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Chapter 1
General Introduction

Biodiversity has both fascinated and puzzled biologists. Early experimental and modeling work led to the principle
of competitive exclusion. This states that, among two or more species competing for a shared resource, only the best
competitor will survive. The apparent contradiction between competitive exclusion and the species richness found in
nature has been a long-standing problem.

In order to resolve this problem, many hypotheses explaining species coexistence against competitive exclusion
have been proposed. For instance, niche partition, disturbance, habitat heterogeneity, environmental fluctuation, and
so on were considered to be factors promoting species coexistence. Both laboratory and field studies have tested
these hypotheses, and shown that these factors actually play a role in promoting species coexistence.

Here, we propose an additional important factor affecting species coexistence. especially for animal communities.
The factor is behavioral interactions between individuals. We define behavioral interaction as any behavior of
individuals in the interactions. for example, the aggressive behavior, territorial behavior, and so on. In nature,
animals always recognize the surrounding individuals and thereby, always change their behavior in order to obtain
their high reproductive success.

The behavioral interactions between individuals would affect the frequency of interaction of among species, the
strength of the competitions, and consequently, the occurrence of species coexistence. In this thesis, I focus on this

effect of behavioral interaction between individuals on species coexistence.

Chapter 2
The effects of individual interactions and habitat preferences on spatial structure in a grassland bird
community

Spatial structure and the distribution of individuals within a community might be influenced by several factors
such as habitat heterogeneity and local interactions among individuals of the same and different species. We
investigated the spatial distributions of eight bird species in a grassland community during the breeding season and
examined whether the spatial distributions of individuals were influenced by interactions among neighboring
individuals or different habitat preferences ot different bird species. In order to identify the effects of the interactions
among neighboring individuals and habitat preference, we developed a randomization test in which species
identifications were randomly allocated to the observed individual positions within areas with the same vegetation
structure. The randomization test indicated that individuals tend to have territories near the territories of individuals
of the same species or of a particular species more frequently (or less frequently) than those expected from random
distributions of individuals. Among these associations, only one case was explained by individual interactions, and
19 cases were explained by habitat preference. The results suggest that both individual interactions and habitat
preference affected the spatial distributions of individuals and possibly influence the species compositions and

diversity in grassland bird communities.



Chapter 3
A new hypothesis for species coexistence: male-male repulsion promotes coexistence of competing
species.

We propose a new hypothesis, namely, that repulsive behavior between conspecific males creates space for
competing species, which promotes their coexistence. This hypothesis can explain the coexistence of two competing
species even when their ecological niches overlap completely. The mechanisms underlying such behavior might play
a role in making possible the coexistence of two species immediately after speciation, with little or no niche
differentiation, as can occur in cichlid fish communities, for example. Although there is thus for little evidence
supporting this hypothesis, nevertheless, it can explain the occurrence of species coexistence and biodiversity that

previous theories cannot.

Chapter 4
Does interspecific territoriality reflect the intensity of ecological interactions?: A theoretical model for
interspecific territoriality

In many studies, interspecific territorial behaviors among coexisting species have been used to infer the presence
and the intensity of underlying ecological interactions between species, mainly resource competition. However, the
theoretical background of this inference is insufficient. Hence. we constructed a simple theoretical model for
interspecific territoriality assuming that interspecific territorial defense is the optimal behavior. Then factors
promoting interspecific territoriality and the relationship between interspecific territoriality and ecological
interactions are discussed. The model predicts that (1) a territory holder preferentially exclude intruders of species
with high “exclusion efficiency”, (2) the decision as to whether or not the territory holder excludes a certain species
does not depend on the probability of finding intruders of the species nor on the number of intrusions of the species,
and (3) interspecific territoriality does not always reflect the intensity of ecological interactions between species.
These results indicate that the observation of interspecitic territoriality does not necessarily indicate the intensity of
ecological interactions. In addition. if territory holders defend their territories as predicted by the present optimal

model, the coexistence of competing species is promoted.

Chapter 5
Conspecies-precedence interference competition and species coexistence: Many individuals lead to many
species.

For animals, intraspecific competition is often more important than interspecific competition because the former is
more related to their reproductive successes than the later. So, we assumie that, in interference competition,
individuals of animals compete preferentially with conspecific competitors (we name this assumption as conspecies-
precedence interference competition) and then. examine how this assumption affect species coexistence by
developing a theoretical model. As the result, species coexistence is promoted by the present assumption. The
coexistence is more promoted in the guild in which the intensity of interference competition is stronger or the density
ot species ts higher. These results indicate that the present assumption can play a role in maintaining species
coexistence in the guilds in which densities of these species are high and there are interference competitions among
individuals (e.g. African cichlids, coral reef fishes). Furthermore, this model provides an additional explanation for

the positive relationships between productivity and animal species biodiversity.
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Chapter 6
General Discussion

In this thesis, I showed. by theoretical models, that behavioral interactions between individuals of animals lead to
species coexistence. In Chapters 2 and 3, [ showed the repulsive behavior between conspecific males in establishing
territory (male-male repulsion) creates space for heterospecific individuals and then, promotes their coexistence. In
Chapter 4, I developed a mathematical model on interspecific territoriality and showed that optimal territorial
behavior leads to species coexistence. In chapter 5, I assumed that, in interference competition, individuals of
animals compete preferentially with conspecific competitors (conspecies-precedence interference competition) and
showed that it promotes species coexistence.

From the four studies in the present thesis, adaptive animal behaviors are very important factors to promote species
coexistence. Generally, animals behave to obtain resources and mating opportunities, ultimately to maximize their
fitness. In many cases, these behaviors reduce other individuals’ fitness, especially conspecific individuals’ fitness,
because the niche overlap between conspecies is larger than that between heterospecies and the competition for
mating opportunities occurs only between conspecies. Consequently, these behaviors result in increasing intraspecific
competition and thereby, it prevents competitive exclusion. Of course, the present models cannot be applied to all the
animals. For example, for animals whose reproductive success increases by aggregations, male-mal repulsion and
conspecific-precedence interference competition are not adaptive, and thus, different models should be considered.
However, because behaviors that reduce conspecific individuals’ fitness are commonly observed in nature, the
mechanisms of species coexistence which were provided by the present models can be explanations of species
coexistences in animal communities.

Investigations of such behavioral interactions of individuals constitute an important future direction for community
ecology. The influences of behavior on the structure of an ecological community may be play important roles in

ecology and ethology.



MmN BEEDEROEE

S EBROBEHICOWT, SHOGmINETHELSEIZL Y, KM XoESRE, FiLoZsh, 556
N7k R %ﬂ?‘éaaﬂ_\, EEOE B DO THED T ThI 7,

KEmoClE, BEIIBT BRI AD X L EEEOTEIN 2 MEEH OB AP LR 7R TH L, B
FEREFIZEB VT, FJ:')LHUKGL') B EBERT HHESEGFTETHLDN], Fk’)L C b < B

RICEDHFEL T HEPRECELZL00] &, T hLDEMTHY, KIELLDFmFPITONT
b\éﬁﬁ ETCbH b, TOLHRIEIIH LT, IERORERARETIE, = v FoH, Td}ﬁféﬁtt 28

Y - SER G U, A GESIAEB I N TWwL, ARG TR, ook H LMECx LT, M
W OITEN AT AR (RIS & 2 A B FT0EIR - FRFOEING E) 2FETLH LI LwY]
DT, izt o Thnd, 22 TEZLNEEREOTEIN 2 M BRI, TEERSIZH W THBAE
O, FIATEERFENHNRAPSER D EFEOLRVITEHTHLE, T L) RITHZ, EBIZHHTT—%
WA, WHEE L THAAATEMETVERET A, FRdarYa—¥y - Ialb—2arkir)k
V) i E Y, EANOEBOMT Ao TWb, ZORE, MIRSEIo2ITEIZ & 5 & PR
WA T b, BEEOEKE LR WHIZEREOBMZT O RFREIHEI L2, LT, &%
waé:&§%§%@@%ﬁ%WﬁTé:&,&Ewﬁ%ﬁ%%ﬂfméo:ﬂ%m%%u,ﬁ%&%
FUBUARGEOHREER LW LCHMRATH Y, HFELCBWISHIATFL TSI L%, I F G
WHCTELMEMNsH L, /2, ZOL)IHEERMOTEIMNLRMAEM 2 ZE T 5 2 &id, FEEERYIT
@m%?%ﬂﬂt%AT%ltT%U,:ﬂiT%bK%ﬁéﬂfétﬁWrﬁOOTéﬁﬁﬁﬁﬁT%
HbH

Db k9%, - sHbA0Mmatt, Fe@h HiECHmy aie)), L TEI0HH

D& BAERAFHNDL 2 &1d, = BKAS, BV LT ﬁ%%ﬁi D M R mIEDOMFERES L
WMEETHIEARL TS, LA - T, = LERELOELGH I, L () offiifmxxe LT

G LB b,

—369 —



