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ABSTRACT:
The variation in structure and floristic composition of the vegetation of
Tenerife and its relation to different environmental factors has been stud-
ied. With that aim 200 plots, stratified by altitude, wind-exposure, lithol-
ogy, inclination and disturbance degree of the communities were located
throughout the island. In each plot, the performances of the species present
were assessed using density, cover and biovolume values. Resulting data
were analized using the altitudinal distribution profiles of each species and
cluster analyses.
Altitude, wind-exposure and, to a lesser degree, disturbance were found to
be the major determinants of the vegetation variation, whereas lithology
and inclination did not show high influence on it. The cluster analysis
recognizes several communities in altitude, that have been delimited on a
map of Tenerife.
Nomenclature: Hansen & Sunding, 1985.

INTRODUCTION:

Tenerife is the island within the Macaronesian region (Azores, Madeira, Ca-
naries and Cape Verde) with the best conditions to carry out a study about the
environmental determinants governing the variation in floristic composition and
structure of the vegetation. These conditions are: i) its rather well conserved veg-
etation cover; ii) its developed altitudinal gradient; iii) its well defined slope types;
iv) the lithological and chronological variability of its materials; v) its close net of*
meteorological stations and finally, vi) because it has been widely studied by many
authors since Humboldt’s stay on the island, almost 200 years ago.

The first analyses of the vegetation of Tenerife were carried out by Humboldt
& Bonplandt (1814) and Buch (1819, 25) who recognized several altitudinal belts.
In a later work, by Webb & Berthelot (1840), the wind-exposure was considered
together with the altitude, as the principal factor of the vegetation distribution.
During this century, the vegetation analyses were more centred in the description of
single plant communities, although several studies borne an insular scope (cf. Pérez
de Paz 1982). Floristic synopses, grouping the communities in vegetation belts, are
due to Ceballos & Ortufio (1951) or to Wildpret & Arco (1987) or in bioclimatic
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belts to Rivas-Martinez (1983). In general, it can be concluded that there exists an
agreement with respect to the distribution of vegetation according to altitudinal
belts, but not to their number and precise limits.

The objectives of the present work have been: i) to elucidate which are the
major environmental determinants of floristic and structural variation of the
vegetation on Tenerife and ii) to determine which plant communities can be
recognized on the island, as well as their distribution, floristic composition and
ecological characterization.

STUDY AREA:

Tenerife is the largest island (2,058 km?) of the Canarian archipelago and of
the Macaronesian biogeographical region. It has a triangle-based pyramid shape
with a truncated apex at an altitude of 2,000 m in Las Cafadas, from which the
volcano Teide, the highest peak of this region (3,718 m), rises. This well developed
altitudinal gradient for an oceanic island is surpassed in the world only by Mauna
Kea (4,205 m) and Mauna Loa (4,169 m), both hawaiian volcanoes. Its peculiar
form, together with the predominating NE trade winds of our latitudes, has given
rise to the establishment of two entirely different slope types: the N windward slope
and the SE-SW leeward slope. At higher altitudes a third zone beyond the influence
of the trade winds: the summit, can be distinguished.

Tenerife, like the other Macaronesian islands, is of volcanic origin; its
oldest rocks (located on the Anaga and Teno massives, the NE and NW corners
of the island, respectively) are estimated to be more than 7 millions years old
(Carracedo 1984). Nevertheless, there is still volcanic activity with several erup-
tions during the last 500 years, the most recent (Volcan de Chinyero) in 1909.
Both basaltic and phonolitic materials, corresponding to different vocanic cy-
cles, can be found throughout the island.

The main environmental feature of Tenerife is caused by the existence of
a thermic inversion separating a lower layer of humid, cool air from a higher
layer of dry cold air at ca. 1200 m altitude. Due to this inversion the orographic
ascension of moist air masses carried by the trade winds is prevented and leads
to the acummulation of clouds below the inversion. This phenomenon, rather
frequent on the windward slope of the island, is locally known as «mar de
nubes» (cloud-sea). The altitudinal limits of this cloud-sea change throughout
the year, reaching the highest elevation in winter (Huetz de Lemps 1969).

200 square plots with sides of 10 m were located throughout the island
(Fig. 1) according to a stratified sample strategy. It was based on combina-
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tions of several environmental classes defined according to altitude (belts of
100 m), wind-exposure (windward, leeward and summit), lithology type (basalts
and phonolites) and age (younger and older than 10,000 years), floor incli-
nation (0-15, 15-30 and 30-45°) and disturbance degree of the stand (less
disturbed, moderately disturbed and highly disturbed). Thus, the vegetation
existing on each combination of the environmental classes present on Tenerife
was recorded by one plot. Nevertheless, in order to establish the importance
of certain combinations covering large areas, more than one plot was asigned
to them.

For each plot, the importance of the vascular plant species present was
described using density (no. individuals/100 m?), cover (%) and biovolume (cover
x mean height of plant, expressed in m*/100 m?). Biomass (dry weight kg/100
m?) was also assesed for plots with scrub-like vegetation using the alometric
regressions provided for subdesert and high mountain species by Fernandez-
Palacios et al (1992) elsewhere. Community richness (no. sp./100 m?) and di-
versity (using Shannon index) were also calculated for each plot. Finally, those
the plot but bearing very low performances were included with

S

species wi
a plus (+).

Table 1 provides an example of the description of the vegetation of some
plots. All the data are available on request.

When the number of individuals of each species present in a plot was not
too high, density was calculated by counting them; and cover with the product
of the density times the mean individual area of the species (Fig. 2). However,
if counting was impossible or unreliable, (¢.g. too many individuals and/or very
closely located) density was assessed via cover. The cover was calculated re-
cording the vertical overlaps of the plants over 5 parallel straight lines 10 m

iSnglcvenlyddistabutedinkihSIplctR iovs lumeRwasies fimatedimultiniyinsfcoren

by mean plant height. All biometric measurements were averaged from 10 in-
dividuals per species within the plot selected by the nearest neighbour technique
to a first one randomly chosen.

An univariate analysis of the altitudinal distribution of the more frequent
species on Tenerife was carried out (Fig. 3). In order to contrast the significance
of the vegetation belts multivariate methods were used. A global approach to
the floristic and structural variation of vegetation and its correlation with the
environment was obtained with the canonical correspondence analysis (CCA)
included in the CANOCO ordination programmes package (ter Braak 1987).

A classification dlldlyblb of the floristic variation mrouguom the island was
achieved using the hierarchical polythetic divisive method of TWINSPAN (Hill
1979). The division process was stopped for the whole set at the sixth division
level or for each group when it included fewer than 20 plots. The end-groups
obtained were ecologically characterized and mapped on Tenerife.
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RESULTS:

Figure 3 represents the altitudinal profiles of some selected species among
those with the highest frequency. It shows rather clearly the bell shaped curves
which represented the different species which overlap along the gradient.

Figure 4 represents the biplot scores of the environmental variables intro-
duced in the analysis. It is easy to observe the importance of altitude, positively
correlated with the first ordination axis, and wind-exposure, negatively corre-
lated with the second ordination axis. Disturbance degree of vegetation occupies
an intermediate position, whereas neither lithology nor floor inclination, up to
45°, seem to be real significant factors of vegetation variation.

The hierarchical division of plant communities obtained by TWINSPAN is
given in figure 5. Numbers represent preferential and non-preferential species
for each group at each division, which are listed in Appendix . Finally, figure
6 gives the distribution of these 11 end-groups on a map of Tenerife.

DISCUSSION:

The rule of altitude and wind-exposure as major environmental determi-
nants of the variation in Tenerife’s vegetation, as stated in figure 4, was early
recognized by the classical authors. Both are geographical factors with well
known underlying climatic variation patterns.

Altitudinal changes suppose mainly changes in temperature (on Tenerife
the mean annual temperature shifts from 21°C at the South coast up to some
2°C at the Teide Peak) and thus in frost events likelyhood and frequency.
Furthermore, altitude variation implies changes in relative humidity and radia-
tion values, and hence in evapotranspiration rates (Héllermann 1978; Leuschner
& Schulte 1991). These features lead to the existence on Tenerife of a coast-
summit thermic stress gradient, where the tolerance of the plant species to this
kind of stress controls its distribution along the altitudinal gradient (Fernandez-
Palacios 1992).

On the other hand, variation in wind-exposure, at least in high islands
within the trade winds influence, suppose changes in moisture and radiation.
The existence on the NE windward slopes -including the local singularity
existing on Ladera de Glimar at the South slope of the island (Figure 6)- of
a woody heath and a cloud-forest is only possible to understand when the
summer drought of the mediterranean clima of the Canaries is counteract with
a local fog-drip effect owed to the cloud-sea (Hollermann 1981). Frequent and

intense Fn.g,Ar;p effect. oceours lmmlly alone mountain crests and on wind-
mntense 1og-drip eiiect, occurs iocaily aiong mountain cresis and on wind

exposed sites, with a considerable ammount of fog precipitation (Kdmmer
1974). Above and below the cloud-sea layer on the windward slope, vegeta-
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tion suffers the existence of an hydric stress, that is stronger on the leeward
slope, out of the cloud-sea influence, where the subdesert scrub is replaced
in altitude by the pine forest.

The level of disturbance of the stand has been recognized as an interme-
diate determinant on Tenerife’s vegetation variation. This is so because distur-
bance affects the vegetation variation model above recognized with two contra-
dictory effects. On the one hand, disturbance has an homogenizer effect on
vegetation, grouping together plots that belong to different altitudinal or wind-
exposure classes, but sharing certain degree of disturbance as make evident the
presence and performance of some generalistic species (such as Opuntia ficus-
barbarica, Cistus monspeliensis, Asphodelus aestivus, Aspalthium bituminosum,
etc.). This effect is due to the larger distribution amplitudes of the generalistic
species when compared with specialistic ones (cf. Fig. 3). On the other hand,
the different degree of disturbance shown by the plots, give rise to an effect that
trends to separate them within the same altitudinal or wind-exposure class.
Finally, it is also important to consider in this frame, the rareness of heavily
disturbed areas at high altitudes (> 1,500 m) of the island.

Both lithological composition and age do not seem to play an important
role in the variation of vegetation. Although it has been reported the existence
of some species exclusively related to special lithologies, as phonolitic doms in
the Canaries (Burchard, 1929), when the vegetation variation is analized with
an insular scope, such events are unimportant. The age of the materials was
supposed to be important because of the variations in the physic features of the
stands owed to it, such as soil existence, porosity, nutrient availability, etc.
Nevertheless, and very likely due to a wrong election of the border between
young and old materials (10,000 years) non influence of it on vegetation vari-
ation was detected.

Finally, the inclination of the floor was found to be irelevant at least up to
45°. Tt is nonetheless a fact that when the slope is high enough, maybe more
than 70°, it leads to the existence of special adapted soil-less cliff communities
(Santos, 1983).

The bell-shaped curves showed in figure 3 by some of the more frequent
species, as well as the fact that their centres of distribution seem to overlap
along the altitudinal gradient, argues in favour of the continuous nature of
vegetation variation (Whittaker, 1970).

Nevertheless, results of the divisive classification recognizes the existence of
11 types of communities (end-groups A-K) at the sixth level of division: peak
vegetation, summit scrub, summiit pine forest, pine forest, xeric heath, «monteverde»,
«jaraly (Cistus scrub), «tabaibal amargo» (Euphorbia obtusifolia scrub), «tabaibal-
cardonaly (Euphorbia balsamifera + E. canariensis scrub), halophylous coastal belt
and finally a vegetation complex of disturbed communities. All of them have been
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traditionally recognized, with the exception of the summit pine forest. This com-
munity is closely related to the summit scrub, due to the number of species shared,
but is still bearing the presence of Pinus as landscape definer. The ecological char-
acterization of these communities in terms of their tolerance to climatic stress and
disturbance, as well as their indicator species, is given in table 2.

Figure 6 shows the TWINSPAN analysis end-groups delimited on a map of
Tenerife. The limits between end-groups I and H have been omitted in order to
simplify the map. It is easy to observe an altitudinal arrangement of the com-
munities. The variation of the vegetation along altitudinal gradients has often be
interpreted, as is the case for Tenerife too (Wildpret & Arco, 1987), as the
existence of different altitudinal vegetation belts.

Apendix 1: List of plant species used as preferentials or non-preferentials in the
TWINSPAN classification, as well as indicator species in the ecological
characterization of the groups.

no. species no, species
1 Adenocarpus foliolosus 26 Kleinia neriifolia
2 Adenocarpus viscosus 27 Launaea arborescens
3 Argyranthemum frutescens 28  Laurus azorica
4 Argyranthemum teneriffae 29 Lavandula canariensis
5 Artemisia thuscula 30 Micromeria varia
6  Aspalthium bituminosum 31  Myrica faya
7  Asphodelus aestivus 32 Neochamaelea pulverulenta
8 Carlina xeranthemoides 33 Nepeta teydea
9 Cenchrus ciliaris 34  Opuntia ficus-barbarica
10 Ceropegia fusca 35 Origanum vulgare
11 Chamaecytisus proliferus 36 Periploca laevigata
12 Cistus monspeliensis 37 Pinus canariensis
13 Cistus symphytifolius 38 Plocama pendula
14 Daphne gnidium 39  Pterocephalus lasiospermus
15 Descurainia bourgacauana 40 Rubia fruticosa
16  Dittrichia viscosa 41  Rubus inermis
17  Erica arborea 42 Rumex lunaria
18 Euphorbia balsamifera 43 Schizogyne sericea
19 Euphorbia canariensis 44 Scrophularia glabrata
20 Euphorbia obtusifolia 45 Spartocytisus supranubius
21  Frankenia lacvis 46 Tolpis webbii
22 Globularia salicina 47  Viburnum tinus
23 Hyparrhenia hirta 48 Visnea mocanera
24  Hypericum grandifolium 49  Viola cheiranthifolia
25 Ilex canariensis 50 Zygophyllum fontanesii
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Table 1: Example of a vegetation inventories.

no. Locality mean value / ind. population value/ 100m3
Especie diam. alt. dry w. DENS. COVER BIOV. BIOM.
(m)  (m) (kg) (ind) (%) (@) (kg)

1 Roques de Fasnia

Euphorbia balsamifera 1.25 0.64 1.08 25 30.50 19.41 27.17
Euphorkia canariensis 2.26 1.28 20.96 1 4.01 5.13 20.96
Schizogyne sericea 0.62 0.48 0.23 10 3.73 1.78 2.27
Launaea arborescens 0.68 0.45 0.24 8 2.90 1.30 1.95
Plocama pendula 1.06 0.38 0.21 4 3.55 1.33 0.85
Ceropegia fusca 0.29 0.45 0.11 3 0.20 0.09 0.34
Euphorbia obtusifolia 0.61 0.77 0.16 2 0.58 0,45 0.31
Hyparrhenia hirta +

Cenchrus ciliaris -

Community total 53 45.47 29.49 53.85
Richness / Diversity 9 2.18 1.65 1.60 1.57

11 Montafia Cobre

Spartocytisus supranubius 4.38 1.55 58.00 2 36.14 56.02 139.21
Argyranthemum teneriffae 0.40 0.33 0,13 40 5.00 1.67 5.08
Descurainia bourgeauana 0.68 (.33 0.13 14 5.00 2.85 4.32
Scrophularia glabrata 0.60 C.55 0.47 4 1.25 0.69 i.90
Sideritis candicans ©.20 ©.37 0.09 8 0.25 0.09 0.76
Pterocephalus lasiospermus 0.56 ©€.26 0.33 2 0.50 0.13 6.67
Andryala pinnatifida +

Tolpis webbi +

Community total 70 48.14 61.45 151.94
Richness / Diversity 8 1.84 1.25 0.58 0.58
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Figure 1. Location of the 200 sample plots throughout the island.

%
DENSITY S BIOMASS
-
ind/100 m?) (0 m?;
) Mean ind. dry 100.m7)
¢ weight (kg)
e

COUNT |

"
x
Mean ind. Dry weight
arca (m?)

bv or db.

Plant biovolume

Bvind. (m?) or
db/ind, ()

Qf & E"}/ Mean ind 1
54 [lowm et om
10m
B Plant height (h)

iy
BIOVOLUME Basal d (bd) ///{/f/‘g j
o £ asal diameter (bd) - t
(/100 m?) Plant arca {a)

Figure 2: Scheme of the data collection strategy followed during the field work.
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Figure 3: Altitudinal distribution of some of the more frequent plant species on Tenerife.
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Figure 6: Distribution of the eleven end-groups recognized by TWINSPAN on
Tenerife. Limits between end-groups H and I have been ommited to simplify the map.

72



REFERENCES:

Buch, L. von. 1819. Aligemeine Ubersicht der Flora auf den Canarischen Inseln.
Abh. physik. KL Kénigl.-Preuss. Akademie d. Wissenschaften aus den Jahren
1816-1817: 337-384.

Buch, L. von. 1825. Physikalische Beschreibung der Canarischen Inseln. Berlin.

d, O. 1929, Beitrige
Bot., 98.
Carracedo, J.C. 1984. Los volcanes de las islas Canarias. Rueda, Madrid.

zur Okologie und Biologie der Kanarenpflanzen. Bibl.

Ceballos, L. & Ortufio, F. 1951. Vegetacién y flora forestal de las Canarias
occidentales. Instituto Forestal de Investigaciones y Experiencias. Madrid.

Fernéndez-Palacios, J.M. 1992, Climatic responses of plant species on Tenerife (The
Canary Islands). Journal of Vegetation Science, 3: 595-602.

Fernandez-Palacios, J.M., Lépez, R., Garcia, J. & Luzardo, C. 1992. Descripcion e
interpretacion ecolégica de las diferencias entre el matorral de costa y cumbre
en Tenerife. Botdnica Macaronésica 19-20: 87-104.

Hansen, A. & Sunding, P. 1985. Flora of Macaronesia. Check-list of vascular plants.
3rd rev. ed. Sommerfeltia 1: 1-167.

Hill, M.O. 1979. TWINSPAN - @ FORTRAN Program for arranging multivariate
data in an ordered two-way table classification of the individuals and at-
tributes. Ecology and Systematics, Comell University, Ithaca, New York.

Hollermann, P. 1978. Geoecological aspects of the upper timberline in Tenerife,
Canary Islands. Arctic and Alpine Research, 10 (2): 365-382.

Hollermann, P. 1981. Microenvironmental studies in the Laurel forest of the Canary
Islands. Mountain Research and Development, 1: 193-207.

Huetz de Lemps, A. 1969. Le climat des lles Canaries. Faculté des Lettres et des
Sciencies Humaines de Paris-Sorbonne. Paris.

Humboldt, A. von, & Bonplandt, A. 1814. Relation historique du Voyage aux re-
gions equinoxiales de Nouveau Continent, fuit en 1799-1804 par 4. de Humboldt
et A. Bonplandt. Vol. 1. Paris.

Kimmer, F. 1974. Klima und Vegetation auf Tenerife, besonders im Himblick auf
den Nebelniederschlag. Scripta Geobot. 7: 1-78.

Leuschner, C. & Schulte, M. 1991. Microclimatological investigations in the Tropi-
cal Alpine Scrub of Maui, Hawaii: Evidence for a drought-induced Alpine
Timberline. Pacific Science, 45(2): 152-168.

Nicolas, I.P. de; Fernandez-Palacios, J.M.; Ferrer, F. & Nieto, E. 1989. Inter-island
floristic similarities in the Macaronesian region. Vegetatio 84: 117-125.
Pérez de Paz, P.L. 1982. Perspectiva histdrica de los iltimos 50 afios de la Botanica

en Canarias. Instituto de Estudios Canarios, 50 Aniversario, Tomo I: 295-340.

73



Rivas Martinez, S. 1983. Pisos bioclimaticos de Espafia. Lazaroa 5: 33-43.

Santos, A. 1980. Contribucion al conocimiento de la flora y vegetacion de la isla
de El Hierro (I. Canarias). Fundacién Juan March, Serie Universitaria 114,
Madrid.

Santos, A. 1983. Vegetacion y flora de La Palma. Interinsular Canaria, Santa Cruz
de Tenerife.

Sunding, P. 1972. The vegetation of Gran Canaria. Skr. Norske Vidensk. Akad.
Oslo.

Ter Braak, C.J.F. 1987. CANOCO - a FORTRAN Program for Canonical Commu-
nity Ordination by [Partial] [Detrended] [Canonical] Correspondence Analy-
sis, Principal Components Analysis and Redundance Analysis. Agriculture
Mathematics Group, Wageningen.

Webb, P.B. & Berthelot, S. 1840. Histoire naturelle des [les Canaries. Tome 111
Premier partie. Geographic Botanique. Be’thune, Paris.

Whittaker, R.H. 1970. The population structure of vegetation. In: Tiixen, R. (ed.)
Gesselschaftsmorphologie, pp. 39-59. Junk, The Hague

Wildpret, W. & Arco, M. 1987. Espaiia insular: Las Canarias. In: Peinado, M. &
Rivas Martinez, S. (eds.) La vegetacion de Espafia, pp 517-544. Serv. Public.
Universidad de Alcald de Henares (Madrid).

74



