
Introduction

Watt (1947) developed the concept of “cycle of change”
in forests or “forest cycle” (Whitmore 1989) which corre-
sponds to a cyclic patch dynamics, taking place anywhere in
the forest in an asynchronous way. The consequence of this
type of vegetation dynamics is the formation of a mosaic
composed by phases of the forest cycle. In this process, gaps
trigger the regeneration and initiate a new turn in the cycle.
The forest cycle is a type of patch dynamics (van der Maarel
1988) that takes place due to the death of local populations
and has stronger and more prolonged consequences, when
compared to gap dynamics. According to Watt (1947), the
cycle may be divided into two series: an upgrade series, char-
acterized by a continuous change in age, growth rate and den-
sity of dominant tree species and by an increase in primary
production and vegetation biomass; a downgrade series asso-
ciated to an increase in dead and dying trees, the occurrence
of typical gap species and the decrease in productivity. These
series comprise, depending on the community in question,
several phases with different denominations. This type of
forest dynamics implies a “climax” with heterogeneous
structural and floristic compositions (phase equilibrium or
shifting-mosaic steady state), very different from the classi-

cal “climax” where only mature species are present and the
structure is homogeneous (Emborg et al. 2000, Liu et al.
2005).

The forest cycle has been described, for example, in de-
ciduous forests of Denmark (Emborg 1998, Emborg et al.
2000) and Poland (Bobiec et al. 2000), in Italian coniferous
forests (Grassi et al. 2003) and in Brazilian semi deciduous
forests (Fonseca and Rodrigues 2000, Fonseca and Fonseca
2004). In these different communities, the cycle phases are
variable. In another case study, Zang et al. (2005) identified,
in the forests of Hainan Island (China), four phases: gap,
building, mature and degenerative. In the gap phase, decom-
posing dead logs or gap makers can be identified and the av-
erage height of regenerating trees does not exceed 50% of the
average height of the surrounding forest canopy. In the build-
ing phase, gap makers or even their remains cannot be found
and the average height of trees does exceed 50% of the aver-
age height of the surrounding forest canopy. In the mature
phase, trees reach the height of the surrounding forest. Fi-
nally, in the degenerative phase, decreasing tree vitality is
evident due to the presence of sparse leaves, broken
branches, and bald necrotic spots or holes in the stems.
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Abstract: We assess if the structural and floristic diversity of Juniperus-Ilex forests from Pico Island (Azores) corresponds to
a mosaic of different phases of a forest cycle, by identifying the phases of that cycle and the dynamic relations between them.
Eight 100 m� plots were placed randomly in areas with structural and floristic differences but having in common the presence
of live and/or dead individuals of the dominant tree species (Juniperus brevifolia). In each plot the number of seedlings,
saplings, and adults as well as canopy height and width and maximum height of live Juniperus brevifolia and Ilex azorica adults
were recorded. The floristic composition was determined in a 25 m� plot, placed inside each 100 m� plot. Juniperus-Ilex forests
show a cyclic patch dynamic triggered by the senescence and death of even-aged individuals of J. brevifolia. In this forest cycle,
five phases were identified, such as gap, building, mature, initial degenerative and final degenerative. The first two phases are
dominated by J. brevifolia however in the degenerative phases I. azorica is the dominant tree species. The cycle may be divided
into an upgrade series (comprising the first two phases) and a downgrade series (between the mature and final degenerative
phases). In these forests there was no climax micro-succession detected since changes in the dominant tree species occur in the
degenerative phases. This paper brings the first evidence for the existence of a forest cycle in Macaronesian forests.
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Juniperus-Ilex forests are Azorean endemic communi-
ties occurring in the Natural Forest Reserve of Caveiro, in an
area which is part of a NATURA 2000 Community Interest
Site. Dominant tree species are Juniperus brevifolia and Ilex

azorica (designated Juniperus and Ilex, respectively, in the
sequel). Dias (1996) detected several forest patches with
dead Juniperus trees and raised the hypothesis that these
communities had a patch dynamic triggered by the death of
even-aged individuals of Juniperus. Until now that hypothe-
sis has never been tested and this work is the first attempt to
prove the existence of a forest cycle in Macaronesian forests.
In fact, no type of patch dynamics has been identified in past
studies about forest dynamics and tree regeneration in Ma-
caronesia (e.g., Arévalo and Fernández-Palacios 1998,
Fernández-Palacios and Arévalo 1998, Arévalo and Fernán-
dez-Palacios 2000, Elias and Dias 2004, Elias and Dias
2009). The aim of the present study is to assess if the struc-
tural and floristic diversity of Juniperus-Ilex forests corre-
sponds to a mosaic of different phases of a forest cycle, by
identifying the phases of that cycle and the dynamic relations
between them. The existence of such a cycle has important
implications for the conservation and management of these
threatened forests.

Materials and methods

Study area

The study area is located in Caveiro, in the eastern part
of Pico Island of Azores (Portugal) at 38�26’ N and 28�12’
W, at altitudes between 900 and 1000 m a.s.l. This area be-
longs to the São Roque-Piedade volcanic complex with a
maximum age of 230 000 years (França et al. 2003). To ob-
tain the values of the climatic variables in the study area, we
used the CIELO model – island climate modeling at a local
scale. The CIELO model was developed, calibrated and vali-
dated by Azevedo (1996; see also Azevedo et al. 1999) and
later applied in several studies (e.g., Borges et al. 2006). This
model has been developed in order to take into account ex-
isting knowledge about the processes that govern the spatial
variation of climatic variables at a local scale, using the avail-
able data from coastal weather stations. According to the val-
ues obtained from the CIELO model, the average annual tem-
perature (at 780 m a.s.l.) is 13�C and the average minimum
and maximum temperatures are 10 and 15.5�C, respectively.
Total rainfall is 4175 mm.y�� and average annual relative hu-
midity is 96%. Average annual wind speed is 54 km.h��.

The actual area of occurrence of Juniperus-Ilex forests is
much smaller than the potential area. In fact, the area of
Juniperus-Ilex forests was greatly reduced during the last
century due to tree cutting and livestock activities. Due to this
decline, the remaining natural forest of Caveiro is now under
legal protection. In the landscape, several areas with different
canopy coverage are visible, forming a structurally heteroge-
neous mosaic. One common feature in these areas is the pres-
ence of dead and/or live Juniperus trees, with canopy cover-
age decreasing as the number of dead individuals increases.

In these forests, the canopy is dominated by Juniperus and
Ilex. Myrsine retusa and Vaccinium cylindraceum dominate
the shrub layer and the high herbaceous layer is composed of
Culcita macrocarpa, Dryopteris azorica and, in some areas,
the rare Lactuca watsoniana. A low herbaceous layer of
Luzula purpureosplendens and an epiphytic layer of
Hymenophyllum tunbrigense and Elaphoglossum semicylin-

dricum are also present.

Field methods

The forest cycle implies a cyclic patch dynamic resulting
in the formation of a mosaic composed by spatially rotating,
temporally sequential, dynamic phases. Thus, the forest cy-
cle may be studied through observations during a time period
or through the comparative analysis of the different areas
composing the mosaic (Veblen 1992, Zang et al. 2005). On
the other end, as a result of this type of dynamics, changes in
plant cover are many times registered in the field through
plant vestiges (e.g., dead trees), especially if the dominant
species are woody. These vestiges are a proof of the dynamic
relation between species and mosaic patches. A community
subjected to this type of dynamics consists of patches differ-
entiated by structure, floristic composition, age of dominant
species and habitat (Watt 1947).

If the structural and floristic diversity of Juniperus-Ilex

forests corresponds to a mosaic of different phases of a forest
cycle, then the gap phase should be characterized by the pres-
ence of dead Juniperus and Ilex trees, together with young
adults and many saplings of Juniperus (a pioneer species that
regenerates in gaps). In the building phase the remains of the
previous cohort should decrease or disappear and the increas-
ing shading should impede Juniperus regeneration. During
the mature phase, trees should reach their maximum height
and in the degenerative phase decreasing tree vitality should
be evident, with dying trees starting to appear, and Juniperus

seedlings and saplings should begin to appear in the gaps cre-
ated by dead and dying trees.

Eight 100 m� (10 m × 10 m) plots (named Caveiro 1
through Caveiro 8) were placed in areas with structural and
floristic differences but having in common the presence of
live and/or dead Juniperus trees (dominant tree species). Plot
dimension was established after analysing the work of Bo-
biec et al. (2000) and Fonseca and Fonseca (2004). In each
plot, the number of seedlings, saplings and adults, canopy
height and width and maximum height of live Juniperus and
Ilex adults were registered. Adult individuals were identified
as ‘alive’, ‘dying’ or ‘dead’, based on the canopy aspect in
the following way: ‘alive’ - individuals with a complete
green canopy and no indication of decreasing vitality; ‘dy-
ing’ - individuals that presented parts of the canopy dry, with
sparse or no leaves, broken branches and bald necrotic spots
or holes in the stems; ‘dead’ - individuals with no green
leaves.

We considered seedlings all individuals with green coty-
ledons; saplings all individuals without cotyledons, less than
50 cm height and no reproductive structures; adults all indi-
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viduals with more than 50 cm height and/or with reproduc-
tive structures. These measures were established according
to our field experience in previous works (Dias et al. 2004,
Elias and Dias 2004, Elias 2007, Elias and Dias 2009) and
after the analysis of similar studies realized in the Canary Is-
lands (e.g., Arévalo and Fernández-Palacios 2003). In each
100 m� plot, floristic data were collected in a 25 m� area, fol-
lowing the metodology of Braun-Blanquet (Mueller-Dom-
bois and Ellenberg 1974).

Data analysis

For each of the two dominant species (Juniperus and
Ilex) nine parameters were analysed: number of seedlings,
saplings and adults, number of dying and dead individuals,
maximum and average height of live adults, individual and
total biovolume. With canopy height and diameter (width)
measurements one may obtain the canopy biovolume apply-
ing the formula suggested by Dias (1996):

(1)

where Bv is the biovolume, r and h are the canopy radius and
height, respectively. The average canopy volume of the indi-
viduals of one species is the individual biovolume and the
sum of the canopy volumes of all individuals from one spe-
cies is the total biovolume. Adult size structure was com-
pared through the analysis of canopy width classes’ distribu-
tion histograms. Size structure evaluation is largely used to
assess the structure and regeneration of forest communities,
but usually this analysis is done using diameter at breast
height (DBH) (e.g., Lusk 1996, Yamashita et al. 2002, Mi-
yadokoro et al. 2003). However, the experience in previous
works (Dias 1996, Dias et al. 2004, Elias and Dias 2004,
Elias 2007, Elias and Dias 2009) demonstrated that in
Azorean mountain forests the use of that parameter was not
possible.

In fact, most trees do not grow strictly vertically and the
main trunk usually presents a ramification very near the base
(especially in the case of Juniperus). This means that the
main trunk rarely reaches breast height without ramifica-
tions. Haggar (1988) encountered this same difficulty and
used the basal circumference (at 20 cm height) instead of
DBH. However, many times the trunks are divided below 20
cm or are, at that height, completely covered by the substrate
or bryophytes. So we decided to use canopy width as the best
approach to the measurement of an individual’s size, being
careful to analyze the canopy conservation state in order to
exclude sick or dying individuals, assuring that the canopies
included in the analysis were complete. In the analyses of
biovolume, maximum and average height, size structure and
number of adults only live adults were included.

Similarly to Fonseca and Fonseca (2004) and Bobiec et
al. (2000), multivariate analyses were used to determine the
existence of a forest cycle and the phases of that cycle. The
first step consisted in verifying the similarities between plots
through a hierarchical agglomerative clustering using 18
structural and demographic variables relative to Juniperus

and Ilex. Average linkage based on Euclidean distance, as the
resemblance measure, were chosen as the tools of clustering.
Data were logarithmically transformed (base 10) in order to
accentuate the lognormal distribution properties of the vari-
ables. Clustering was performed using the CAP program
(Henderson and Seaby 1999).

Secondly, we used ordination methods in order to deter-
mine the relationship between plots and the 18 structural and
demographic variables and to allow an ordination of the plots
in accordance to their position in the cycle. Principal Com-
ponent Analysis (PCA) was performed using the program
package CANOCO (ter Braak and Šmilauer 1998). The non-
parametric Mann-Whitney (U) test (Zar 1996) was used to
evaluate the significance of the differences in Juniperus and
Ilex individual biovolume and average height between plots
or groups of plots (determined according to the multivariate
analysis). The chi-square test was used to determine if the
number of immature specimens and adults of those species
were similar in the several plots or groups of plots, or if, by
the contrary, there were significantly different numbers.

Results

Two groups of plots were formed in the cluster analysis
(Figure 1): Caveiro 2, 4, 6 and 7 (with two sub groups) and
Caveiro 3 and 8. Caveiro 1 and 5 are isolated, with the first
having higher similarity with the larger group of plots. The
first two axes of the PCA explain 78.5% of the variance in
the data (eigenvalues of 0.54 and 0.25, for axis one and two
respectively) (Figure 2). Plots 2, 4, 6 and 7 are located in the
negative sector of axis 2, which is mainly associated with the
presence of Juniperus saplings and dying adults and a high
number of Ilex adults. This group is separated along axis 1:
Caveiro 6 and 7 are related with high biovolumes of Ilex and
high maximum heights of both species (in the negative sec-
tor); in the opposite side we find Caveiro 2 and 4, associated
with a high number of dead Juniperus and dying Ilex trees.

Caveiro 1 and 5 are in the same quadrant, the first one
clearly related to the presence of large Juniperus trees and the
second with high total biovolume of that same species. Axis

Bv r h= × ×( )π 2
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1 is negatively correlated with maximum and average
heights, of both species, and positively correlated with the
number of Juniperus adults, dead Juniperus and dying Ilex

trees. Thus, the presence of many small adults, dead Junipe-

rus and dying Ilex trees are some of the features of plots 3
and 8, which are located in the positive extreme of this axis.
Based on the cluster and ordination analyses we grouped the
plots in the following way: Caveiro 3 and 8; Caveiro 5;
Caveiro 1; Caveiro 6 and 7; Caveiro 2 and 4. The order by
which these plots/plot groups are presented results also from
the floristic analysis done in 25 m� areas (Table 1).When two
plots are grouped, the presented values result from an aver-
age of the values of each plot.

The analysis of the floristic composition revealed that
plots 3 and 8 present the lowest total coverage of the domi-
nant tree species, Juniperus and Ilex (78%), and the greatest
species richness (33 species). Caveiro 5 presents, on the con-
trary, the greatest total coverage and the lowest species rich-
ness. The relative dominance of Juniperus and Ilex is not
constant. In fact, Juniperus reaches the greatest dominance,
in relation to Ilex, in the first group of plots (Caveiro 3 and
8) and in Caveiro 5. However, Ilex increases its dominance
in the following situations and becomes the dominant species
in Caveiro 6 and 7. In plots 2 and 4 these species have almost
the same cover values.

The tendencies observed in the floristic analysis are con-
firmed by the analysis of the total biovolume of both species
(Tables 2 and 3). In fact, the global biovolume is initially
dominated by Juniperus but there is a shift in the following
plots/plot groups. Caveiro 1 has the largest individuals of

�	
�� �� ����
��
� ���� ���� ����� ���� � �� �� ������� �������


�� �� �������
�� ��� ���
���
���

������ ��  �� �
���� �
����� ����
��� ���� ����	�
�� � ����
�

�� �� ���������� ��� ��������
� ���
����� ����� �	 � �����

���� � �� ��� !�����" ��� ��������� ������� �
��# �$� �	�
 ���

����� �
��# �%� �	�
 
��
�
���� �
�������# �&� ��������� ���
�

��� �
��# �'� �	�
 ����
���# �(� �	�
 ���
��� �
��# �)�

��������� �����
���# ��� *��� �	�
�

�	
�� �� +��
�
���� ��� ����� �
�������� ���
��� ��� �������

�
�� �� ��������� ��� ������ �
������� ������ �
������� ��

��������� ���� �� ����� �
������� �� �	�
� 
� �� �����,����

������ ���� � �� ��� ������� 
� ���������� -
� �� ������� ���

���
���
�� ����	���� ��� 
��
�
���� �
������� ��� �������

�
��� ������ 
� �� ���� �
�� �����-�� �	 �� ���� ������ ���

��� �
��
�
�����	 �
������� �.����/
���	 0 ����#  1 2�2'��

�	
�� � +��
�
���� ��� ����� �
�������� ���
��� ��� �������

�
�� �� �	�
 
� �� �����,���� ������ ���� � �� ��� ������� 
�

���������� -
� �� ������� ��� ���
���
�� ����	���� ��� 
��
�

�
���� �
������� ��� ������� �
��� ������ 
� �� ���� �
��

�����-�� �	 �� ���� ������ ��� ��� �
��
�
�����	 �
�������

�.����/
���	 0 ����#  1 2�2'��

28 Elias and Dias



Juniperus and Ilex, since here we find the highest values of
individual biovolume and average height. On the contrary,
the lowest values of these parameters are found in Caveiro 3
and 8.

For both species, minimum differences between maxi-
mum and average heights occur in Plot 1, which means that
the canopy is more or less homogeneous with very similar
individual tree heights, especially in the case of Juniperus.
On the contrary, in the following plots the situation changes
drastically since, in spite of the few changes in maximum
height, the average height decreases by 50%. In Caveiro 3
and 8 average heights reach the lowest values and differences
between maximum and average heights are reduced, espe-
cially in the case of Juniperus, revealing a new homogeniza-
tion in the heights of tree species. However, unlike Caveiro
1, in this case most individuals are small. The sum of Junipe-

rus and Ilex total biovolumes (global biovolume), which rep-
resents a measure of the dominant tree species biomass,

reaches its maximum in plot 5, due mainly to the high
biomass of Juniperus. After decreasing in Caveiro 1, the
global biovolume increases again, but now due to the high
biomass of Ilex. The lowest global biovolume occurs in
Caveiro 3 and 8.

Adults, seedlings and saplings of both species occur in
significantly different numbers in the plots/plot groups (Chi-
square; P < 0.05). The presence of Juniperus seedlings and
saplings is reduced or null in plots 1 and 5 (Figure 3). Live
adults of this species occur in greatest numbers in the first
group of plots (3 and 8). Ilex presents the greatest number of
seedlings and saplings in Caveiro 5 and in Caveiro 6, 7. The
lowest number of seedlings and saplings occurs in Caveiro 3,
8 and Caveiro 1. The greater numbers of live adults appear in
the last two groups of plots.

The number of dead Juniperus adults reaches the highest
value in plots 3 and 8 (Figure 4). In Caveiro 5, there are no
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dead trees but in the following plots the number of dead
Juniperus increases. In respect to Ilex, the greatest numbers
of dying adults occur in the plot groups 2, 4 and 3, 8. The
canopy width distribution of live Juniperus (Figure 5) dem-
onstrates that in plot groups Caveiro 3, 8 and Caveiro 2, 4
mostly small adults are present. In Caveiro 5 average dimen-
sion adults dominate and in Caveiro 1 we find medium and
large sized individuals. In the following plot group (Caveiro
6, 7) large live adults disappear and small adults start to ap-
pear. Ilex presents almost always an inverse J-shaped size
distribution, which is typical of this mature species (Figure
6). However, large sized adults are found only in Caveiro 1
and Caveiro 6, 7. In the plot group Caveiro 3, 8 only small
adults are found.

Discussion

The results show that the studied plots represent different
phases of a cyclic patch dynamic and are part of a heteroge-
neous structural and floristic mosaic, which is a spatial rep-
resentation of the forest cycle (Figure 7). In the same plot, we
find the remaining of the past tree cover, in the form of dying
and dead trees, and there are clear indications of the future
canopy composition, in the form of seedlings, saplings and
small adults of tree species. The structural and floristic analy-
sis of plots/plot groups, grouped according to the cluster and
ordination analyses, allows the identification of the follow-
ing phases: gap (plots 3 and 8), building (plot 5), mature (plot
1), initial degenerative (plots 6 and 7) and final degenerative
(plots 2 and 4).

Juniperus is a pioneer species that does not regenerate in
the forest (Elias and Dias 2009) causing the gradual ageing
of the population without recruitment of new individuals.
This senescence or decreasing vitality may constitute a
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demographic predisposition to biotic and/or abiotic distur-
bances that triggers the death of several old individuals of the
same cohort. In this process, we find many similarities with
the cohort senescence described in Hawaiian Metrosideros

polymorpha forests or in the Scalesia pedunculata forests of
the Galapagos Islands (Lawesson 1988, Mueller-Dombois
1986, 1987, 1999).

Gap opening causes changes in the micro climatic condi-
tions due to changes, for example, in wind exposure and tem-
perature. Wind exposure has two parallel effects: a physi-
ologic effect resulting from the destruction of the micro
environmental conditions of air saturation and from the in-
crease in transpiration; a physical effect that results in defo-
liation or breaking of young branches (Larcher 1980). In
Caveiro, average wind speed may reach high values. Further-
more, gap opening decreases vegetation height and causes an
increase in turbulence and wind speed, increasing the wind
destructive action in the remaining trees (Barnes et al. 1998).
Juniperus is able to withstand high wind exposure and its
presence may provide shelter to Ilex trees that are, according
to Dias (1996) incapable of being exposed to intense winds.

According to Emborg et al. (2000), the sudden exposure
and/or branch damaging in trees located near a gap causes a
domino effect because these trees become more susceptible
to the negative effect of biotic and abiotic factors. In addition,
forest conditions prevent large temperature variations under
the canopy. Zang et al. (2005) demonstrated that differences
in maximum temperatures between gaps and forest may
reach 14 �C and temperature variations are higher in gaps.
Besides changes in micro climatic conditions, opening gaps
may also cause changes in soil conditions (Finzi et al. 1998).

Changes in micro climatic and soil conditions may be re-
sponsible for the decreasing vitality among Ilex trees. Fur-
thermore, since this species regenerates in the forest (Elias
and Dias 2009), gap opening causes a decrease in the recruit-
ment of new individuals. In the initial degenerative phase this
species seams to benefit from the decline in the Juniperus

population reaching the highest biomass probably due to de-
creasing competition. Besides that, there is a high number of
seedlings and saplings that will contribute to an increase in
adults in the next phase. According to Emborg et al. (2000),
small gaps may provide an advantage, in the regeneration, to
shade tolerant species in relation to pioneer species. Arévalo
and Fernández-Palacios (1998) found that small gaps did not
explain the persistence of pioneer species in the laurel forest
of Tenerife probably due to the few differences between gap
and non-gap conditions. Ilex germinates well in transition
zones between forest and gaps (Elias and Dias 2009) which,
together with the small gap dimensions and the existence of
many transition and shaded areas, in the initial degenerative
phase, may be responsible for a high recruitment.

However, the high number of seedlings, saplings and
adults of the degenerative phases is accompanied by a de-
creasing biomass of Ilex until the gap phase. Furthermore, as
gap areas increase from the initial degenerative phase until
the gap phase, the number of seedlings and saplings de-

creases. These facts reflect the decline of the Ilex population
after the initial degenerative phase. Ilex starts to recover only
when the new cohort of Juniperus closes the gaps and creates
new forest conditions (in the building phase). The recovery
is marked by an increase in biomass and number of seedlings
and saplings. Both species show a decrease in the number of
adults from the building to the mature phase probably as a
result of increasing competition between growing trees. In
the early mature phase an increase of Ilex adults, as a result
of the intense recruitment in the building phase, should be
expected. However, since plot 1 corresponds to a late mature
phase, it is not possible to confirm this hypothesis.

Unlike it happens in other forests (e.g., Watt 1947, Em-
borg et al. 2000, Grassi et al. 2003) the gap phase in Junipe-

rus-Ilex forests is composed not only by seedlings and sap-
lings but also by small adults of the two dominant tree
species. As we have seen the regeneration of Juniperus is not
restricted to the gap phase. It begins in the late mature phase
and continues in the degenerative and gap phases. The in-
creasing number of new adults from the initial degenerative
phase to the gap phase constitutes proof of this fact. As the
number of dead and dying trees increase, gap areas and the
number of Juniperus seedlings and saplings also increase.
However, in the gap phase the existence of many small
adults, previously recruited, and many gap species start to
limit the regeneration of this species. This type of advanced
regeneration was also observed by Emborg (1998), Bobiec et
al. (2000) and Grassi et al. (2003).

In the Juniperus population the cyclic patch dynamic is
originated by the senescence and death of individuals from
the same cohort. In what concerns Ilex, the cyclic dynamic is
imposed by the death of Juniperus trees. Ilex recovers only
when Juniperus creates new forest conditions. Thus, there
are in fact two cyclic processes among the populations of the
dominant tree species. This fact does not facilitate the iden-
tification of the “upgrade series» and «downgrade series”
(sensu Watt 1947). For Juniperus, the upgrade series begins
in the final degenerative phase and ends in the mature phase.
For Ilex the same process takes place between the gap and
final degenerative phases. However, taking in to account the
biomass of both species, we verify that the cycle may be di-
vided in to an upgrade series (comprising the first two
phases) and a downgrade series (between the mature and fi-
nal degenerative phases). In the downgrade series there is no
continuous decrease in biomass since between the mature
and initial degenerative phases there is an increase in biomass
as a result of the maximum of Ilex biovolume.

In the deciduous forests of Denmark the initial mature
phase is dominated by Fraxinus excelsior but this species is
gradually replaced by Fagus sylvatica that dominates the late
mature phase (Emborg et al. 2000). This process is called
«climax micro succession» (Forcier 1975). In Juniperus-Ilex

forests there is no such process since the replacement of
Juniperus by Ilex as the dominant tree species, takes place in
the initial degenerative phase, when the forest has already a
canopy in decline. The cycle in Juniperus-Ilex forests is
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somewhat similar to other forests dominated by one or few
tree species (Lawesson 1988, Rebertus and Veblen 1993,
Mueller-Dombois 1999). As a result of this dynamic process
the ‘climax’ does not correspond to a tree community domi-
nated by primary or mature species but by a forest with an
heterogeneous structural and floristic composition with areas
in different phases of the forest cycle, as it happens in other
European forests (Koop and Hilgen 1987, Emborg 1998, Bo-
biec et al. 2000, Emborg et al. 2000, Grassi et al. 2003, Rade-
macher et al. 2004). In spite of its existence in the European
continent, this is the first time that this cyclic patch dynamic
is found among Macaronesian Islands forests.

A model of the forest cycle in Juniperus-Ilex forests

Gap phase: Total biomass and cover of the dominant tree
species reach their lower values as a result of the decline in
the Ilex population and a Juniperus population dominated by
small adults. The canopy layer is absent and the average
heights of both species reach the lowest values. Juniperus re-
generation is limited by the high cover of shrubs, herbs and
grasses. The continuous Juniperus recruitment in the degen-
erative phases results in a high number of adults in this phase.
On the contrary, in spite of the increase of small adults in the
degenerative phases, the number of Ilex seedlings, saplings
and adults is greatly reduced, which may be explained by the
increase in wind exposure and decreasing shade.

Evidence (Caveiro 3 and 8): The Juniperus population is
dominated by small adults, seedlings and saplings and dead
trees. In this species, the increase in the number of adults is
accompanied by the decrease of seedlings and saplings. Ilex

total biovolume reaches its lowest values and the number of
adults, seedlings and saplings is greatly reduced. Average
and maximum heights of both species reach the lowest values
and species richness is the highest of all cycle phases. The
community is a Juniperus open scrub with areas strongly
dominated by that species and other areas dominated by non
woody species and with high species richness. In this scrub
many dead Juniperus trees are visible.

Building phase: The increased shading by Juniperus trees
gradually eliminates herbs and grasses of the gap phase and
impedes the recruitment of new individuals of this species.
Increasing intra specific competition causes a decrease in the
number of Juniperus adults. The reestablishment of forest
conditions promotes the recruitment of new Ilex individuals
and the beginning of the regeneration of this species. Re-
mains of the previous cohort disappear.

Evidence (Caveiro 5): Juniperus population is composed
only by adults mainly of average dimensions. The number of
adults decreases in relation to the gap phase. Seedlings, sap-
lings and dead trees are no longer present and the number of
Ilex seedlings and saplings quadruplicates. Juniperus aver-
age height is now more than half the average height of the
mature forest but the same does not happen with Ilex. This
community is now a small wood with a canopy greatly domi-
nated by Juniperus and a shrub layer of Ilex.

Mature phase: The mature forest is composed by large trees
and Juniperus regeneration is inhibited due to the high shad-
ing. Large tree sizes also limit the number of adults present.
Under the canopy, typical forest species like Culcita macro-

carpa or Luzula purpureosplendens dominate. At the end of
this phase, some old individuals are dying, opening small
gaps where the first seedlings of Juniperus germinate.

Evidence (Caveiro 1 - late mature phase): The Juniperus

population is composed essentially by large trees that have
the highest individual biovolumes and average height. For
both species, the number of live adults is reduced. The pres-
ence of dying and dead Juniperus trees opens small gaps
where seedlings and saplings of this species are found. Ilex

adults are large and seedlings and saplings are also present.
The decreasing vitality among Juniperus trees is responsible
for a higher biomass of Ilex, in spite of the greater Juniperus

canopy coverage. In this stage, the community corresponds
to a well developed forest that presents small canopy gaps.
The canopy has more than 300 cm of average height and is
dominated by Juniperus and Ilex.

Initial degenerative phase: The demographic predisposition,
due to the decreasing vitality of Juniperus adults, and the in-
fluence of biotic and/or abiotic factors, cause the degenera-
tion in the population of this species. This degeneration is re-
flected in the increase of dying and dead trees. In the Ilex

population, some large individuals are also starting to die,
probably due to changes in the microclimatic conditions im-
posed by decreased shading. The decrease in intra specific
competition with large trees may enhance the increase in Ilex

seedlings, saplings and small adults. In this phase, gap sizes
increase but there are still important shaded areas creating in-
termediate conditions of forest-gap that enable the increase
of seedlings and saplings of both species. Small Juniperus

adults appear at this stage. Ilex is the dominant species both
in the canopy and shrub layers.

Evidence (Caveiro 6 and 7): The Juniperus population is
composed essentially by seedlings and saplings, some new
small adults and trees from the previous cohort. Gap sizes
increase as a result of the increasing number of dead Junipe-

rus and dying Ilex trees. The number of Ilex seedlings, sap-
lings and adults increases and the total biomass and canopy
cover are clearly dominated by this species. Average height
of both species decreases for half the height of the mature
forest but the maximum heights are almost unchanged. The
community corresponds to an open forest dominated by Ilex.
In the opening gaps, many dying and dead Juniperus are pre-
sent.

Final degenerative phase: If the initial degenerative phase is
marked by the senescence of the Juniperus population, the
final degenerative phase is characterized by the decline of the
Ilex population. Changes in the microclimatic conditions
(caused by increasing gap areas) are probably responsible for
a decreasing vitality among Ilex trees. This fact, together with
the increasing number of dead Juniperus, continues to en-
large gaps. Juniperus continues to regenerate and species
typical of open spaces, disturbance situations and ecotone
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zones are found in greater numbers. The number of small
adults of Ilex increases, probably as a result of the high re-
cruitment in the previous phase. However, this increase is ac-
companied by the decrease of the total biomass of this spe-
cies which reflects the decline of large sized individuals.
Increasing gap size lowers the recruitment of new Ilex indi-
viduals. The canopy layer becomes sparser and the vegeta-
tion is essentially scrubby.

Evidence (Caveiro 2 and 4): Juniperus and Ilex popula-
tions are essentially composed by small adults, seedlings and
saplings. Previous cohort adults of both species are mostly
dead or dying, especially in the Juniperus population. As a
result of its decline, the dominance of Ilex in relation to
Juniperus is greatly reduced in spite of the increase in small
adults. Average height of both species is less than half the
average height of the mature forest. Maximum height of
Juniperus also decreases. This community is an arborescent
scrub with a very sparse canopy layer of Ilex and a shrub
layer of Ilex and Juniperus. In the large open spaces, dead
Juniperus trees are abundant and the presence of gap species
increases species richness.

Implications for forest conservation and management

The fact that the building and mature phases are poorly
represented in the sampling effort may reflect the actual de-
ficiencies in mosaic areas under these cycle phases due to in-
tense tree cutting in the past, as it happened, for example, in
deciduous forests of Denmark (Christensen and Emborg
1996). Past human intervention was directed to the areas
where larger and greater vitality trees could be found which
lead to the reduction of those areas where the forest was in
the building and mature phases. This may be evaluated by
determining the duration of each cycle phase and mapping
the forest mosaic. Estimating the average duration of each
phase may be accomplished through tree-ring analyses, re-
generation-growth studies and aerial photos. The areas occu-
pied by each phase are close to being directly proportional to
the estimated average duration of the phases (Emborg et al.
2000).

Given the decline, these forests suffered in the past and
the non-natural status of many of the remaining areas, con-
servation and restoration must be the priority. It is very im-
portant to maintain an absolute ban on cutting and to com-
pletely eliminate illegal livestock grazing, in the remaining
forests, and to extend legal protection to adjacent areas where
restoration should take place. We must also bear in mind that
these are not traditional even-aged forests. Being a dynamic
super system, these forests need a minimum area in order for
the developmental stages to perform in the correct propor-
tions. Furthermore, the heterogeneity in these forests en-
hances habitat variability, species diversity (among animals
and plants), resistance and resilience towards large scale dis-
turbances which are common in Azorean mountainous areas.
The establishment of forest reserves in the Azores was done
without taking in to account the dynamic nature of this and
other forest communities. Presently there is a growing

knowledge about Azorean vegetation dynamics. Manage-
ment practices and the design of protected forest areas should
take into account these considerations.
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