
Introduction

Knowledge about forest spatial patterns is extremely im-

portant since they result from processes such as competition

and species establishment and it is often possible to deter-

mine from the observed spatial distribution which processes

are operating (McDonald et al. 2003, Leithead et al. 2009,

Anand and Langille 2010). Spatial patterns give us informa-

tion about the nature of forest dynamics by revealing several

aspects related to regeneration and spatial relations among

species (Arévalo and Fernández-Palacios 2003, Miyadokoro

et al. 2003). In plant populations, spatial patterns can be at-

tributed to a combination of dispersal and post-dispersal

events (Anand and Langille 2010). In fact, dispersal is an im-

portant determinant of spatial patterns but density-dependent

mortality (self-thinning), environmental heterogeneity and

regeneration mode also play major roles in the spatial organi-

zation of tree species (Clark and Clark 1984, Busing 1998,

Souza and Martins 2002, Hardy and Sonké 2004, Li et al.

2009, Anand and Langille 2010).

General tendency towards a less aggregated pattern

along the life cycle has been found in a number of species in

both temperate and tropical forests. Higher aggregation

among seedlings and saplings may be the consequence of

limited dispersal or regeneration in gaps and self-thinning

has been invoked as the main reason for the reduction in

clumping degree along the life cycle (e.g., Fangliang et al.

1997, Busing 1998, Condit et al. 2000, Souza and Martins

2002, Li et al. 2009). In temperate forests, tree species can

have random, aggregated and even regular spatial patterns, to

different degrees, and the spatial pattern of a given species

may vary from place to place (Szwagrzyk and Czerwczak

1993). In tropical forests, there are well documented cases of

density dependent mortality that may result in regular spatial

patterns and higher tree species diversity (e.g., Clark and

Clark 1984, Bell et al. 2006). However, Condit et al. (2000)

showed that in a wide variety of tropical forests aggregation

was the most common pattern among tree species, with plant

pests, pathogens and herbivores playing a role in weakening

aggregation in larger diameter classes. These authors also
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Abstract: Disturbance related vegetation dynamics differs with Azorean mountain forest communities, where each tree species

has its own regeneration strategy. Knowledge of the spatial distribution of tree species may help us to generate hypotheses on

the relation between disturbance, regeneration and spatial organization and on the possible underlying ecological mechanisms.

In view of this, we asked the following questions regarding the spatial pattern of tree species: What is the spatial distribution

of saplings and adults? Are there any spatial associations or exclusions between saplings and adults of the same and different

species? To what extent do the disturbance regimes and regeneration strategies of each species explain its spatial pattern? Six

225 m
�

(15 × 15 m) plots were placed in each of three different forest types in three Islands (Pico, Terceira and Flores). Patterns

of tree individuals were analysed through Morisita’s index of dispersion (Iδ) and Iwao ω index. With the exception of Laurus
azorica and Frangula azorica, saplings are in most cases aggregated. Erica azorica is the only species whose adults are aggre-

gated at short distances. Spatial distribution is mostly random for the other species. At short distances, few strong associations

or exclusions were detected. Pioneer species such as Juniperus brevifolia tend to be more aggregated due to their dependence

on gaps to germinate and recruit new individuals. In fact, increasing disturbance and gap size enhances the regeneration of J.
brevifolia. Primary species tend to be randomly distributed in part due to their strategy of forming seedling-sapling banks.

Spatial pattern of tree species is largely explained by disturbance regimes and regeneration strategies of each species. However,

factors such as habitat related patchiness, competition and dispersion limitation may also explain many of the observed patterns.

Abbreviations: Cav- Caveiro; MA- Morro Alto; PA1- Pico Alto 1; PA2- Pico Alto 2; PA3- Pico Alto 3; SB- Santa Bárbara.

Nomenclature: Rivas-Martínez et al. 2002.



found clear evidences of habitat-related patchiness and species

whose aggregated distributions indicate dispersal limitation.

Juniperus brevifolia is the dominant tree species in

Azorean mountain forests, namely in Juniperus-Laurus for-

ests, Juniperus-Ilex forests and Juniperus-Sphagnum woods

(Elias 2007). These communities are well-represented in

Pico Alto (Terceira Island), Caveiro (Pico Island), Morro

Alto (Flores Island) and Santa Bárbara (Terceira Island). J.
brevifolia is the only tree species in Juniperus-Sphagnum
woods, but in the other forests, despite being dominant, it

shares the canopy with other species, especially in Juniperus-
Laurus forests. Disturbance related vegetation dynamics is

different among these communities and each species has its

own regeneration strategy. J. brevifolia and Erica azorica are

pioneer species, regenerating in gaps from seedlings re-

cruited after gap formation; Laurus azorica and Frangula
azorica are primary species forming seedling-sapling banks

in the forest from which new adults are recruited in gaps; Ilex
azorica is a mature species regenerating in the forest (Elias

and Dias 2009a). Furthermore, recent studies (Elias and Dias

2009a,b,c) have identified different disturbance related dy-

namic processes in Azorean mountain forests: gap and patch

dynamics occur in Juniperus-Laurus forests and Juniperus-
Ilex forests, respectively, and frequent large scale distur-

bances (namely landslides) are responsible for cyclic succes-

sions in Juniperus-Sphagnum woods. These facts raise

several questions regarding the spatial organization of tree

species: What is the spatial distribution of saplings and

adults? Are there any spatial associations or exclusions be-

tween saplings and adults of the same and different species?

To what extent do the disturbance regimes and regeneration

strategies of each species explain the spatial organization?

Materials and methods

Study areas

Field work was done in four locations on three Islands:

Pico Alto and Santa Bárbara (Terceira Island), Caveiro (Pico

Island) and Morro Alto (Flores Island). Pico Alto is located

in the central part of Terceira Island (38
�
44’ N; 27

�
12’ W) in

the volcano with the same name, between 550 and 808 m of

altitude and has a maximum age of 100 000 years (Self

1976). The area is mainly composed by an alternation of pi-

roclastic products and lava flows of traquitic nature. The geo-

morphology is dominated by domes and traquitic lava flows,

with less then 19 000 years (França et al. 2003). The plant

cover is mostly dominated by Juniperus-Laurus forests. On

the western part of Terceira Island, Santa Bárbara is a vol-

cano with 13 km in diameter and a maximum altitude of 1021

m a.s.l. In this location the plot was placed at the edge of the

caldera (38
�
44’ N, 27

�
19’ W) that was formed 29 000 years

ago (França et al. 2003). The vegetation is composed of

Juniperus-Sphagnum woods, peat bogs and mountain scrubs.

Caveiro is located in the eastern part of Pico Island

(38
�
26’ N; 28

�
12’ W), between 900 and 1000 m a.s.l. The

area belongs to the São Roque - Piedade volcanic complex

with a maximum age of 230 000 years (França et al. 2003).

Caveiro is a Natural Reserve, within the Pico Island Natural

Park, dominated by Juniperus-Ilex forests. In the north of

Flores Islands (39
�
27’ N; 31

�
13’ W), Morro Alto is located

in the central Plateau, namely in the Morro Alto volcano, be-

tween 750 and 915 m a.s.l. The vegetation is dominated by

Juniperus-Sphagnum woods that are frequently subjected to

landslides. All studied areas are part of NATURA 2000

Community Interest Sites (European Union) and belong to

the Natural Parks of the respective Islands.

Juniperus-Laurus forests of Pico Alto are located in

lower altitudes, within the range of mountain forests (elfin

cloud forests), which explains the higher tree diversity. In-

creasing altitude means higher wind exposure and rainfall, as

well as lower nutrient availability and higher soil toxicity. In

fact, total rainfall in Cav, MA and SB is 4175, 5632 and 3078

mm y
��

, respectively. Average annual wind speed is usually

around 50 km h
��

. These conditions are responsible for the

absence or reduced abundance of tree species other than J.
brevifolia (Elias 2007).

Field data

According to Haase (1995), plot dimensions in spatial

distribution analysis depend on tree density. Since Azorean

mountain forests are elfin cloud forests with high tree den-

sity, our sample quadrats could be smaller than the ones used

in other forest types. In Pico Alto, for example, density in

Juniperus-Laurus forests equals 44 trees per 100 m
�

(or 4400

trees ha
��

). These values are clearly above those found by

authors in other parts of the world (e.g., Taylor and Halpern

1991, Tanouchi and Yamamoto 1995, Ishikawa et al. 1999,

Gratzer and Rai 2004). On the other hand, using smaller sam-

pling areas allows the analysis of mechanisms and biological

phenomena in greater detail, avoiding larger scale environ-

mental variations that may mask the patterns resulting from

biotic interactions (Haase 1995, Arévalo 1998).

Six 225 m
�

(15 m × 15 m) plots were placed in natural

areas away from forest edges but including naturally formed

gaps. A gap was defined as an opening in the canopy extend-

ing through all forest levels down to an average height of 2

m above ground (in accordance with Brokaw 1982). Each

plot was divided into nine 5 m x 5 m (25 m
�
) sub-plots and

all tree species seedlings, saplings and adults were mapped

using Cartesian coordinates. We considered seedlings all in-

dividuals with green cotyledons; saplings all individuals

without cotyledons, less than 50 cm height and no reproduc-

tive structures; adults all individuals with more than 50 cm

height and/or with reproductive structures. These measures

were established according to our field experience in pre-

vious works (e.g., Dias et al. 2004, Elias and Dias 2004,

2009a) and similar studies carried out in the Canary Islands

(e.g., Arévalo and Fernández-Palacios 2003).

The number of plots depended on the area occupied by

each community, the accessibility and the respective island

of occurrence. Juniperus-Laurus forests (Pico Alto) still oc-

cupy extensive areas mainly on traquitic domes with a het-
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erogeneous geomorphology which causes small differences

in the vegetation in areas within the same dome (Dias et al.

2004, Elias and Dias 2004). In Pico Alto, three plots were

placed: PA1, PA2 and PA3. Because it occupies a smaller

area and is located on another island (which raises logistical

problems) Juniperus-Ilex forest was sampled with one plot

(Cav). Juniperus-Sphagnum woods where sampled in Santa

Bárbara (SB), Terceira Island, and Morro Alto (MA), Flores

Island. In each 225 m
�

plot, the number, area and location of

forest gaps were determined, since these occurred in all sam-

pled areas. The width and height of adult canopies were also

measured in order to determine the individual and total bio-

volume.

Data analysis

The canopy biovolume of adult individuals corresponds

to the canopy volume, assuming that the canopy has a cylin-

drical shape (Dias 1996). With canopy height and diameter

(width) measurements one may obtain canopy biovolume

(Bv) as follows:

Bv = (π × r�) × h (1)

where r and h are, respectively, the canopy ray and height.

The average canopy volume of the individuals of one species

is the individual biovolume and the sum of the canopy vol-

umes of all individuals from one species is the total bio-
volume.

Spatial distribution analysis was done using the Morisita

(Iδ) index of dispersion (Morisita 1959). Iδ is a measure of

dispersion, with Iδ < 1 if the individuals are regularly distrib-

uted, Iδ = 1 if there is a random distribution and Iδ > 1 if the

individuals are aggregated. Aggregation intensity is inter-

preted from the value of Iδ: the greater the value the greater

the aggregation intensity (Hoshino et al. 2001). This index,

which is frequently used in spatial distribution analyses (e.g.,

Taylor and Halpern 1991, Ishikawa et al. 1999, Takahashi et

al. 2001, Souza and Martins 2002, Miyadokoro et al. 2003,

Gratzer and Rai 2004), may vary erratically when the number

of individuals is small (Ishikawa et al. 1999, Gratzer and Rai

2004). Thus, Morisita´s index was calculated only for those spe-

cies with at least 15 saplings and/or adults per 225 m
�

plot.

Furthermore, since sampling unit size affects the ob-

served spatial patterns (Crawley 1997), Morisita´s index was

calculated for different areas by dividing each 225 m
�

plot by

4, 9, 25 and 225, obtaining 56.25, 25, 9 and 1 m
�

areas, re-

spectively. In fact, tree species structure and spatial associa-

tions must be analysed in the context of scale dependency

since these parameters vary with the spatial scale (Manabe et

al. 2000, Miyadokoro et al. 2003). To determine if the Iδ val-

ues were significantly different (P < 0.05) from those of a

random distribution the F test was used (Morisita 1959),

similarly to other authors (e.g., Hoshino et al. 2001, Mi-

yadokoro et al. 2003, Gratzer and Rai 2004).

Inter and intra specific spatial associations of tree species

saplings and adults were evaluated with Iwao’sω index. This

index varies from 1 (for complete spatial overlapping)

through 0 (for independent occurrence) until -1 (for total ex-

clusion) (Matsuda and Hijii 1998). Following Manabe et al.
(2000), we considered the existence of a strong association

when ω ≥ 0.5; values of ω ≤ –0.5 were considered as reveal-

ing a strong exclusion; if ω was between -0.5 and 0.5 we as-

sumed that individuals had an independent spatial distribu-

tion. This index is frequently used to analyse the correlation

of the spatial distribution between two populations (e.g.,

Tanouchi and Yamamoto 1995, Matsuda and Hijii 1998,

Manabe et al. 2000, Takahashi et al. 2001). Iwao’s index was

calculated only for those species that presented at least 15

saplings and/or adults per 225 m
�

plot. Microsoft Office Ex-

cel 2003 (Microsoft Corporation) was used for the analyses.

Results

The number of J. brevifolia adults is high in all studied

forests (Table 1). This species clearly dominates plant

biomass and has the largest trees. L. azorica is an important

species in Juniperus-Laurus forests of Pico Alto (PA1, PA2

Table 1. ���� ������� ���	
������ �� ��	�	���� ���� � ��� �	�� ������� �	����	� ����� ��	� ���	 ���	 ��� � �����
� 	� ��� ����

��� 	������ � ���� ��� �� �����
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and PA3), presenting the highest number of adults and the

second highest total biovolume. As it happens with L.
azorica, I. azorica is present only in Juniperus-Laurus and

Juniperus-Ilex forests but its importance is high in both

cases. The remaining species are found almost exclusively in

Juniperus-Laurus forests. In Pico Alto, I. azorica, L. azorica
and F. azorica present a high number of immatures. In those

forests were it is the only tree species, J. brevifolia has a high

number of saplings. L. azorica is the only species with asex-

ual regeneration. E. azorica adults were found only in

Juniperus-Laurus forests.

Spatial distribution

With the exception of PA3 (mostly at 25 and 56.25 m
�
)

J. brevifolia, L. azorica and I. azorica adults are randomly

distributed (Table 2). On the contrary, E. azorica adults are

aggregated until 9 m
�
, in PA2. With the exception of L.

azorica and F. azorica, the aggregated distribution is the

more common among saplings. In fact, E. azorica and J. bre-
vifolia saplings are aggregated in almost all distances. I.
azorica saplings are aggregated at 1 m

�
in PA2, until 9 m

�
in

PA1 and Cav and in all distances in PA3. J. brevifolia sap-

lings are strongly aggregated in MA and SB. In all cases the

degree of saplings aggregation decreases with increasing dis-

tances.

Spatial relationships

In most cases, adult tree individuals are independently

distributed (Table 3). Strong associations are found between

J. brevifolia and L. azorica (at 56.25 m
�

in PA3) and between

J. brevifolia and I. azorica (at 25 m
�

in CAV and 56.25 m
�

in PA3). At the two larger scales at PA3, L. azorica and I.
azorica present also a high degree of spatial overlapping. A

strong exclusion occurred between L. azorica and I. azorica,

at 1 m
�
, in PA2. There are several strong spatial associations

between J. brevifolia adults and I. azorica saplings, mainly

in PA3 (Table 4). In PA3, there are also clear associations

between J. brevifolia adult trees and L. azorica saplings at 9

and 56.25 m
�
.

L. azorica adults spatially overlap at 56.25 m
�

with sap-

lings of the same species and I. azorica, in PA2 and PA3 (Ta-

ble 5). The only strong exclusion occurs with J. brevifolia
saplings at 1 m

�
, in PA2. Strong associations are found be-

tween I. azorica adult trees and L. azorica saplings at 25 and

56.25 m
�
, in PA2 and PA3 (Table 6). The same happens, at

56.25 m
�
with saplings of the same species in PA3 and Cav.

I. azorica adults and J. brevifolia saplings denote a spatial

exclusion at 1 m
�
, in Cav. Strong exclusions are also present

between E. azorica adults and I. azorica saplings at 1 and 9

m
�

in PA2 (Table 7). On the contrary, E. azorica adults and

saplings have strong associations at the greater scales.

Table 2. �	�������� ��� ������ �	� ���� ������� �����
� �� ������ �� �������� ������ � ��� �� ������� ��	�� ����!���	 ���	 �"

���!���	 ���	 �" ���!���	 ���	 �" #��!#�����	" ��!�	��	 ���	" $%!$��� %&������� '���������	� ��
�������( �������� ��	�

���	� �F ����" � ) *�*+� ��� � �	��� ������ 	� ������ �������� ���� ��� ����� 	� ���������� ,�� ���� ��� �+�

Table 3. $������ ������	�� ���	���
 �	 -,�	�� .�� �ω�� ��	
 ���� ������� ������ � ��� ��	�� ,���� �	�� ��� 	� ���� ������� 	��

������ ����!���	 ���	 �" ���!���	 ���	 �" ���!���	 ���	 �" #��!#�����	�� /����� � �	�� ������� ���	
 ���	�����	� �ω ≥ *�+�

	� � �����	� �ω ≤ !*�+�� ������ 	� ������ �������� ���� ��� ����� 	� ���������� ,�� ���� ��� �+�
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Table 4. $������ ������	�� ���	���
 �	 -,�	�� ��� �ω�� ���,�� J. brevifolia ������ �� �����
� 	� ��� ���� �� 	���� ������� �

��� �� ������� ��	�� ����� ���	 ���	 �" ���� ���	 ���	 �" ���� ���	 ���	 �" #��!#�����	" ��!�	��	 ���	" $%!$��� %&�������

/����� � �	�� ������� ���	
 ���	�����	� �ω ≥ *�+� 	� � �����	� �ω ≤ !*�+�� ������ 	� ������ �������� ���� ��� ����� 	� ����

��
� ,�� ���� ��� �+�

Table 5. $������ ������	�� ���	���
 �	 -,�	�� ��� �ω�� ���,�� L. azorica ������ �� �����
� 	� ��� ���� �� 	���� ������� � ���

��	�� ,���� ���� ������� ,�� ������ ,��� �	�� ��� �+ ������ ����� ���	 ���	 �" ���� ���	 ���	 �" ���� ���	 ���	 ��� /����� �

�	�� ������� ���	
 ���	�����	� �ω ≥ *�+� 	� � �����	� �ω ≤ �*�+�� ������ 	� ������ �������� ���� ��� ����� 	� �����
� ,�� ����

��� �+�

Table 6. $������ ������	�� ���	���
 �	 -,�	�� ��� �ω�� ���,�� I. azorica ������ �� �����
� 	� ��� ���� �� 	���� ������� � ���

��	�� ,���� ���� ������� ,�� ������ ,��� �	�� ��� �+ ������ ����!���	 ���	 �" ���!���	 ���	 �" #��!#�����	�� /����� � �	�� ��

������ ���	
 ���	�����	� �ω ≥ *�+� 	� � �����	� �ω ≤ !*�+�� ������ 	� ������ �������� ���� ��� ����� 	� �����
� ,�� ���� ���

�+�

Table 7. $������ ������	�� ���	���
 �	 -,�	�� ��� �ω�� ���,�� E. azorica ������ �� �����
� 	� ��� ���� �� 	���� ������� � ���

��	� ,���� ���� ������� ,�� ������ ,��� �	�� ��� �+ ������ ����!���	 ���	 ��� /����� � �	�� ������� ���	
 ���	�����	� �ω ≥ *�+�

	� � �����	� �ω ≤ !*�+�� ������ 	� ������ �������� ���� ��� ����� 	� �����
� ,�� ���� ��� �+�
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Discussion

Spatial distribution

Many tree species, in several forest ecosystems, have ag-

gregated spatial patterns, at least in the immature stages. This

type of distribution may result from habitat specialization

based on niche differentiation. In fact, habitat-related patchi-

ness is clear in many forests in which species or species

groups differ in their ability to adapt to different environ-

mental conditions (Fangliang et al. 1997, Condit et al. 2000,

Manabe et al. 2000, Miyadokoro et al. 2003, Gratzer and Rai

2004, Li et al. 2009). Furthermore, important niche differ-

ences between coexisting species may manifest only during

early life stages (Grubb 1977). According to Taylor et al.

(2006), stable coexistence in Abies-Picea forest of south-

western China is maintained by differences in species regen-

eration niche, species demographic characteristics and spe-

cies responses to the gap disturbance regime.

Limited dispersal is also frequently appointed as an im-

portant factor affecting the degree of species clumping espe-

cially in tropical forests (e.g., Condit et al. 2000, Hardy and

Sonké 2004, Li et al. 2009, Anand and Langille 2010). Boll

et al. (2005) indicate dispersal limitation as the causal mecha-

nism of the high degree of clumping of the palm Aphandra
natalia immature individuals around adults. Seedling and

sapling aggregation may also result from the type of disper-

sion and seed rain (Souza and Martins 2002). Seed and seed-

ling concentration may occur, for example, in places where

animal frequently defecate (van der Meer et al. 1998) which

is especially important since most Azorean mountain tree

species are dispersed by birds (e.g., Rumeu et al. 2009). In

fact, with exception of E. azorica (wind-dispersed) all tree

species are bird-dispersed.

Dependence on gaps for regeneration has been identified

as an important aggregation factor in both temperate and

tropical forests (e.g., Souza and Martins 2002, Wolf 2005)

and the aggregation of J. brevifolia and E. azorica saplings

also seem to result from their dependence on gaps for seed

germination and recruitment. In fact, 93% of J. brevifolia
saplings and 100% of E. azorica saplings were found on for-

est gaps. In Juniperus-Laurus forests, small gaps (generated

by the death of one or two trees) are distributed throughout

the forest (Elias and Dias 2009a) which results in sapling ag-

gregation especially at shorter plot sizes.

Juniperus-Ilex forests have a forest cycle with five

phases of which two are degenerative (Elias and Dias

2009b). The forest in the degenerative phases is charac-

terized by the presence of many dying and dead J. brevifolia
trees. This more or less simultaneous death of a cohort initi-

ates the formation of large gaps (gap phase). The plot CAV

was taken from a part of a Juniperus-Ilex forest that was in

the initial degenerative phase and a large gap was already

starting to form. This may explain the increase in J. brevifolia
saplings and the stronger aggregation at 1 and 9 m

�
.

Both Plots SB and MA included part of large gaps cre-

ated by landslides (Table 8). The difference from the pre-

vious case is that these gaps are larger and trees are com-

pletely absent, so a large number of saplings are present

almost exclusively in these open areas, resulting in the strong

aggregation of saplings found in Juniperus-Sphagnum
woods of SB and MA. The large number of saplings found

in these forests (subjected to more intense disturbance

events) constitutes further evidence that increasing distur-

bance enhances the regeneration of this species.

J. brevifolia adults are in most cases randomly distrib-

uted probably due to increasing competition as young trees

grow aggregated in gaps and density independent random

events. However, exceptions may occur as in the case of PA3

where adults are aggregated in the larger scales, meaning that

aggregation factors are still important among adults. E.
azorica adults are aggregated at 1 and 9 m

�
. This is a pioneer

species very restricted to gaps, being gradually replaced by

other species as gaps close, unlike J. brevifolia that survives

longer due to a high longevity and biomass (Elias and Dias

2009a).

Since I. azorica is a mature species (not dependent on

gaps for regeneration), sapling aggregation may be the result

of habitat-related patchiness and/or dispersal limitations. The

fact that L. azorica forms seedling-sapling banks may ex-

plain the random distribution of its saplings. Arévalo and

Fernández-Palacios (2003) found similar patterns in the

closely related species Laurus novocanariensis, endemic to

the Canary and Madeira Islands. F. azorica also forms seed-

ling-sapling banks and sapling distribution is mostly random

but there are two cases of aggregation probably due to the

low number of adults which results in a limited dispersion. In

fact, according to Condit et al. (2000) and Li et al. (2009), rare

species tend to be more aggregated than common species.

A common feature in the spatial distribution of saplings,

with the exception of L. azorica, is the decrease in aggrega-

tion as plot sizes increases. In case of J. brevifolia and E.
azorica, this may be explained by the fact that increasing the

area increases the number of gaps where we find saplings of

those species. On the other hand, according to Manabe et al.

(2000), increasing the area also increases the number of

places with adequate micro environmental conditions for a

given species which may explain the decreasing aggregation

in I. azorica saplings.
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An overall tendency towards a less aggregated pattern in

adults, in relation to saplings, was observed in all species.

This is in accordance with the findings of other authors in

both temperate and tropical forests (e.g., Hoshino et al. 2001,

Takahashi et al. 2001, Li et al. 2009, Yu et al. 2009) and may

be attributed to resource competition among adults, her-

bivory and/or plant diseases (e.g., Busing 1998, Condit et al.

2000, McDonald et al. 2003, Gratzer and Rai 2004, Bell et al.

2006, Li et al. 2009).

Spatial relations

In most cases, adult distribution of one species is inde-

pendent of others at smaller scales. Increasing plot sizes in-

creases the number of strong positive associations between

adults and between adults and saplings. According to Man-

abe et al. (2000), this tendency may be due to a greater

number of favourable environmental conditions for the vari-

ous species, allowing the coexistence of species with differ-

ent environmental demands. I. azorica saplings have a ten-

dency to be associated with J. brevifolia adults. Since J.
brevifolia is the dominant tree species and I. azorica regen-

erates in the forest it is natural that these associations occur.

However, it seems that increasing age (and individual size)

increases inter specific competition resulting in a mostly in-

dependent distribution of the adults of these two species.

With the exception of J. brevifolia adults and E. azorica
saplings in PA2, saplings of the pioneer species have no as-

sociation with adults from other species. This must result

from the fact that saplings of these two species are found al-

most exclusively in gaps. On the contrary, because they ger-

minate abundantly in the forest, I. azorica and L. azorica
have many sapling associations with adults of these two spe-

cies and J. brevifolia adults, especially at long distances.

Martinez et al. (2010) also found positive associations be-

tween the understorey species Ilex aquifolium and Corylus
avellana and the other tree species of a Spanish temperate

forest community. E. azorica is the only species whose adults

do not present any strong positive association with saplings

and adults of other species, having strong short distance ex-

clusions with I. azorica saplings. Once again this reflects the

pioneer status of this species, very confined to gaps, thus hav-

ing strong associations with its saplings and strong exclu-

sions with the mature species that regenerates in the forest.

Spatial pattern of tree species is largely explained by dis-

turbance regimes and regeneration strategies of each species.

However, factors such as habitat related patchiness, compe-

tition and dispersion limitation may also explain many of the

observed patterns. In order to fully understand the mecha-

nisms generating spatial patterns, we are starting the estab-

lishment of larger permanent plots to analyse the spatial pat-

terns at larger scales and investigate changes in spatial

patterns in time. We also aim to collect data on seed dispersal

and understorey conditions in order to evaluate the relative

importance of dispersal limitation and habitat-related patchi-

ness on the spatial organization of tree species.
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