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Eötvös University

Budapest

2010



Introduction

This thesis is based on the work aimed at the investigation of niche, which

is one of the key concepts of ecology. We investigated how we can intro-

duce the notion of ecological niche, in a consistent, model-independent way

for populations living in spatially heterogeneous or in time fluctuating en-

vironment, and analyze the robustness of the coexistence of a coalition of

species. The investigation of coexistence and stability of populations has a

long history in field of ecology. The reasons for this interest are on the one

hand the key role of competition played within Darwin’s evolutionary con-

cept, on the other hand the recognized importance of processes developing

and maintaining biodiversity.

Niche is one of the most cited fundamental concepts and the “central or-

ganizing aspect” of ecological studies. However, in spite of this central status

there is agreement neither in the definition nor the limits of its applicabil-

ity of the term Even its necessity is questioned by some authors. One of

the main reasons of this situation is that a mathematically correct, model-

independent definition of niche applicable for real ecological situations was

lacking for a long time. The other reason originates from the too restric-

tive interpretation of the meaning of niche: niche and resource-utilization

are strongly entangled in the ecological literature. The demography of a

population, however, is regulated not only by the resources – which are the

most important factors in many cases – but also by other factors, i.e. spatial

constrains, predation, infection, etc. These regulating factors are affected

by the density of populations, and affect the growth rates of populations.

In other words: the feed-back of population regulation operates through the

regulating factors, which stabilizes coexistence. The demographic parame-

ters are affected by factors not involved in the regulation loop these are the

external environmental parameters. The robustness of coexistence of popu-

lations, which is one of the most important and the most difficult problem

in conservation biology, depends on the stability of this coalition against the
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change of these external parameters. The extension of the regulating factors

beyond resource limitation makes it possible to formalize the concept of niche

mathematically in a model-independent way. According to Meszéna et al.

(2006) we introduce the two following niche notions:

• sensitivity niche of a species means the change of the growth rate of

the species as a result of small changes of a given regulating factor;

• impact niche of a species means the change of a given regulating factor

as a result of small change of population size.

The impact and sensitivity niche vectors introduced this way are well-

defined and can be – theoretically – determined in any given ecological situ-

ations. As Meszéna et al. (2006) showed for unstructured populations, the

niche vectors are closely related to the stability of coexistence of popula-

tions. They proved that if both impact and sensitivity niches of the species

are different enough, coexistence is robust against the changes of the external

environmental parameters. Thus, for robust coexistence (strong population

regulation) species must be different enough both in their impact and in sen-

sitivity towards the regulating factors. By these definitions of niche vectors

– which can be considered as a generalization of the well-known resource

utilization function – it is obvious, that the similarity of species has no lower

bound, but the robustness of coexistence decreases with increasing of simi-

larity.

Aims

Our aim was to extend the range of applicability of the above described

niche theory of Meszéna et al. (2006) into two directions: (1) The original

model was applicable for homogeneous, unstructured populations only, an

oversimplification in many real ecological situations, since populations might

be structured externally or internally by their age, state, habitat, etc. Our

aim was to extend this model so that it can take into account any (finite)

number of states, and that the impact and sensitivity niche vectors can be

determined with the help of it. Thus, the robustness of coexistence against
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the change of the external parameters becomes possible to investigate. (2)

In addition to (spatial) structure, temporal fluctuation of the external envi-

ronment is also a common attribute of many real ecological systems. Our

second aim was to investigate both the applicability of the introduced niche

model for fluctuating environment and the way of the interpretation of the

earlier results in fluctuating environment. To sum up, our aim is to make

an extension of niche theory of Meszéna et al. (2006) to investigate popu-

lation living both in spatially heterogeneous and in temporally fluctuating

environment.

Methods

Our models are strategic models, the “minimal models” of the analyzed

problem. They are used to investigate the given phenomenon and can be

considered as a simplified representation of real ecological situations. Our

approach is analytic as far as it is possible, given the mathematical complex-

ity. In spatial (or in any structured) models the derivation of niche vectors

is a linear algebraic problem: we should determine eigenvalues and eigen-

vectors of matrices and the volume that is spanned by these vectors. In

case of the simplest (two patch) spatial model it is possible to find a full

analytic solution, while it is not possible in a more complex patch-chain en-

vironment due to the increase of the number of dimensions. In this case we

determined the necessary vectors numerically, and investigated the volumes

describing the stability of the system with Monte-Carlo simulation. In the

model of fluctuating environment the dynamics is described by stochastic

differential equations because of the uncorrelated (white) noise affecting the

system. Lacking an exact analytic solution we integrated it numerically –

in Stratonovich-interpretation, to be in line with the biological picture –, or

gave approximate analytic solutions in limit of small fluctuation using the

moment-closure technique that neglects the higher moments. The robustness

of coexistence was calculated from these results.

3



Theses

1. We demonstrated the applicability of the niche-model of Meszéna et

al. (2006) for structured populations containing any (finite) number of

states. [2]

2. We demonstrated, the lack of model-independent lower bound of simi-

larity for structured population as well [1,2]

3. We showed that – like in the unstructured case – the volume spanned by

the sensitivity and the impact niche vectors determines the robustness

of coexistence in case of structured populations as well. [1,2]

4. We analyzed niche-segregation in two-patch environment analytically;

the difference between fundamental and realized niche was investigated.

[2]

5. By studying adaptive dynamics in the two-patch environment, we

showed that polymorphism can be generated and maintained by spatial

heterogeneity; evolutionary branching can occur due to either decreas-

ing migration or increasing difference between the patches. [2]

6. By investigating a minimal model we confirmed that “relative non-

linearity” can lead to species coexistence as a result of environmental

fluctuation. [3]

7. We showed that in stochastically fluctuating environment mutual in-

vasibility is a valid sufficient condition for coexistence only in case of

infinitely large populations, and not generally applicable for finite pop-

ulations. [3]

8. In the moment closure approximation of the stochastic model valid for

small fluctuations we proved analytically that similarity has no lower

bound; with increasing similarity the robustness of coexistence and the

volume of regulation shrink continuously. [3]
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Conclusions

We extended one of the mathematical interpretations of niche for structured

populations and investigated its applicability in temporally fluctuating envi-

ronment. These generalizations are necessary for the applicability of niche

theory for real ecological situations. We demonstrated its usefulness for spa-

tially structured populations, and determined the robustness of coexistence

against the change in external environmental parameters. We found, that for

robust coexistence populations must be different both in their impact on the

regulating factors (impact niche) and in their sensitivity towards them (sen-

sitivity niche). Beyond spatial heterogeneity, the environmental fluctuations

have an important role in sustaining biological diversity. In the simple model

framework of “relative nonlinearity” we showed, that the variance of the den-

sity in a fluctuating environment is a regulating factor as well, thus, has a

diversity-maintaining effect. We proved also in this case, that the condition

of coexistence is the sufficiently large difference between the impact and sen-

sitivity niches of different species. Moreover, we demonstrated for this case,

that similarity between coexisting species has no lower bound. Coexistence

merely becomes more and more degenerate and sensitive to the changes in

external environment with increasing similarity. The methods demonstrated

in this work could help us to understand and to describe the behavior of dif-

ferent ecological systems better, and, in possession of appropriate data, could

answer the important question of robustness of coexistence both in spatially

heterogeneous and in fluctuating environment.
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