes, were detected among the olive groves of differ-

ent farming systems (P > 0.05) (Table 11).

As concerning the Jaccard index and Sorensen index,

their highest values were calculated between the non-

sprayed conventional olive groves and the sprayed con-

ventional ones (1.0 in both cases) (Table 12). The overall

number of breeding bird species recorded in the olive

Asteraceae
23%

Brassicaceae
5%

Boraginaceae
4%

Fabaceae
11% Papaveraceae

4%

Poaceae
30%

Other
families

23%

Figure 4. Families of herbaceous plants (%) recorded in the olive

groves of the study area.
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groves of all management systems (24) represents the

gamma diversity.

Density. In Fig. 10, the average number of breeding

pairs (bp) of birds per hectare (density) in the different

management systems of olive groves are presented. The

highest density of breeding birds (bp/ha) was recorded in

the 10-year certified organic olive groves (7.07 – 0.3) and

the lowest one in the sprayed conventional olive groves

(4.9 – 0.16). However, no significant statistical differences

(F = 1.82 and P = 0.14) in the breeding density among the

different types of farming systems were recorded.

Biotic and abiotic indicators of bird species richness.

The density of breeding birds proved to be the best pre-

dictor of the number of breeding bird species within certi-

fied organic and conventional olive groves, explaining

71 and 93% of the number of breeding species variance,

respectively (R2 = 0.71 and 0.93) (Fig. 11a,b). Also,

number and biomass production of herbaceous species,

number, density and cover of woody species, as well as

altitude could not be used to predict the numbers of

breeding bird species (Table 13).

Typical bird species. Among the 24 species included

in the analysis, nine had a significant IndVal index at one

or several levels of the typology (Fig. 12 and Table 14).

Two species [Eurasian Jay (100.00)–Northern wheatear

(50.00)] had their maximum value in the 10-year certified

organic olive groves, three species [Common cuckoo

(100.00)–Orphean warbler (75.00)–Red-backed shrike

(75.00)] in the 6-year organic ones, four species

Table 4. Values of alpha diversity indexes of the herbaceous vegetation in olive groves under different management systems.

Index Organic (10 years) Organic (6 years) Conventional (non-sprayed) Conventional (sprayed) F P

Species richness 38a* 31a 25b 15c 41.88 0.00

Shannon–Wiener 0.28a 0.24a 0.15b 0.03c 48.92 0.00

Simpson 0.26a 0.21ab 0.18b 0.04c 39.33 0.00

Evenness 0.27a 0.22ab 0.18b 0.04c 43.06 0.00

Berger–Parker 0.17a 0.14a 0.15a 0.10b 9.09 0.05

* Different letters (row) mean statistically significant differences for significance level P < 0.05.

Table 5. Values of beta diversity indexes of the herbaceous vegetation in olive groves under different management systems.

Cj* Cs**

Organic (10 years)–organic (6 years) 0.59a*** 0.74a

Organic (10 years)–conventional (non-sprayed) 0.25c 0.40c

Organic (10 years)–conventional (sprayed) 0.31b 0.48b

Organic (6 years)–conventional (non-sprayed) 0.28c 0.44c

Organic (6 years)–conventional (sprayed) 0.27c 0.43c

Conventional (non-sprayed)–conventional (sprayed) 0.25c 0.40c

* Cj, Jaccard index; ** Cs, Sorenson index; *** different letters (column) mean statistically significant differences for significance level
P < 0.05.
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Figure 5. Herbaceous plant biomass production (g m - 2) in the

different types of olive groves (different letters mean statistically

significant differences for significance level P < 0.05).
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[Common linnet (50.00)–Pied flycatcher (50.00)–Whinchat

(50.00)–Eurasian hoopoe (50.00)] in the non-sprayed con-

ventional ones, but no species were found as typical and

characteristic of the sprayed conventional olive groves.

Discussion

Yield of olive groves

During our study period (2007) neither extreme climatic

conditions nor plant diseases or pests were recorded in the

study area, indicating a favorable year for the olive

production. The conventional olive groves gave slightly

higher, but not significant, mean yield in comparison with

the certified organic ones, concerning both the olive oil and

the edible olive production (kg tree - 1). This differentiation

may be due to the systematic use of inputs in conventional

olive groves or/and the relatively short period of organic

farming practices applied to the rest of the olive groves.

Another possible reason may be the proximity of conven-

tional to certified organic olive groves that may have

Table 6. Frequency of occurrence (%) of woody plant species in the different olive grove types (asterisk (*) denotes significant difference

in the frequency of occurrence of woody plants among farming systems).

Species

Organic

(10 years)

Organic

(6 years)

Conventional

(sprayed)

Conventional

(non-sprayed) F P

Origanum vulgare 10.3* 1.6 – 4.9 3.44 0.017

Arbutus unedo 1.7 1.6 – 24.6* 13.75 0.00

Cercis siliquastrum 1.7 – 20.0* 14.8 7.48 0.00

C. incanus 1.7 36.1* 10.0 32.8 11.99 0.00

Hedera helix 34.5* – – 14.8 17.84 0.00

Erica arborea 1.7 36.1* 11.7 19.7 9.72 0.00

Juniperus oxycedrus 32.8* – 20.0 9.8 9.86 0.00

Pyrus amygdaliformis 39.7* 27.9 16.7 14.8 4.296 0.006

Prunus spinosa 34.5* – – 13.1 18.30 0.00

P. terebinthus 24.1 23.0 45.0* 18.0 4.38 0.00

P. lentiscus – 32.8* 20.0 36.1 10.21 0.00

O. europaea var. sylvestris 55.2* 42.6 25.0 29.5 5.07 0.00

Quercus conferta – 13.1* 6.7 3.3 3.49 0.01

Quercus coccifera 50 37.7 26.7 32.8 2.47 0.06

Rubus fruticosus – 19.7* 3.3 4.9 7.43 0.00

Thymus vulgaris 36.2* – – 19.7 18.55 0.00

V. agnus castus – 42.6* 3.3 13.1 23.26 0.000

Table 7. Values of alpha diversity indexes of the woody vegetation in olive groves under different management systems.

Index

Organic

(10 years)

Organic

(6 years)

Conventional

(non-sprayed)

Conventional

(sprayed) F P

Species richness 13a* 12a 12a 17b 22.46 0.00

Shannon–Wiener 0.29a 0.31a 0.29a 0.19b 17.75 0.00

Simpson 0.23ab 0.26a 0.24ab 0.20b 4.29 0.00

Evenness 0.26a 0.29a 0.27a 0.21b 8.71 0.00

Berger–Parker 0.17a 0.21a 0.16a 0.14b 7.21 0.05

* Different letters (row) mean statistically significant differences for significance level P < 0.05.

Table 8. Values of beta diversity indexes of woody vegetation in olive groves under different management systems.

Cj* Cs**

Organic (10 years)–organic (6 years) 0.92a*** 0.95a

Organic (10 years)–conventional (non-sprayed) 0.47c 0.64c

Organic (10 years)–conventional (sprayed) 0.76b 0.86b

Organic (6 years)–conventional (non-sprayed) 0.71b 0.83b

Organic (6 years)–conventional (sprayed) 0.70b 0.82b

Conventional (non-sprayed)–conventional (sprayed) 0.70b 0.82b

* Cj, Jaccard index; ** Cs, Sorenson index; *** different letters (column) mean statistically significant differences for significance level
P < 0.05.
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delayed the equilibrium between trees and pests and

diseases in the organic ones. Parra Lopez and Calatrava

Requena8 stated that organic techniques applied in olive

groves of Spain was inversely related to the yield due to a

reduction in productivity inherent to organic farming,

particularly in the first steps of the conversion process.

Herbaceous plants

The analysis of herbaceous flora of the olive groves studied

showed that families Poaceae and Asteraceae exhibited

higher proportions in frequency of occurrence. The families

Poaceae, Asteraceae, Fabaceae, Caryophyllaceae and

Labiatae, among the richest of the Greek flora, were

represented in our study by more than 50 taxa each77,78.

Similar observations have been made by Uysal and

Karabacak79 and Uremis80 in Turkey and Tzaneli56 in

Greece.

The highest frequency of occurrence (%) was recorded

for the species A. geniculata in the 6-year certified organic

olive groves, a species frequently occurring in olive

groves81. The highest alpha diversity was recorded in the

10-year certified organic olive groves. More specifically,

they exhibited the highest number (species richness),

diversity (Shannon, Simpson and Berger–Parker index)

and evenness (Evenness index). Based on alpha diversity

values there is an indication that 10 years of organic

process in olive groves is a significant period for the

creation of favorite conditions for the establishment of

relatively rich herbaceous plant diversity. Similar results

have been reported by a number of other studies conducted

in various types of agroecosystems. Also, the species

diversity, the total and mean numbers of species are usually

higher in organic than in conventional farming systems82,83.

Pleasant and Schlater84 also reported that the organic

fertilization can increase the diversity of weed species by

introducing additional species. Moreover, the abundance of

herbaceous species has been found to be higher in certified

organic fields than in conventional fields in 16 out of 17

studies reported by Hole et al.10 in a relevant literature

review.

On the basis of the Jaccard index and Sorensen index of

similarity (beta diversity) the 10-year certified organic olive

groves and the 6-year certified organic olive groves showed

the highest values of similarity among all olive grove types

as regards the plant diversity of understorey. Obviously, the

similar management practices applied and the possible

similarity in soil composition were responsible for this

result. Conclusively, organic farming practices have

resulted in a more diverse herbaceous layer in the olive

groves of our study area. Although this is a general

conclusion, in similar studies Hald85 and Hyvönen et al.12

found high similarity in the herbaceous plant community

among organic and conventional fields.

Biomass is a basic characteristic of vegetation, which

reflects the fertility of soil resources used by specific plant

species86. Among all the olive groves managed in different

ways a significantly higher amount of herbaceous plant

biomass (g m - 2) was produced in the 10-year certified

organic olive groves. It is supposed that the non-use of

agrochemicals might have a positive effect on biomass

production in certified organic olive groves, where the

soil after 10 years of organic farming may have been

differentiated to a large extent in comparison to the

conventional system, but even the inorganic olive groves

with shorter period of integration (6 years). The time that

is necessary for radical changes to appear in the soil

parameters varies greatly. In some cases a few years of

organic farming are enough for the appearance of this

differentiation87, while in other cases even a 10-year period

of organic agriculture is not sufficient88. According to

various studies on organic agriculture, a higher density and

biomass of herbaceous plants has been estimated in com-

parison with those found in conventional agriculture89–91.

In contrast to this, Poveda et al.92 found that plant biomass

of conventional farms exceeded that of certified organic

ones, presumably became of the higher nutrient input in the

conventional farming system.
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Figure 7. Mean density (individuals/ha) of woody plants in the

different types of olive groves (different letters mean statistically

significant differences for significance level P < 0.05).
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Furthermore, positive correlations were found between

the following pairs: number of species of herbaceous plants

and Shannon diversity index, Shannon diversity index

and biomass, number of species of herbaceous plants and

biomass, number of species of herbaceous plants and

altitude, biomass and altitude, and the Shannon diversity

index and altitude. Kharkwal et al.93 have pointed out that

altitude and climatic variables are determinants of species

richness. The diversity of life forms usually decreases with

the increase in altitude and only one or two life forms

remain at extreme altitudes94. Also, many studies95–99 have

shown that the relationships between plant species diversity

and productivity are strongly scale dependent. Furthermore,

at an individual species level, all relationships between

plant diversity and above-ground biomass from local scale

to landscape and regional scales are positive and non-

linear100. Vujnovic et al.101 considered altitude, aspect and

slope as important factors in configuration of biodiversity,

in contrast to Hashemi102, considering altitude as a non-

meaningful parameter for biodiversity.

Woody plants

The wild-type olive tree (O. europaea var. sylvestris) as

expected, was the most frequently (%) appearing woody

plant species, more specifically in the 10-year certified

organic olive groves. The species is abundant through the

Mediterranean region81. Some parameters, such as seed

abundance, seed dispersal, possible soil fertility due to

organic matter deposition and adaptability to poor soil

conditions and dry and hot climate, have favored the dense

development of the species, especially in the certified

organic olive groves. This is the reason for the use of the

wild olive tree as a source of cultivated varieties103.

Species richness is a simple and easily interpretable

indicator of biological diversity104. In the present study, the

highest value of the woody species richness were estimated

in the sprayed conventional olive groves, justified by the

fact that herbicides applied in this type of olive groves

had no effect on the woody species. The highest values of

Shannon diversity index, Simpson index, Evenness and

Berger–Parker index were observed in the 6-year certified

organic olive groves. According to Petersen et al.105 flora

abundance, richness and diversity indexes were higher in

certified organic farms than in conventional ones. Positive

effects of organic farming on the flora and fauna diversity

have been well documented for various crops36,106.

On the basis of the Jaccard index and Sorensen index

(beta diversity) for the woody plants, the 10-year and

6-year certified organic olive groves showed the highest

values of similarity. This differentiation could be attributed

to the farming methods applied to the certified organic olive

groves being quite different to those applied to the

conventional ones.

In our study, an increased woody plant cover (%) and

density (individuals/ha) were observed in the 10-year

certified organic olive groves. This may be due, in addition

to the farming practices applied, to the soil conditions

configured under this system. There is scientific evidence

that organic farming can improve soil physical and

biological properties related to the build-up of organic

matter107,108. Possibly, the manure applied to the 10-year

certified organic olive groves favored the growth of the

foliage of woody species resulting in increased cover and

density.

According to PCA, a positive correlation between the

species number, density and Shannon diversity index of

woody plants was recorded. Also, a correlation between

percentage of woody plant cover and altitude was detected.

Diversity has been recognized as a community attribute

related to stability, productivity and trophic structure109–111.

Species richness or the number of species is currently the

most widely used diversity measure. Relative species

abundance of a community is another factor that affects

diversity112. Alatalo113, Schluter and Ricklefs114 and

Huston115 have long argued that species abundance and

proportional diversity are simply and directly related to the

species richness.

Breedingbird species

Our results indicated that the ornithological importance

of the study area, independently of the different farming

Table 9. Summary results of the axes of PCA for selected

variables of woody plants.

Component

Initial eigenvalues

Total % of variance Cumulative %

1 2.874 57.489 57.489

2 0.904 18.074 75.563

3 0.857 17.143 92.707

4 0.346 6.920 99.627

5 0.019 0.373 100.000
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species tested with PCA.
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Table 10. Frequency of occurrence (%) of breeding bird species in olive groves under different management systems.

Species
2009/147

Annexes

SPEC

Category1
Food

Category 2
Organic

(10 years)

Organic

(6 years)

Conventional

(sprayed)

Conventional

(non-sprayed) F PLatin name Common name

Carduelis cannabina Common linnet 2 G – – 1.7 1.7 0.67 0.56

Carduelis carduelis European goldfinch G 11.7 16.7 11.7 5.2 1.29 0.27

Carduelis chloris European greenfinch G 1.7 1.7 5.0 5.2 0.70 0.54

Cuculus canorus Common cuckoo I – 1.7 – – 0.98 0.39

Emberiza cirlus Cirl bunting G 6.7 11.7 8.3 3.4 0.98 0.40

Emberiza melanocephala Black-headed bunting 2 G 21.7 26.7 25.0 31.0 0.45 0.71

Ficedula hypoleuca Pied flycatcher I – – 1.7 1.7 0.67 0.56

Fringilla coelebs Common chaffinch G 33.3 35.0 30.0 31.0 0.13 0.93

Garrulus glandarius Eurasian jay I/G 1.7 – – – 0.98 0.39

Hippolais pallida Eastern olivaceous warbler 3 I 35.0 41.7 38.3 41.4 0.24 0.86

H. olivetorum Olive-tree warbler I I 8.3 8.3 28.3 37.9 8.70 0.00

L. collurio Red-backed shrike I 3 I 1.7 3.3 – – 1.23 0.29

Lanius senator Woodchat shrike 2 I 6.7 5.0 8.3 6.9 0.17 0.91

Muscicapa striata Spotted flycatcher 3 I – 1.7 1.7 1.7 0.33 0.79

Oenanthe oenanthe Northern wheatear 3 I 1.7 1.7 – – 0.65 0.58

Parus lugubris Sombre tit I/G 13.3 10.0 5.0 5.2 1.26 0.28

Parus major Great tit I 30.0 40.0 30.0 31.0 0.63 0.59

Passer domesticus House sparrow 3 I/G 3.3 5.0 3.3 1.7 0.32 0.81

Saxicola rubetra Whinchat I 1.7 – 1.7 1.7 0.67 0.57

Steptopelia turtur European turtle dove II/2 3 I 8.3 3.3 5.0 3.4 0.67 0.57

Sylvia hortensis Orphean warbler 3 I 3.3 8.3 – – 3.32 0.02

Sylvia melanocephala Sardinian warbler I 18.3 26.7 11.7 8.6 2.82 0.03

T. merula Common blackbird II/2 I 3.3 – 5.0 5.2 1.05 0.37

Upupa epops Eurasian hoopoe 3 I – – 1.7 1.7 0.67 0.56

1 ‘SPEC 1’ Species of global conservation concern, i.e., classified as globally threatened. Near threatened or data deficient; ‘SPEC 2’ for species with unfavorable conservation
status in Europe whose global populations are concentrated in Europe; ‘SPEC 3’ for species with unfavorable conservation status in Europe whose global populations are not
concentrated in Europe; ‘SPEC 4’ for species with a favorable conservation status in Europe whose global populations are concentrated in Europe.
2 I, insectivorous; G, granivorous; I/G, insectivorous/granivorous.
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practices applied to olive groves, seemed to be high.

The Eastern olivaceous warbler was the most frequently

observed bird species, with the highest percentage of

occurrence (%) in the 6-year certified organic olive groves.

The species is common in the olive groves, breeding in dry

scrub areas, shrub parks, uncultivated land, riverine zones

and orchards116.

It is remarkable that almost the same number of breeding

bird species was found in all types of olive groves, whereas

the highest values of Shannon, Simpson and Berger–Parker

indexes and Evenness diversity were recorded in the 6-year

certified organic ones. The highest value of overall breed-

ing bird density (b.p. ha - 1) was observed in the 10-year

certified organic olive groves. The lack of differentiation in

the number of breeding bird species between certified

organically and conventionally managed olive groves was

possibly due to the relatively short period of conversion to

organic system (6 and 10 years for the two organic types,

respectively). This period, under the specific environmental

conditions, may not be sufficient for the creation of

additional niches and subsequent establishment of more

numerous species. Although herbicide use in conventional

olive groves probably results in decreased foraging

opportunities, direct effects on birds appear unlikely to be

the main factor determining the number of bird species in

this case. Generally, herbicides commonly used in agri-

culture may not be acutely toxic to birds, but they may have

direct harmful effects to some insects that the birds feed

upon117. However, Round et al.118 found that mixed fruit

orchards were about 75% as rich in bird species as the

nearby natural forest. Moreover, in spite of the benefits of

certified organic fields to birds, their use by them does not

necessarily mean higher reproductive success119. Also, the

wider the differentiation of vegetation the more species

take advantage of the area for their food, reproduction and

cover64.

According to Genghini et al.34 the differentiation of the

avifauna between orchards managed conventionally and

organically could be attributed mostly to the different pest

management and secondarily to some aspects of environ-

mental differentiation (height, density, cover of trees and

increased presence of hedgerows and woodlots). Also,

Weibull et al.120 stated that the main factor affecting bird

communities is the supply of insects, the density of which

is probably reduced in conventional farms due to chemical

treatments. Moreover, effects of herbicides on weed seed

resources are suspected to have contributed to the decline

Table 11. Values of alpha diversity indexes of the breeding bird species in olive groves under different management systems.

Organic

(10 years)

Organic

(6 years)

Conventional

(non-sprayed)

Conventional

(sprayed) F P

Species richness 19a 18a 19a 19a 0.78 0.50

Shannon–Wiener 0.17a 0.21a 0.18a 0.18a 0.85 0.46

Simpson 0.17a 0.20a 0.17a 0.17a 0.91 0.43

Evenness 0.18a 0.21a 0.18a 0.18a 0.83 0.47

Berger–Parker 0.14a 0.19a 0.14a 0.18a 0.34 0.79

Different letters (row) mean statistically significant differences for significance level P < 0.05.

Table 12. Values of beta diversity indexes of breeding bird species in olive groves under different management systems.

Cj* Cs**

Organic (10 years)–organic (6 years) 0.76b*** 0.86b

Organic (10 years)–conventional (non-sprayed) 0.60c 0.75c

Organic (10 years)–conventional (sprayed) 0.58c 0.73c

Organic (6 years)–conventional (non-sprayed) 0.60c 0.75c

Organic (6 years)–conventional (sprayed) 0.60c 0.75c

Conventional (non-sprayed)–conventional (sprayed) 1a 1a

* Cj, Jaccard index; ** Cs, Sorenson index; *** different letters (column) mean statistically significant differences for significance
level P < 0.05.
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Comparing conventional and organic olive groves in central Greece 309

https://doi.org/10.1017/S1742170511000111 Published online by Cambridge University Press

https://doi.org/10.1017/S1742170511000111


of seed-eating birds. Although effects on winter densities

have been shown,121 population level effects are yet to be

demonstrated, partly because of analytical difficulties122.

However, Wolnicki et al.123 found that insectivorous and

granivorous birds were more abundant on the organic

farms, where their mean density was at least twice as high

as that of conventional farms. The most likely reason that

our certified organically managed fields support richer bird

communities is the better foraging opportunities associated

with vegetation diversity.

Concerning the presence of species with unfavorable

conservation status (SPEC 2 and SPEC 3 species), no clear

differentiation among the specific olive grove types was

observed. This could be attributed to the selection by these

species of a wider habitat rather than a specific olive

orchard treated in organic or conventional way.

The reduced density of breeding birds in the conven-

tional olive groves in comparison with the certified organic

ones may be due to the increased use of pesticides which

lead to the decrease of food (insects, seeds). Herbicide use

in conventionally managed fields, which removes broad-

leaved herbaceous plants, is listed as a cause of population

decline of some farmland birds in Europe124.

As regards the bird diversity, on the basis of the Jaccard

index and Sorensen index (beta diversity), the sprayed

conventional olive groves and the non-sprayed conven-

tional ones exhibited the highest value of similarity.

Determinants of beta diversity include dispersal and

niche limitation125,126. Stais and Pyrovetsi127 reported that

structure of vegetation, human activities, abundance of food

and weather conditions can affect the spatial distribution

and diversity of bird species.

Indicators of bird species richness

The density of breeding bird species (b.p. ha - 1) was

correlated significantly with the goal parameter ‘number of

breeding bird species’ in our study, being proved as an

indicator of the density. Species richness and density of

animals can be affected by numerous environmental factors

such as habitat, soil type and weather128. Nilson129 in

Sweden, Stirling and Wilsey130 in Chicago, USA, Verhulst

et al.131 in Hungary and Ding et al.132 in Taiwan found in

their studies that bird species richness was correlated with

bird density. Also, Kissling et al.133 suggested that bird and

woody plant species richness are linked via functional

relationships. In contrast, Ranjit Daniels et al.134 found

that bird species richness was inversely related to woody

plant species diversity. However, from similar studies poor

relationships between taxa have been reported from groups

believed to be good indicators135–137.

Typical species

The characterization of nine species, occurring almost

exclusively in specific farming systems and with high

abundances, as typical species of those farming systems,

can serve as a conservation tool for the management and

monitoring of the study area. Two of them (Eurasian jay,

Northern wheatear) were considered as 10-year certified

organic olive grove indicators, three species (Common

cuckoo, Orphean warbler and Red-backed shrike) as

indicators of the 6-year certified organic olive groves and

four others (Common linnet, Pied flycatcher, Whinchat and

Eurasian hoopoe) as indicators of the non-sprayed conven-

tional olive groves.

The species Eurasian jay, Common cuckoo, Orphean

warbler, Pied flycatcher, Whinchat and Eurasian hoopoe

prefer as habitat woodlands, orchards, olive groves and

cultivations and the species Red-backed shrike, Common

linnet and Northern wheatear, prefer shrubs, pastures and

firewoods116,138.

Conclusions

In our study area, the yield (edible olives and olive oil)

of the certified organic olive groves was not significantly
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different from that of the conventional ones. In the whole

study area, 56 species of herbaceous plants belonging to

20 families were recorded. Significant differences in alpha

diversity of the herbaceous plants among the different

farming treatments were found, with the highest values

recorded in the 10-year certified organic olive grove

system. Moreover, the highest herbaceous plant diversity

expressed by the Jaccard index and Sorensen index was

found in both types of certified organic olive groves

(10- and 6-years). The highest biomass production of the

herbaceous layer was measured in the 10-year certified

organic olive groves.

In total, 17 species of woody plants were recorded in

our study area. Similarly, significant differences in alpha

diversity among the different farming systems were found,

with conventional olive groves (sprayed) and 6-year

certified organic olive grove systems exhibiting the highest

values. However, concerning the Jaccard index and

Sorensen index, their highest values were calculated in

both types of certified organic olive groves. The highest

density and cover of woody plants were observed in the

10-year certified organic olive groves.

Table 13. Number of breeding bird species (y) as a function of seven potential indicators.

Indicator (x) Management d.f. R2 Sig. Regression equation

Density of all breeding birds Organic 1 0.71 0.00 R = 0.57x + 0.11

Conventional 1 0.93 0.00 R = 0.78x + 0.01

Number of herbaceous plant species Organic 1 0.00 0.95 R = - 0.00x + 0.48

Conventional 1 0.00 0.30 R = 0.16x + 0.39

Biomass production of herbaceous plant species Organic 1 0.00 0.59 R = - 0.02x + 0.04

Conventional 1 0.00 0.36 R = - 0.04x + 0.51

Number of woody plant species Organic 1 0.00 0.61 R = 0.07x + 0.04

Conventional 1 0.01 0.20 R = - 0.19x + 0.56

Density of all woody plants Organic 1 0.00 0.58 R = - 0.00x + 0.51

Conventional 1 R = 5.33x - 0.78

Percentage cover of woody plant species Organic 1 0.00 0.31 R = 0.07x + 0.44

Conventional 1 0.02 0.11 R = - 0.20x + 0.14

Altitude Organic 1 0.02 0.08 R = - 1.00x + 0.66

Conventional 1 0.06 0.00 R = - 0.17x + 0.76
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Figure 12. Hierarchical clustering of the bird records in the

sampling sites produced by Ward’s method in relation to the

different farming systems.

Table 14. Results of the IndVal analysis for bird species. Typical

species (IndVal > 50%) underlined.

Species IndVal (%) Class1

Common linnet 50.00 3

European goldfinch 40.54 2

European greenfinch 37.50 3

Common cuckoo 100.00 2

Cirl bunting 41.67 2

Black headed bunting 26.09 1

Pied flycatcher 50.00 3

Common chaffinch 30.61 2

Eurasian jay 100.00 1

Eastern olivaceous warbler 28.43 2

Olive-tree warbler 47.54 4

Red-backed shrike 75.00 2

Woodchat shrike 31.58 3

Spotted flycatcher 33.33 2

Northern wheatear 50.00 1

Sombre tit 36.00 1

Great tit 27.12 2

House sparrow 48.33 2

Whinchat 50.00 3

European turtle dove 46.15 1

Orphean warbler 75.00 2

Sardinian warbler 38.30 2

Common blackbird 37.50 3

Eurasian hoopoe 50.00 3

1 1, Organic olive groves (10 years); 2, organic olive groves
(6 years); 3, conventional olive groves (non-sprayed).
4, conventional olive groves (sprayed).
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In the olive groves studied, 24 species of breeding birds

were recorded (15 insectivorous, six granivorous and

three insectivorous/granivorous species). Four of them are

species of conservation concern according to the EU Birds

Directive (2009/147). More specifically, the Olive-tree

warbler and Red-backed shrike are included in Annex I,

and European turtle dove and Common blackbird in the

Annex II/2, of the Directive. No significant differences in

bird diversity were found among the different types of olive

groves based on the Berger–Parker dominance index, the

species richness, Shannon diversity index, Simpson index

and Evenness index. However, according to Jaccard and

Sorensen indexes, conventional olive groves (sprayed and

non-sprayed) showed the highest values. Moreover, no

significant differences in the breeding density among the

different types of farming systems were recorded. It is

important that the density of all breeding birds within

certified organic and conventional olive groves proved a

good indicator of species richness of breeding birds.

Four species of birds, Eurasian jay, Common cuckoo,

Orphean warbler and Red-backed shrike, were strongly

associated with a specific farming system. Eurasian jay

and Common cuckoo–Orphean warbler–Red-backed shrike

were associated with 10-year certified organic olive groves

and 6-year certified organic ones, respectively, and could be

regarded as ‘characteristic’ species for the two farming

systems.

Consequently, according to our findings there is a trend

for increasing alpha diversity of herbaceous plant species in

the 10-year certified organic olive groves and beta diversity

in the 10- and 6-year certified organic olive groves. Similar

trends were detected for alpha diversity of woody plants in

the 6-year certified organic olive groves, beta diversity in

both types of organic farming, density and cover of woody

plants and density of breeding birds in the certified organic

olive groves. It seems that the effect of time since the

integration of the organic farming procedure was very

important for defining the benefits for the herbaceous and

woody plants.

We finally conclude that, given the restrictions of our

study area (relative small field size, proximity of certified

organic and conventional olive groves, short period of

organic farming procedure), organic farming favors some

aspects of diversity of herbaceous and woody plants of

olive grove ecosystems. On the contrary, similar effects on

breeding bird diversity and density were not clearly

documented. However, breeding bird density proved a

good indicator of their richness. Therefore, more com-

parative research on herbaceous and woody plant species

diversity and abundance, as well as on bird and other faunal

diversity and abundance, in certified organic and conven-

tional olive groves is needed. Such research has to be based

on large-sized farms or, better, on extended areas of

uniform management, aiming at the extermination of any

possible effects of neighboring farms. Other components of

olive grove biodiversity (insects, small mammals, reptiles

and soil fauna) must also receive emphasis. Finally, the

research should be extended to more biotic and abiotic

parameters serving as potential indicators for bird species

richness within certified organic and conventional olive

groves.
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