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a b s t r a c t

This study assessed the recovery of the structure and species composition of a laurel forest

in an abandoned firebreak in the Rural Park of Anaga, Tenerife (Canary Islands). We statis-

tically compared values of species richness, density and biovolume between 23 plots in the

firebreak and six control plots in natural forest near the firebreak. We evaluated changes in

species composition with detrended correspondence analysis (DCA) based on densities and

biovolume. Biovolume is increasing significantly along the successional gradient (from

1990 to 2004) but remains less than the values in control plots. Stem densities were signif-

icantly lower in control plots than in 2004 plots. Species richness was significantly higher

in control plots than in 2004 plots (although there were no differences in values obtained

between the first sampling period 6 years after abandonment, and the second sampling

20 years after abandonment). Changes in species richness are significant, but all species

present in control plots are also found in the firebreak plots. DCA based on biovolume sig-

nificantly discriminated control plots from firebreak plots in 1990 (for axis I). Results sug-

gest recovery to a laurel forest is occurring, although more time will be required to reach

control plot density and biovolume values. The low intensity of disturbance and a well-

conserved forest adjacent to the firebreak favour the recovery of species inside the fire-

break. We advise eliminating suckers from all small trees (leaving the bigger stems) to

accelerate succession to a vegetation structure similar to that found surrounding the

firebreak.

ª 2007 Elsevier Masson SAS. All rights reserved.
1. Introduction The construction of roads and trails can result in habitat loss.
Today, habitat loss, primarily due to deforestation and land

use changes, is considered one of the most important threats

to species diversity in the world (Gurevitch and Padilla, 2004).
.
Arévalo).

ier Masson SAS. All rights
Roads and trails can also act as corridors or habitat for species

not found in the undisturbed forest matrix (Forman et al.,

2002; Forman and Alexander, 1998; Spellerberg, 1998). Despite

some ecological similarities, forest firebreaks are clearly
reserved.
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different from other anthropogenic corridors (e.g. less impact

on soil, constant dispersion of propagules onto the firebreak).

Whereas the restoration of roads requires active and intense

intervention (Holl et al., 2000; Switalski et al., 2004) due to

the impacts of traffic on soil characteristics, dispersion of ex-

otic species, elimination of a native seed bank, elimination of

area due to pavement and other factors (Milberg and Lamont,

1995), the impacts of firebreaks on the forest are, in contrast,

lower and restoration can be accomplished with minimal to

no management following abandonment.

Today only 10% of the original laurel forest on Tenerife Is-

land remains unaltered (Santos, 1990). While natural distur-

bances and regeneration in laurel forests have been studied

(Arévalo and Fernández-Palacios, 1998; Arévalo et al., 1999;

Arévalo and Fernández-Palacios, 2003), many of the long

term dynamics of laurel forests, like other mountain cloud

forests elsewhere, are largely undescribed (Hamilton et al.,

1995). Regeneration after disturbance is one of the principal

factors that structures plant communities (Terradas, 2001).

The study of an abandoned firebreak offers a valuable oppor-

tunity to learn more about the long-term dynamics of a laurel

forest since succession following this disturbance could be

similar to succession following other disturbances such as

gap openings in the canopy.

The main aim of this study is to describe the recovery of the

structure of the vegetation (density and biovolume) and spe-

cies composition after a 20-year period following the distur-

bance (no machinery, but manual clearing of the firebreak at

intervals of 3–5 years). Also, the firebreak is surrounded by

a well conserved forest matrix and asexual regeneration

through basal resprouting, which is common in this type of

vegetation, can help this recovery. Application of our study re-

sults could help guide the development of restoration plans,

land reclamation planning and the formulation of recommen-

dations for plantations.
2. Materials and methods

2.1. Study site

The study was conducted in the Anaga Rural Park in the NE

corner of Tenerife (Fig. 1), Canary Islands (28� 190 N, 16� 340

W). The park encompasses a 7–8 million year old basaltic mas-

sif (Ancochea et al., 1990) covering about 130 km2. The park

represents 7% of Tenerife’s total area. Tenerife’s evergreen

laurel forest has been extensively exploited since the arrival

of the Europeans in the 15th century (Parsons, 1981). The

10% of the forest that remains has been formally protected

since 1988 and is currently experiencing reduced human dis-

turbance and no reduction in area. No data are available about

the precise forest age, but aerial photographs from 1952 show

the forest in its current state, in terms of both extent and

physiognomy. In the 1940s, there was still some illegal,

small-scale forest exploitation. Due to its present protection

status and public use, the illegal forest exploitation that did

occur was of limited extent (small scale).

The laurel forest is distributed between 600 and 900 m alti-

tude and, depending on the slope, the canopy is 10–20 m in
height. Maximum canopy heights are found at valley bottoms,

decreasing progressively towards the upper valley margins.

The laurel forest of Anaga contains a total of 19 tree species

(Santos, 1990). Dominant species include Laurus novocanarien-

sis, Erica scoparia, Erica arborea, Ilex canariensis, Prunus lusitanica,

Myrica faya and Viburnum tinus. The dominance of a given spe-

cies depends on site conditions. For example, E. scoparia dom-

inates on forest ridges, L. novocanariensis in mesic zones and E.

arborea in more disturbed areas (Anon, 1973). Because the area

of the firebreak is mainly in the southern aspect of the park,

dominant species are E. arborea, M. faya and I. canariensis. Fur-

ther information on stand composition, structure and envi-

ronment in the study sites can be found in Arévalo (1998)

and Arévalo et al. (1999). Species nomenclature follows

Izquierdo et al. (2001).

The firebreak is located in El Moquinal. Its highest point is

at 847 m asl. It runs 450 m north to south and is 10 m wide

(Table 1). This firebreak was established in the 1960s when

fire control was very popular and was maintained until its

abandonment in 1984 (due to the low number of wildfires in

the area). The original vegetation was a well conserved laurel

forest similar to the one surrounding the present firebreak,

and vegetation was cut to ground level. Maintenance was per-

formed every 3–5 years by a team of 4–10 men. They cut all the

vegetation in a 10 m wide band just above ground level.

2.2. Sampling design

We established 23 2 � 8 m (16 m2) permanent plots in 1990

along the centre of the firebreak every 20 m from the highest

point, starting from the border (the last one was located at

440 m). The long axis of each plot was parallel to the firebreak.

The plots were numbered from 1 (at the highest point) to 23. In

2004 six control plots with similar dimensions were estab-

lished at 50 m intervals at a distance of 10–15 m from the

firebreak.

In each plot we counted and measured the height of all in-

dividuals present by species. We also measured the stem di-

ameter along the larger axis and the perpendicular axis, in

order to estimate the biovolume (Fernández-Palacios and de

los Santos, 1996) of each individual plant in the plot. For

shrubs and forbs, we measured the diameters from the top.

For trees, we estimated the two axes from the projected can-

opy on the ground. The sampling was conducted from January

to March in 1990 and in 2004, respectively 6 and 20 years after

abandonment.

2.3. Soil parameters

Nutrient variability could explain the existence of different

patterns of regeneration between different areas. We exam-

ined soil characteristics and nutrient availability across the

plots to reveal possible effects on species distributions. We

collected 1 kg soil samples in March 2004 from four randomly

selected locations on the border of each plot by excavating to

a depth of 15 cm. The four samples were combined to form

a composite sample for the analyses. We sieved (>2 mm) the

air-dried soil and aerobically stored each sample at room tem-

perature. Litter covering the plot (not decomposed) was col-

lected and weighed in situ and re-distributed over the plot



Fig. 1 – Actual (bold) and potential (plain) distribution of the laurel forest on Tenerife. ‘El Moquinal’ laurel forest (firebreak

location) station is located in the Anaga massif.
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(a small sample outside the plot was removed for humidity

calculations).

We measured soil pH by glass electrode. Nitrates and am-

monium were measured in an extraction of KCl (2 M) using

the colorimetric method of Sims et al. (1995). Phosphorus

was measured in extractions with NaHCO3 (0.5 M) at pH 8.5

following the Olsen et al. (1954) method.
2.4. Statistical analysis

Ordination techniques help to explain community variation

(Gauch, 1982) and they can be used to evaluate trends through

time as well as space (Franklin et al., 1993; ter Braak and Šmi-

lauer, 1998; Arévalo et al., 1999). We used detrended corre-

spondence analysis (DCA; Hill and Gauch, 1980) of CANOCO

(ter Braak and Šmilauer, 1998) to examine how species compo-

sition changed through space and time and whether different

classes of samples could be extrapolated from the analyses.

Analyses were based on species densities and biovolume.

Differences in nutrient content between control plots and

firebreak plots were analyzed using the independent Stu-

dent’s t-test (P < 0.05). Differences in density, biovolume and

species richness between plots of different periods were ana-

lyzed using standard analysis of variance (ANOVA, P < 0.05).

Normality of the data was checked with the Shapiro–Wilk

test, and homoscedasticity of the data was examined with

an F test.

We analyzed if axes I and II significantly discriminated the

groups using the coordinates of the plots at different periods

and analyzing these coordinates with a logistic regression,
the response variable being the sampling period (1990 plots,

2004 plots or control-2004 plots). We tested for both axes the

1990–2004 plots, control–1990 plots and control–2004 plots.

Basic statistical methods followed Zar (1984) and were

applied with the SPSS statistical package (SPSS, 1986).
3. Results

The area where the firebreak is located presents some vari-

ability in altitude (64 m). We can consider it a laurel forest

community with the same species composition as other well

conserved areas of the laurel forest (Table 1).

Changes after disturbance of the vegetation can be

revealed through changes in structural parameters such as

stem density, biovolume and species richness (Pickett and

White, 1985). After 6 years of abandonment values for stem

density in the firebreak did not differ from current values for

the control plots (Fig. 2a), but they became significantly higher

14 years later (F2,49 ¼ 26.704, P < 0.001). Density included

woody plants (trees and shrubs) and forbs (no graminoids

were found in the plots). Changes were graphically better

reflected in the biovolume data (Fig. 2b), where significant

changes were found from the first sampling to 2004

(F2,49 ¼ 33.704, P < 0.001). Changes in species richness were

significant (F2,49 ¼ 6.399, P < 0.003; Fig. 2c). The post-hoc test

indicated that species richness in the firebreak in 1990 did

not differ from the species richness in the plots in 2004, but

the control plot values were significantly higher than the

firebreak values in 2004.
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Fig. 2 – Mean values and standard deviations for (a) density

of plants (individuals/100 m2); (b) biovolume (m3/100 m2);

and (c) species richness. Identical letters above the bars

indicate non-significant differences.

Table 1 – General features of the plots

Plot Aspect Location Altitude

1 NW Peak 845

2 NW Peak 843

3 W Side 836

4 NW Side 826

5 S-SE Side 817

6 N-NW Side 809

7 SE Side 805

8 S-SE Bottom 800

9 S-SE Bottom 799

10 N-NW Side 798

11 S-SE Peak 801

12 N-NW Peak 802

13 N-NW Peak 799

14 S-SE Peak 796

15 S-SE Peak 788

16 N-NW Bottom 783

17 E Bottom 781

18 N-NW Bottom 782

19 N-NW Bottom 786

20 E Side 794

21 E Peak 799

22 SE Peak 798

23 E Peak 799
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Based on our own observations and the study results,

much of the regeneration occurred by re-seeding (personal

observation). Resprouting was less common although very

important in some tree species such as Erica arborea. Due

to the character of basal sprouting of the laurel forest spe-

cies, it is possible to differentiate between asexually and

sexually produced plants (Arévalo and Fernández-Palacios,

1998).

With respect to species composition based on density, the

DCA bi-dimensional space defined by axes I and II indicated

that disturbance due to the firebreak has increased species

variability among plots (Fig. 3). Species such as Lavandula stoe-

chas, Convolvulus canariensis, Pteridium aquilinum and Rumex

inermis are characteristic of the plots at the beginning of the

successional period. Smilax sp., Hypericum grandifolium and

Sonchus olereaceus are characteristic of 2004 plots. Control plots

cannot be discriminated from plots in the firebreak at either

sampling period, indicating that almost all the species of the

firebreak plots are present in the control plots, an indication

of the dominance of woody species such as Laurus novocanar-

ensis, Myrica faya, Erica scoparia, Erica arborea and Ilex canarien-

sis (Fig. 3, Appendix A).

Analysis of species composition based on biovolume gave

similar results to those for density. However, discrimination

between groups of plots was clearer, indicating a stronger gra-

dient and a higher proportion of the total inertia explained by

axes I and II in the analysis (43.7% in this analysis vs. 35.3% in

the analysis based in density). Three species were not in-

cluded in this analysis due to their low values (Sonchus olera-

ceus, Rubus inermis and Convolvulus canariensis). In this case,

discrimination among firebreak plots and control plots was

more evident, and again, a higher variability in species

composition was revealed in the firebreak plots (Fig. 4,

Appendix A). The results of the logistic regression revealed
that control plots are discriminated from firebreak plots along

axis I, while firebreak plots 1990 and 2004 are significantly dis-

criminated along axis II (Table 3).

Tree species are characteristic of the control plots (Laurus

novocanarensis, Ilex canariensis, Myrica faya and Prunus lusitan-

ica), while the firebreak plots are characterized by forbs such

as Lavandula stoechass, Hypericum grandifolium, Globularia sali-

cina and Daphne gnidium. However, all the species are present

in both sets of plots.

Analysis of basic nutrients in the soil for firebreak and for-

est plots in 2004 indicated that firebreak soils will require

more time to attain nutrient conditions similar to unaltered

areas. Nitrates, ammonium and phosphorus levels were sig-

nificantly lower in firebreak plots than in control plots

(P < 0.01), while pH did not differ significantly between fire-

break and control plots (P > 0.05). These changes in nutrient

content can be directly related to litter production, because

the litter mass was significantly lower in the firebreak plots

(0.207 kg/m2) than in control plots (0.366 kg/m2) (t27 ¼ 3.92,

P < 0.01) (Table 2). The high variability found can be attributed

to differences in aspect, location and altitude, yet even so, we

found significant differences.
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Fig. 3 – Species scores and plot scores in the ordination

space defined by axis I and axis II of the DCA based on

species densities. Polygons enclose the plots of the

different sampling periods, solid lines for 1990 plots

(circles), slashed lines for 2004 plots (squares) and dotted

lines for control plots (triangles) (Eigenvalues of axes I and

II were 0.238 and 0.097 and the cumulative percentage of

variance of both axes was 35.3%). Species names are

indicated with the first pair of letters of genus and species.

Dagn, Daphne gnidium; Coca, Convolvulus canariensis; Erar,

Erica arborea; Ersc, Erica scoparia; Glsa, Globularia salicina;

Hygr, Hypericum grandifolium; Ilca, Ilex canariensis; Last,

Lavandula stoechas; Lano, Laurus novocanariensis; Myfa,

Myrica faya; Ptaq, Pteridium aquilinum; Prlu, Prunus

lusitanica; Ruin, Rubus inermis; Smi, Smilax spp.; Sool,

Sonchus oleraceus; and Viti, Viburnum tinus ssp. rigidum.
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Fig. 4 – Species scores and plot scores in the ordination

space defined by axis I and axis II of the DCA based on

species biovolume. Polygons enclose the plots of the

different sampling periods, solid lines for 1990 plots,

slashed lines for 2004 plots and dotted lines for control

plots (eigenvalues of axes I and II were 0.416 and 0.170 and

the cumulative percentage of variance of both axes was

43.7%). Species names are indicated as in Fig. 3.

Table 2 – Selected chemical properties of the analyzed plots

Litter (kg/m2) mg NO3
þ

Firebreak 0.207 (0.098)** 0.62 (0.99)*

Forest (control) 0.366 (0.055) 3.92 (5.39)

Mean values (standard error) of 23 samples for the plots in 2004 and 6 sam

dicated with an asterisk (for P < 0.05) or two asterisks (for P < 0.01; ns, no
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4. Discussion

In spite of the importance of vegetation monitoring in perma-

nent plots (Bakker et al., 2002) and the fact that the laurel for-

est is probably the most characteristic ecosystem of the

archipelago (Fernández-Palacios et al., 2004), this is the lon-

gest term study carried out in this plant community. Long-

term studies offer very valuable information when studying

the effects of disturbance because of the transient nature of

the initial species responses (Tilman, 1988). Depending on the

characteristics of the disturbance, that is, its extent, time,

and magnitude (Glenn-Lewin and van der Maarel, 1992), the

vegetation may show a response varying from resistance, via

recovery with more or less complete return to the initial state,
mg NH4
þ mg PO4

2þ pH

23.91 (11.74)* 4.01 (1.39)* 6.5 (0.38) (ns)

44.25 (19.84) 5.98 (2.42) 6.8 (0.07)

ples for the control plots. Significant differences among plots are in-

n-significant).



Table 3 – Logistic regression of the sampling period with respect to the sample scores along axis I and II
(ns, non-significant)

Axis I – DCA base in biovolume Axis II – DCA base in biovolume

Parameter B Wald statistic Significance level Parameter B Wald statistic Significance level

1990–2004 1.22 0.663 ns 4.72 11.850 <0.01

Control–1990 8.79 4.402 < 0.05 0.630 0.046 ns

Control–2004 9.131 1.774 ns 4.365 0.610 ns
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to irreversible changes (Collins et al., 2000; van de Koppel and

Rietkerk, 2000).

Our results reveal that the vegetation structure (species

richness, density and biovolume) in the firebreak differs

from the control plots (especially the much higher biovolume

of control plots). It can be argued that differences in species

richness are due to the lower sampling effort, that is, number

of control plots. However, the control plots were quite homog-

enous (Appendix A) and increased sampling effort would not

change the results significantly.

Nutrient content is significantly lower for nitrate, ammo-

nium and available phosphorus in the firebreak plots than

in the control plots in 2004. As long as these forests can

be considered to be in a stable state (Fernández-Palacios

et al., 1992), nutrient availability will be determined by

litter production which is significantly lower in the firebreak

and, hence, with less soil nutrients available for plant

growth.

The DCA (based on densities) polygon comprising the

control plots is located in the centre of the other polygons

(Fig. 3), in an area of the ordination where woody species

are dominant (Laurus novocanariensis, Erica arborea, Erica sco-

paria, Myrica faya, Ilex canariensis), while plots in 1990 can

be characterized by specific species such as Rubus inermis,

Convolvulus canariensis, Lavadula stoechas and in 2004 by Smi-

lax sp., Hypericum grandifolium and Sonchus oleraceus. These

species can be considered opportunistic and helophytic,

appearing as important components of the vegetation in

areas under other laurel forest disturbances such as fire

(Arévalo et al., 2000) and canopy gaps (Arévalo and Fernán-

dez-Palacios, 1998).

Changes based on biovolume of species composition

revealed significant differences in species composition

between control plots and firebreak plots in both study

periods. As in the DCA based on densities, the effect

resulted in an increase in species heterogeneity in the plots

due to the regular maintenance of the firebreak (a low in-

tensity but continuous disturbance). Dominance in the

tree biovolume and the low importance of the herbaceous

layer discriminated the control plots from the firebreak

plots at both periods (Appendix A).
4.1. Management implications

Although temporal studies are greatly affected by temporal

and spatial scales as well as by sampling design (Lepš and

Rejmánek, 1991), analysis based on nutrient content, vegeta-

tion structure and species composition gave consistent results
in this study. After 20 years of succession, we can consider

that the firebreak vegetation represents an early phase of

the laurel forest found in the surrounding matrix but requiring

recovery of biovolume and a reduction in shrubs and forbs

species.

Although recovery is slow, we suggest that the area will

reach a successional status of mature laurel forest due to sev-

eral factors: the low intensity of the disturbance (spatial and

temporal); a well-conserved surrounding matrix forest, offer-

ing a constant source of propagules from bird dispersion, as

one of the characteristics of the laurel forest (Carvalho,

2002); and maintenance of species richness due to vegetative

regrowth, which is very characteristic of the tree species of

the laurel forest (Fernández-Palacios and Arévalo, 1998). Veg-

etative regeneration has been shown to be a very powerful

mechanism for maintaining species richness following log-

ging (Saulei and Lamb, 1990).

In order to accelerate succession, some imposed manage-

ment can be suggested, such as the reduction of the number

of basal sprouts resulting from tree coppicing in the fire-

break. This would favour the development and growth of

the canopy, providing more similar environmental condi-

tions to the forest interior, increasing litter production and

reducing opportunistic species richness. Furthermore, the

opening of anthropogenic corridors (new roads or clearing)

should be discouraged unless there are no other possible

alternatives.
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Appendix A

The biovolume of each species per plot and year sampled is

shown in Table A.1. Information for the control plots is also in-

cluded. The density of each species per plot (16 m2) and year

sampled is shown in Table A.2 along with information for

the control plots.



Table A.1

Coca Dagn Erar Ersc Glsa Hygr llca Laaz Laca Myfa Prlu Ptaq Ruin Smi Soca Viti

p1-04 – 2.19 – 48.49 0.64 – 9.46 2.96 – – – 0.55 – – – –

p2-04 – 1. 94 – 34.79 4.86 – – – – 11.18 – 0.95 – – – –

p3-04 – 0.20 – 2.79 2.49 – 3.72 – – 13.82 – 1.52 – – – –

p4-04 – 9. 90 2.00 25.78 4.32 – 12.53 1.49 – 9.65 – 2.15 – – – 0.15

p5-04 – 4. 83 1.49 62.38 – – – 1.84 – 15.96 – 0.73 – – – –

p6-04 – 1.27 – 37.14 0.92 – 1.83 3.34 – 11.36 – 4.78 – – – 15.53

p7-04 – 0.62 – 62.68 – – 25.20 4.85 – 2.13 – 1.25 – – – 2.17

p8-04 – 13.29 – 55.55 – – 15.76 8.98 – 11.60 – 0.73 – – – 2.26

p9-04 – 0.52 – 4.92 – – 16. 63 3.28 – 5.31 11.19 2.70 – – – 2. 80

p10-04 – 6.79 – 1.74 – – 53.29 2.44 – – – 16.29 – – – 0.19

p11 -04 – 3.67 – 21.96 6.76 – 1.95 1.69 – – 15.91 3.28 – – – 2.34

p12-04 – 0.65 4.00 31.14 5.19 – 33.19 1.24 – 3.83 – 1.33 – – – 0.61

p13-04 – 4.56 1.93 34.68 0.43 – 4.58 0.85 – 0.54 – 2.88 – – – 0.37

p14-04 – 2.69 – 32.93 0.77 – 1.48 0.62 – 6.43 – 1.43 – – – 0.17

p15-04 – 0.54 – 71.98 – – 4.89 0.18 – – 0.13 2.50 – – – 0.13

p16-04 – – – 9.34 – – 14.67 0.23 – – – 9.99 – – – 3.14

p17-04 – 13.59 – 11.26 – – 27.53 2.76 – – 19.33 7.75 – – – –

p18-04 – 3.59 – 52.42 – – 58.36 0.48 – – 3.66 21.97 – – – 29.26

p19-04 – – – 79.21 – – 35.28 17.93 – – – 22.54 – – – 9.62

p20-04 – – – 37.44 6.65 – 5.96 0.50 – – – 1.21 – – – 1.62

p21-04 – 4.46 – 35.12 3.33 – 7.65 0.81 – – – 3.26 – – – 0.29

p22-04 – 0.13 – 15.60 0.63 – 17.29 0.16 – – 2.36 3.23 – – – 3.31

p23-04 – 5.46 0.64 25.67 4.89 – 8.55 0.23 0.18 – – 3.25 – – – 0.37

p1-90 – 1.14 1.72 6.89 0.43 0.16 1.82 0.25 – 1.44 – 1.33 – – – –

p2-90 – 0.42 2.46 5.42 – 2.26 1.57 0.48 – 0.69 – – – – – –

p3-90 – 0.77 1.23 5.94 – – 0.98 0.25 – 2.24 – – – 0.77 – –

p4-90 – 0.38 3.39 7.59 0.14 – 1.39 0.38 – 1.26 – – – – – –

p5-90 – 1.33 7.26 3.74 0.33 – 3.48 0.73 – 4.49 – – – – – –

p6-90 – 0.59 5.74 3.52 0.49 – 5.44 0.71 – 2.40 2.65 – – – – 0. 68

p7-90 – 3.19 2.23 5.12 – – 6.39 0.74 – 2.26 – – – – – 0.62

p8-90 – 4.80 3.73 1.67 – – 4.65 0.58 – 2.87 – – – – – 0. 95

p9-90 – 0.95 1.44 2.28 – – 3.84 0.14 – 0.42 3.19 – – – – –

p10-90 – 0.57 – 2. 89 – – 12.29 1.98 – 0.24 – – – – – –

p11 -90 – – – 1.28 0.86 – 12.24 0.21 – – – – – – – 0.90

p12-90 – – 0.85 2.76 0.44 – 0.93 – – 0.94 – – – – – 0.16

p13-90 – – 0.36 4.75 0.19 – 0.67 0.48 – 0.38 – – – – – –

p14-90 – 0.16 0.21 6. 88 0.30 – – 0.25 – 3.68 – – – – – –

p15-90 – – – 9.52 – – 0.68 – – 0.25 – – – – – –

p16-90 – 0.65 3.75 5.23 – – 3.93 0.49 – – 0.20 0.59 – – – –

p17-90 – 0.12 – 2.65 – – 9.78 0.14 – – 11.64 6.27 – – – –

p18-90 – 0.35 7.36 6.48 – – 5.84 0.72 – 2.78 0.18 6.25 – – – –

p19-90 – 0.80 0.16 3.46 1.37 – 6.32 – 1.40 – 0.77 1.12 – – – 0.91

p20-90 – 0.65 – 6.29 0.59 – 2.95 0.84 – – – 0.53 – – – 0.13

p21 -90 – 0.83 0.25 1.64 0.48 – 14.98 0.93 – 0.53 – – – – – 0.70

p22-90 – 1.34 0.53 3.17 0.56 – 2.43 0.45 – 3. 98 – – – – – 0.32

p23-90 – 0.14 9.48 1.25 – – 7.43 0.52 – – 0.96 1.54 – – – 0.12

c1 – – 7.76 18.81 – – 15.59 25.77 – 264.84 – 0.67 – – – 15.73

c2 – – – 47.99 – – 32.84 0.34 – 11.38 – 0.59 – – – 17.63

c3 – 0.53 – 38.79 – – 28.18 6.86 – – 47.36 0.25 – – – 1.82

c4 – – – 32.49 – – – 1.85 – 481.17 74.51 0.58 – – – 0.48

c5 – – – – – – 7.90 8.54 – 214.33 – 0.82 – – – 1.42

c6 – – 15.14 92.73 – – 3.78 74.69 – 47.92 – – – – – –

Species names are indicated as in Fig. 3; bold type-face for tree species, italic for shrubs and roman for forbs.
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Table A.2

Coca Dagn Erar Ersc Glsa Hygr llca Laaz Laca Myfa Prlu Ptaq Ruin Smi Soca Viti

P1-04 – 2 – 16 1 – 2 3 – – – 6 1 – – –

P2-04 – 4 – 16 2 – – – – 5 – 1 – – – –

P3-04 – 1 – 15 5 – 4 – – 2 – 6 – – – –

P4-04 2 8 2 14 5 – 7 2 – 4 – 9 – – – 2

P5-04 – 4 2 24 – – – 3 – 6 – 2 2 – – –

P6-04 2 1 – 6 1 – 2 3 – 1 – 11 1 – – 4

P7-04 1 2 – 14 – – 4 5 – 3 – 8 3 – – 4

P8-04 – 3 – 13 – – 5 16 – 1 – 6 – – – 1

P9-04 4 1 – 4 – – 4 9 – 1 3 10 2 – – 5

P10-04 – 2 – 1 – – 8 6 – – – 39 1 – – 5

P11 -04 4 2 – 4 3 – 6 6 – – 7 15 2 – – 10

P12-04 6 1 2 10 4 – 14 13 – 2 – 10 – – – 6

P13-04 3 5 2 24 2 – 7 7 – 1 – 18 – – – 4

P14-04 1 2 – 18 6 – 2 4 – 1 – 12 – – – 4

P15-04 11 1 – 22 – – 7 2 – – 2 16 – – – 5

P16-04 1 – – 12 – – 4 4 – – – 15 – – – 6

P17-04 2 1 – 7 – – 6 4 – – 9 9 6 – – –

P18-04 2 2 – 5 – – 12 1 – – 3 26 10 – – 4

P19-04 1 – – 4 – – 8 4 – – – 17 17 – – 4

P20-04 1 – – 4 12 – 4 1 – – – 5 – – – 7

P21-04 2 2 – 5 20 – 4 8 – – – 11 – – – 6

P22-04 5 2 – 5 7 – 11 6 – – 3 10 – – – 17

P23-04 2 3 1 9 13 – 8 9 6 – – 21 – – – 14

P1-90 – 3 5 9 2 1 2 1 – 4 – 2 – – 1 –

P2-90 – 4 1 7 – 1 2 1 – 4 – – – – – –

P3-90 – 4 5 15 – – 3 2 – 4 – – – 1 – –

P4-90 – 3 9 20 3 – 6 3 – 7 – – – – – –

P5-90 – 4 5 14 1 – 4 2 – 4 – – – – – –

P6-90 – 5 4 7 1 – 7 5 – 2 3 – – – – 2

P7-90 – 4 5 13 – – 10 6 – 4 – – – – – 7

P8-90 – 7 3 6 – – 6 6 – 1 – – – – – 4

P9-90 – 1 2 4 – – 6 3 – 1 1 – – – – –

P10-90 – 4 – 2 – – 11 6 – 2 – – – – – –

P11 -90 – – – 8 4 – 10 2 – – – – – – – 7

P12-90 – – 2 9 2 – 1 – – 3 – – – – – 1

P13-90 – – 1 6 2 – 1 1 – 1 – – – – – –

P14-90 – 1 1 5 2 – – 1 – 3 – – – – – –

P15-90 – – – 4 – – 3 – – 1 – – – – – –

P16-90 – 3 2 5 – – 5 1 – – 1 3 1 – – –

P17-90 – 2 – 1 – – 6 1 – – 3 5 1 – – –

P18-90 – 1 2 6 – – 3 3 – 1 1 5 2 – – –

P19-90 – 1 1 3 4 – 5 – 2 – 4 4 – – – 3

P20-90 – 1 – 4 2 – 7 2 – – – 1 – – – 1

P21-90 – 2 1 2 3 – 5 3 – 2 – – – – – 2

P22-90 – 3 1 6 4 – 4 2 – 1 – – – – – 4

P23-90 – 2 2 2 – – 4 4 – – 2 5 – – – 1

C1 1 – 1 1 – – 6 9 – 4 – 2 – – – 5

C2 – – – 4 – – 5 9 – 2 – 5 – – – 6

C3 1 1 – 4 – – 3 8 – – 5 2 – – – 6

C4 – – – 4 – – – 7 – 1 2 1 – – – 1

C5 – – – – – – 4 14 – 2 – 2 – – – 4

C6 1 – 1 7 – – 3 8 – 2 – – – – – –

Species names are indicated as in Fig. 3; bold type-face for tree species, italic for shrubs, and roman for forbs.
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