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I. Introduction 
Ecotone is considered as a distinct ecosystem formed by the juxtaposition of the two different ecosystems. The 

term ecotone was given in 1905 for stable delineations between distinct vegetation communities [12]. These 

delineations may be because of perimeter of limits of tolerance for a specific type of vegetation. This is also called 

as an environmentally stochastic, unstable stress zone between upland plant communities [36]. This stochastic 

stress can be because of the fluctuation in the atmospheric temperature due to climate change. The concept of 

ecotone is subsequently used by many other ecologists and some of them have described this zone as a tension 

zone between two biogeographic regions [13,39,60]. The landscape view of the ecotone has recognized this 

transition zone as the steep gradients between more homogenous patches of vegetation [20, 52]. The transition 

zone or ecotone results the edge effects, which are basically because of the interaction of the species with each 

other and the environmental variables. The edge effects causing species richness are used by many workers for 

the wildlife as well as biodiversity management [ 6,34]. This means that the edge effects are the effects because 

of juxtaposition of two homogenous areas or landscapes which leads to the maximum biodiversity on the ecotonal 

belt. More precisely working on the energy dynamics on ecotone, boundaries are defined as areas where the rate 

or magnitude of ecological transfers like energy or nitrogen flow changes abruptly in relation to those within the 

patches [65].  

Change at the boundaries because of the ecological or environmental gradients are relatively steep between the 

two ecosystems or homogenous area. It is useful to think of ecotones as a specific type of boundary or an envelope 

of physical, chemical and biotic constraint around community types, or as zones between contrasting habitat 

patches that delimit the spatial heterogeneity of a landscape [19, 23]. In contrast, ecotones can be statistically 

determined based on species turnover rates wherein ecotones are defined as zones of relatively high vegetation 

turnover between two relatively homogenous areas. As ecological boundaries, they have been credited with 

mediating flows of energy, nutrients and organisms across landscapes, and thus are important in regulating disease 

transmission, gene flow, and community composition [19, 24, 66].  From the above studies it can be concluded 

that two communities separates from each other because of limitation of range of tolerance of one or other abiotic 

factor. This process helps in the establishment of two different communities and hence two different ecosystems. 

Although it is understood that the community do not have any geographical boundary but it behaves like an 

individual or a species which is always characterized with the natality and mortality. Therefore, community does 

follow the rules of birth, expansion and death as per the Clements and Gleason’s hypothesis. Many communities 

interact to form an ecosystem delimited by a well marked boundary. This boundary because of juxtaposition of 

two ecosystems/ landscapes is called as ecotone or ecological tension zone with the vibrations of edge effects. 

The width of each ecotone depends upon extend of the absorption of edge effects and the environmental variables 
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operating on the boundaries. Climate change is one of the stochastic stress, resulting in fluctuations of temperature 

gradient called as thermocline. The formation of the regular temperature gradient because of the climate change 

can result into alteration of the ecotone size and structure. Such a thermocline signaling ecotone and edge effects 

can be the thrust area for researchers to conduct studies on the effects of climate change on vegetation shift. In the 

process of climate change, researchers are expecting that the vegetation from tropics is shifting to the temperate 

areas, therefore ecotone can be used as a conservation site for in-situ conservation of many plant and animal 

species also.       

 

II. Biological diversity at ecotone 

One reputed characteristic of ecotones is their higher biological diversity than adjoining areas and hold high 

conservation value [34, 46, 48, 52, 61]. In this light, higher species richness between predetermined altitudinal 

zones on mountains as well as species richness in wetland/upland boundaries is worked out in detail [10, 28, 29, 

54, 67]. Studies on grassland/forest ecotones have found species diversity at transition zone as intermediate type 

between the two adjacent communities [26, 41, 42, 59]. Ecotones may also have lower diversity, when it is 

maintained by frequent or intense disturbance and might be less favorable for species than the communities on 

either side [39]. Similarly lower species richness on sharp lake margins with frequent flooding has also be reported 

[4,11]. In general the influence of anthropogenic forces on forest edges do not suggest the higher species richness 

on transition zone [7].     

A small flow of organism is also observed between a riparian community and a semi-arid saltbush habitat. During 

the study it has been found that very few species were unique to either habitat and there was not higher richness 

at the ecotone [14]. In a detailed study on zonation across the gradient from water, through wetland, to upland, 

the highest richness within the upland/wetland ecotone and the lowest in the wetland/water ecotone has been 

recorded [9]. Recently, species composition and richness at three different types of ecotones has been observed 

as intermediate type between the adjacent communities [37].  

Initially, it has been thought that ecotone show edge effects in the form of species richness only. Therefore, 

ecologist studied abundance and species richness using some diversity indices at ecotone. On the basis of various 

such observations the species richness on ecotone can be grouped because of (a) additive blending or (b) ecotonal 

specialization. Almost all the ecologists who have worked on the ecotone have suggested the spatial mass effects 

through additive blending only. This happens only because of the wide range of tolerance at the boundaries is 

contributed by the adjacent ecosystems or landscapes. However, in many cases the detailed studies has revealed 

that this process also help the formation of another new range, inviting new species to the ecotone. If a new species 

is dissimilar to the species of two adjacent ecosystems such species are called as ecotonal specialists. About 60 

species due to spatial mass effects are predominately found in ecotones of southeastern United States [64]. The 

species in ecotone can be classified along patch interior to field gradient as being edge-restricted, edge-oriented, 

interior-restricted, or ubiquitous [6]. Edge-restricted and edge-oriented species are typically easily dispersed, or 

else they would not successfully disperse to these small areas of habitat. Some life forms may dominate at edges 

because they need resources from both sides, such as vines that take advantage of direct vertical sunlight from the 

exterior and structural support from the interior [33]. The species in ecotone reaches maximum wherein ecotone 

act as a resource continuum and accommodate a fixed number of species by fallowing ecological footprint. 

Therefore, in the process of climate change, shrinking in the richness of cold preferents (CP) and creation of space 

for temperature preferents (TP) helps in invasion of TP on this recourse continuum. Consequently, rise in the 

atmospheric temperature in climate change process can act as a catalyst for shifting in vegetation along the ecotone 

in an altitudinal gradient (Fig. 1).     

 

III. Mechanisms for the species richness 

Species richness in ecotones is depended upon the contribution of the taxa from both core areas overlapping at 

the juxtaposition, leading to additive blending, or it can be developed from ecotonal species relatively unique to 

the boundary zone. Various ecological mechanisms that could lead to species richness at ecotones are (a) 

environmental heterogeneity (b) spatial mass effect (c) animal densities (d) exotic species and (e) hybridization.  

Environmental heterogeneity: Environmental heterogeneity is because of the fact that the two different 

ecosystems are positioned along with each other forming a boundary. This boundary can be sharp or broad but is 

always a mixture of environmental parameters from either the adjacent ecosystems or two homogenous areas. The 

mixture results heterogeneity on the ecotone zone by showing interaction among the biotic and abiotic factors 

from both the ecosystems. Such type of interactions leads to the formation of micro-environmental and micro-

habitat conditions inviting specific type of species to get recruited in this belt. This ultimately leads to the species 

richness on ecotone [23, 26, 52]. High micro-environmental conditions provide more ecological niches, leading 

to higher species numbers called as species richness [2, 23]. However, these micro-sites are highly sensitive to 

climate change and environmental disturbance and could lead to higher mortality lowering species richness [23, 

25, 43]. Environmental heterogeneity could lead to diversity through additive blending if species are more tightly 

packed in the ecotone, but still occur on either adjacent community. If the environment at the ecotone is unique, 
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new species might occur there, causing higher diversity through ecotonal specializations. The population of many 

species gets a chance to form metapopulation structures on the ecotone if localized distribution is phenomenon. 

Environmental heterogeneity helps in higher species packing at the ecotone because of the additive blending, 

however, this also creates unique environmental conditions for more influx of the species.     

Spatial mass effect: Spatial mass effect is another mechanism that could cause increased diversity via additive 

blending.  One measure of spatial mass effect is the disproportionate occurrence of seedlings, eggs or juveniles 

beyond the range of adults, resulting from continued migration of propagules into an area where the species is not 

able to form a self-sustaining population [54]. The seed and propagule dispersion is the main force for the spatial 

mass effect at ecotone [15, 32, 67]. Natural ecotones has been known for spatial mass effect at edges [61]. The 

seedlings or seeds from the neighboring communities establish at an area of their interest and results the 

availability of ecotonal species in this belt. The germination of seeds is directly proportional to the soil 

temperature. Therefore, the more exposed soils are best for the germination and ecesis of seeds at ecotone in high 

altitudes [32]. 

Animal Density: Edges created by anthropogenic activities often have higher numbers of animal pollinators and 

seed dispersers [8]. This increase in the number of animals/insects increase the dispersal rates and therefore 

viability at edges [22,30,47]. On natural ecotones there are few evidence of higher animal richness [49,50,58 ]. 

Animal species richness, like plant species richness, appears to be dependent on the ecotone’s ecological 

properties. It is also observed that higher animal densities could also lead to more herbivory and actually lower 

plant species. The same effect on vegetation can also observed because of allelopathy [57]. Animal increase 

pollination success and dispersal of species from adjoining communities causing additive blending and also when 

animals brings propagules from nearby ecotones causing more ecotonal species on transition zone.    

Exotic species: Exotic plant species have been supposed to occur disproportionately on ecotones and thus fit the 

pattern of ecotone specialists [21, 37, 63]. Ecotones can be marginal environments for the species in adjacent 

communities. As many exotic species tend to be generalists, they are expected to be at a higher abundance within 

the boundary zone at least in the absence of a seed source for ecotone specialists [1]. In addition, ecotones being 

of smaller spatial extent than their adjacent communities, would favour well dispersed species such as exotics. 

However, this higher exotic species richness may be due to the exclusion of native species richness, leading to the 

same or lower richness. Further, some opposite type of effects are recorded at the edges created by anthropogenic 

activities. The edge don’t show constant species richness or don’t act as entry point for ruderal or invasive species 

[40]. It is also found that exotics were not significantly higher at ecotones than in two adjoining communities [63]. 

Thus, there is not yet strong evidence that the prevalence of exotics at ecotones makes a significant contribution 

to species richness and it is clear that there are many circumstances where exotics do not contribute to the ecotonal 

diversity pattern. However, it is generally seen that exotic species proliferate in warm climatic conditions therefore 

in the process of climate change more exotic species are expected at the margins of ecological tension zone along 

the altitudinal gradient on steep mountains [1].  

Hybridization: The juxtaposition of species from different habitats at an ecotone has a potential to lead to 

hybridization. These hybrids may be better adapted to the intermediate conditions present at an ecotone, and may 

persist, increasing species richness by creating new ecotonal species. This has been shown to occur in a few 

isolated cases such as hybrids between Iris fulva X hexagona, between two subspecies of Artemesia tridentata 

and between Eucalyptus melanophloia and E. creba [3, 17, 62]. However, these are isolated cases only involving 

1-2 species. Influence of hybridization on diversity at any single ecotone appears to be insignificant. 

 

IV. Ecotone as a model for climate change studies 
Ecotone could be a ideal model for detecting climate change studies [15, 18, 24, 43,44,  52, 55], because this could 

cause a measurable shift in species composition than middle of a homogenous ecosystem. Some ecotones, 

however, may not be suitable indicators of climate change impacts, like forest–grassland boundaries, montane 

ecotone. Forest- grassland ecotone being the product of forest fire and montane ecotone composed of low growing 

tree species and influenced by avalanche effects are the solid reasons for not including these sites for climate 

change studies [51, 31, 38, 45, 51 ]. Under these conditions, ecotone response to warming will be very slow. A 

temperature-based ecotone within a large forested region is perhaps more likely to demonstrate interpretable and 

measurable changes as a result of climate change. However, climate change, also called as global warming, refers 

to the rise in average surface temperatures on earth. This arise in the average surface temperature on earth because 

of the climate change shall be favourable for shifting of vegetation from warm low altitudes to the high altitudes. 

This can also lead to the increase in the breadth of the transition zone through the spatial mass effect. The width 

of the ecotone depends upon the extent of the absorption of edge effect and environmental variables operating on 

the boundaries. Out of the environmental variables temperature is considered as the foremost variable in the 

process of climate change. Mapped Atmosphere – Plant - Soil system results under seven general circulation 

models scenarios (10-km resolution) has already estimated that over 40% of the coniferous forests are replaced 

by savannas under the UK Meteorological Office scenario. The temperate deciduous forest shifts to more northern 

locations and are replaced by either the southeast mixed forest or savannas. Northeast mixed forests are replaced 
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by either savannas or the northward-shifting temperate deciduous forest [5]. Therefore, in the process of climate 

change and rise in the average temperature, the possibility of the more addition to the species from the warmer 

areas to the colder areas is more as per the spatial mass effect favouring additive blending or ecotonal 

specialization concept (Fig. 1).     

  
V. Basic skeleton to be adopted for studies on ecotone 

To understand ecotone and its edge effect, below discussed procedural steps are required to be followed by 

researchers.  

Study area : An ideal study area is one of the important step in the sense that it should include all the important 

factors or parameters required to discuss observation. Before visiting a geographical area for the study, the concept 

and importance of the spatial extend should be clear to the researcher. Gosz , 1993 described five levels of spatial 

extent and the environmental gradients most influential at each: a) biome level: climate and topography, b) 

landscape level: local weather, topography and soil, c) patch level: the movement of vectors, species interactions, 

microclimate and microtopography, d) population level: interspecies interactions, physiological controls, 

population genetics and microtopography and f) individual level: influenced by soil and physiology. The ideal 

area could be any one of the following three ecotones a) Ecoregional ecotones, b) Forest/field boundaries and c) 

Upland-wetland boundaries, however, for studying the effect of climate change on ecotone, the altitudinal gradient 

or ecocline should be selected between the two adjacent ecosystems.    

Sampling unit : The sampling unit for ecotonal studies should not be a traditional type of quadrate or frame 

transect. As per the requirement sampling unit is an area which must include all the environmental variables and 

heterogeneity in diversity. During the ecotonal studies all the type of floral elements like herbs, shrubs and trees 

should be included in a sampling unit therefore nested quadrate or frame quadrate both are not applicable for such 

studies. A rectangular transect of about 30 -50 meter in length and 10 meters in width is recommended for ecotonal 

and edge effect studies. Depending upon the ecological gradient the number of such transects varies from area to 

area. Each transect should be plotted in such a way that half of it covers one ecosystem and half another. Geo-

referencing of each long rectangular transect should be done using GPS instrument. Each rectangular transects 

should be divided into number of sub-transects of 10 X 1 meter as per the area along the rectangular transect and 

each transect of 10 X 1 meter should be divided into 1 X 1 meter, 4 X 1 meter and 6 X 1 meter for more precise 

results. Such type of frames are suited for the sharp ecotone (Fig. 2a) In addition to this procedure a transect of 

30-40 meters should be taken from one ecosystem to another through ecotone. Along the length of this transect, 

different quadrates can be plotted at a specific interval of distance. This is a type of frame useful in broad 

boundaries (Fig. 2b).     
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Ecological parameter: The ecological parameter varies in accordance with nature of study and also from site to 

site. The prime parameter to be studied in ecotone and edge effect studies is abundance, evenness and richness.The 

species should be categorized in herbs, shrubs, under-shrubs and trees. This means that a proper enumeration and 

classification of the vegetation is recommended during such studies. The purpose of classification of species into 

relatively consistent groups is to simplify the information contained in species list, to reveal general patterns, and 

to allow predictions about forest processes (Swaine and Whitmore, 1988). Therefore, species should be classified 

into successional stages, commonness, species height, and whether a species was exotic or not. The species can 

further be classified as: 

- pioneers and climax species 

- rare and abundant species 

- understory and canopy species 

- wind-dispersed and animal-dispersed species 

- exotic species 

Observations for the above parameter should be taken started from 1st sub-sampling unit to the last one in 

sequential manner. In addition, data on dispersers, soil, regeneration, etc is also required on seasonal basis for 

better inference. As light play an important role in the productivity of the ecosystems. Therefore light intensity 

and wind velocity are the important abiotic parameters to be considered in ecotonal studies.  

 

VI. Conclusion 
Ecocline is the ecological gradient responsible for number of characteristic features of an ecosystem. Thermocline 

is a type of ecocline for temperature gradient operating for the stability of the biological diversity in an ecosystem. 

This temperature gradient can be observed while approaching high elevations from zero meters above sea level. 

In the process of climate change the rise in the atmospheric temperature is expected throughout the globe. 

Evidences to understand rise in atmospheric temperature are like: 

- glacier melting 

- rise in sea water level 

- shifting of the flowering seasons 

- disappearance of seasons like spring and autumn 

However, the shift in the vegetation from low elevations to the high elevations is also expected during the climate 

change. Phyto-geographers have already classified the global vegetation in accordance with the latitudinal and 

longitudinal distribution. Further, the latitudinal or horizontal distribution of vegetation is discussed in detail, 

resulting the concept of various biomes on the earth. It is also understood that the two adjacent communities or 

two ecosystems join each other at a point called as ecotone known for edge effect.  Perhaps because of this 



Harish et al., American International Journal of Research in Formal, Applied & Natural Sciences,  15(1), June-August, 2016, pp. 53-59  

 

AIJRFANS 16-219; © 2016, AIJRFANS All Rights Reserved                                                                                                                Page 58 

observation ecotone is defined as delineation between two distinct vegetative communities by Clements in 1905, 

prior to this, Livingston in 1903 said that it as an environmentally stochastic and unstable stress zone. The edge 

effect is basically the species richness on ecotone because of the fact that it bears both types of environmental 

conditions from one as well as other vegetation community. Reasons identified for the edge effect are either 

additive blending species or ecotone specialist species. Additive blending species in the ecotone are the taxon 

from both the communities which has come close to each other on a single resource continuum. Ecotone specialists 

are the species which jumps from third community which has not contributed in the formation of the ecotone (Fig. 

1). As climate change is helping in the shifting of vegetation from low elevations to the upper elevations, the 

temperature loving plants and animals will find a broader area for migration and can be located in ecotone at high 

elevations along with the rise in the atmospheric temperature. The presence of the temperature (heat) preferents 

in the ecotonal belt as edge effect because of the ecotone specialization process indicates that the zone can be used 

as a model for studying climate change effects on ecotone.                   

Diversity analysis at all the three sites (ecotone and two adjacent ecosystems) can reveal about the effect of climate 

change on ecotone belt. Therefore, the detailed study in accordance with the methods (Fig. 2) on ecotone and edge 

effects can act as a precise model for understanding the effects of climate change on vegetation.      
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