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Abstract

Biodiversity of ecosystems is determined to a considerable extent by the diversity of herbaceous 
species. The aim of this study was to examine and compare diversity of herbaceous species 
in the forest, ecotone, and pasture located in upland areas in Shirud, Mazandaran Province, 
Iran. In each area, eight 100 m2 circular sampling plots were established along a transect using 
random-systematic method, and coverage of herbaceous species was recorded in each plot. 
There were significant differences in diversity, evenness and richness among the forest, ecotone 
and pasture areas. The results of ANOVA and Duncan’s tests indicated that the forest and pasture 
sites had higher diversity compared to ecotone. Jaccard and Sørensen’s similarity coefficients 
also confirmed the better growing conditions for herbaceous species in the forest and pasture 
sites in comparison to the ecotone. This paper presents evidence that species diversity is closely 
linked to grazing intensity.
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Introduction

Plant diversity plays an ecological key 
role in forest ecosystems, including in 
succession and nutrient cycles (Gilliam 
2007, Hart and Chen 2008, Nilsson and 
Wardle 2005). Thus, vegetation studies 
are important to assess the current state 
of forest ecosystems and to project it in 
the near future (Oxbrough et al. 2014). In 
the last few decades, especially after the 
Rio Conference, loss of biodiversity as-
sociated with human activities became a 
main source of concern for forest ecolo-

gists (UNCED 1992). Maintaining biologi-
cal diversity is a key aim of global forest 
policy, which promotes ecosystem health 
in the face of changing land use and cli-
mate. Sustainable management of forest 
ecosystems is essential to the society and 
economic by services that forests provide. 
It is an important component of the envi-
ronmental policies at national level and 
is a specific focus of the Conventional 
on Biological Diversity (Oxbrough et al. 
2014). Therefore, it is essential to esti-
mate the plant diversity of forest ecosys-
tems. Such estimation can assist the for-
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est managers to identify endangered spe-
cies and to reveal the population trends. 
Moreover, quantifying plant diversity al-
lows comparison of different sites and re-
gions (Gotelliand and Colwell 2001).

Natural heterogeneity in a geographical 
area reflects habitat diversity. Ecotones are 
one of the major factors that cause such 
diversity. Pioneer American plant ecologist, 
Frederic Clements (1905) defined an eco-
tone as a “junction zone between two com-
munities, where the processes of exchange 
or competition between neighboring forma-
tions might be readily observed”. The main 
features of these areas are vegetation tran-
sition (Schumann et al. 2003, Suzuki et al. 
2006) and species diversity (Junyan et al. 
2014). Flora and fauna diversity in ecotones 
are often richer than in the neighboring eco-
systems; however, overexploitation could 
pose a serious threat to their ecological di-
versity (Sharma et al. 2014).

Pasture is a natural ecosystem that 
contains vast genetic resources, plant 
and animal diversity. The biological diver-
sity of pastures is determined mostly by 
their plant diversity that ensures stabil-
ity of the ecosystems against changing 
environmental factors (McCann 2000). 
Protection of pasture ecosystems entails 
management and conservation of their 
ecological complexity and this can only be 
achieved by studying and measuring spe-
cies diversity. With the advance of science 
related to natural resources and necessity 
for maintaining biodiversity and manag-
ing valuable natural resources, there is a 
growing interest in examining ecological 
diversity through different diversity indices 
(Ghazoul and Sheil 2010, Newton 2007).

Measurement of biodiversity in an eco-
system is essential for biological control 
and conservation of genetic resources 
(Ninan 2012). Species composition, domi-
nance, evenness, and the number of spe-

cies are important parameters used in 
evaluating the ecological conditions of 
ecosystems (Orwin et al. 2014). These pa-
rameters show the diversity, richness, and 
status of these resources and help adopt-
ing an appropriate management plan. The 
present study examines the herbaceous 
species diversity of the forest, ecotone, 
and pasture located in upland areas in 
Shirud of Mazandaran Province, and pro-
vides insights into the way that will help 
to restore and manage these ecosystems.

Materials and Methods

Study area

Shirud area is located in southern 
Tonekabon city in Mazandaran province 
from 36°41′05″ to 36°45′40″N and from 
50°46′0″ to 50°50′10″ E. It is bordered 
by private farmlands from the north, by 
Chalakrud watershed basin from the west, 
and by Tiromrud watershed basin from the 
east and south. Minimum and maximum al-
titudes are 100 and 3520 m a.s.l., respec-
tively. The total area of Tiromrud basin is 
20287 ha. The average annual temperature 
of the region is 16 °C, the average annual 
rainfall is 1100 mm, and the maximum and 
minimum monthly rainfalls are 269.6  mm 
and 38 mm, respectively (Ramsar Synoptic 
Weather Station 2012). The forest soils are 
acidic with a pH varying between 5.5 and 
6.5. The present study was carried out in 
the forest with slope of 50 %, ecotone with 
slope of 25  % and pasture with slope of 
40 %. According to the general overview of 
study area and local experts` view, the for-
ests, grassland and ecotone are affected 
by grazing intensity. For this reason, we 
considered the average grazing intensity 
of the forest and the pasture, and high in-



Investigation of Herbaceous Species... 201

the normal distribution of data, one-way 
ANOVA was used to compare the three 
sites, and Duncan’s test was applied for 
multiple comparisons of means.

The diversity, evenness, and richness of 
each area were calculated using the soft-
ware mentioned above (McArt et al. 2012, 
Robbins et al. 2006, Oldeland et al. 2010):

● Shannon-Wiener index (Hamilton 
2005): This index has higher sensitivity 
to rare species. It is a suitable method 
for comparing diversity in different areas 
(Pena et al. 2010, Jongsma et al. 2014).

● Simpson index: Simpson index is the 
probability that two individuals taken at 
random belong to the same species (Leps 
et al. 2006).

● Smith and Wilson’s evenness index: 
This index is based on the variance in 
abundance of species. According to Smith 
et al. (2008) this is the best evenness, be-
cause it is independent of species richness 
and is sensitive to both rare and abundant 
species in a sample or a community (Gari-
baldi et al. 2013, Han et al. 2014).

● Richness index: The simplest and 
most common measurement of species 
richness is the number of species (Gari-
baldi et al. 2013).

Similarity among the three studied 
sites was examined by Jaccard and Sø-
rensen coefficients (Table 1).

Similarity index Description

Jaccard

cba
aSJ ++

=

a = number of species in 
common for both sites.

b = number of species 
in the first sample or 
community.

c = number of species 
in the second sample or 
community.

tensity grazing in the ecotone site. Criterion 
for selecting ecotone was low slope since 
grazing intensity (especially sheep) was 
high there. The forest type is beech com-
munity (Fagetum-oreintalea) and the pre-
dominant tree species in the forest are 
Fagus orientalis following by Carpinus 
betulus, Alnus subcordata, Parrotia persi-
ca, Acer velutinum, Quercus castaneifolia 
and Fraxinus excelsior.

Data collection

First, the sampling range was selected 
in the forest with tree, shrub and herba-
ceous species, the ecotone with shrub 
and herbaceous species, and the pasture 
sites with herbaceous species at altitude 
of 1754 to 2275 m a.s.l. using a map of 
the area. Systematic sampling was done 
along a transect at 50, 100 and 150  m 
intervals across the forest, ecotone and 
pasture sites with different grazing intensi-
ty. We selected two areas in which grazing 
intensity were medium (i.e., forest) and 
high (i.e., ecotone) in order to assess the 
grazing effect. To determine the grazing 
intensity of Shirud area, we used restric-
tions on water resources, slope, distance 
from the village and the camp livestock. 
Nested plot method was used to sample 
herbaceous species and the minimal area 
curve was plotted (100 m2 was obtained in 
this study) (Houeto et al. 2013). Overall, 
eight plots were established in each area, 
where the coverage of herbaceous spe-
cies was estimated.

Data analysis

The diversity indices were calculated us-
ing Ecological Methodology software, and 
the results were further analyzed by SPSS 
16. Kolmogorov-Smirnov test was used 
to examine the normality of data. Given 

Table 1. Jaccard and Sørensen’s similarity 
coefficients.

cba
aSS ++

=
2

2
Sørensen
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Results

The list of herbaceous species in the for-
est, the ecotone and the pasture sites are 

shown in Table 2. Totally 71 species be-
longing to 39 families were identified (33 
species and 23 families in the forest, 26 
species and 21 families in the ecotone, 

Table 2. List of the herbaceous species in studied areas.

Relative frequencyMean percent cover
FamilySpecies

PastureEcotoneForestPastureEcotoneForest

0.13--5--AsteraceaeAchillealanulosa Nutt.

0.5-0.137-7PoaceaeAgrostis stolonifera L.

0.51-5.55.38-RosaceaeAlchemilla vulgaris L.

--0.13--6AlliaceaeAllium sativum L.

0.25--3.38--BrassicaceaeAlyssum iranicum Hausskn 
ex Baumg.

--0.63--4.8BrassicaceaeAlyssum maritimum (L.) 
Lam.

--0.13--6AsteraceaeArctium lappa L.

--0.75--6.5AsteraceaeArtemisia annua L.

--0.88--20.29RubiaceaeAsperula odorata L.

0.25--4--ChenopodiaceaeAtriplex tatarica L.

0.25--3.5--BrassicaceaeCapsella bursa-pastoris L.

0.5-0.256-7.5CyperaceaeCarex hirta L.

--0.5--8.5CyperaceaeCarex sylvatica L.

0.13--5--AsteraceaeCentaurea iberica Trevir. 
&Spreng.

0.13--1--GentianaceaeCentaurium pulchellum 
(SW.) Druce

0.25--2--PapaveraceaeChelidonium majus L.

0.51-54.88-AsteraceaeCichorium intybus L.

110.13619.252.5AsteraceaeCirsium spectabilis DC.

-0.13--2-LiliaceaeColchicum kotschyi Boiss.

0.25--2--AsteraceaeConyza bonariensis L.
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0.7510.255.8315.384.5IridaceaeCrocus caspius Fisch. 
&C.A.Mey. ex Hohen

0.13--5--CuscutaceaeCuscuta campestris L.

-0.13--3-BoraginaceaeCynoglossum creticum Mill.

-0.130.38-46.67ScrophulariaceaeDigitalis purpurea L.

0.25--4--ApiaceaeEryngium caucasicum 
Trautv.

--0.5--6.25EuphorbiaceaeEuphorbia amygdaloides L.

0.13--5--AsteraceaeFilago vulgaris Lam.

--0.63--5.6RosaceaeFragaria vesca L.

0.25--6.5--RubiaceaeGalium ghilanicum Stapf

1-0.635.75-6.2GeraniaceaeGeranium maculatum L.

0.25--5--GeraniaceaeGeranium molle L.

0.25--3--RosaceaeGeum urbanum L.

-0.130.13-54ApiaceaeHeracleum persicum Desf. 
exFisch.

--0.5--5.75HypericaceaeHypericum androsaemum L.

-0.13--5-JuncaceaeJuncus fontanesii J.Gay

0.38-0.634.67-5.4LamiaceaeLamium album L.

-0.13--2-MalvaceaeMalva parviflora L.

0.51-45-PapilionaceaeMedicago sativa L.

-0.25--8-LamiaceaeMentha pulegium L.

--0.25--5EuphorbiaceaeMercurialis perennis L.

-0.13--3.25-BrassicaceaeNasturtium officinale W.T. 
Aiton

0.370.250.13427LamiaceaePhlomis bruguieri Desf.

--0.25--6.5AspleniaceaePhyllitis scolopendrium L.

0.13--3--PlantaginaceaePlantago major L.
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0.51-8.255.88-PlantaginaceaePlantago ciliata Desf.

-0.130.25-27AsparagaceaePolygonatum orientale Desf.

0.13--2--PolygonaceaePolygonum convolvulus L.

0.63-0.54.2-7PrimulaceaePrimula heterochroma 
Stapf.

0.40.250.251956HypolepidaceaePteridium aquilinum (L.) 
Kuhn

0.631-6.44.25-RanunculaceaeRanunculus arvensis L.

--0.13--8RosaceaeRosa canina L.

-10.25-1516RosaceaeRubus fruticosus L.

0.51-821.63-PolygonaceaeRumex sp.

--0.38--7LamiaceaeSalvia officinalis L.

-0.130.38-67CaprifoliaceaeSambucus ebulus L.

0.13--2--CrassulaceaeSedum hispanicum L.

-0.13--2-AsteraceaeSenecio vernalis Waldst. 
& Kit.

0.25--4.75--CaryophyllaceaeSilene conica L.

0.25--5.75--CaryophyllaceaeSilene gallica L.

--0.5--7.75SolanaceaeSolanum melongena L.

0.13--4--AsteraceaeTaraxacum sp.

0.13--3--LamiaceaeTeucrium hyrcanicum L.

0.13--3--LamiaceaeThymus carnosus Boiss.

0.88-0.389.29-6PapilionaceaeTrifolium resupinatum L.

0.380.130.55.671511.88UrticaceaeUrtica dioica L.

0.13--5--ScrophulariaceaeVeronica persica Poiret.

0.510.634.252.885.2ViolaceaeViola sylvestris Lam.
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and 40 species with 27 families in 
the pasture).

In the ecotone, the highest cov-
er percentage belonged to Cirsium 
spectabile (19.25  %), followed 
by Crocus caspius (15.38  %), 
Rumex sp. (21.63 %), Urtica dio-
ica (15  %), in the forest, Rubus 
fruticosus (15  %), Asperula odo-
rata (20.29 %) and in the pasture, 
Pteridium aquilinum (19 %) had the 
maximum percent cover (Table 2).

As shown in Figures 1 and 2 
(Jaccard and Sørensen similarity 
coefficients), the highest similar-
ity was found between the forest 
and pasture sites and the lowest 
one – between the ecotone and 
pasture sites.

A comparison of the studied 
sites in terms of evenness, rich-
ness and diversity (using one-way 
ANOVA and Duncan’s multiple 
range tests) are given in Table 3.

Duncan’s test revealed that 
there was a significant difference 
between the forest and the ecotone 
sites, and between the ecotone and the 
pasture sites in Simpson and Shannon-
Wiener indices (α  =  1  %). However, 
no significant difference was found 
between the forest and pasture sites. 
There was also significant difference 
between the forest and pasture sites in 
the Smith-Wilson index (α = 5 %), and 
between the studied sites in species 
richness, which was higher in the forest 
and pasture in comparison to the eco-
tone (Table 3).

Discussion

Understanding the effect of biological 
stress on an ecosystem is an impor-

Index Site Mean±SD P-value

Simpson
Forest
Ecotone
Pasture

0.04±0.72
0.17±0.68
0.04±0.90

0.001**

Shannon-
Wiener

Forest
Ecotone
Pasture

0.56±3.39
1.07±2.12
0.45±3.59

0.001**

Smith and 
Wilson

Forest
Ecotone
Pasture

0.06±0.84
0.14±0.63
0.16±0.79

0.009**

Richness Forest
Ecotone
Pasture

12.5±4.69
0.14±0.63

3.92±16.13
0.00*

Table 3. The values of diversity indices in studied 
sites.

Note: SD – standard deviation; P – level of significance; 
* indicate significant difference at the 0.05 level; 
** indicate significant difference at the 0.01 level.

Fig. 1. The values of Jaccard’s similarity coefficient in the 
studied sites.

Fig. 2. The values of Sørensen’s similarity coefficients 
in the studied sites.
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tant issue because each stress tends to 
cause area destruction and reduced di-
versity. This study revealed that the graz-
ing has decreased the diversity, evenness 
and richness of species in the studied 
sites. The results indicated that there is 
a significant difference among the eco-
tone, forest and pasture sites in species 
abundance and diversity. Jaccard and 
Sørensen’s similarity coefficients showed 
high similarity between the forest and pas-
ture, and low similarity between the eco-
tone and pasture sites. This states that 
herbaceous species in the forest and the 
pasture sites have been less exploited. In 
contrast, they have experienced severe 
biological stress caused by anthropogenic 
pressure by people and livestock and this 
has led to decrease of species diversity 
and richness. Grazing causes changes in 
the pattern of species dominance (Aikens 
et al. 2007, Rasingamet al. 2009). Cirsium 
spectabilis, Crocus caspius, Rumex sp., 
Urtica dioica, Rubus fruticosus, Asperula 
odorata, Pteridium aquilinum were domi-
nant and indicator species in the forest, 
ecotone and pasture areas, respectively 
(McEvayetet al. 2006, Ebrahimi et al. 
2014).

In addition, the results indicate that 
diversity of herbaceous species is higher 
in the forest and pasture than in the eco-
tone. There was higher species richness 
in the forest and the pasture in compared 
to the ecotone, and clearly grazing is 
one factor that reduces the richness and 
abundance of species. This subject is 
supported by the results of Bouahim et al. 
(2011). Reduced species richness due to 
cattle grazing has been reported in vari-
ous studies (Altesor et al. 2006, Loydi et 
al. 2012, Pykälä 2005, Roberts and Zhu 
2002, Schumann et al. 2003). In the stud-
ied sites cattle grazing affected more the 
evenness of herbaceous species than the 

richness. Evenness plays more significant 
role in maintaining diversity than rich-
ness. This is consistent with the results 
of Anderson and Hoffman (2007), Aré-
valo et al. (2007), Casado et al. (2004), 
and Fernández-Lugo et al. (2009). It is as-
sociated with abundance, and maximum 
values are obtained when all species are 
equally represented (Hayek and Buzas 
2013). Species evenness was higher in 
the forest and pasture sites than in the 
ecotone, where grazing pressure has de-
creased the coverage of species, thus re-
ducing evenness and diversity (Ebrahimi 
et al. 2014). Overgrazing reduces species 
evenness and can disturb an ecosystem 
(Navarro et al. 2006), but moderate graz-
ing has a positive effect on plant stability 
(Klimek et al. 2007, Van der Walt et al. 
2014, Sun et al. 2008).

Comparison of species diversity indicat-
ed that diversity indices were significantly 
higher in sites subjected to moderate graz-
ing compare to the sites with overgrazing 
(α = 1 %). Our results support the Mligo’s 
study (2006), which showed that grass cov-
er was negatively correlated with grazing 
intensity, and moderate grazing ensures 
annual regeneration of species. Like Hen-
dricks et al. (2005), we found that diversity 
is lowest in areas around cattle pens where 
grazing pressure was the highest. This is 
consistent with the results of Austrheim 
and Eriksson (2001), McIntyre and Lavorel 
(2001), Pykälä (2005), Weiss et al. (2014), 
Zhao et al. (2007), Mligo (2006), Guo et al. 
(2010), Tárrega et al. (2006) and Barger et 
al. (2004).

Our results support the reports that high 
intensity grazing leads to decreased spe-
cies diversity. Significantly lower diversity 
and evenness in a high-intensity grazing 
site indicates that the community faces dif-
ficult conditions and destruction of the area 
causes loss of certain critical plant spe-
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cies. On the other hand, moderate graz-
ing increases species diversity and has a 
positive effect on the grass cover of the 
region. Our findings showed that the level 
and quality of biodiversity in the region is 
closely linked to destructive grazing and 
conservation of herbaceous species that 
can play an effective role in maintaining 
and increasing plant diversity. The forest 
and the pasture are in more favorable con-
ditions than the ecotone, although the for-
est had lower diversity in comparison with 
the pasture site. This can be attributed to 
tree canopy cover in the forest that leads 
to lower replacement of grass cover. The 
results of this research are consistent with 
the findings of Parr et al. (2012).

Conclusions

Species diversity is closely linked to graz-
ing intensity. Therefore, the planning 
should be based on local participation and 
should promote proper exploitation meth-
ods that help the conservation of natural 
resources and biodiversity. Based on the 
present findings, we recommend that ex-
ploitation of plants by local people should 
be limited when cattle is herded to unpro-
tected areas. It is necessary to evaluate 
species diversity in these ecosystems 
continually in order to restore them to their 
initial phase.

Acknowledgments

We would like to thank Mr. Akbar 
Salimpour for intellectual help and arti-
cle editing. We thank the agriculture and 
Natural Resources Research Center of 
Mazandaran, University of Guilan to pro-
vide funding for this work. We also thank 
Dr. Torkaman to help us in data analyses.

References

Aikens M.L., Ellum D., McKenna J.J. 
2007. The effects of disturbance intensity 
on temporal and spatial patterns of herb 
colonization in a southern New England mixed-
oak forest. Forest Ecology and Management 
252: 144–158.

Altesor A., Pineiro G., Lezama F., 
Jackson R.B., Sarasola M., Paruelo 
J.M. 2006. Ecosystem changes associated 
with grazing in subhumid South American 
grasslands. Journal of Vegetation Science 
17(3): 323–332.

Anderson P.M.L., Hoffman M.T. 2007. The 
impacts of sustained heavy grazing on plant 
diversity and composition in lowland and upland 
habitats across the Kamiesberg mountain range 
in the Succulent Karoo, South Africa. Journal of 
Arid Environments 70(4): 686–700.

Arévalo J.R., Chinea E., Barquín E. 2007. 
Pasture management under goat grazing on 
Canary Islands. Agriculture, ecosystems and 
environment 118(1): 291–296.

Austrheim G, Eriksson O. 2001. 
Plant species diversity and grazing in 
the Scandinavian mountains-patterns 
and processes at different spatial scales. 
Ecography 24(6): 683–695.

Barger N.N., Ojima D.S., BelnapJ., 
Shiping W., Yanfen W., Chen Z. 2004. 
Changes in plant functional groups, litter 
quality, and soil carbon and nitrogen 
mineralization with sheep grazing in an Inner 
Mongolian grassland. Rangeland Ecology & 
Management 57(6): 613–619.

Bouahim S., Rhazi L., Mathevet R., 
Ernoual L., Amami B., Saber E . Muller 
S.D., Grillas P. 2011. Analysis of perception 
of temporal pools in western of Morocco 
by the local stakeholders and the interest 
of sustainable development. Journal Mater 
Environ Science 2(S1): 451– 454.

Casado M.A., Castro I., Ramírez-Sanz 
L., Costa-Tenorio M., de Miguel J.M., 
Pineda F.D. 2004. Herbaceous plant richness 
and vegetation cover in Mediterranean 
grasslands and shrub lands. Plant Ecology 
170(1): 83–91.



K. Shabaninejad, H. Pourbabaei, A. Salehi1, and S. P. Misaghi208

Ebrahimi S.S., Pourbabaei H., Potheir 
D., Omidi A., Torkaman J. 2014. Effect 
of livestock grazing and human uses on 
herbaceous species diversity in oriental beech 
(Fagus orientalis Lipsky) forests, Guilan, 
Masal, northern Iran. Journal of Forestry 
Research 25(2): 455–462.

Fernández-Lugo S., De Nascimento 
L., Mellado M., Bermejo L.A., Arévalo 
J.R. 2009. Vegetation change and chemical 
soil composition after 4 years of goat grazing 
exclusion in a Canary Islands pasture. 
Agriculture, ecosystems and environment 
132(3): 276–282.

Garibaldi L.A., Steffan-Dewenter I., 
Winfree R., Aizen M.A., Bommarco R., 
Cunningham S.A., Klein A.M. 2013. Wild 
pollinators enhance fruit set of crops regardless 
of honey bee abundance. Science 339(6127): 
1608–1611.

Ghazoul J., Sheil D. 2010. Tropical rain 
forest ecology, diversity, and conservation. 
Oxford: Oxford University Press. 515 p.

Gilliam F.S. 2007. The ecological 
significance of the herbaceous layer in 
temperate forest ecosystems. Bioscience 
57(10): 845–858.

Gotelli N.J., Colwell R.K. 2001. 
Quantifying biodiversity: procedures and pitfalls 
in the measurement and comparison of species 
richness. Ecology letters 4(4): 379–391.

Guo Z., Zhang L., Li Y. 2010. Increased 
dependence of humans on ecosystem services 
and biodiversity. PLoS One 5(10): e13113.

Hamilton A.J. 2005. Species diversity 
or biodiversity? Journal of Environmental 
Management 75(1): 89–92.

Han Q., Wang G., Li W., Liu F. 2014. 
Genetic diversity of Potamogeton pectinatus 
L. in relation to species diversity in a pair of 
lakes of contrasting trophic levels. Biochemical 
Systematics and Ecology 57: 60–66.

Hart S.A., Chen H.Y. 2008. Fire, logging, 
and overstory affect understory abundance, 
diversity, and composition in boreal forest. 
Ecological Monographs 78(1): 123–140.

Hayek L.A.C., Buzas M.A. 2013. On the 
proper and efficient use of diversity measures 
with individual field samples. The Journal of 
Foraminiferal Research 43(3): 305–313.

Hendricks H.H., Bond W.J., Midgley J.J., 
Novellie P.A. 2005. Plant species richness 
and composition a long livestock grazing 
intensity gradients in a Namaqualand (South 
Africa) protected area. Plant Ecology 176(1): 
19–33.

Houeto G., Kakaï R.G., Salako V., 
Fandohan B., Assogbadjo A.E., Sinsin B., 
Palm R. 2013. Effect of inventory plot patterns 
in the floristic analysis of tropical woodland and 
dense forest. African Journal of Ecology 52(3): 
257–264.

Jongsma G.F., Hedley R.W., Durães R., 
Karubian J. 2014. Amphibian diversity and 
species composition in relation to habitat type 
and alteration in the Mache-Chindul Reserve, 
Northwest Ecuador. Herpetologica 70(1): 34–
46.

Junyan Z., Kewu C., Runguo Z., Yi 
D. 2014. Changes in floristic composition, 
community structure and species diversity 
across a tropical coniferous-broadleaved 
forest ecotone. Tropical Conservation Science 
7(1): 126–144.

Klimek S., gen. Kemmermann A.R., 
Hofmann M., Isselstein J. 2007. Plant 
species richness and composition in managed 
grasslands: the relative importance of field 
management and environmental factors. 
Biological Conservation 134(4): 559–570.

Leps J., De Bello F., Lavorel S., Berman 
S. 2006. Quantifying and interpreting functional 
diversity of natural communities: practical 
considerations matter. Preslia 78(4): 481–501.

Loydi A., Zalba S.M., Distel R.A. 2012. 
Vegetation change in response to grazing 
exclusion in montane grasslands, Argentina. 
Plant Ecology and Evolution 145(3): 313–
322.

McArt S.H., Cook-Patton S.C., Thaler 
J.S. 2012. Relationships between arthropod 
richness, evenness, and diversity are altered 
by complementarily among plant genotypes. 
Oecologia 168(4): 1013–1021.

McCann K.S. 2000. The diversity–stability 
debate. Nature 405(6783): 228–233.

McEvoy P.M., Flexan M., McAdam J.H. 
2006. The effects of livestock grazing on ground 
flora in broadleaf woodlands in Northern Ireland. 
Forest Ecology and Management 225: 39–50.



Investigation of Herbaceous Species... 209

McIntyre S., LavorelS. 2001. Livestock 
grazing in subtropical pastures: steps in 
the analysis of attribute response and plant 
functional types. Journal of Ecology 89(2): 
209–226.

Mligo C. 2006. Effect of grazing pressure 
on plant species composition and diversity 
in the semi-arid rangelands of Mbulu district, 
Tanzania. Agricultural Journal 1(4): 277–283.

Navarro T., Alados C.L., Cabezudo B. 
2006. Changes in plant functional types in 
response to goat and sheep grazing in two 
semi-arid shrub lands of SE Spain. Journal of 
Arid Environments 64(2): 298–322.

Newton A.C. 2007. Forest ecology and 
conservation: a handbook of techniques. 
Oxford University Press. 454 p.

Nilsson M.C., Wardle D.A. 2005. 
Understory vegetation as a forest ecosystem 
driver: evidence from the northern Swedish 
boreal forest. Frontiers in Ecology and the 
Environment 3(8): 421–428.

Nilsson M.C., Wardle D.A. 2005. 
Understory vegetation as a forest ecosystem 
driver: evidence from the northern Swedish 
boreal forest. Frontiers in Ecology and the 
Environment 3(8): 421–428.

Ninan K.N. 2012. The economics of 
biodiversity conservation: valuation in tropical 
forest ecosystems. Routledge. 77 p.

Oldeland J., Wesuls D., RocchiniD., 
Schmidt M., Jürgens N. 2010. Does using 
species abundance data improve estimates 
of species diversity from remotely sensed 
spectral heterogeneity? Ecological Indicators 
10(2): 390–396.

Orwin K.H., Ostle N., Wilby A., Bardgett 
R.D. 2014. Effects of species evenness and 
dominant species identity on multiple ecosystem 
functions in model grassland communities. 
Oecologia 174(3): 979–992.

Oxbrough A., Irwin S., Wilson M., 
O’Halloran J. 2014. Mechanisms and 
predictors of ecological change in managed 
forests: a selection of papers from the second 
international conference on biodiversity in 
forest ecosystems and landscapes. Forest 
Ecology and Management 321: 1–4.

Parr C.L., Gray E.F., Bond W.J. 2012. 
Cascading biodiversity and functional 

consequences of a global change–induced 
biome switch. Diversity and Distributions 
18(5): 493–503.

Pena R., Offermann C., Simon J., 
Naumann P.S., Gessler A., Holst J., Polle 
A. 2010. Girdling affects ectomycorrhizal 
fungal (EMF) diversity and reveals functional 
differences in EMF community composition 
in a beech forest. Applied and environmental 
microbiology 76(6): 1831–1841.

Pykälä J. 2005. Plant species responses to 
cattle grazing in mesic semi-natural grassland. 
Agriculture, ecosystems & environment 108(2): 
109–117.

Rasingam L., Parthasarathy N. 2009. 
Diversity of understory plants in undisturbed 
and disturbed tropical lowland forests of 
Little Andaman Island, India. Biodiversity 
Conservation 18: 1045–1065.

Ramsar Synoptic Weather Station. 
2012. Personal communication.

Robbins P., McSweeney K., Waite T., 
Rice J. 2006. Even conservation rules are 
made to be broken: implications for biodiversity. 
Environmental Management 37(2): 162–169.

Roberts M.R., Zhu L. 2002.Early 
response of the herbaceous layer to harvesting 
in a mixed coniferous–deciduous forest in 
New Brunswick, Canada. Forest Ecology and 
Management 155(1): 17–31.

Schumann M.E., White A.S., Witham 
J.W. 2003.The effects of harvest-created 
gaps on plant species diversity, composition, 
and abundance in a Maine oak–pine forest. 
Forest Ecology and Management 176(1): 
543–561.

Sharma L.N., Vetaas O.R., Chaudhary 
R.P., Måren I.E. 2014. Ecological consequences 
of land use change: Forest structure and 
regeneration across the forest-grassland 
ecotone in mountain pastures in Nepal. Journal 
of Mountain Science 11(4): 838–849.

Smith G.F., Gittings T., Wilson M., 
French L., Oxbrough A., O’Donoghue S., 
Giller P. 2008. Identifying practical indicators 
of biodiversity for stand-level management 
of plantation forests. Biodiversity and 
Conservation 17(5): 991–1015.

Sun Z.J., Fan Y.M., An S.Z. 2008. Effects of 
grazing on structure and productivity of functional 



K. Shabaninejad, H. Pourbabaei, A. Salehi1, and S. P. Misaghi210

group of steppe communities in middle section on 
northern slope of Tianshan Mountains. Journal of 
Grassland and Turf 1: 22–27.

Suzuki R., Xu J., Motoya K. 2006. Global 
analyses of satellite-derived vegetation index 
related to climatological wetness and warmth. 
International journal of climatology 26(4): 425–
438.

Tárrega R., Calvo L., Marcos E., Taboada 
A. 2006. Forest structure and understory diversity 
in Quercus pyrenaica communities with different 
human uses and disturbances. Forest Ecology 
and Management 227(1): 50–58.

Van der Walt L., Cilliers S.S., Du 
Toit M.J, Kellner K. 2014. Conservation 

of fragmented grasslands as part of the 
urban green infrastructure: how important 
are species diversity, functional diversity and 
landscape functionality? Urban Ecosystems 
18(1): 87–113.

Weiss L., Pfestorf H., May F., Körner 
K., Boch S., Fischer M., Jeltsch F. 2014. 
Grazing response patterns indicate isolation 
of semi-natural European grasslands. Oikos 
123(5): 599–612.

Zhao W.Y., Li J.L., Qi J.G. 2007. Changes 
in vegetation diversity and structure in 
response to heavy grazing pressure in the 
northern Tianshan Mountains, China. Journal 
of arid environments 68(3): 465–479.


