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Abbreviations: EEH, ecosystem exploitation hypothesis; 
ELH, energy limitation hypothesis; GWH, green world hypothesis; 
HSS, hairston smith and slobodking

Introduction
Organisms have their own patterns of distribution and biological 

organizations functioning in the natural system. Community is one 
of the hierarchies of ecological organizations composed of different 
species of organisms interacting in space and time. Photosynthesis 
is the fundamental biological process by which radiant energy is 
converted to chemical energy and thereby readily becomes available 
for all living things existing on the planet earth.1 Consequently, the 
type and extent of primary productivity determines the distribution, 
abundance, and diversity of consumers that live being subordinate to 
the photosynthetic products of green plants especially in the terrestrial 
ecosystems. There are several factors which could determine the 
net annual primary productivity and plant biomass production as 
well as its distribution among producers and various trophic groups 
of consumers. The major factors may include water and nutrient 
availability, climate, plant defenses, environmental heterogeneity, 
disturbance, stochiometry, and consumption by herbivores.2,3 The 
interactions of plants and animals go back to evolutionary times.4 

Various components of the terrestrial ecosystems naturally work 
towards regulating and controlling the primary productivity and 
distribution of biomass among plants and animals across the various 
trophic levels of the biological community. Understanding how the 
biological communities in the terrestrial ecosystems function in 
the presence of different structural components is the central point 
of plant-animal interactions both from ecological and evolutionary 
contexts. However, various classical approaches dealing with 
biological communities have still incomplete information to give 
straightforward evidences regarding the complex ecological and 
evolutionary processes and the controlling mechanisms in the 
terrestrial ecosystems.3 This is because, compared with the aquatic 
ecosystems, the dynamics, complexity, and diversity of the terrestrial 
communities are too tremendous to precisely enumerate and quantify. 
For example, the GWH proposed that some parts of the world have 
remained green primarily because herbivores are held in check by 
their enemies and also don’t consume a large fraction of indigestible 
plant biomass;5 see also Figure 1. However, the Fretwell-Oksanen 
EEH noted that varying productivity, herbivory, and predation make 
habitats green in systems with one or three trophic levels, but barren 
in systems with two or four levels;6 see also Figure 2. The Fretwell-
Oksanen EEH model also predicts that top-down control should be 
in one trophic level but bottom- up control in three trophic levels. 
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Abstract

Community is one of the hierarchies of ecological organizations containing different 
species of organisms interacting in space and time. The structural components 
of the biotic communities are mainly composed of plants, animals, and microbes. 
This paper aims to review and discuss how community structures are organized 
and trophic level interactions function and shape the biological communities in the 
terrestrial ecosystems. For example, the paper reviewed and discussed community 
structure and trophic level interactions in the tropical rain forest, grassland, and desert 
ecosystems. The paper also examined how trophic cascades control the different 
populations in the terrestrial communities. The terrestrial biotic communities are 
functionally diversified and complex because the number of trophic levels increases 
with the increase in productivity gradients. Different factors may interact together 
and synergistically affect the biotic communities in the terrestrial ecosystems. For 
example, primary productivity of a system is markedly affected by precipitation, 
incident light, temperature, disturbance, nutrients, and resistance to herbivory 
and cascading food web effects. Thus, holistic approach should be sought for any 
conceptual models to explain patterns of productivity and biomass distribution in the 
terrestrial communities. This in turn would help to effectively simulate the community 
structure, trophic level interactions, and control of the terrestrial biotic communities 
with reference to specific spatial and temporal scale. Moreover, the role of behavior 
and life history traits, prey defenses versus prey tolerance, vertical and horizontal 
interactions are important factors which could affect the structure, complexity, and 
diversity of food webs in the terrestrial biotic communities. In conclusion, this review 
paper suggested that the different hypotheses developed by various scholars of the 
community ecology have to be considered in an integrated fashion in order to clearly 
understand and explain the plausible mechanisms that influence the community 
structure and trophic level interactions in the terrestrial ecosystems.

Keywords: biomass distribution, cascades, community ecology, ecological 
organizations, functionally diversified, holistic approach, primary productivity, 
productivity gradients, structural components, terrestrial communities
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Oksanen7 generally suggested that the number of trophic levels, and 
top-down or bottom-up control is a function of the magnitude of 
productivity of the terrestrial ecosystem.

Figure 1 Hairston et al.5 (HSS) the trophic control hypothesis (usually 
referred to as ‘the green world hypothesis’).

Figure 2 Fretwell-Oksanen Exploitation Ecosystem Hypothesis (EEH) as a 
function of productivity gradient model. The model suggested that varying 
productivity, herbivory, and predation make habitats green in systems with 
one or three trophic levels, but barren in systems with two or four levels 
adapted from.6

Menge & Sutherland8 model predicts that physical disturbance, 
predation, and competition are the three major ecological processes 
which mainly determine the community structure and biological 
organizations in the terrestrial ecosystem. In stressful environments, 
the model predicts herbivores have little effect because they are 
rare, and plants are directly regulated by the environment. However, 
in moderately stressful environments, the model further predicts 
consumers are ineffective at controlling plants, and plants attain high 
densities where competition among them is the dominant interaction 
and controlling mechanism. In benign environments, Menge and 
Sutherland8 model predicts that consumers control plant biomass, 
hence plant competition is low. Predation is also the dominant 
biological interaction under these benign conditions. Both HSS5 and 
Menge and Sutherland8 models predict that predator removal will 

strongly affect herbivore numbers. However, the Hairston et al.5 
model predicts that removal of herbivores, in benign environments, 
will not change the plants (which are not limited by them). The Menge 
and Sutherland8 model predicts that the herbivores have an important 
influence on plant abundance. The HSS5 model predicts intense 
competition between plants while that of Menge and Sutherland8 
model does not.

A clear example of the far-reaching impacts of predators on 
ecosystem processes and biodiversity comes from Yellowstone 
National Park. When wolves Canis lupus were eliminated in 1926, 
elk Cervus elaphus shifted habitat use and fed extensively throughout 
the different habitats in the park.9–11 This resulted in a reduction 
in the abundance and distribution of aspen Populus tremuloides, 
cottonwoods Populus deltoides and willows Salix spp. When wolves 
were reintroduced in 1995, elk responded by avoiding or feeding 
less extensively in areas with poor visibility or few escape routes.9–11 
Within a few years, woodlands started re-establishing in these areas. 
In contrast, elk continued to keep trees below 1 m in height in the safer 
more open areas of the park. This suggested that the reintroduction 
of the wolves has not only benefited the trees, but also cascaded to 
bird species and beavers Castor canadensis that required extensive 
woodlands. Furthermore, beavers are now building dams in these 
areas and restoring wetlands to the park.11 This paper aims to review 
and discuss how community structures are organized and trophic 
level interactions function and shape the biological communities in 
the terrestrial ecosystems. 

The structure of the terrestrial communities

The structural components of the biotic communities in the 
terrestrial ecosystems are mainly composed of plants, animals, and 
microbes. However, the terrestrial communities are functionally more 
diversified and complex than the aquatic ecosystems.12 They mainly 
consist of producers, consumers, and detritivores of numerous species 
which interact and inter-depend one on another for co-existence and 
thereby shaping the structure and the transfer of matter and energy 
along and across the various trophic levels. For example, green plants 
are producers as they are the ultimate converters of the radiant energy 
into chemical energy through the process known as photosynthesis. 
However, herbivores depend on green plants for their chemical energy 
to maintain their survival and reproductive fitness. Carnivores are the 
other functional components of the biotic communities that obtain 
digestible foods by preying on herbivores. Moreover, detritivores are 
the other tropic components of the terrestrial ecosystems that derive 
their chemical energy by exploiting the dead parts of plants and 
animals.13

The dynamics, diversity, and complexity of the structure of 
the biotic communities in the terrestrial ecosystems depend on the 
productivity gradient of the habitats.12,13 For example, compared to the 
hot desert ecosystem where water is a limiting factor, it is more likely 
to observe complex structural and functional diversity and abundance 
of the biotic communities in the tropical rain forest ecosystem where 
the soil is productive and water is available see also Figure 3. As a 
result, it is common to see longer and more complex food webs in the 
productive habitats of the tropical rain forest ecosystem as compared 
to the less productive habitats in the desert environments.6,8,14,15 
Irrespective of the natural productivity of the system, anthropogenic 
and other natural catastrophic factors may also play a crucial role 
to affect the diversity and complexity of the terrestrial ecosystems. 
For example, man has been over exploiting the tropical rain forests 
since the time of civilization. As a result, the structural and functional 
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diversity and complexity of the biotic communities in the tropical rain 
forest ecosystem have been rapidly changing compared to that of the 
less productive desert ecosystem.7,13,16

Figure 3 Changes in community structure along productivity gradient in 
terrestrial communities.

The terrestrial communities are usually in a steady state of change 
due to the effects of internal ecosystem engineers and external biotic 
and abiotic environmental factors.11 Among the internal ecosystem 
engineers, the devastation of the savannah woodland by elephants is 
a good example in affecting the composition and the structure of the 
plant communities in the terrestrial ecosystems. Moreover, the impacts 
of man and fire could be the best known external factors which affect 
the structural and functional diversity, complexity, and abundance 
of the biotic communities in terrestrial ecosystems.11,12 Compared to 
aquatic communities, it is hard to define the terrestrial communities 
because they lack definite boundary of size and structure. However, 
they are rich in species with a wide range of size at all trophic positions 
including producers, herbivores, and predators.12,13 Consequently, 
they are potential for high inter-trophic level interactions with 
many changes in community qualities along productivity gradient, 
such as plant physiognomy and its effect on the type of herbivores 
that dominate the community, plant quality, and major herbivore 
size.17,18 Thus, in order to recognize the complexity of the terrestrial 
communities, we have to make more realistic abstraction-not trophic 
levels, but sub-groups or guild species as well as the importance of 
horizontal interactions.13,17 Even though there is a lack of community-
level size structure, recognize that still food-chains are size structured 
see also Figure 4.

Figure 4 An example of community structure and various trophic level 
interactions among the biotic communities in the desert ecosystem. Species 
within a guild are expected to compete on resources, whereas species within 
a trophic group are expected to suffer from apparent competition.27

Trophic level interactions in the terrestrial 
communities

Species in biotic communities interact in various ways. Plant-
animal interactions could be good indicators of these phenomena. 
The main type of such interactions is to acquire sufficient energy that 
maximizes individual’s survival and reproductive fitness.13,16 Previous 
studies noted that competition among different guild species in biotic 
communities could be one of the potent natural forces which affect 
the niche breadth and overlap among competing species for similar 
habitat resources.19–22 For example, theory suggests that higher 
diversity should shrink niches, allowing coexistence of more species 
locally.21,23 Empirical studies suggested that predator-prey interaction 
is the other type of functional diversity that shapes species composition 
and dynamics of terrestrial communities.13,14,17,24 However, for better 
understanding, it is crucial to discuss each trophic level as follows.

The primary producers’ trophic level

This mainly includes green plants which are responsible to convert 
the radiant energy into a useable chemical energy. Accordingly, 
producers make chemical energy readily available for themselves 
as well as to other trophic levels (i.e., consumers and detritivores). 
In the terrestrial communities, the primary producers are not only 
photosynthetic green plants, but also cyanobacteria and lichens13,17 
see also Figure 4. Primary productivity on land is a function of 
temperature and also tightly correlated with precipitation. Moreover, 
the distribution, abundance, and diversity of green plant communities 
on the surface of the planet is mainly governed by location, amount 
of solar radiation reaching the earth’s surface, local and regional 
topography, and type of soils.2,3,12 

The consumers’ trophic levels

Depending on their foraging nature, these trophic levels include 
herbivores, predators, parasites, and parasitoids that ecologically 
interact in various ways.2,3,12,13 Consumers form aggregated trophic 
levels that are posited to regulate the biomass of trophic level on which 
they feed. For example, predator-prey interaction is one of the most 
pervasive forces which determine species composition, abundances, 
distributions, and behavior of organisms in the terrestrial biological 
communities.23–26 Thus, the consumers’ trophic level could be briefly 
discussed as follows.

Herbivores (primary consumers) 

Herbivory is believed to have first evolved in the terrestrial 
mammals during the late cretaceous period some 100 million years 
ago.4 Some evidences supported that herbivores have exerted various 
impacts on the terrestrial plant communities since ecological and 
evolutionary times.5,18 Thus, plants and animals have evolved to 
have structural and functional interactions and inter-dependencies 
which could influence the dynamic characteristics of the terrestrial 
ecosystems and the structures of the biotic communities.1,13,17,27 In 
these interactions, plants provide energy and nutrients to upper 
trophic levels through herbivores. Plants in turn have developed 
several defensive strategies and mechanisms against herbivorous 
organisms.27 In fact, the level of plants’ potential to defend against 
herbivory attack varies from plants to plants; and also influenced by 
the availability of resources in the environment.1 However, defenses 
are not universal which means that all plant species are still vulnerable 
at least to some specialists.3 Thus, defenses only restrict herbivore 
effectiveness by decreasing rates of discovery, consumption or 
digestion. The generality suggested that more defended plant species 
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increase with the increasing productivity.1,27 Hence, compared to the 
less productive ecosystems, most plant biomass is well defended in 
productive ecosystems. 

According to those ecologists who deal with plant-animal 
interactions, herbivores are found to have closest direct dependence 
and interactions with green plants.16 However, macro-herbivores are 
negligible players in the terrestrial systems (e.g. forest ecosystem) 
where most plant productivity directly goes to detritivores.1,13,17,27 
This means that most of the plant biomass is not eaten by herbivores 
in terrestrial forest ecosystem because all that is green is not edible 
rather cruddy (i.e. lower nitrogen and protein content) for herbivores.6 
On top of this, plants have rough leaves because they are not only 
lignified and fibrous, but also rich in cellulose and carbohydrate.12 
Furthermore, plants contain toxins, repellents, growth inhibitors, and 
digestibility reducing compounds that can be present all the times 
which constitute secondary metabolites.25,26 Previous studies showed 
that tannins act as toxins or as digestibility reducers. For example, 
tannins may reduce food digestibility by interfering with bacterial 
fermentation processes28 or by impairing the use of absorbed nutrients.25 
Thus, on average, herbivores consume about 5-10% of the net annual 
primary biomass production of plants in the terrestrial ecosystems3,22,29 
especially in the forest ecosystem. However, herbivores like insects 
that have high reproductive potential and periodically reach high 
densities which in turn bring irrefutable economic damages through 
massive defoliation and growth reductions mainly in mono-crops 
though it is a rare phenomenon in natural systems.26 In spite of their 
negative impacts on plants, herbivores have tremendous contributions 
to the terrestrial communities. For example, herbivores play a crucial 
role in facilitating pollination, seed dispersal and seedbed preparation, 
adding organic manures and also reducing competition among plants 
through their selective foraging behavior on certain types of plant 
species.

Predation, parasitism, parasitoids, and pathogens

Ecologists have long recognized the importance of predators 
in structuring and shaping the terrestrial ecosystems. For example, 
environments with and without large predators have been used to assess 
the direct impacts of predation and/or the loss of such processes.9–11,30 
Polis12 noted that all of the four Ps (i.e., predation, parasitism, 
parasitoids, and pathogens) work in one way or the other way round 
to depress the number of herbivores so that they enhance plant 
productivity and biomass distribution in the terrestrial ecosystems. 
However, pathogens/parasites occasionally suppress herbivores and 
allow greater plant biomass.26 Some theoretical models suggested that 
both resources and predators interact to structure natural food webs in 
the terrestrial ecosystems.5,6,12,17 Consequently, the magnitude of those 
interactions is variable both in space and time. A variety of theoretical 
models are available to predict such variations; however, they vary in 
the assumptions that they made and in their predictions as well.5,17,27 
Moreover, the degree of prey vulnerability to predators may affect 
the effects of predators on biomass of the terrestrial ecosystems along 
productivity gradients.12 

The detritivores trophic level

This trophic level mainly comprises of organisms which derive 
their chemical energy by feeding on the dead bodies of plants and 
animals. Uneaten plants enter the detritus food web where they are 
processed by microbes and metazoan6,13,17,25 see also Figure 4. In 
forests, most of the primary production (about 90-95%)29 goes to 
the decomposers because there is very low consumption efficiency 

by herbivores6,12 Figure 5. Thus, detritivores play decisive positive 
role in facilitating the recycling of nutrients by decomposing the dead 
organic matters. Detritivores can also reduce the occurrence of natural 
fire hazards in the terrestrial ecosystems by removing the accumulated 
downed woody debris of plant communities.17,25

Figure 5 The energetic transfer efficiencies along the different tropic levels in 
the terrestrial communities adapted from.29

Trophic cascades and population control in terrestrial 
communities

Solar energy is the ultimate source of energy where different 
species in the biotic community compete for various resources (e.g. 
nutrients, water, etc.) due to their limited amount. This would lead to 
have a controlling mechanism either top-down or bottom-up to keep 
the balance of the biotic communities in the terrestrial ecosystems. 
For example, herbivores depress plants; predators depress herbivores; 
predators thus indirectly facilitate plants through their cascading 
effects.6,10,11,25–27,30,31 Despite the presence of variety of evidence 
accumulated to suggest a strong role of consumers’ effects and 
trophic cascades in the terrestrial ecosystems, most of them argue to 
represent species level trophic cascades.26,30,31 Decomposers do not 
have a trophic level above. It does not seem that climate can control 
them. So, it is most likely that they are controlled by the trophic level 
below them (i.e., litters).5,6,17,30,31 Theoretical models also suggested 
that both resources and predators interact to structure the natural 
food webs and thereby reduce the impacts of herbivory on green 
plants in the terrestrial ecosystems.5,6 For example, the HSS model 
predicted that strong competition is observed in trophic levels of 
producers, predators, and decomposers. However, no competition 
was predicted between herbivores. Does the model give valuable 
predictions? In general yes, competition is a very strong force, 
but the details are not clearly addressed in the HSS model. This is 
because in a closed system, herbivores are observed to deplete their 
own foods and start to compete among themselves for limited plant 
resources.6 However, this rarely occurs in open natural systems where 
herbivore populations’ size is checked by their natural predators.5,6,7,16 
Understanding the mechanisms by which natural populations are 
limited in size in the terrestrial communities have been the core 
point of debate in ecological studies and usually confined to single 
species. For example, the vagaries of weather have been suggested 
as adequate mechanism of control for herbivore populations in the 
terrestrial ecosystems.27 However, others suggested that predation is 
the mechanism of herbivore control in natural system. In fact, extant 
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terrestrial herbivores usually consume a small fraction of net annual 
primary productivity (about 5-10%) especially in the forest ecosystem 
compared with the huge biomass produced by green plants in the 
terrestrial ecosystems,29 Figure 5. Polis12 also noted that on average 
less than one fifth of the net annual primary productivity is consumed 
by herbivores; however, the rest remaining as standing biomass or 
becoming detritus.

Despite the fact that grazing plays comparatively minor role for 
land plants on a global scale, herbivory is still quite important at finer 
scales. In some communities, herbivores consume large portion of 
the net annual primary productivity and transfer plant biomass into 
a large standing biomass of animals. For example, in the grassland 
ecosystem, herbivores are larger in their body size compared to the 
desert or the forest ecosystems. Body size may give advantage for 
large herbivores to utilize the crude grasses and other low quality plant 
food materials until occasional food depletion is observed in grassland 
ecosystem, but it is unstable equilibrium.4 Nevertheless, such heavily 
grazed systems with high secondary productivity maintain substantial 
standing biomass (e.g. African savannah). Of course, the ultimate 
effect of overgrazing in the system may bring changes in species 
composition of plants as palatable species would be replaced by the 
non-palatable ones.32–34 Overgrazing of the natural vegetation by 
herbivores could leave little standing plant biomass; however, this is a 
rare phenomenon in the natural system because it occurs, for example, 
when there is out breaks of insect herbivores and introduced voracious 
grazers into a closed system by man.12,35,36 In fact, introduced exotic 
grazers often change the structure and species composition of plant 
communities by selectively removing certain palatable plant species 
while leaving the unpalatable ones. Thus, terrestrial herbivores have 
the ability to reduce standing plant biomass and thus greenness at least 
in some places and times where unstable equilibrium is maintained.4

Intrinsic characteristics of key consumers and resources could 
affect the cascading effects of predators in the given systems.12 
However, the life of the plant may matter to be affected by consumers 
because only some plant species and life stages can be regulated 
effectively by consumption depending on the level of palatability, 
chemical, and structural defenses and toxicity, nutrient content, 
duration of vulnerable stages and reproductive capacity to dominate 
the system.3,26 Green plants also replenish their damaged and removed 
parts by herbivores though it is energetically a costly process. 
However, consumers that exert strong cascading effects within a 
particular plant-herbivore food chain are almost always deeply 
subsidized by resources from many sources outside the focal chain.3,12 
Let us see how trophic cascade and population control works in the 
following three types of terrestrial ecosystems.

Communities in the tropical rain forest ecosystem

Because of its optimal temperature and rainfalls, the tropical 
rain forest ecosystem seems to be the most productive ecosystem on 
the planet earth.37 It is highly diversified in its biotic communities’ 
composition and complexity as well as food web interactions. Most 
of the browsing mammals in this ecosystem are small in their body 
size see Figure 6. This is because large body sized herbivores cannot 
reach the top of big tree crowns where fresh and palatable leaves 
are available. However, insect herbivores are more diversified and 
abundant in this ecosystem. Moreover, frugivore and nectar feeding 
birds are commonly observed. Most of the primary production (90-
95%) goes to the decomposers because there is very low consumption 
efficiency by herbivores.22,29 Plants also have developed different 

defensive mechanisms to reduce the impact of browsing herbivores. For 
example, plants use secondary metabolites to defend themselves from 
excessive browsing by herbivores.38 Moreover, the predators, which 
rely on insect herbivores and other small browsers, are arthropods, 
birds, small predatory mammals, reptiles, and amphibians.17 

Figure 6 Schematic representation showing the changes in herbivore body 
size with productivity.

All these high diversities of species at various trophic levels make 
the control of biotic communities’ complex in the tropical rain forest 
ecosystem. Thus, they lack clear trophic levels especially among 
predators. They are potential for high inter-trophic level interactions 
both along (e.g. prey-predator)13,23,24 and across (e.g. competition 
among guild species)17–22 food webs. Therefore, herbivores population 
control and the cascading effect of predators on plants seem to be a 
bit complex and messy to explain both in temporal and spatial frames 
compared with the shaping and controlling mechanisms of biotic 
communities in the grassland or the desert ecosystem. Moreover, 
there are different species of omnivorous organisms in this biotic 
community that make assigning them to a specific trophic level 
difficult. For example, Morris39 noted that omnivores have not figured 
prominently in our understanding of food webs though they can have 
substantial direct and indirect effects on the structure of the terrestrial 
communities, and also on the abundance, distribution, and dynamics 
of interacting species in the system.

Communities in the grassland ecosystem

Grasslands are associated with human activity and their origin and 
maintenance were mostly linked with forest clearing and subsequent 
management, such as mowing, grazing by domestic livestock, and 
even recurrent fire.37 Grasses are annuals so that decomposers play a 
great role in recycling of dead plants and releasing of organic matters 
which in turn facilitate the growth of palatable and fresh grasses for 
herbivores. As a result, grassland ecosystem supports large number 
of herbivores whose population is largely checked and regulated by 
predators.3 However, the food chains are shorter and food webs are 
less complex compared to the tropical rain forest ecosystem.13,17

In grassland ecosystem, the grazing herbivores are mostly large 
in their body size see Figure 6 so that they can only be controlled 
by big body sized predators or by those predators which engage in 
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group hunting. However, one advantage for a grazer to be big in body 
size is the ability to locate predators from a distance and run fast to 
save its life. Moreover, big body sized grazers such as African buffalo 
Syncerus caffer defend themselves from predators’ attack while 
they are grazing in big groups. When the grassland is surrounded 
by human settlements and when there is a problem of an outlet for 
migration corridors, grazers are sometimes observed to deplete the 
plant resources and become susceptible to starvation.6,9 Grassland 
ecosystem is more productive compared to what the desert ecosystem 
is see Figure 3 & 7. Thus, the cascading effect of top predators on 
plant communities in the grassland ecosystem is strong.26 Moreover, 
both biotic and abiotic factors work together to shape and control the 
size and the structure of the grassland communities.13,17,25

Communities in the desert ecosystem

Desert ecosystem is biologically less productive, for example, 
due to the scarcity of water as a limiting resource.40 Ayal et al.41 also 
noted that the low diversity of organisms in desert ecosystem is the 
harsh environmental conditions which limit the number of organisms 
that are able to survive in this environment. Desert communities are 
believed to be resource-controlled since the amount of precipitation 
determines the level of primary productivity.42 This is because low 
primary productivity limits the amount of energy available to higher 
trophic levels and can be a likely mechanism that may limit the 
number of organisms in deserts. It was suggested that predators do 
not play an important role in the determination of the abundances 
and distributions of animal populations in desert habitats14,15,42 though 
some field studies have demonstrated that desert predators have a 
role to play in determining the abundance and habitat segregation of 
their prey.19,43–49 A positive correlation between productivity level and 
the number of organisms at higher trophic levels has been suggested 
for a long time.22,29 For example, some empirical20,50 and theoretical6 
studies that supported the low primary productivity reduces the 
number of animals at higher trophic levels in the desert ecosystem. 
This alone reduces diversity and also diminishes the intensity of 
biotic interactions within the desert terrestrial communities.14,15,42 This 
suggests that biotic interactions are important in maintaining high 
diversity in natural communities. As a result, communities in desert 
ecosystem are less diversified with less complex biotic communities 
compared to other terrestrial ecosystems6,13,16,25 see Figure 3. For 
example, plant communities are mostly confided in valleys and wadis 
where the soil is deep and fertile as well as ground water is near to the 
soil surface.13,27,51

In desert ecosystem, herbivores and their associated predators are 
mostly small in their body size. For example, many herbivores are 
small mammals, birds, insects, and other small arthropods.13,17,27,50 
Moreover, biotic communities are less complex. And food webs are 
mostly less complex relatively in the form of long food chains. For 
example, Menge and Sutherland8 noted that food web complexity 
decreases with increasing environmental stress. Most of the trophic 
levels in the desert ecosystem are based on the litters and detritivores. 
For example, Ayal13 noted that due to the scarcity of water resource 
in the desert ecosystem, micro detritivores mostly live as symbiotic 
inside the digestive systems of other macro-detritivores and facilitate 
digestion of hard dead plant materials for common benefits. However, 
there is a high diversity of predators and primary consumers in the 
desert ecosystem27 see also Figure 4. Ayal13 also suggested that 
predators are not efficient either because productivity is too low 
to support a predator trophic level or sufficiently high to allow 
predators of predators to limit them. As a result, compared to both 
the tropical rain forest and the grassland ecosystems, the influence 

of abiotic factors in controlling and shaping the structure and size of 
biological communities is the strongest in the desert ecosystem due to 
the energy limitation hypothesis.6,14,15,16 The Fretwell-Oksanen model 
also predicts an increase in the number of trophic levels with the 
increase in productivity gradient (i.e., the ELH) Figure 7. However, 
in a recent theoretical study, it was hypothesized that the combination 
of productivity and organism size is crucial to determine the potential 
of the number of trophic levels in the terrestrial ecosystems.17 Unlike 
previous arguments made on the number of tropic levels in the desert 
ecosystem i.e., due to the ELH; e.g.,6,14–16,51 Ayal17 argued that in the 
desert ecosystem, the potential number of trophic levels can reach up 
to five links, suggesting that vertical and horizontal interactions should 
be combined to determine the distribution of biomass in terrestrial 
ecosystem see Figure 8. This implies that future empirical studies are 
crucial to test the recent hypothesis proposed by Ayal.17

Figure 7 The Fretwell-Oksanen prediction on the increase in the number 
of trophic levels with productivity due to the energy limitation hypothesis. 
(Adapted from6 based on the model predicting the ecosystem exploitation 
hypothesis). 

Figure 8 The structure of terrestrial biomes according to the hypothesis 
suggested by Ayal.17 Small circles at the first trophic level (primary producers) 
represent edible parts of the plants; vertical line represents inedible ones. 
Ayal17 predicts the increase in animal size with trophic position (i.e., 
represented by circle sizes) and potentially up to five trophic levels. Dashed 
circle circumference suggests a potential trophic level that is excluded either 
by energy (e.g. deserts), size limitation (e.g. grasslands), or as a result of plant 
physiognomy (e.g. forests).
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Conclusion
Community is one of the hierarchies of ecological organizations 

containing different species of organisms interacting in space and 
time. The structural components of the biotic communities are mainly 
composed of plants, animals, and microbes. Compared to the aquatic 
ecosystems, the terrestrial biotic communities are functionally more 
diversified and complex. This is because the number of trophic levels 
increases with the increase in productivity gradients. Herbivores 
closely interact and depend on green plants in order to acquire their 
ecological requirements (e.g. food and energy). However, herbivores 
are in between the devil (i.e., predators) and the deep blue sea (i.e., 
most portions of green plants are crude and inedible to herbivores) 
which may lead herbivores to high energetic costs of foraging 
and predation risks. Moreover, green plants have evolved various 
defensive mechanisms to reduce the negative impacts of herbivores 
that otherwise result from grazing and browsing. So, different factors 
may interact together and synergistically affect the structure of the 
biotic communities in the terrestrial ecosystems. For example, primary 
productivity of a system is markedly affected by precipitation, incident 
light, temperature, disturbance, nutrients, and resistance to herbivory 
and cascading food web effects. Thus, holistic approach should be 
sought for any conceptual models to explain patterns of productivity 
and biomass distribution in the terrestrial communities. This in turn 
would help to effectively simulate community structure, trophic level 
interactions, and control of the terrestrial biotic communities with 
reference to specific spatial and temporal scale. Moreover, the role 
of behavior and life history traits, prey defenses versus prey tolerance 
are important factors which could affect the structure, complexity, 
and diversity of food webs in the terrestrial biotic communities. In 
conclusion, the different hypotheses developed by various scholars of 
the community ecology have to be considered in an integrated fashion 
in order to clearly understand and explain the plausible mechanisms 
that influence community structure and trophic level interactions in 
the terrestrial ecosystems.
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