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Abstract

The composition and conservation of plant communities is greatly influenced by the soil seed bank. Information on the soil seed 
banks and the remaining vegetation in these ecosystems is crucial for guiding the restoration efforts. This study examines the size, species 
richness, diversity, uniformity, and similarity of soil seed banks and aboveground vegetation in 6 different grazing lands including coastal 
pasture, reseeded pasture, artificial pasture, lowland shrubland, ungrazed pasture, and hillside shrubland. Forty-eight soil samples were 
taken by cores with a diameter and depth of 10 cm from each of grazing lands in August of 2007.  A vegetation survey was conducted 
using a 0.5 x 0.5-m quadrant in both the spring and fall. Eighty species were observed in soil seed banks and aboveground vegetation.  
The largest seed bank was observed in reseeded pasture (7,715 seed/m2), while the smallest seed bank was found in coastal pasture 
(2,755 seed/m2). Coastal pasture also possessed the least amount of aboveground vegetation (131 plants/m2). The most aboveground 
vegetation was found in ungrazed pasture (155 plants/m2). The most common species in seed banks were annual and perennial grasses 
in reseeded pasture, annual forbs in artificial pasture and hillside shrubland, and perennial forbs in low shrubland and ungrazed pasture. 
Species richness, diversity, and uniformity in seed banks were highest in lowland shrubland and lowest in artificial pasture. The seed bank 
and aboveground vegetation were similar in ungrazed pasture, coastal pasture, reseeded pasture, low shrubland, hillside shrubland and 
artificial pasture. Shrublands play an important role in species richness and the number of germinated seeds from seed banks of grazing 
lands in southern Marmara. The results showed that reseeding or a decrease in grazing pressure may improve the condition of grazing 
lands. 
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Introduction

Southern Marmara has a Mediterranean climate; thus, 
shrublands (maquis) are common in the region (Yılmaz, 
1993). Shrublands are composed of evergreen and decidu-
ous shrubs and annual or perennial plants. Annuals gen-
erally grow in heavily grazed lands on dry, low yielding 
soils and are the most common vegetation in the Medi-
terranean (Yılmaz, 1996; Marcelo et al., 2003). Mediter-
ranean shrubs provide habitats for wildlife (Papachristou 
et al., 2003) and are an important food source for domes-
tic animals. Throughout the year, shrublands are grazed 
by sheep and goats. The combination of shrubs and her-
baceous plants produce feed in the spring and fall. Goats 
that graze heavily on shrubs prefer green herbaceous va-
rieties (Papachristou, 1994), and many grazing lands in 
the Mediterranean are composed entirely of herbaceous 
plants. The loss of shrubs from grazing land may be due to 
conversion to farmland, poor soil quality or exploitation. 
For instance, coastal land is composed of sandy soil with 
a low water holding capacity that suffers from drought in 
the summer. Drought resistant therophytes are dominant 
in these areas (Raunkiaer, 1934). Studies to improve the 

landscape have been conducted on abandoned lands due 
to the loss of natural and quality plants from these areas. 
Reseeding is the best method for improving abandoned 
areas (Altın et al., 2005), leading to an increase in yield and 
quality and a decrease in species richness (Bakker, 1989; 
Tallowin, 1996).   

Soil seed banks play an important role in the compo-
sition and conservation of plant communities (Grubb, 
1977; Leck et al., 1989; Wisheu and Keddy, 1991). The 
composition of the seed bank depends on the composition 
and production of current and previous plant communi-
ties, as well as the longevity of seeds under local condi-
tions. Seeds that have been brought in from surrounding 
areas also contribute to the seed bank. 

Seed production is dependent on land use and en-
vironmental factors: production can be diminished by 
a reduction in leaf area due to livestock grazing, the al-
location of photosynthate to reproductive organs, or by 
the direct removal of flowers and seeds (Sternberg et al., 
2003).  Ungrazed sites typically possess a greater number 
of species and higher species density in the seed bank com-
pared to grazed sites (O’Cannor and Pickett, 1992; Jutila, 
1998; Mayor et al., 2003). Navie et al. (1996) found that 
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Subsequently, the land was reseeded with Lolium perenne, 
Bromus inermis, Medicago sativa, and Lotus corniculatus 
in 2005 and fertilized with N and P. Controlled grazing 
practice are applied in this site. The soils of reseeded pas-
ture are loamy, pH=7.27, EC= 0.29 dSm, CaCO3=4.29%, 
organic matter= 5.16%, available phosphorus and potas-
sium 62.80, 469 mg kg respectively. 

Artificial pasture: Artificial pasture was tilled after 
which wheat was grown. An artificial pasture is composed 
of a mixture of 20% Medicago sativa, 20% Lotus cornicu-
latus, 30% Lolium perenne, and 30% Bromus inermis. 
These species are the most common in grazing lands, al-
though other types of herbaceous plants have also been 
found. Artificial pasture is grazed under controlled condi-
tions. The soil is loamy sand, pH=7.38, EC= 0.38 dSm-1, 
CaCO3=11.90%, organic matter= 3.98%, available phos-
phorus and potassium 29.74, 394 mg kg-1 respectively. 

Lowland shrubland: Low shrubland has been heavily 
grazed by goats and contains Paliurus spina-christi, Sarco-
poterium spinosum, Dactylis glomerata, Poa pratensis, Avena 
barbata, Lolium perenne, Aegilops sp, Trifolium campestre, 
Plantago sp., and Crepis sp. The soil is a slightly alkaline clay 
loam that is pH=7.59, EC= 0.21 dSm-1, CaCO3=4.12%, 
organic matter= 3.51%, available phosphorus and potas-
sium 45.2, 205 mg kg-1 respectively. 

Ungrazed pasture: Ungrazed pasture is covered with 
Quercus infectoria, Quercus coccifera, Phillyrea latifolia, and 
Paliurus spina-christi. Other common species on ungrazed 
pasture include grasses such as Dactylis glomerata, Lolium 
perenne, Hordeum spantaneum and Avena clauda legumes 
such as Trifolium campestre, and other species including 
Anagallis arvensi, and Crepis zacinta. The soil is sandy 
loam that is pH=7.06, EC= 0.42 dSm-1, CaCO3=6.80%, 
organic matter= 3.12%, available phosphorus and potas-
sium 25.20, 404.17 mg kg-1 respectively. 

Hillside shrubland: Hillside shrubland has been heav-
ily grazed by goats and sheep throughout the year and 
contains Phillyrea latifolia, Thymus longicaulis, Paliurus 
spina-christi, Sarcopoterium spinosum, and Olea oleaster. 
Grass species such as Dactylis glomerata, Poa pratensis, and 
Koeleria lobata, and legumes including Medicago lupulina 
and Trifolium stellatum are also common. The soil is sandy 
loam, pH=7.17, EC= 0.17 dSm-1, CaCO3=2.37%, organ-
ic matter= 1.37%, available phosphorus and potassium 
14.09, 167.14 mg kg-1 respectively.   

Seed bank sampling
The seed bank was sampled in August 2007 before 

fall rains and the onset of germination.  Four plots were 
chosen from each of the six types of grazing lands. Twelve 
randomly sampled soil cores were obtained from each 
plot. Cores had a diameter and depth of 10 cm. Soil cores 
samples were stored in a dark, cold storage area (1°C) for 6 
months. The samples were sorted to eliminate plant frag-
ments and stones. Soil from each plot was combined and 

the total seed density in the soil seed bank of Queensland 
decreased with high levels of grazing and increased with 
intermediate grazing levels due to an increase in the num-
ber of annuals.

On the other hand, soil features (humidity, texture, 
etc.) determine the composition of vegetation and amount 
of seeds produced by plants. Due to the prevalence of 
drought in sandy soils, annual species are common, and 
the seed number in the seed bank is generally low (Staaf 
et al., 1987). Alternatively, water resources are not limited 
in low areas during dry seasons. Perennials are able to grow 
and produce enough seeds to perpetuate themselves, even 
under heavy grazing.  

Due to deep root systems, shrubs in the Mediterranean 
region are able to adapt and can provide invaluable food 
to grazing animals and sustain soil productivity (Bochet 
et al., 1999). Because shrubs endure under grazing condi-
tions, they also enable the survival of many herbaceous 
species: perennial herbaceous species can mature under 
the canopy of shrubs. 

There are many studies on the botanical composi-
tion, yield (Ozaslan Parlak et al., 2011), and animal per-
formance (Tölü et al., 2007) of grazing lands in southern 
Marmara. However, studies on seed banks in the region 
have not been conducted. The objectives of this study were 
to determine the size, composition, species richness and 
diversity of the seed bank and aboveground vegetation of 
different grazing lands representing southern Marmara 
region and to describe the relationship between the seed 
bank and existing vegetation within grazing lands.

Materials and methods

The study was conducted on Çanakkale grazing lands, 
located in northwest part of Turkey. Çanakkale has a typi-
cal Mediterranean climate (Türkeş et al., 2002): the mean 
annual precipitation is 615.5 mm and falls mainly in the 
winter and spring. The rainy season typically begins in Oc-
tober and ends in May, while summers are dry and hot. 
The mean annual temperature is 15oC.

Six different grazing lands located in southern Marma-
ra were chosen as study sites, including coastal pasture, re-
seeded pasture, artificial pasture, low shrubland, ungrazed 
pasture, and hillside shrubland. 

Coastal pasture: The dominant plant species in coastal 
pasture are annual and perennial grasses including Briza 
minor, Hordeum marinum marinum, Avena fatua, Poa 
pratensis, Bromus hordeaceus, Cyperus capitatus. Legumes 
present in coastal pasture include Medicago marina and 
Trifolium resupinatum. The soil is sandy, pH=7.65, EC= 
2.52 dSm, CaCO3=4.89%, organic matter= 1.14%, avail-
able phosphorus and potassium 8.16, 100.6 mgkg respec-
tively. 

Reseeded pasture: Originally, reseeded pastures pos-
sessed a large amount of Paliurus spina-christi; however, 
these plants were removed because they restricted grazing. 
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spread onto a plastic tray (25 x 50 x 7 cm) containing 2 cm 
of sterile potting soil in February of 2008.

Trays were placed in a greenhouse with natural light 
and temperature (between 14 and 25°C) and watered fre-
quently. Trays were rotated monthly to a different area of 
the greenhouse to reduce any effect of placement. Four 
control trays filled with sterilized potting soil were also 
randomly placed in the greenhouse to test for contamina-
tion. Germination was not observed in control trays. 

Seedlings were identified immediately after germina-
tion and were counted and removed, or, if they were not 
immediately identified, transplanted into pots for further 
growth. After two months, soil samples were carefully 
turned over to facilitate the emergence of new seedlings 
(Roberts, 1981). Germination trials lasted for approxi-
mately 8 months.

Vegetation survey
Vegetation was sampled twice by recording the spe-

cies present in a 0.5 x 0.5-m quadrant randomly placed 10 
times on the surface of each type of pasture. The first sur-
vey was conducted on May 4, 2007, when Mediterranean 
plants were in the flowering stage. The second survey was 
conducted on November 4, 2007, when plants were in the 
reproductive stage. Only herbaceous plants germinated in 
the experiment; thus, the composition of these plants was 
used exclusively in the vegetation survey. 

Data analyses
To determine species diversity, the Shannon-Wiener 

index, Simpson index, and Hurlbert’s probability of in-
traspecific encounter were determined. The Pielou index 
was used to indicate species uniformity (Shannon and 
Weaver, 1949; Pielou, 1975).

Simpson diversity index: D = 1-∑Pi
2 

Shannon-Wiener diversity index: H’ = -∑Pi ln Pi 
Probability of intraspecific encounter:
PIE = ∑[(Ni / N)(N-Ni)/(N-1)] 
Pielou evenness index: J = D/ (1-1/S)
Where S = species richness, Ni = number of the ith spe-

cies, N = number of all species, and Pi = proportion of the 
ith species.

Soil seed bank density, aboveground vegetation den-
sity, and soil properties of grazing lands were compared 

by a one-way analysis of variance (ANOVA) and Duncan’s 
multiple-range test with p = 0.05. All analyses were con-
ducted with MINITAB Release 14.13 (Minitab INC., 
1972-2004). Before conducting ANOVA, all data were 
calculated as the mean ± standard error.

Seed bank and aboveground vegetation were assessed 
for similarity using Jaccard’s similarity coefficient based on 
the presence or absence of species ( Jaccard, 1912). This co-
efficient was calculated for all types of vegetation.

Ci = a/(a + b + c)
where a = the number of species in sample A and B, b = 

the number of species present in A and absent in B, c = the 
number of species present in B and absent in A. Jaccard’s 
coefficient ranges from 0, indicating a lack of mutual spe-
cies, to 1, denoting complete concurrence.  

Results

Overall richness and density of the soil seed bank and 
vegetation
A total of 12,000 seedlings (1,039 in coastal pasture, 

2,911 in reseeded pasture, 1,640 in artificial pasture, 2,382 
in low shrubland, 1,646 in ungrazed pasture, and 2,382 in 
hillside shrubland) and 80 species (29 in coastal pasture, 
33 in reseeded pasture, 23 in artificial pasture, 34 in low 
shrubland, 33 in ungrazed pasture, and 32 in hillside shru-
bland) were observed. The largest seed bank was found in 
reseeded pasture (7,715 seeds/m2), followed by hillside 
shrubland, low shrubland (6,314 seeds/m2), ungrazed pas-
ture (4,363 seeds m-2), and artificial pasture (4,347 seeds/
m2). The smallest seed bank was observed in coastal pas-
ture with 2,755 seeds/m2. Annual and perennial grasses 
were predominant in reseeded pasture.  However, grasses 
were rare on artificial pasture and annual forbs were the 
most common plant (3,105 plant/m2). Annual forbs were 
also widespread in hillside shrubland (2,444 plant/ m2) 
but were lowest in reseeded pasture (581 plant/m2).  Low 
shrubland and ungrazed pasture contained the highest 
level of perennial forbs. The occurrence of legumes on dif-
ferent types of land was not statistically significant (Tab. 
1). 

A total of 80 species of aboveground vegetation were 
observed. Of these species, 36 were found in coastal pas-
ture, 29 in reseeded pasture, 25 in artificial pasture, 29 

Tab. 1. Nummer of germinated seedlings/m2 in soil seed bank in different grazing lands of  Southern Marmara

Grazing lands  Annual grasses Annual forbs Perennial grasses Perennial forbs Legumes Total
Coastal pasture 701±279.0 bc 1,624±470.0 ab   247±121.5 c 169±9.19 b 167±20.0 2,755±96.0 c

Reseeded pasture 4,044±737.0 a 581±183.5 b 2,675±520.5 a 287±110.5 b 127±68.8 7,715±1103.5 a
Artificial pasture  255±46.9 c 3,105±548.5 a 223±39.0 c  342±116.0 b 422±234.0 4,347±826.0 bc

Lowland shrubland 1,345±425.0 bc 1,624±307.5 ab 1,640±433.5 b 1,457±259.0 a 247±84.6 6,314±829.0 ab
Ungrazed pasture 573±121.5 bc 1,879±500.5 ab 820±143.5 bc 995±319.5 a 95±36.7 4,363±890.5 bc
Hillside shrubland 1,879±522.0 b 2,444±626.0 a 1,481±259.5 b 382±135.0 b 127±50.3 6,313±708.5 ab

With each column, values (Mean number ±Standart error) followed by different letters are statistically different at p<0.05.
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in lowland shrubland, 24 in ungrazed pasture, and 20 in 
hillside shrubland (Tab. 5). The highest density of plants 
(plant/m2) were observed in ungrazed pasture (155) and 
the lowest density was found in coastal pasture (131) (Tab. 
2).  Statistical differences were not significant between an-
nual grasses, annual forbs and legumes in the aboveground 
vegetation of different types of land. Perennial grasses 
were lowest in coastal pasture; however, similar levels were 
observed in other grazing lands.  In ungrazed pasture and 
hillside shrubland, the density of perennial forbs was 15 
and 16 plants/m2, respectively. As shown in Tab. 2, reseed-
ed and artificial pastures displayed the lowest density of 
perennial forbs.

Composition of the soil seed bank and aboveground 
vegetation
Bromus arvensis, Anagallis arvensis, Dactylis glomerata, 

Poa pratensis, and Galium sp. were germinated from soil 
seed banks of all grazing lands. Germinating seeds of Aira 
coryophyllea, Bromus hordeceus, Gaudinia fragilis, Hordeum 
marinum, Polypogon monspeliensis, Lagurus ovatus, Gera-
nium dissectum, Silene gallica, Cyperus capitatus, Astragalus 
homosus, and Trifolium repens were found exclusively in 
coastal pasture. Bromus tectorum, Phalaris paradoxa, Er-
yngium creticum, and Medicago rigidula germinated from 
seed banks of reseeded pasture, while Solanum nigrum, 
Anchusa azurea, Cichorium intybus, and Prunella laciniata 
were germinated from seed banks of lowland shrubland. 
Seeds of Fumoria densifolia, Turgenia latifolia, Carlina 
corymbosa, Centaurium erythraea, Foeniculum vulgare, 
and Verbascum sp. germinated from ungrazed pasture and 
Filago pyramidata, Mercurialis annua, Velezia quadriden-
tata, Dianthus leptopetalus, Salvia verbenacea, Teucrium 
scordium, and Trifolium stellatum seeds germinated from 
soil obtained from hillside shrubland (Tab. 3). Polypogon 
monspeliensis, Trchynia distochya, Vulpia ciliata, Euphorbia 
helioscopia, Kickxia elatina, Mercurialis annua, Ranuncu-
lus ficaria, Solanum nigrum, Sonchus oleracus, Alchemilla 
mollis, Achusa azurea, Bellis perennis, Carlina corymbosa, 
Cichorium intybus, Foeniculum vulgare, Prunella lacini-
ata, and Teucrium scardium germinated exclusively from 
seed banks and were not found in aboveground vegeta-
tion.  On the other hand, Aegilops umbellulata, Echinaria 

capitata, Gaudinia fragilis, Poa bulbosa, Taeniatherum 
caput-medusae, Carduus pycnocephalus, Filaga pyramidata,  
Xeranthemum annuum, Briza sp., Chrysopogon gryllus, 
Cirsium arvense, Oenanthe silaifolia, Rumex scutatus, Scor-
zonera cana, Thymus longicaulis, Hippocrepis unisiliquosa, 
Hymonocarpus circinnatus, Onobrychis sp., and Scorpiurus 
muricatus were found in vegetation but did not germinate 
from seed banks (Tab. 3, 4).

Properties of the soil seed bank and aboveground 
vegetation
The seed banks and aboveground vegetation of arti-

ficial pasture had the lowest species richness. The high-

est number of species was found in low shrubland (34), 
reseeded pasture (33), ungrazed pasture (33) and hillside 
shrubland (32). Coastal pasture had the highest number 
of species (36) in aboveground vegetation; however, there 
were less species in seed banks of coastal pasture and ar-
tificial pasture compared to aboveground vegetation. Al-
ternatively, other types of grazing lands contained more 
species in seed banks than in vegetation. The highest seed 
bank diversity (D = 0.958 and PIE = 0.957) was observed 
in lowland shrubland, while diversity was the lowest in the 
seed bank and aboveground vegetation of artificial pasture 
(D = 0.842, 0.854 and PIE = 0.838, 0.839, respectively). 
The highest diversity (D and PİE) in aboveground vegeta-
tion was found in coastal pasture. Artificial pasture dis-
played the lowest uniformity in both the seed bank and 
vegetation ( J = 0.881, 0.890). The highest value of unifor-
mity was found in the seed bank of lowland shrubland ( J 
= 0.987) and in vegetation of coastal pasture ( J = 0.961) 
(Tab. 5).

Similarity and relationship between soil seed bank and 
aboveground vegetation
Similarity between soil seed bank and aboveground 

vegetation was strong. The values of Jaccord’s coefficient of 
community ranged from 0.411 to 0.676 (with a mean of 
0.518) (Tab. 6). Fluctuations in similarity were observed 
between different grazing lands in vegetation quadrants 
and seed banks. The similarity between different types of 
aboveground vegetation varied between 0.100 and 0.410 

Tab. 2. Number of plants/m2 in aboveground vegetation in different grazing lands of Southern Marmara

Grazing lands  Annual grasses Annual forbs Perennial grasses Perennial forbs Legumes Total
Coastal pasture 45.8±6.96 25.2±7.31 20.9±4.40 b 11.6±5.35 ab 27.5±4.42 131.0±3.44 c

Reseeded pasture 45.2±11.65 12.8±5.46 66.8±7.59 a    3.1±0.94 b 22.8±8.23 150.7±6.94 ab
Artificial pasture 35.8±7.33   6.0±3.74 73.2±6.27 a    3.0±0.63 b 28.8±11.0 146.8±3.70 abc

Lowlan shrubland  50.8±16.95   6.7±7.08 56.8±29.11 a 12.7±3.93 ab 16.9±3.63 144.0±6.56 abc
Ungrazed pasture 65.0±6.13   8.5±2.11 57.8±28.90 a 15.3±4.33 a   7.9±3.18 154.5±5.14 a

Hillside shrubland 28.5±2.88 13.0±1.21 60.0±30.04 a 16.2±1.68 a 18.0±2.16 135.7±4.25 bc
With each column, values (Mean number ±Standart error) followed by different letters are statistically different at p<0.05
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Tab. 3. Characteristics of the soil seed bank (means, seeds/m2) of the grazing lands

Species Coastal pasture Reseeded pasture Artificial pasture Lowland shrubland Ungrazed pasture Hillside shrubland
Annual grasses
Alopecurus creticus 71.65 151.27
Aira caryophyllea 55.73
Avena barbata 310.50 71.65 159.23 111.46 350.31
Avena clauda 119.42 230.89 47.77
Bromus arvensis 55.73 485.66 63.69 318.47 127.38 310.50
Bromus hordeaceus 87.57
Bromus sterilis 509.55 63.69 278.66 103.50
Bromus tectorum 461.78
Cynosurus echinatus 135.34 230.89
Dasypyrum villosum 374.20 39.80 254.77 175.15
Gaudinia fragilis 39,80 39.80
Hordeum marinum  87.57
Hordeum spotaneum 135.34 358.27
Phalaris paradoxa 318.47
Phleum subulatum 79.61 103.50 15.92
Polypogon monspeliensis 63.69
Lagurus ovatus 39.80 135.34
Trachynia distachya 1249.99 183.12 143.31
Vulpia ciliata 15.92 31.84
Annual forbs
Anagallis arvensis 135.34 214.96 222.92 246.81 31.84 135.34
Anthemis arvensis 31.84 15.92 7.96
Arenaria leptoclados 95.54 1,289.80
Centaurium  
tenuiflorum 55.73 39.80 207.00 31.84 525.47

Chenopodium glaucum 95.54 159.23 7.96
Crepis foetida 143.31 15.92 55.73 39.80
Crepis pulchra 39.80 310.50 119.42
Crepis zacintha 47.77 1,122.60 15.92 31.84
Filago pyramidata 183.12
Fumaria densiflora 613.05
Geranium dissectum 103.50
Hedypnois cretica 15.92 79.61
Kickxia elatine 79.61 31.84
Lactuca saligna 31.84 47.77
Mercurialis annua 23.88
Picnomon acarna 23.88 175.15
Ranunculus ficaria 501.59 23.88
Silene gallica 207.00
Solanum nigrum 191.08
Sonchus oleraceus 15.92
Stellaria media 573.24 111.46
Torilis arvensis 238.85 47.77 1,202.22 230.89 453.81
Turgenia latifolia 7.96
Velezia quadridentata 31.84
Veronica arvensis 39.80 23.88 262.73 191.08
Perennial grasses
Cyperus capitatus 23.88
Dactylis glomerata 119.42 1138.53 71.65 509.55 445.85 764.32
Koeleria lobata 398.08 294.58
Lolium perenne 907.63 103.50 366.24 222.9 183.12
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in the number of seeds in the seed bank. Reseeded pasture 
has productive soils with the least amount of erosion due 
to a low slope. The species diversity of germinative seeds 
increased with increasing soil fertility (Staff et al., 1987). 

Shrublands were rich in germinating seeds; specifically, 
low shrubland displayed the highest species richness, di-
versity and uniformity. When compared to other types of 
shrublands, lowland shrubland experienced the least wa-
ter stress and little to no erosion due to a lack of slopes. 
Animals were not able to access herbaceous vegetation 
between shrubs; thus, plants produced seeds even under 
heavy grazing. Seeds in low shrublands disperse by many 
mechanisms: small seeds dispersed by wind, animals and 
overflow (Harper, 1977; Grant, 1983).  

In ungrazed pasture, less germination occurred com-
pared to other types of shrubland. Similarly, Bakoğlu et 
al. (2009) reported more germination in grazed land com-

(Tab. 6: v). Between different types of seed banks, similar-
ity ranged from 0.173 to 0.459 (Tab. 6: s). The degree of 
similarity in seed banks was moderately stronger than in 
vegetation. The weakest similarity was found in the vegeta-
tion of hillside shrubland and coastal pasture. The stron-
gest similarity was observed in the seed bank and vegeta-
tion of reseeded and artificial pasture. In seed banks, the 
weakest similarity was observed between ungrazed and 
coastal pasture. 

Discussion

Reseeded pasture was rich with germinated seeds. 
Seeds of herbaceous species were produced in between Pa-
liurus spina-christi plants, which had been growing for a 
long period of time and prevented grazing. After removing 
shrubs, reseeding with legumes and grass led to an increase 

Species Coastal pasture Reseeded pasture Artificial pasture Lowland shrubland Ungrazed pasture Hillside shrubland
Poa pratensis 103.50 628.97 47.77 366.24 151.27 238.85
Perennial forbs
Alchemilla mollis 23.88 23.88
Anchusa azurea 191.08
Bellis perennis 23.88 71.65
Carlina corymbosa 55.73
Centaurium erythraea 39.80
Cichorium intybus 103.50
Dianthus leptopetalus 15.92
Eryngium creticum 15.92
Euphorbia sp. 79.61 39.80
Foenicum vulgare 135.34
Galium heldreichii 15.92 183.12 119.42 15.92 246.81 294.58
Linum nodiflorum 63.69 278.66
Plantago lagopus 119.42 39.80
Plantago lanceolata 326.43 39.80
Prunella laciniata 127.38
Ranunculus repens 95.54 183.12
Salvia verbenaca 7.96
Scolymus hispanicus 199.04 238.85
Teucrium scordium 23.88
Verbascum sp. 39.80
Legumes
Astragalus hamosus 79.61
Lotus corniculatus 318.47 47.77
Medicago lupulina 15.92 31.84 23.88
Medicago minima 39.80 39.80 31.84 79.61
Medicago rigudula 15.92
Trifolium campestre 95.54 31.84
Trifolium pratense 23.88 31.84 47.77
Trifolium repens 55.73
Trifolium resupinatum 15.92 31.84 47.77 15.92
Trifolium stellatum 23.88
Trifolium tomentosum 15.92 23.88
Total 2,755 7,715 4,347 6,313 4,363 6,313
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Tab. 4. Characteristics of aboveground vegetation (means, plants/m2) of the grazing lands

Species Coastal
pasture

Reseeded 
pasture

Artificial 
pasture

Lowland 
shrubland

Ungrazed 
pastured 

Hillside 
shrubland

Annual grasses
Aegilops umbellulata 4.37 5.06 9.07 7.47
Alopecurus creticus 0.13
Aira caryophyllea 5.53
Avena barbata 1.68 7.35 6.45 18.05
Avena clauda 12.29 0.44 10.58
Bromus arvensis 5.18 8.99 2.09 13.92 12.65 2.98
Bromus hordeceus 2.71
Bromus sterilis 5.61 3.62 5.24
Bromus tectorum 0.36
Cynosurus echinatus 5.26 1.30
Dasypyrum villosum 6.61 3.48
Echinaria capitata 0.78
Gaudinia fragilis 5.49
Hordeum marinum  5.36
Hordeum spotaneum 10.16 5.46 15.22 34.02
Phalaris paradoxa 0.75
Phleum subulatum 0.32 2.75 4.31
Poa bulbosa 1.98 4.91 4.07
Lagurus ovatus 6.87
Taeniatherum caput-medusae 0.25
Annual forbs
Anagallis arvensis 3.92 4.05 2.15 0.65 3.37
Anthemis arvensis 6.75 1.08
Arenaria leptoclados 1.33 2.17
Carduus pycnocephalus 1.85
Centaurium  teniflorum 1.88 0.70 1.12
Chenopodium glaucum 2.13 1.05
Crepis foetida 2.20 0.21
Crepis pulchra 0.04 0.08 1.99 0.97
Crepis zacintha 0.19 0.08 0.12 0.90 1.63
Filago pyramidata 1.41
Fumaria densiflora 1.57
Geranium dissectum 1.31 3.06 1.26
Hedypnois cretica 3.07
Lactuca saligna 2.39
Picnomon acarna 2.53
Silene gallica 1.35
Stellaria media 0.21
Torilis arvensis 1.89 1.80
Turgenia latifolia 0.22       
Xeranthemum annum 3.58
Velezia quadridentata 0.73 1.28
Veronica arvensis 2.02
Perennial grasses
Briza sp. 2.32
Chrysopogon gryllus 1.11
Cyperus capitatus 2.80
Dactylis glomerata 6.42 10.88 7.84 8.19 21.10 12.07
Koeleria lobata 18.00 20.62
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rate was observed in Hordeum spotaneum, Centaurium er-
ythraea due to less seed burial and more seed damage. 

The number of seeds that germinated in artificial pas-
ture was low. These lands also displayed the lowest spe-
cies richness, diversity and uniformity. Artificial pasture 

pared to ungrazed land. Grazing allows seeds to become 
buried in the soil (Altın et al., 2005) and grazing animals 
cause a decrease in the number of seed predators (birds, 
rodents, etc.) (Gökkuş and Koç, 2001). Despite a higher 
seed production in ungrazed land, a lower germination 

Species Coastal
pasture

Reseeded 
pasture

Artificial 
pasture

Lowland 
shrubland

Ungrazed 
pastured 

Hillside 
shrubland

Lolium perenne 45.20 55.68 14.77 16.86 10.45
Poa pratensis 8.33 10.72 9.65 15.90 19.87 16.86
Perennial forbs
Centaurium erythraea 4.83
Cirsium arvense 0.27 0.90 1.12
Dianthus leptopetalus 6.09
Eryngium creticum 0.12 2.77
Galium heldreichii 0.51 0.18 1.74 1.40 2.09
Linum nodiflorum 2.61
Oenanthe sileifolia 1.00
Plantago lagopus 1.18 3.91
Plantago lanceolata 1.61 5.97
Ranunculus repens 0.44 3.52
Rumex scutatus 4.87
Salvia verbenaca 0.30 0.70
Scolymus hispanicus 2.41
Scorzonera cana 0.75
Thymus longicaulis 5.18
Verbascum sp. 5.57
Legumes
Astragalus hamosus 6.52 1.27
Hippocrepis unisiliquosa 3.13
Hymonocarpus circinnatus 1.61
Lotus corniculatus 8.26
Medicago lupulina 9.02 11.85 0.57
Medicago minima 1.03 1.29 4.03 7.48
Medicago rigudula 3.18
Onobrchis sp. 2.00
Scorpiurus muricatus 1.49 1.45 3.16
Trifolium campestre 1.92 0.78 2.25 4.91
Trifolium pratense 0.31 4.76 0.82
Trifolium repens 1.53
Trifolium resupinatum 6.87 4.94 9.16 0.97 0.12
Trifolium stellatum 3.14 10.57
Trifolium tomentosum 1.64
Total 131,19 150,75 146,83 144,07 154,58 135,75

Tab. 5. Species richness, diversity, and uniformity in soil seed bank and vegetation (Soil seed bank/ aboveground vegetation)

Grazing lands Species 
richness (S) Simpson index (D) Shannon index (H’) Hurlbert’s PIE Pielou index (J)

Coastal pasture 28/36 0.924/0.934 2.968/3.053 0.903/0.955 0.958/0.961
Reseeded pasture 33/29 0.913/0.884 2.753/2.596 0.911/0.880 0.941/0.916
Artificial pasture 23/25 0.842/0.854 2.335/2.510 0.838/0.839 0.881/0.890

Lowland shrubland  34/29 0.958/0.908 2.306/2.718 0.957/0.899 0.987/0.940
Ungrazed pasture 33/24 0.929/0.886 2.968/2.373 0.929/0.880 0.958/0.929

Hillside shrubland 32/20 0.914/0.887 2.850/2.506 0.915/.0907 0.944/0.929
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originated as farmland and was transformed into pasture 
by reseeding; thus, these lands have a low number of seeds 
in the seed bank. In fact, annual forbs and weeds were 
most often germinated in artificial pasture. These results 
agree with the observations of Gokkus (1994), Walker et 
al. (2004) and Zhan et al. (2007), who found that annual 
forbs and grasses were abundant in abandoned farmlands. 
Perennials were not able to develop or produce seeds in 
farmlands due to seasonal plowing; thus, annuals and 
weeds produced seeds intensively. 

Coastal pasture had the lowest number of germinated 
seeds and vegetation on these lands (Tab. 3). This may be 
due to the texture of coastal soils: buried seeds were able to 
resurface from the sandy soil and seeds left on the soil sur-
face were eaten by insects such as ants and beetles and small 
mammals (Thompson, 1987).  Similarly, Staff et al. (1987) 
found that less seeds were germinated from sandy loams. 
In coastal pasture, species richness was higher in vegeta-
tion than in the seed bank. This result indirectly suggests 
that asexual reproduction was the primary method of re-
production in coastal grassland. Similar results have been 
obtained in steppe ecosystems (Zhan et al., 2007). Thus, 
the preservation of perennial vegetation may play a more 
significant role in grassland recovery than soil seed banks.

The most germinated species in all grazing lands were 
annuals. Research has shown that annuals are a major 
component of Mediterranean grasslands (Marcelo et al., 
2003). The grazing of Mediterranean grasslands can have 
a large impact on vegetation (Montalvo et al., 1993; Selig-
man, 1996; Lavorel et al., 1999; Sternberg et al., 2000); 
however, the soil seed bank may buffer the impact of dif-
ferences in inter-annual grazing (Russi et al., 1992; Ortega 
et al., 1997). It is generally assumed that Mediterranean 
annuals show adaptive responses to unpredictable envi-
ronments by producing dormant seeds that persist during 
periods of limited resources (Shmida and Ellner, 1984; 
Thompson, 1992; Lavorel et al., 1993; Perevolotsky and 
Seligman, 1998).  Thus, a persistent soil seed bank acts as a 
long-term refuge for annual plant populations in variable 
environments typical of the Mediterranean region (Kigel, 
1995). 

With the exclusion of coastal pasture, seed banks of 
grazing land contained more species than aboveground 
vegetation. This is expected in heavily grazed pastures be-

Tab. 6. Jaccard’s similarity coefficient among different types of soil seed bank and vegetation

Grazing lands  Coastal 
pasture

Reseeded 
pasture

Artificial 
pasture

Lowland 
shrubland

Ungrazed 
pasture

Hillside 
shrubland

Coastal pasture 0.600sv 0.207v 0.150v 0.226v 0.220v 0.100v
Reseeded pasture 0.270s 0.512sv 0.410v 0.295v 0.261v 0.166v
Artificial pasture 0.219s 0.459s 0.411sv 0.350v 0.289v 0.216v

Lowland shrubland  0.240s 0.425s 0,390s 0.465sv 0.232v 0.225v
Ungrazed pasture 0.173s 0.294s 0.272s 0.288s 0.676sv 0.194v

Hillside shrubland 0.224s 0.250s 0.250s 0.245s 0.274s 0.444sv
v) Similarity among different types of vegetation; s) Similarity among different types of seed bank; sv) Similarity between seed bank and aboveground vegetation of the 
same type

cause plants are removed by grazing but seeds remain in 
the soil due to dormancy.

Many studies have been conducted on the similarity of 
seed banks and aboveground vegetation. Low similarities 
were observed between the seed bank and aboveground 
vegetation in most studies involving grasslands dominated 
by perennial grasses (Rabinowitz, 1981; Archibold, 1981; 
Schenkeveld and Verkaor, 1984; Thomson, 1986; Fischer, 
1987; Millberg, 1995; Bakkler et al., 1996). These discrep-
ancies were explained by the minor contribution of domi-
nant perennial grassland species to seed banks. In general, 
perennial grasses have low seed production because they 
alternate between sexual reproduction and vegetative 
forms and their seeds persist in the soil for short periods of 
time (Touzard et al., 2002).

The strongest similarity between vegetation and seed 
bank was observed in coastal and ungrazed pastures. An-
nual grasses and forbs commonly grow in coastal pasture 
and water stress often occurs due to the presence of sandy 
soils. This leads to rapid seed production by annuals and 
results in increased similarity (Peco et al., 1998). Plants 
in ungrazed pasture produce seeds in vast quantity. Since 
there is no grazing pressure, plants do not disappear from 
the vegetation. Due to the fact that seeds on the aboveg-
round vegetation are buried in the soil, similarity between 
the soil seed bank and vegetation increases (Grime, 1979). 
The weakest similarity between vegetation was observed 
in hillside shrubland and coastal pasture. Sandy soil in 
coastal pasture results in unique plant species and the 
weakest similarity.

The strongest similarity was observed in seed banks 
and vegetation of reseeded and artificial pasture. These 
pastures are located close to each other and possess similar 
soils. Although the use of reseeded and artificial pastures is 
different, their characteristics are quite similar. This result 
indicates that soil properties have an effect on vegetation 
type. 

Conclusions

The grazing lands of Southern Marmara are under 
heavy grazing pressure and shrublands play a crucial role in 
species richness and the number of seeds that germinate. 
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