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1 Abstract
Natural forest dynamics is a foundational topic of forest science. A new Wood Pasture 
hypothesis considering large herbivore as driving force in forest ecosystem is now 
challenging the traditional High Forest hypothesis, in which vegetation is regarded as 
main driving force. In this study, a model-based approach is applied to investigate 
differences between these two hypotheses and the determine factors in the system. A 
theoretical landscape of 1 km²formed by 100*100 cells is set up with 100 vegetation 
patches and free moving herbivores on. Our null hypothesis that herbivores make no 
difference in vegetation dynamics especially at canopy level is rejected. It is found 
that synchronization of herbivore behaviors is the most influencing factor of how a 
landscape might be shaped. It is also found that landscape could be a mosaic of both 
high forest and wood pasture depends on large herbivore’s herd size.  

2 Introduction
An understanding of natural forest dynamics is essential to conservation. Natural 
forest is also often referred as old-growth forest (widely used in North America, e.g. 
Hunter 1989, Duchesne 1994, and Scandinavia countries, e.g. Rydgren et al. 1998, 
Drobyshev 1999, Rouvinen and Kouki 2002), ancient woodland (basically only used 
in Britain, e.g. Spencer and Kirby, 1992), primary or primeval forest (most used in 
Russia and Finland, e.g. Gromtsev 2002, Kuuluvainen et al. 1996, Hytteborn et al. 
1987), and virgin forest (often used in Russia, e.g. Volkov et al. 1997). It is defined as 
a forest that has evolved and reproduced itself naturally from organisms previously 
established (Rouvinen and Kouki 2008), and that has not been disturbed by any direct 
interference of human activity (Volkov et al. 1997) in this paper. The concept of 
natural forest strongly influences forest conservation policies across Europe, as 
management of conservation areas, nature-friendly land use practices, and nature
restoration can not be sensibly done without such a standard (Jens-Christian, 2002). 

Peterken (1996), however, has concluded that true virgin forest no longer exists in 
temperate Europe due to human activities. The only approach left for understanding 
natural forest dynamics is either gathering information about already extinct primeval 
forest or conducting new large-scaled virgin forest. So both palaeoecological data of 
primeval forest and studies of present-day semi-natural stands which have received 
minimal human impact are used for inferring natural forest structure and composition 
(Fraser 2005).

Among all these studies, a generally accepted view of the primeval natural forest that 
once covered much of the lowlands in northern, central and western Europe 
6000~9500 years ago, is this so-called “High Forest hypothesis”. It suggests they 
were largely high closed-canopy mixed-deciduous forest dominated by mature trees 
with regeneration in canopy gaps created by the death or destruction of small groups 
of trees or occasional catastrophic blow-downs (Kirby 2003). Shade-tolerant 
species, for example, lime (Tilia cordata), elm (Ulmus spp.) and spruce (Picea), with 
an understory of ash (Fraxinus excelsior), beech (Fagus), hornbeam (Carpinus) and a 
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range of shrubs, would have predominated where the soils and climate were suitable, 
at least during the last stage of a succession, the later period of a forest (e.g. Peterken 
1996; Rackham1980), thus had tightly closed the forest in structure with little light 
reaching the forest floor. On the other hand, light-demanding species including trees 
and shrubs such as oak (Quercus spp.), sessile oak (Q. petraea), pine (Pinus), hazel 
(Corylus avellana) and other species linked to forest habitats cannot cope with these 
conditions and would have been little in abundance. A climax vegetation of closed 
forest is suggested to cover the whole landscape in prehistoric times prior to human 
intervention, and would still be the situation had this intervention not taken place (Pott 
2000). Only once humans started to become abundant did the forest become more 
open (Kirby 2003). 

This hypothesis can be traced back to the middle of last century, when Watt (1947) 
presented his gap-phase model to describe how small scale forest regeneration takes 
place in canopy gaps. It was later proposed by vegetation historians based on fossil 
pollen preserved in pear and lake deposits (Firbas 1949, Iversen 1960, 1973), and has 
been developed in contemporary European forests studies ever since.  

Driving force from food chain bottom, e.g. vegetation growth, is emphasized in this 
hypothesis. Plants do not only change the structure and composition of forest itself by 
interacting with each other, but also deter herbivores’ abundance by supplying and 
limiting their food resource. This implies a strong bottom-up string, of which high 
trophic level species including herbivores, carnivores and other consumers are 
dependant on producers’ population size and community structure. On the other hand, 
large herbivores have no significant influence on the regeneration of the trees or the 
composition or succession of the vegetation.

High Forest hypothesis is recently challenged by Frans Vera (2000), who proposed 
that it was large herbivores (e.g. deer, bison, aurochs and wild horses) that not only 
created larger openness in the canopy by browsing, grazing and trampling, but also 
drove the whole forest regeneration through a cycling process. This is so-called 
“Wood Pasture hypothesis”. Vera suggested that large herbivores when present in 
certain densities are able to prevent tree regeneration by trampling and eating all the 
young trees, and thus drive the areas to go through a breaking down period into open 
land and secondary succession over and over again (Figure 1). In the study region, 
defined by him as below 700 m altitude and between 458N and 588N latitude and 
58Wand 258E longitude in the lowland temperate zone of Europe, large herbivores 
had been important during the early post-glacial in maintaining an open landscape and 
creating a mosaic of open grassland, regenerating scrub and forested groves 
(Blackford J. and B. Birks 2005). 
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Figure 1(Vera, 2000): Vera’s model, consisting of the three phases of open park, 
scrub and grove, to which a fourth break-up has been added to represent the 
transition from woodland grove back to open habitats (park).

Top-down control instead of bottom-up is suggested in Wood Pasture hypothesis. 
This implies herbivores are in absolute dominating status of the whole system. Their 
density and behavior decides which direction the ecosystem would develop into, and 
also the abundance, temporal and spatial distribution of vegetation, thus as well deters 
forest structure and composition.

The main difference between these two forest dynamics hypothesis, other than the 
spatial scale of forest regeneration, is herbivores’ capability of influencing vegetation 
and even the whole ecosystem. Wood Pasture hypothesis assumes large herbivores 
have a continuous ability of keeping the population of tree seedlings and young trees 
on a low enough level to prevent forest regeneration during one tree lifespan time, 
normally at least 200 to 300 years. This directly leads to a synchronized landscape 
scale tree-fall, and create large openness and later second succession. Meanwhile 
High Forest hypothesis does not include this type of large scale tree-fall dynamics, but 
assumes tree regeneration only happens in the canopy gaps caused by death of small 
group of trees from windblown or other natural disaster or climate catastrophes.

No direct evidence for either hypothesis is conclusive with respect to how much of the 
landscape in lowland Europe was open or closed by human impact. The ideal test of 
the Wood Pasture hypothesis would be a long-term grazing exclusion experiment 
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conducted 6500–9500 years ago so that one can compare forest composition, or at 
least fossil pollen assemblages in areas with and without large herbivores (Blackford 
2005). Unfortunately those experiments are unpractical to carry out. Therefore a 
model-based approach is suggested in this study to imitate what would have happened 
in the forest if no human disturbance.  

A theoretical landscape of 1 km² consisting of 100*100 cells was set up to investigate 
how a landscape would look like following High Forest dynamics or Wood Pasture 
dynamics . Each cell presents one statistically minimum canopy gap of 100m². One 
cell can be either totally covered by plants or completely open as a small gap in the 
model.  10*10 cells form a patch, which contains a competition system of four plant 
groups (grasses, shrubs, junior trees and mature trees). And patches have no spatial 
correlation between each other. Different plants take up different forest vertical 
structure layers. There are three layers in this study: canopy, understory and ground 
flora. 

Behavior of plant populations in each patch shows how open the landscape is and how 
it is structured. Environmental stochasticity is included in the model. By comparing
the dynamics over 1000~2000 years of two landscapes with and without this large 
landscape tree-fall “catastrophe” caused by herbivores, the difference between these 
two descriptive hypotheses is quantified. 

The aim of this study is 1).to test null hypothesis: herbivores make no difference in 
vegetation dynamics, especially at canopy level; 2).to find out determining factors if 
null hypothesis is rejected; and 3).to discuss other possibilities of the natural forest 
dynamics.

3 Methods
All models were run in Matlab R2007b with 10 replicates. All statistics were analyzed 
in Matlab R2007b.

3.1 Competing species 
Four “species” are introduced in this model: grasses, shrubs, junior trees and mature 
trees. Each of them respectively presents a bionomic strategy group with exclusively 
morphological and ecological traits. 

3.1.1 Grasses
Grasses present most annual, biennial or perennial ground flora. They are mostly 
typical R-selected strategy competitors with both high fecundity and mortality rate 
and a low probability of surviving to adulthood. They cover the ground layer of a 
forest, and cause most seasonal landscape changes. This group often also includes 
pioneer species which exploit empty niches in nature ecosystem and predominate in 
an open landscape fast at the early stage of a succession. 
3.1.2 Shrubs
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Shrubs present most bushes and shrubs that are possibly thorny and unpleasant for 
herbivores. They apply a bionomic strategy between R-selected and K-selected, with 
fecundity and mortality rates in between as well as vulnerability to environmental 
disturbance. In forest vertical structure, they normally take over space from above 
ground to understory, sometimes even subcanopy. They shade grasses but not to a 
deathly extent, and shelter tree seeds and seedlings from herbivore browsing. Shrubs
often appear at the second stage of forest succession following grasses, and got 
shaded later when large trees start to dominate and close the forest canopy. 

3.1.3 Junior Trees
Junior trees are defined in this study as trees less than 10 centimeter in diameter at 
breast height as commonly used in empirical work of forestry. They could be the 
same species as mature trees, but only different at age.  These two groups are 
separated because junior trees are more similar to shrubs than mature trees at height, 
position in forest vertical structure, sunlight and other surrounding living conditions. 
Trees are generally K-selected strategy competitors. Junior trees have a high growth 
rate since they are at their fast growing ages and thus more fragile against natural 
catastrophe and other disturbs such as pest disease, herbivore prey and so on, 
especially at their early years. This group normally grows from understory level to 
subcanopy. 
One critical surviving factor for junior trees is shrubs’ coverage on the landscape
because the later provides shelter from over sunshine and herbivore browsing.

3.1.4 Mature Tree
Mature trees present most large trees with a diameter above 10 centimeter. They are 
typically K-selected competitors with both low fecundity and mortality rate but high 
resistance to small scale disturbance such as herbivore browsing. They occupy canopy 
layer, and affect lower layer competition by deciding the amount of light through. 
According to traditional forestry opinion, they are the major driving force in forest 
ecosystem. 

3.2 Population dynamics

3.2.1 Population model
Population model is based on the famous competition equations developed by 
Lotka-Volterra. Moreover, a linear relationship of number of prey (vegetation) 
consumed as a function of the density of prey population is added to the previous 
competition system. And shrubs’ shelter effect is taken into consideration in junior 
trees’ equation as well.  

For i = 1, iN = grasses population and i = 2, iN = shrubs population
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For i = 3, iN = junior trees population 

)1()1(*)(
2

2
4

1,1
443 k

N
N

k

N
NdNr

dt

dN
ii

ji i

jij
i

i  





   (2)

For i = 4, iN = mature trees population 
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where r is the natural growth rate of species i under unlimited resource when i = 1 or 
2, and is the probability that an individual remains in the same group during one time 
step when i = 3 or 4; d is the probability that a junior tree recruit up to a mature tree 
during one time step when i = 3, and is the fecundity rate of mature trees when i = 4; k
is the carrying capacity of species i; α is the interspecific competition pressure from 
species j to I, and is the density pressure (intraspecific competition pressure) when 
i=j; βis the browsing pressure from herbivores on species i.

3.2.2. Parameterization

3.2.2.1. Population and carrying capacity
Covering percentage of the whole landscape is used as population size to avoid 
individual or biomass difference among grass, shrubs and trees. Theoretically, they all 
have potential to cover a whole land respectively; therefore their carrying capacity is 
1 each.  To scale herbivore’s population to the same order of magnitude as 
vegetation, a theoretically highest population is assumed as carrying capacity, which
could be 1000, 10000, or any number, and herbivore’s population is calculated as the 
percentage out of this theoretical number. All species in all patches starts with a low 
initial population of 0.01.

3.2.2.2. Growth rate and recruiting/fecundity rate
Grasses’ and shrubs’ growth rates are based on experience equation in allometric 
studies (Niklas and Enquist, 2001):

762.0MM p                          (4)

264.0ML　                         (5)

Where Mp is annualized photosynthetic biomass production; M is body mass; L is 
body length. Thus:

902.0 i
p

i L　
M

M
r                     (6)



8

Where r is the natural growth rate of species i. In this study, grasses is given a body 
length of 0.5~1m, which returns an average growth rate of 1.2; and shrubs is given a 
body length of 1~2m, which returns an average growth rate of 0.8.

For junior trees and mature trees, the probability of remaining in the same group 
during one time step and the probability of recruiting into another group are based on 
Usher’s forest age structure studies (Usher, 1966). In this study, junior trees are given 
a growth rate of 0.7 and a recruiting rate of 0.2; mature trees are given a growth rate 
of 0.6 and a fecundity rate of 0.2.

3.2.2.3. Competition/Density pressure rate
To simplify competition rate among different species, three levels of 0, 0.5, and 1 are 
given for all interactions as shown in Table 1. Basic principles are:
1) Competition winner is one level above competition loser; 
2) Competition rate is another level more if they were the same species, or compete 

for the same space.

For example, shrubs shade off grasses in the second period of succession and thus the 
competition pressure rate from shrubs on grasses is 0.5.

Table 1: Competition/density pressure rate between different plant groups.

on/from Grasses Shrubs Junior Trees Mature Trees
Grasses 1 0.5 0.5 0.5
Shrubs 0 1 1 0.5

Junior Trees 0 1 1 1
Mature Trees 0 0 1 1

3.2.2.4. Browsing pressureβ
To make herbivore’s behavior comparable in these two hypothesizes, an assumption 
in Wood Pasture hypothesis is made that herbivore’s influence is a simple plus of the 
same browsing pressure as in High Forest hypothesis and the cause of an artificial 
large scale tree fall catastrophe every 200 years.
Browsing pressure is assumed to be around 0~0.2 in the model since little influence 
from herbivores is suggested in High Forest hypothesis. And it varies according to 
herbivore’s diet preference, which means a highest browsing pressure rate of 0.2 on 
junior trees, less browsing pressure of 0.1 on grasses, 0.1 on mature trees, and no 
browsing pressure thus 0 on shrubs.

3.3 Landscape model
As mentioned in the introduction, a theoretical landscape of 1 km² consisting of 
100*100 cells was set up (Fig.2a). 10*10 cells form a patch of 1hectare, 100m*100m 
(Fig.2a). Each patch contains one competition system described above. There is no 
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correlation among different species or patches. A three-layered landscape (Fig.2b) is 
used with mature trees on the top canopy layer, shrubs and junior trees shared the 
understory layer, and grasses on the bottom ground layer.
There are two types of herbivore behavior introduced in Wood Pasture hypothesis. 
One is homogeneous browsing pressure across all over the whole landscape. This 
implies no geographical block on the landscape for herbivore’s free movement. And  
it results in large scale tree fall catastrophe by the size of 1km², the whole landscape. 
Another is heterogeneous browsing pressure, which could be caused by geographical 
block on the landscape, too small herd size or so. This limits the size of tree fall 
catastrophe to 1 ha, one patch.

   

(a)                              (b)
Figure 2: Landscape models used in this study. (a) a theoretical landscape consisting 
of 100*100 cells; one patch is 10*10 cells as shown in red square; (b)a three-layered 
landscape with mature trees on the top layer, shrubs and junior trees on the middle 
layer, and grasses on the bottom layer .

3.4 Environmental Stochasticity/ Catastrophes
Environmental stochasticity is applied in the population model as all the parameters 
mentioned above have 10% amplitude normally distributed stochasticity. 

Storms and fires are reported to be the two most influencing catastrophes for 
European lowland forests. So climate stochasticity is introduced as catastrophes based 
on European climate report (Grunenfelder, T. (team leader), 1996; FAO 2001). 
Theoretical storms and fires happen by a certain size and a certain frequency 
according to statistics in the reports above. This means a fire happens at a mean size 
of 1 ha with variance of 0.93 by a chance of 0.16% per 10 years for 1 km² landscape 
in UK, or at a mean size of 0.63 ha with variance of 0.17 by a chance of 0.12% per 10 
years for 1 km² in Sweden. And a storm happens at a size of 1 km² by a chance of 
0.53% per 10 years.

Other than natural catastrophes, an important point in wood pasture hypothesis is that 
herbivores have ability to create large scale tree fall by each tree life span. In 
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Lotka-Volterra model, herbivores’ browsing pressure is assumed to be low, thus an 
artificial “herbivore catastrophe” is applied. As mentioned in the landscape model, it 
either happens once 200 years on a whole homogeneously browsed landscape or 
happens by 0.005 chances in each patch on a heterogeneously browsed landscape. It 
caused 90% death of mature trees on the canopy level, and only has slightly indirect 
influence of on other species.

4 Results

4.1 Mean of populations over the whole landscape
Population dynamics of all four species over 1000 years are given in Figure 3. 
Populations are calculated as an average of all 10*10 patches at each time point. 

In High Forest hypothesis (Fig.3a) mature trees developed into a final equilibrium 
around 70% dominating coverage of the whole landscape after early succession 
period, grasses reached around 40% on the forest ground flora layer, while shrubs and 
junior trees shared the middle layer with small populations of 20% and 10%. 
In Wood Pasture hypothesis, a homogeneous landscape (Fig.3b) and a heterogeneous 
landscape (Fig.3c) showed very different patterns. Homogeneous landscape (Fig. 3b) 
presented a circling dynamics with a sudden “reset” change every 200 years of all 
fours species with different amount respectively. Mature trees and grasses basically 
shared the dominating position in the system of around 50% coverage each, while the 
former drop to almost none every 200 years. Junior trees and shrubs shared the middle 
space by 50% each respectively as well, and performed a sudden increase of 5~10% 
every time when mature trees dropped. Heterogeneous landscape (Fig.3c), however, 
reaches almost equilibrium with 55% grasses dominating and 30% mature trees, while 
junior trees slightly won over shrubs around 50% each.
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(a)

(b)
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(c)

Figure 3: Population dynamics of all four species over 1000 years. (a)High Forest 
hypothesis; (b) Wood Pasture hypothesis homogeneous landscape; (c) Wood Pasture 
hypothesis heterogeneous landscape.

4.2 Variance of populations over the whole landscape
Variances among the whole landscape over 1000 years are given in Figure 4. 
Variance is calculated as the variance of all 10*10 patches at each time point. 

In High Forest hypothesis, variances of all four species are very low. It implied 
insignificant difference among these 10*10 patches’ dynamics. This was the same 
case in Wood Pasture homogeneous landscape. Only in Wood Pasture heterogeneous 
land showed relatively high variance of mature trees. All other species behaved still 
all most the same.
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(a)

(b)



14

(c)

Figure 4: Population variance among patches of all four species over 1000 years. 
(a)High Forest hypothesis; (b) Wood Pasture hypothesis homogeneous landscape; (c) 
Wood Pasture hypothesis heterogeneous landscape.

4.3 ANOVA test of High Forest landscape and Wood Pasture landscape 
One-way ANOVA (analysis of variance) analysis was applied for testing whether 
there was significant difference between High Forest hypothesis and other two 
hypotheses. It was shown in Table2, Table2 and Figure 5 that there was significant 
difference between High Forest hypothesis and either of Wood Pasture hypotheses.
The null hypothesis herbivores make no difference in vegetation dynamics is rejected.

Table2: ANOVA results for High Forest hypothesis vs. Wood Pasture hypothesis 
homogeneous landscape.

Table3: ANOVA results for High Forest hypothesis vs. Wood Pasture hypothesis 
heterogeneous landscape.
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(a)

(b)
Figure 5: ANOVA analysis results. (a) Column 1: High Forest hypothesis; Column 2: 
Wood Pasture hypothesis homogeneous landscape; (b) Column 1: High Forest 
hypothesis; Column 2: Wood Pasture hypothesis heterogeneous landscape.

5 Discussions

5.1 Approach to natural forest dynamics
Experiments above suggested a possible approach of natural forest dynamics research 
when traditional empirical experiments are difficult to carry out. Combined with 
parameters from empirical work with regards to plants’ biological traits, for example, 
growth rate, fecundity rate, dispersal rate and so on, an imitation of dynamical plants 
community could be set up in computer and predict what might happen in thousands 
of years. 
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5.2 High Forest hypothesis
Given the population pattern above, high forest is an explainable possibility of natural 
forest dynamics. The system can perform a perfect dynamics and reach equilibrium 
after certain time period without causing any collapse in the system. This is not 
influenced by on what scale the landscape is synchronized. So if the assumption of no 
strong driving force exists from other than plant community itself is true, high forest 
might be the truth of how a forest looked like thousands of years ago, and would look 
like thousands years later when left alone from human impact. 

5.3 Herbivore behavior in Wood Pasture hypothesis
Homogeneous or heterogeneous landscape in Wood Pasture hypothesis, which was 
applied as different environmental catastrophes in theoretical model, was in practice 
caused by the size of herbivore herds. If one herbivore herd was large enough to 
control the whole landscape over 1 km², or difference herds on the same landscape 
shared strong contact and completely correlated among all herds, a homogeneous 
landscape would be the closest to truth. On the other hand, if herbivores were not able 
to move freely on the whole land, but more often stuck to only one patch area around 
1 ha because of geographical block or animal behavior habits, a heterogeneous 
landscape then is more likely to occur. 

5.4 Difference of High Forest hypothesis and Wood Pasture hypothesis

5.4.1 Mean of populations over the whole landscape
Mean value of all the patches on the whole landscape showed how this landscape was 
structured. Dynamics of the mean presented how landscape structure developed. In 
High Forest hypothesis, mature trees dominating equilibrium was reached shortly 
after succession period of about 200 years, as expected in the description model. In 
Wood Pasture hypothesis, homogeneous landscape and heterogeneous landscape 
showed two totally different patterns: Heterogeneous landscape behaved quite similar 
as High Forest landscape that basic equilibrium was reached after succession period. 
The difference is that domination on heterogeneous land was shared by grasses, junior 
trees and shrubs instead of mature trees. Homogeneous landscape, however, showed 
cycling system as described by Wood Pasture hypothesis with grasses in domination. 

First of all, Wood Pasture hypothesis in general expects much less closed canopy 
compared to High Forest hypothesis. Even if break-up period in Vera’s description is 
short enough, the whole landscape needs relatively long time to go through a new 
succession. This pointed out a large difference between theses two hypotheses: in 
Wood Pasture hypothesis, almost up to half of the landscape should be open with 
grass, shrubs or junior trees dominating, thus large-scaled closed canopy should have 
never existed in the past. 

Second, whether a cycling system existed on landscape level largely depended on 
herbivore’s behavior. If their herd size was small enough, their corresponding small 
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scale vegetation cycling dynamics would be even out on landscape level. Only when 
one herd has effect on large area or neighbor herds correlated to each other that a 
large scale vegetation cycling dynamics would be the possibility.

5.4.2 Variance of populations over the whole landscape
Variance of all patches on the landscape showed to some extent how intensive the 
vegetation was. The generally low variance of all species in all hypotheses guaranteed 
a basically even landscape. This means no large scale extremely different vegetation 
structure exists among the same landscape, and then further guaranteed a landscape is 
representative for its size

However, aggregation is one of the most important measurements of vegetation 
distribution. Variance might not be enough to describe how a landscape is aggregated. 
This could be very interesting for further study.

5.4.3 ANOVA test of High Forest landscape and Wood Pasture landscape
ANOVA results showed the two hypotheses were significant different dynamics. Our 
null hypothesis that herbivores make no difference in vegetation dynamics, especially 
at canopy level, is rejected.

5.5 Further developments of the models
In Lotka-Volterra model, a constant browsing pressure is assumed, as no matter how 
herbivores’ population varies, a certain percentage of existing vegetation is eaten up 
each time step. This is not necessarily true in real life. To introduce herbivore’s 
population dynamics, Holling’s models could be considered (Fig.6, Holling, 1959). 
Holling’s type П functional response includes herbivore saturation as they cause 
maximum mortality at low vegetation density, but a negligible proportion when in 
high-density prey population. And type Ш functional response occurs when 
herbivores increase their search activity with increasing vegetation density, so their 
mortality first increases with vegetation increasing density, and then declines. And in 
Holling’s models, since herbivores dynamics is taken account, vegetation’s cycling 
behavior is expected to happen by the system itself, so no artificial herbivore 
catastrophe should be needed.
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Figure 6 (Holling, 1959):  three different types of function response. The left column 
described how many individuals of the prey are consumed at different prey density; 
and the right column described how much percentage of the prey is consumed at 
different prey density.

5.5.1 Revised Holling’s type П model (functional response type П)
In the models used in this study, browsing pressure β is assumed to be a

constant number from 0 to 1. This seems intuitively incorrect because one would not 
expect a single predator (herbivores) to be capable of consuming an infinite amount of 
prey (vegetation) in a finite amount of time, as in one day for instance. To solve this 
problem, Holling introduced the concept of predator’s (herbivores) handling time of 
prey (vegetation) in his type П model (Holling, 1959). It assumes that a predator 
(herbivore) spends its time on searching, eating and digesting prey (vegetation).
Predators (herbivore) cause maximum mortality at low prey (vegetation) density, and 
this capability represents saturation when prey (vegetation) density increases.
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Where β is still the browsing pressure from herbivores on species i; γ is the 
encounter rate of herbivores to plant species i; N is the population of plant species i; P 
is the population of herbivores; e is the rate that one unit vegetation is transferred into 
one unit herbivore per time step; d is the death rate of herbivores.
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5.5.2 Revised Holling’s type Ш model (functional response type Ш)
Holling type III functional response (Holling, 1959) is similar to type II in that at high 
levels of prey (vegetation) density, saturation occurs. But at low prey (vegetation) 
density levels, the graphical relationship of number of prey (vegetation) consumed 
and the density of the prey (vegetation) population is an exponentially increasing 
function of prey (vegetation) consumed by predators (herbivores). This accelerating 
function is caused by learning time, prey switching, or a combination of both 
phenomena.
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Essentially the model assumes that the number of prey (vegetation) consumed by an 
individual predator (herbivore) will increase proportionally to the prey (vegetation) 
density up to an infinite degree.

5.6 Conclusions
From the studies above, conclusions can be drawn: 
1). Out null hypothesis that herbivores make no difference in vegetation dynamics 
especially at canopy level is rejected. High Forest hypothesis and Wood Pasture 
hypothesis showed totally different vegetation compositions and structures. The 
landscapes presented different dynamics as well. Whether a landscape is 
homogeneous or heterogeneous also influences a lot on how vegetation could be 
structured and how it could develop. All these suggested herbivores have the ability to 
drive a different dynamics in forest.

2).Other than inter factors from plant community, for example, plants’ growth rate, 
fecundity rate, dispersal rate, competition rate and browsing pressure, outer factor as 
synchronization of herbivore behavior could also be an influencing factor of how a 
landscape might be shaped. Less synchronized herbivore behavior might end up with 
being even out on landscape level, and leads to less possibility to dominate landscape 
dynamics. On the other hand, synchronized behavior thus provides herbivore with the
possibility to be driving force of forest system.

3).Comparing these two extreme hypotheses, another possibility of natural forest 
dynamics is a mix of these two. To what extent these two hypotheses could be mix or 
alter in reality still need further empirical studies.
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