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The bioclimates, ombrotypes, thermotypes, bioclimatic belts, climatophilous vegeta-
tion seres and potential natural vegetation of Gran Canaria were established and
mapped. Due to salic substrates in the SW of the island, the potential natural
vegetation map shows significant differences from the climatophilous seres map.
Phytosociological tables of the terminal communities of each climatophilous sere are
shown. The new association Pistacio lentisci-Oleetum cerasiformis is described.
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Introduction

Bioclimatological studies allow a better under-
standing of the physical environment and its
relation to plant communities. Lately, bioclima-
tology has made great progress and given rise to
numerous publications. Applying the criteria of
Rivas-Martinez (1995, 1997), we undertook a
study of the Canary Islands and some surround-
ing areas, producing papers on Tenerife, Hierro,
La Palma and Lanzarote (Rivas-Martinez et al.
1993a, Del-Arco et al. 1996, 1999a, Reyes-
Betancort et al. 2001). A contribution on Fuerte-
ventura (Rodriguez et al. 2002) is forthcoming.

This paper presents a similar study for Gran
Canaria.

The overall phytosociological study of the
vegetation of Gran Canaria was partially ap-
proached by Sunding (1972). The present paper,
following the lines of our previous contribu-
tions, attempts to fulfill the need for a general
study incorporating bioclimatic aspects.

Material and methods

This study was performed according to the bio-
climatic criteria of Rivas-Martinez (1995, 1997),
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Fig. 1. Toponymic map

GRAN CANARIA :
] and location of meteoro-
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[ — logical stations on Gran
c.i: 400 m Canaria. Numbers refer

to those of Table 1 and 2.

with data from 28 thermopluviometric and 73
pluviometric meteorological stations which con-
stitute the most complete official register for the
island (Fig. 1 and Tables 1-4). Thermopluvio-
metric diagrams were drawn for some stations
selected as most representative of the different
bioclimatic situations (Fig. 2).

According to the World Bioclimatic Classifi-
cation System (Rivas-Martinez 1995) the Ca-
nary Islands fit within the Mediterranean macro-
bioclimate, which is an extratropical macrobio-
clime characterised by aridity (P < 2T) at least
two months after the summer solstice, among
other features. Only three of the seven biocli-
mates within the Mediterranean macrobiocli-
mate can be recognised in the Canary Islands:
oceanic-desertic, oceanic-xeric and oceanic-plu-
viseasonal. To define them, Ci (continentality
index), Oi (ombrothermic index) and P >2T
ratio are used. This classification provides a
basis for establishing the bioclimatic belts of
any territory by using a combination of thermo-

type, bioclimate and ombrotype. Thermotypes
constitute thermic spaces within an CTi (com-
pensated thermal index) gradient. Ombrotypes
constitute ombric spaces within an Oi gradient.
Bioclimatic belts are defined as the successive
types or groups of physical media along an
altitudinal or latitudinal clisere. They are not the
same as vegetation belts, which are the plant
community complexes or vegetation seres along
an altitudinal cliseries.

In addition to the combination of thermo-
type, bioclimate and ombrotype used in the
bioclimatic belt formula we include the presence
or absence of clouds (Del-Arco et al. 1999a) to
refine the characterisation of bioclimatic belts.
This allows apparently similar belts on north
facing slopes under the influence of trade-wind
clouds to be differentiated from those on dry
south facing slopes.

A few simple indices are used to establish
thermotypes, bioclimates and ombrotypes. CTi,
used to establish thermotypes, is defined as
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Table 3. References for constructing the bioclimatic maps (Gran Canaria).

=3 Height (m) of transition between bioclimates
[0} [0
% § Desertic-Xeric (Oi = 0.9) Xeric-Pluviseasonal (Oi = 2)
3 @ 8 .
) 5 % Upper height (m) of ombrotype
c -—
o oy =
= -% © Hyperarid Arid Lower-Semiarid Upper-Semiarid Dry Subhumid
1) T o (0i=0.3) (Oi =0.9) (Oi = 1.45) (Oi=2) (Oi =3) (Oi =5.5)
35-7 20 0.43 80 108
29-75 143 0.14 42
29-33 113 0.17 32
29-32 30 0.11 20
40-27 1165 2.36 100 371 643 1137
36-21 865 0.86 346 900
39-41 135 0.14 371
41-21 540 0.69 371 807
39-19 450 0.46 373
37-44 587 0.66 521
37-72 390 0.62 463
30-72 702 0.88 476
74-42 75 0.21 319
68-70 65 0.19 186
45-14 53 0.25 220 453
38-51 440 1.86 145
38-12 205 0.58 165
71-12 294 0.65 124
8-12 120 0.48 208
7-78 230 0.78 257
40-78 250 0.85 257
83-48 470 1.18 610
19-24 325 0.98 781 963
44-26 328 1.07 946 1114
72-46 270 0.49 797
72-77 100 0.26 773
42-90 780 1.87 548 776
70-50 545 1.68 365 544
70-47 310 1.07 348 507
38-45 232 0.95 281
38-51 440 1.86 275 405
12-16 175 0.78 341 465
79-52 385 0.76 956
79-27 405 1.5 920
21-24 100 0.61 1002
46-80 160 0.48 1045
57-27 15 0.2 1267
48-58 365 1.05 1178
53-58 170 0.32 1168
55-61 320 1.62 1329
80-86 280 1.04 1342
90-86 305 0.49 1232
54-66 665 2.78 1089
49-73 235 0.57 830
47-22 470 2.25 717
51-22 435 1.67 652
56-63 230 1.7 675
56-89 305 0.78 731
87-67 65 2.15 1362
73-76 850 2.42 1712
61-76 55 0.91 1685
65-66 325 0.6 1685
85-66 210 1.38 1689
81-67 595 1.13 1538

63-67 495 1.28 1269
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follows: CTi=TixC, given that Ti (thermal
index) = (T + Tpin + Tha) X 10, where T = mean
annual temperature, and T,;, and T, are the
mean minimum and mean maximum tempera-
ture in the coldest month. C is the compensation
value: when the continentality index (Ci = dif-
ference between mean temperatures of the warm-
est and coldest months of the year) is less than 9
(oceanic) or more than 18 (continental), a com-
pensation value (C) is subtracted or added to the
Ti value to obtain CTi. This value is used in the
extratropical territories of the Earth (north of
27°N and south of 27°S) to compensate for the
extra cold of highly continental territories or the
extra winter warmth in highly oceanic ones, so
that the resulting compensated thermal index
(CT1) is comparable all around the Earth. In the
territory studied, only compensations for values
of C smaller than 9 were made. This compensa-
tion value is obtained from: C = (9.0 — Ci) x 10.
Oi, used to establish bioclimates and ombro-
types, is defined as follows: Oi = (Pp/Tp) x 10,
where Pp (positive precipitation, i.e. summa-
rised rainfall in months with mean temperature
higher than 0 °C) is the annual rainfall in mm.
Since this is always the case on the island, Pp

has the same value as P; Tp (positive tempera-
ture) is the value in tenths of degrees resulting
from the sum of the mean temperatures of the
months with a mean higher than 0 °C. The Oi is
the index that best fits with the altitudinal limits
of the vegetation seres. Further explanation can
be found in Rivas-Martinez (1995, 1997) and
Del-Arco et al. (1996, 1999a).

The bioclimatic maps (Figs. 3—-5) were made
according to the indices obtained for the meteor-
ological stations, and the threshold values of the
indices delimiting thermotype, bioclimate and
ombrotype. The curves showing the key values
of change in these were then traced from the
appropriate gradients on the different slopes.
The bioclimatic belt map was made by overlap-
ping the thermotype, bioclimate and ombrotype
maps, considering the area influenced by trade-
wind clouds. In any subsequent colouring of the
maps the criteria of Del-Arco et al. (1999b)
should preferably be followed.

To study the vegetation, phytosociological
relevés were compiled following the Ziirich-
Montpellier School protocol (Braun-Blanquet
1979). Vegetation seres were characterised ac-
cording to the criteria laid down by Géhu &

Table 4. References for constructing the bioclimatic maps (Gran Canaria).

Station Height (m) CTi Height (m) of transition between thermotypes
references  difference difference
Infra-Thermo Thermo-Meso Lower-Meso-Upper-Meso Meso-Supra
(CTi=450) (CTi=350) (CTi = 280) (CTi=210)
13-27 895 129 665 1359
13-25 830 105 707 1498
13-21 580 59 793
19-24 325 140 770 1003
19-26 525 88 858 1837
18-26 550 95 869 1448 1853
15-23 580 129 584
14-20 445 119 558
16-17 40 53 489
27-28 259 55 1326 1655 1985
25-28 324 79 1349 1637 1924
26-28 274 76 1370 1622 1875
23-28 534 52 1103 1822
20-28 679 66 1102 1822
20-22 145 29 965
17-22 455 55 955
22-28 534 37 936 1946
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4. Las Palmas de Gran Canaria. J.O.P. 12. Guia Tres Palmas
15 m 310 m
27/10*% years 1965—1996/1978—1994 10/22* years 1954—1969/1949-1970
T = 21 0i = 0.44 T = 18.4 0oi = 1.31
5 T. = 20.1 Ovi = 0.08 ? 5 7. = 19.1 Ovi = 0.15 z
< Twin = 16.3 P> 4T =0 g, < Twin = 12.6 P> 4T =0 EY
£ | mi=574 4T > P> 2T = 0 = 2| 7i=-50 4T > P > 2T = 3 2
s CTi = 545 2T > P> 1T =2 3 K] CTi = 466 27> pP>T=3 E
‘é.’ Tp = 2520 P<T=10 s 2 | Tp = 2208 P<T=6 2
K} Tv = 711 P =Pp = 110.7 £ TV = 626 P = Pp = 289.9 - 300
200 [ - 200
™Tn = 0 Pv = 5.37 100 ™Tn = 0 Pv = 9.1
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Upper-Semiarid Oceanic-Xeric Inframediterranean

Pistacio lentisci-Oleo cerasiformis sigmetum

Rivas-Martinez (1981). The terms climatophil-
ous, edaphoxerophilous and edaphohygrophil-
ous are used throughout the text according to

J F M ] M J

Dry Oceanic-Pluviseasonal Inframediterranean
(with trade-wind clouds)
Visneo mocanerae-Arbuto canariensis sigmetum

Rivas-Martinez (1995). The climax represents
the final stage of balance in the geobotanic
succesion. It may be recognized as the final
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21. Mogan. Inagua
940 m
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24. Tejeda. Vivero de Nameritas
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o
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Dry Oceanic-Plurvi: I Lower-M diterranean
(without trade-wind clouds)

Pino canariensis sigmetum

stage or stable association of a vegetation sere.
At least three seres may be recognized depend-
ing on the amount of water in the soil, which

22. Vallesco. Casco
980 m
28/33* years 1960—1996/1960—-1995
T = 14.4 0i = 4.26
T = 14.4  Ovi = 0.62
) Tw = 5.9 P> 4T = 6 )
S| Ti= 347 4T > P> 2T = 1 Y
E CTi = 347 2T > P> T = 2 =
g Tp = 1728 P<T=3 E
g Tv = 589 P =Pp = 736.6 | 200
2 Tn = 0 Pv = 36.5 I 200
Ci = 10.2 L 100
40 - - 80
30 + ol 60
20 - a0
10 - 20
o+ - o
Dryperiod
U:D Humid period

J F M A M J J an s o N [

id Oceanic-Pluvi I Lower-M
(with trade-wind clouds)
Lauro azoricae-Perseo indicae sigmetum

Quhh

diterranean

Fig. 2. Climatic, bioclimatic and symphytosociologi-
cal data of some representative meteorological sta-
tions studied for Gran Canaria. * Numbers indicate
annual available data in the mentioned period. Sec-
ond number refers to a recording of a different peri-
od of rainfall; T = Mean annual temperature in °C;
T.ax = Mean maximum temperature of the coldest
month; T, = Mean minimum temperature of the
coldest month; Ti = Thermicity index; CTi = Com-
pensated thermicity index; Tp = Positive tem-
perature; Tv = Summer temperature; Tn = Nega-
tive temperature; Ci = Continentality index; Oi =
Ombrothermic index; Ovi = Summer ombrother-
mic index; P > 4T = Months in which the rainfall
value (in mm) is greater than four times the temper-
ature value (in °C); 4T > P > 2T = Months in which
the rainfall value is between twice and four times the
temperature value; 2T > P > T = Months in which
the rainfall value is greater than the temperature
value, but smaller than two times this value; P< T =
Months in which the rainfall value is smaller than the
temperature value; P = Annual rainfall in mm; Pp =
Positive rainfall; Pv = Summer rainfall. [T, > 2 °C
throughout the entire period at all the stations].

comes mainly from rain. The zonal climatophil-
ous sere is in accordance with ombroclimate.
The edaphohygrophilous sere is wetter because
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of percolation or run-off. The edaphoxerophil-
ous sere is drier for topographic and lithic
reasons.

The phytosociological nomenclature follows
Rodriguez et al. (1998), and the taxonomy, in
general, follows Hansen and Sunding (1993).

Study area

Gran Canaria is situated 27°43°-28°11°N and
15°21°-15°48"W, 210 km off the African conti-
nent, in the middle of the Canary Archipelago.
Its surface area is 1560 km?, and N-S and W-E
diameters are 49 and 48 km, respectively. It has
a roughly round shape, and a largely steep
coastline 236 km long, with some long sandy
beaches to the E and S. Its highest altitude is at
its centre (Los Pechos, 1950 m a.s.l.) (Martin &
Diaz 1988, Del-Arco et al. 1996, Afonso 1997).
The island is subject to a tradewinds regime

generating clouds over its N half (Huetz de
Lemps 1969, Fernandopullé 1976, Marzol 1988).
Like the rest of the Canaries, it is a volcanic
oceanic island, whose oldest datings are 13.9 Ma.
Two clear zones can be differentiated according
to their geological age: the NE half, known as
“Neocanaria”, which was rejuvenated through
eruptions in the Pliocene and Pleistocene, and
the SW half, known as ‘“Paleocanaria”, with an
almost exclusive dominance of Miocene sub-
strates. Erosion was intense in the latter and its
geomorphology is strongly marked with gigan-
tic landforms (spectacular gorges, pitons, cal-
deras, etc.). Its current flora has a high degree of
Canary endemism (22%), though the Mediterra-
nean influence dominates (La-Roche & Ro-
driguez-Pifiero 1994, Wells & Lindacher 1994).
From the biogeographical point of view, Gran
Canaria is one sector of the Western Canary
Province (Canary subregion, Mediterranean re-
gion) (Rivas-Martinez et al. 1993a).
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Fig. 4. Ombrotype and
bioclimate map of Gran
Canaria. — 1: Hyperarid;
— 2: Arid; — 3: Lower-
semiarid; — 4: Upper-
semiarid; — 5: Lower-dry;
— 6: Upper-dry; — 7: Sub-
humid; — 8: Humid. 1-2
Desertic; 3—4 Xeric; 5-8
Pluviseasonal. Numbers
indicate altitude in m a.s.l.

Results
Thermotypes

Three thermotypes were found to be present on
the island: Inframediterranean, Thermomediter-
ranean, and Mesomediterranean (Fig. 3). The
Inframediterranean thermotype surrounds the is-
land from sea-level up to where thermal index
(CT1) values of 450 are reached, with an altitu-
dinal limit varying from 450 m in the north
(above Guia), 800 m in the west (Cuenca de la
Aldea—Cuenca de Tejeda), and near 850 m in
the south (above Maspalomas). Above it the
Thermomediterranean encircles the island up to
a value of CTi 350. Its lowest upper limit is
located around Valleseco, Centre-N, at about
950 m, reaching 1448 m in the S (Caldera de
Tirajana) and 1600 m in the W (Caldera de
Tejeda). Then, the Mesomediterranean extends
up to the summit (1950 m). The upper and lower

465 675

/ 1269 652 148
/ v

20

“GRAN CANARIA

!
4 | 0 5 10 15 Kilometers
a2 | J

| c.i.:400 m

horizons of the Mesomediterranean are shown
on the map. This limit is in general useful in
other higher islands to distinguish the climat-
ophilous areas of evergreen laurel forest and
pine woodland on the N slopes influenced by
clouds.

The map shows that the Inframediterranean
territories are the largest (1081 km?), followed
in size by the Thermomediterranean (362 km?)
and Mesomediterranean (117 km?) areas. These
horizontal projection surface areas should be
considered very approximate because of the
steep relief of the island.

Bioclimates

Three types of bioclimates are found: oceanic-
desertic, oceanic-xeric and oceanic-pluviseason-
al (Fig. 4). They were delimited by their ombro-
thermic index (Oi) value. Territories with Oi < 0.9
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eas indicate territories with
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' ing lower overcast areas
c.i.:400 m below mist level. Numbers

refer to Table 5.

.

are included in the desertic bioclimate which
surrounds the island from sea-level up to
100-200 m on the N slope, to over 400 m on the
W and S slope. Above it, the xeric bioclimate
extends up to Oi = 2. It is a wide ring with its
upper limit around 400 m on the less arid north-
ern areas around Valleseco, up to about 900 m
on the W slope and more than 1000 m at the S
tip of the island. The pluviseasonal bioclimate
caps the summit.

Ombrotypes

Six ombrotypes were differentiated according to
Oi values (Fig. 4). The hyperarid ombrotype
appears on the S coast as well as on the NW
cape (Punta de Sardina), in territories with an
0i<0.3 with a narrow altitudinal range, in
general less than 50 m. Next, the arid ombrotype
extends upwards, sharing its upper limit with the
desertic bioclimate. The semiarid ombrotype
coincides with the xeric bioclimate; it has been

divided into a lower and upper horizon to sepa-
rate potential territories of “cardén scrub” sere
and “thermophilic woodland” sere respectively.
Above it the dry ombrotype continues until
Oi = 3 is reached at about 700 m in the N above
Moya. It gradually ascends on the E slope up to
about 1200 m around Caldera de Los Marteles,
keeping to a more or less similar altitude on the
S and W slopes. The map shows the lower and
upper horizons, which are used to delimit some
vegetation seres. The highest territories are al-
most exclusively of subhumid ombrotype, only
substituted on the N slopes by the humid ombro-
type where Oi =5.5 around Moriscos and Los
Pechos, in general above 1500 m with a N
exposure.

Bioclimatic belts
Upon considering the thermotype, bioclimate

and ombrotype, and the presence or absence of
trade-wind clouds, twenty bioclimatic belts were
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demarcated (Fig. 5), host to the six climatophil-
ous vegetation seres found on the island (Table 5).

Climatophilous vegetation seres

Several potential natural vegetation maps of the
island already exist (Ceballos & Ortuno 1951,
Sunding 1972, Bramwell er al. 1986, Rivas-Mar-
tinez 1987). None of them is based on climatophil-
ous vegetation seres. Only the Rivas-Martinez
(1987) map based on climatophilous macroseres
uses similar criteria to ours. To elaborate our map
(Fig. 6) the distribution of remnants of the poten-
tial natural vegetation, its substitute communities
and bio-indicative species were taken into account.
Once the distribution patterns of communities and
species became known, bioclimatic data and indi-

ces were used to objectify the map. Six climatophi-
lous vegetation seres are recognisable. Their termi-
nal communities are described below.

Euphorbietum balsamiferae Sunding 1972

[Lectotypus: Sunding (1972), t. 11, rel. no. 2; chosen here].

This sweet spurge scrub (“tabaibal dulce”) is an
association endemic to Gran Canaria (Table 6),
whose potential area corresponds to the hyperar-
id and arid desertic Inframediterranean belts. It
is an oligospecific association, physiognomical-
ly characterised by the pachycaule species Eu-
phorbia balsamifera (“tabaiba dulce”).

It corresponds to the terminal community of
the hyperarid and arid desertic Inframediterrane-
an climatophilous sere of the sweet spurge (Eu-

Table 5. Correspondence between bioclimatic belts and climatophilous vegetation seres in Gran Canaria.

Bioclimatic belt

Climatophilous vegetation seres

. Hyperarid desertic Inframediterranean
. Arid desertic Inframediterranean
. Lower-semiarid xeric Inframediterranean
. Upper-semiarid xeric Inframediterranean
. Dry pluviseasonal Inframediterranean
(with trade-wind clouds)
. Lower-semiarid xeric Thermomediterranean
7. Upper-semiarid xeric Thermomediterranean
8. Dry pluviseasonal Thermomediterranean
(with trade-wind clouds)
9. Lower-dry pluviseasonal Thermomediterranean
(without trade-wind clouds)
10. Upper-dry pluviseasonal Thermomediterranean
(without trade-wind clouds)
11. Subhumid pluviseasonal Thermomediterranean
(with trade-wind clouds)
12. Subhumid pluviseasonal Thermomediterranean
(without trade-wind clouds)
13. Upper-dry pluviseasonal lower-Mesomediterranean
(with trade-wind clouds)
14. Dry pluviseasonal lower-Mesomediterranean
(without trade-wind clouds)
15. Subhumid pluviseasonal lower-Mesomediterranean
(with trade-wind clouds)
16. Subhumid pluviseasonal lower-Mesomediterranean
(without trade-wind clouds)
17. Humid pluviseasonal lower-Mesomediterranean
(with trade-wind clouds)
18. Humid pluviseasonal lower-Mesomediterranean
(without trade-wind clouds)
19. Subhumid pluviseasonal upper-Mesomediterranean
(without trade-wind clouds)
20. Humid pluviseasonal upper-Mesomediterranean
(without trade-wind clouds)

O ON =

(0]

Euphorbio balsamiferae sigmetum

Euphorbio balsamiferae sigmetum

Aeonio percarnei—Euphorbio canariensis sigmetum
Pistacio—Oleo cerasiformis sigmetum

Visneo mocanerae—Arbuto canariensis sigmetum
Pistacio—Oleo cerasiformis sigmetum
Pistacio—Oleo cerasiformis sigmetum

Visneo mocanerae—Arbuto canariensis sigmetum
Pistacio—Oleo cerasiformis sigmetum

Pino canariensis sigmetum

Lauro azoricae—Perseo indicae sigmetum

Pino canariensis sigmetum

Visneo mocanerae—Arbuto canariensis sigmetum
Pino canariensis sigmetum

Lauro—Perseo indicae sigmetum

Pino canariensis sigmetum

Lauro azoricae—Perseo indicae sigmetum

Pino canariensis sigmetum

Pino canariensis sigmetum

Pino canariensis sigmetum
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Fig. 6. Map of climat-
ophilous vegetation se-
ries. — 1: Euphorbio bal-
samiferae sigmetum; —
2: Aeonio percarnei-Eu-
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10 15 Kilometers | 1ariensis sigmetum; — 5:
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indicae sigmetum; — 6:
Pino canariensis sigmetum.

C.i.: 400 m

phorbia balsamifera) in Gran Canaria (Euphor-
bio balsamiferae sigmetum), which surrounds
the island. Occupying a narrow band on the N
and NW cliffs where it can reach up to
100200 m a.s.l., it broadens to the E, and in the
S can even exceed 500 m (Fig. 6). It also shows
a great penetration inland in the Cuenca de la
Aldea in the W. On N and NW slopes, a good
part of its potential area is occupied by the
edaphoxerophilous sere of “tolda” (Euphorbia
aphylla): Astydamio—Euphorbio aphyllae sig-
metum (Table 7) [Lectotypus ass.: Rivas-Goday
& Esteve (1965): 271, t. 4, rel. 1. In: Rivas-
Martinez et al. (1993b): 194]. On E and S
slopes, the edaphophilous sabulicolous Inframedi-
terranean western Canary geosigmetum extends
over sandy ground; in addition, the cardén scrub
(Aeonio percarnei-Euphorbio canariensis sig-
metum) is found as an edaphophilous sere on the
lava flows of the Amurga massif on the S slope,
within the Paleocanaria geological zone (Fig. 7).
The remaining territory corresponds to the po-
tential area of Euphorbietum balsamiferae (Fig. 8

and Table 6).

Nowadays the community has greatly re-
treated, as a consequence of agricultural, urban
and industrial expansion around the island’s
lowland periphery. The best remnants are locat-
ed on the SW slope between Puerto Rico and
Punta de la Aldea. The main substitutional
scrubs belong to Launaeo—Schizogynion, made
up of Launaea arborescens, Schizogyne glaber-
rima, S. sericea, Artemisia ramosa etc., and to
the nitrohalophilous Chenoleo tomentosae—Suae-
detum vermiculatae.

Aeonio percarnei-Euphorbietum
canariensis (Rivas-Goday & Esteve 1965)
Sunding 1972

Nomenclatural note: Aeonio percarnei—Euphorbietum
canariense Rivas-Goday & Esteve 1965 is a valid name
but illegitimate (Art. 34, Barkman et al. 1986, CPN)
because the epithet “canariense” was used by the authors
in reference to the “Canary region”. It was also used for
the three associations they described: Rubio—Euphorbie-
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Table 6. Euphorbietum balsamiferae Sunding 1972 (Aeonio—Euphorbion canariensis, Kleinio—Euphorbieta-
lia canariensis, Kleinio—Euphorbietea canariensis).

Relevé 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15
Altitude m a.s.l. 195 320 200 150 145 75 205 110 145 135 170 160 160 140 150
Slope (°) 30 45 45 30 40 20 5 20 20 45 35 30 15 30 30
Exposure SW SW N w E NW Sw N SE S SE SE Sw E E
Area (m?) 100 200 100 150 150 200 100 100 200 100 100 200 400 100 100
Cover (%) 80 60 75 75 80 70 90 60 60 8 8 70 60 55 70
Reference 630M 636M 635M 628M 629M 640M 631M 632M 639M 633M 634M 638M 726P 637M 253S
Number of species i5 19 17 16 19 18 13 17 17 9 8 6 8 5 12

Character taxa
Euphorbia balsamifera
Euphorbia regis-jubae
Kleinia neriifolia

Rubia fruticosa

Scilla haemorrhoidalis
Plocama pendula

Kickxia scoparia
Neochamaelea pulverulenta
Asparagus pastorianus
Ceropegia fusca
Periploca laevigata
Euphorbia canariensis
Helianthemum canariense
Asparagus umbellatus
Pancratium canariense
Atalanthus pinnatus
Campylanthus salsoloides
Reseda scoparia
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Companion taxa
Launaea arborescens
Hyparrhenia sinaica
Lycium intricatum
Opuntia dillenii
Aristida adscensionis
subsp. caerulescens
Cenchrus ciliaris
Fagonia cretica .
Asphodelus ramosus -
Arisarum vulgare

subsp. subexertum - - - 2 2
Lavandula minutolii - + - -
Salvia aegyptiaca -
Schizogyne sericea -
Tetrapogon villosus - - - - - - -
Tricholaena teneriffae -
Artemisia ramosa -
Asparagus plocamoides -
Lotus cf. glaucus - - -
Dichanthium insculptum - 1 - -
Schizogyne glaberrima . - - - - + - - -+ - - - - - -
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Other taxa. — in 3: Digitaria nodosa 1; Micromeria varia subsp. meridialis +, Dipcadi serotinum +, Echium decaisnei +;
— in 5: Ononis angustissima 1; Micromeria varia subsp. canariensis +, Pennisetum setaceum +; — in 6: Argyranthe-
mum filifolium 1, Vicia filicaulis +; — in 8: Asparagus scoparius +, Frankenia capitata +; — in 9: Aeonium percarneum +;
in 15: Artemisia reptans 2, Ajuga iva var. pseudiva +, Ononis diffusa 1. Localities (Gran Canaria). — 1 (630M) & 7
(631M). Barranco Hondo. Galdar. 28RDS3309 (17.11.2000); — 2 (636M). Barranco de Fataga. 28RDR4275 (18.11.2000);
— 3 (635M). Barranco de Tirajana. 28RDR5280 (18.11.2000); — 4 (628M) & 5 (629M). Piso Firme. Agaete. 28RDS3208
(17.1.2000); — 6 (640M). Barranco de Mogan. 28RDR2578 (18.11.2000); — 8 (632M). Lomo Gualapa. Towards Puerto
Sardina. 28RDS3111 (17.11.2000); — 9 (639M). Barranco de Arguineguin. 28RDR3475 (18.11.2000); — 10 (633M). El
Morro de Cabo Verde. Moya. 28RDS4312 (17.11.2000); — 11 (634M). Barranco Guayadeque. El Carrizal. 28RDR5887
(18.11.2000); — 12 (638M) & 14 (637M). Above Balito. Arguineguin. 28RDR3073 (18.11.2000); — 13 (726P). Punta de la
Aldea. 28RDR1998 (3.1V.1995); — 15 (253S). Lomo del Polvo. Las Palmas. (26.111.1996).
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Table 7. Astydamio—Euphorbietum aphyllae (Rivas-Goday & Esteve 1965) Sunding 1972 (Aeonio—Euphor-
bion canariensis, Kleinio—Euhorbietalia canariensis, Kleinio-Euphorbietea canariensis).

Relevé 1 2 3 4 5 6 7 8 9
Altitude m a.s.l. 100 180 175 225 75 10 75 115 600
Slope (°) 20 25 30 20 35 30 30 30 70
Exposure N E N N NE N NE N NE
Area (m?) 100 100 100 100 100 100 100 100 50
Cover (%) 50 65 70 60 70 60 50 60 60
Reference 626M 624M 627M HAB3 625M 289S 724P 623M 723P
Number of species 14 19 13 19 17 14 8 12 7

Character taxa
Euphorbia aphylla

Rubia fruticosa

Euphorbia balsamifera
Kleinia neriifolia
Astydamia latifolia
Helianthemum canariense
Scilla haemorrhoidalis
Ceropegia fusca

Kickxia scoparia
Atalanthus pinnatus
Echium decaisnei -
Periploca laevigata -
Campylanthus salsoloides - - - -
Plocama pendula - - - -
Euphorbia regis-jubae - - - -
Seseli webbii - - - - - - - - 1
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Companion taxa

Lycium intricatum

Schizogyne sericea

Launaea arborescens

Fagonia cretica

Opuntia dillenii

Lavandula canariensis
Argyranthemum frutescens
Hyparrhenia sinaica

Limonium pectinatum

Frankenia capitata

Asphodelus ramosus

Arisarum vulgare subsp. subexertum
Aeonium percarneum -
Micromeria tenuis subsp. linkii -
Salsola divaricata - - -
Reichardia ligulata - - -
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Other taxa. — in 2: Paronychia capitata subsp. canariensis+, Atriplex semibaccata +, Tetrapogon villosus +;
— in 3: Senecio flavus 1, Plocama pendula 2; Reseda scoparia +; — in 4: Sonchus acaulis +; — in 5:
Aeonium virgineum+; — in 6: Frankenia ericifolia 1, Lotus glaucus 1, Aspalthium bituminosum +; — in 7:
Asteriscus graveolens subsp. stenophyllus 2; in 9: Ononis angustissima 1. Localities (Gran Canaria). — 1
(626M) & 3 (627M). Above Tinoca. 28RDS5112 (17.11.2000); — 2 (624M). Skirts of Montafa de Amagro.
Sardina. 28RDS3312 (17.11.2000); — 4 (HAB3). Road from Guia to San Felipe (12.X.1994); — 5 (625M).
San Felipe. 28RDS4113 (17.11.2000); — 6 (289S). San Felipe. 28RDS4112 (1.VI.1996); — 7 (724P). Punta
de La Aldea. 28RDR1998 (3.1V.1995); — 8 (623M). Above Agaete. 28RDS3109 (17.11.2000); — 9 (723P).
Mirador del Balcén. 28RDR2399 (3.1V.1995).
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15°45'

Fig. 7. Salic territories of
Gran Canaria (Fuster et
al. 1968, modified). Dark-
est areas = solid lava
flows.
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tum canariense, Aeonio—Euphorbietum canariense and
Astydamio—Euphorbietum canariense. Sunding (1972)
legitimates the Rivas-Goday & Esteve name, and now,
according to Art. 39, we have chosen Rivas-Goday &
Esteve (1965): 262, t. 3, relevé no. 1 as lectotypus of the
association.

This is an association endemic to Gran Ca-
naria (Table 8), at its optimum with the physiog-
nomy of cardén (Euphorbia canariensis) scrub
— “cardonal”; or when impoverished or degrad-
ed, with the physiognomy of bitter spurge (Eu-
phorbia regis-jubae, sensu Molero & Rovira
1998) scrub — “tabaibal amargo”, typical of the
lower-semiarid xeric Inframediterranean belt.

Its structure and physiognomy correspond to
xeric crassicaule scrubland, which is the termi-
nal community of (a) the lower-semiarid xeric
Inframediterranean climatophilous sere; (b) the
upper-semiarid xeric Infra- and Thermomediter-
ranean edaphophilous rupicolous sere on ridges;
and (c) the arid desertic Inframediterranean eda-

phohygrophilous sere on lava flows (“malpais-
es”), of the cardén in Gran Canaria (Aeonio
percarnei—Euphorbio canariensis sigmetum).

Its climatophilous area (Fig. 6) encircles the
island directly above the area of Euphorbietum
balsamiferae. Its upper limit is with the upper
semiarid ombrotype, the area of the climatophil-
ous sere of Pistacio lentisci—-Oleo cerasiformis
sigmetum, at heights between 250-350 m a.s.l.
in the N and 800-950 m in the S. However,
frequently on the SW slopes because of the
prevailing salic substrates, the altitudinal suc-
cession between these two communities is not
clear and a transition area can be observed
between the cardon scrub sere and the Canary
pine sere (Pino canariensis sigmetum) favoured
on this substrate (Fig. 8).

The cardén scrub has retreated greatly and is
now confined to steep rocky slopes and scarps.
The best remnants are sheltered on the W slope,
mainly in the SW quadrant. Bitter spurge scrub
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is widely spread within the climatophilous area
of the association; to a great extent it represents
an impoverished phase of Aeonio percarnei-
Euphorbietum canariensis without cardon, with
abundant Euphorbia regis-jubae.

At the lower altitude levels of the communi-
ty there is a noticeable increase in sweet spurge,
which marks the change to Euphorbietum bal-
samiferae.

The descent of “cardonal” to Inframediterra-
nean desertic territories in the Amurga massif on
phonolithic lava flows is not attributed to this
salic substratum, because it is not regularly
observed within the same bioclimatic belt in
similar S and W salic territories of the island. It
seems however to be directly related to substrate
texture. The largely solid lava flows (Fig. 7)
produce a shield effect decreasing the evapora-
tion rate from the underlying soil, and maintain
a favourable water balance, thus allowing the
edaphohygrophilous descent of Aeonio percar-
nei-Euphorbietum canariensis into the climat-

ophilous domain of Euphorbietum balsamiferae
(Fig. 8). This descent also occurs on debris at
the foot of bare cliffs that collect water.

Aeonio—Euphorbietum canariensis subass.
pistacietosum Sunding 1972, seems to enclose
cardon scrub with thermophilous elements and
thermophilous woodland as well. We choose rel.
no. 30, t. 12 (Sunding 1972) as lectotypus of
subass. pistacietosum Sunding 1972; restricting
the subassociation to cardén scrub with ther-
mophilous elements, generally found growing
on ridges as edaphophilous within the climat-
ophilous area of thermophilous woodland (Pis-
tacio lentisci—Oleetum cerasiformis).

Pistacio lentisci—Oleetum cerasiformis
ass. nov.

[Holotypus: Table 9, rel. 1 (169S)].

Syn. Aeonio percarnei—Euphorbietum canariense
(Rivas-Goday & Esteve 1965) Sunding 1972 subass.
pistacietosum lentisci Sunding 1972 p.p.
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Table 8. Aeonio percarnei-Euphorbietum canariensis (Rivas-Goday & Esteve 1965) Sunding 1972, and
subass. pistacietosum lentisci Sunding 1972 emend. (Aeonio—Euphorbion canariensis, Kleinio—Euphorbieta-
lia canariensis, Kleinio—Euphorbietea canariensis).

Relevé 1 2 3 4 5 6 7 8 9 10 11 12 13
Altitude m a.s.l. 315 430 185 115 125 400 240 400 450 300 275 600 500
Slope (°) 45 35 5 40 15 30 30 30 45 20 20 20 20
Exposure S NW SW NE SE SE E W S W NW SW NE
Area (m?) 100 200 200 200 200 200 200 1000 1000 400 400 100 100
Cover (%) 80 90 90 80 85 70 90 60 70 60 80 80 80
Reference 642M 644M 641M 643M 645M 173S 304S 166S 162S HAB1 HAB2 720P 733P
Number of species 18 12 11 11 9 11 13 13 8 13 16 6 8

Character taxa

Euphorbia canariensis
Periploca laevigata
Euphorbia regis-jubae
Rubia fruticosa

Kleinia neriifolia

Aeonium percarneum
Echium decaisnei
Asparagus umbellatus
Scilla haemorrhoidalis
Atalanthus pinnatus
Neochamaelea pulverulenta
Asparagus pastorianus
Campylanthus salsoloides
Convolvulus floridus
Ceropegia fusca

Plocama pendula
Euphorbia balsamifera
Parolinia ornata - - - -
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Differential of subass. pistacietosum lentisci
Olea europaea subsp.

cerasiformis - - - — _ 1 4
Pistacia lentiscus - - - - - —
Pistacia atlantica - - - - - - _
Phoenix canariensis - - - - — _ i _ _ _
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Lavandula canariensis 2
Asparagus plocamoides - -
Opuntia dillenii 1 2
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Opuntia ficus-indica
Rumex lunaria

Asphodelus ramosus - 1 -
Lycium intricatum - - 1
Aeonium manriqueorum - - -
Artemisia thuscula - - - - - - + - - 1 - - -
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Other species. — in 1: Dichanthium insculptum 1; — in 2: Lavandula minutolii 1; — in 3: Launaea arborescens +,
Arisarum vulgare subsp. subexertum 2; — in 8: Agave americana 1; — in 10: Juncus acutus 2, Pennisetum
setaceum +; — in 11: Messerschmidia fruticosa 3, Foeniculum vulgare 2. Localities (Gran Canaria). — 1 (642M).
Los Dragos. Moya. 28RDS4410 (17.02.2000); — 2 (644M). Barranco Fataga. 28RDR4377 (18.11.2000); — 3
(641M). Barranco Hondo. Géldar. 28RDS3309 (17.11.2000); — 4 (643M). Barranco Berriel. Amurga. 28RDR4974
(18.1.2000); — 5 (645M). Barranco de Arguineguin. 28RDR3475 (18.1.2000); — 6 (173S). Montafia San
Gregorio. Tamaraceite. 28RDS5206 (6.VII1.1994); — 7 (304S). Bandama. 28RDS5500 (27.VIII.1996); — 8
(166S). Barranco de las Goteras. 28RDR5499 (14.VI.1994); — 9 (162S). Caldera de Bandama. 28RDS5500
(8.VI1.1994); — 10 (HAB1). Above La Gaza. Galdar. 28RDS3509 (14.X.1994); — 11 (HAB2). Barranco del
Brezal, near Tres Palmas. Guia. 28RDS4111 (13.X.1994); — 12 (720P). Between Andén Verde and San Nicolas.
28RDR2298 (3.1V.1995); — 13(733P). Slopes of Hogarzales El Cedro. 28RDR2192 (5.1V.1995).
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Table 9. Pistacio lentisci-Oleetum cerasiformis ass. nova (Mayteno—Juniperion canariensis, Oleo—Rhamne-
talia crenulatae, Kleinio-Euphorbietea canariensis).

Relevé 1 2 3 4 5 6 7 8 9
Altitude m a.s.l. 400 450 300 490 340 370 350 640 310
Slope (°) 20 40 15 30 20 5 20 20 15
Exposure W w w NE NE N NE E W
Area (m?) 200 200 300 1000 1000 1000 1000 200 500
Cover (%) 90 80 80 80 80 80 80 80 70
Reference 169S 170S 292S 161S 164S 165S 167S 174S 291S
Number of species 11 11 8 11 9 10 14 9 12

Character taxa

Olea europaea subsp. cerasiformis
Pistacia lentiscus

Euphorbia regis-jubae

Hypericum canariense

Pistacia atlantica

Atalanthus pinnatus

Periploca laevigata

Asparagus umbellatus

Rubia fruticosa

Convolvulus floridus

Asparagus plocamoides -
Vicia cirrhosa -
Phoenix canariensis - - - - -
Retama rhodorhizoides - - - - -
Tamus edulis - - - - -
Jasminum odoratissimum - - - - - - - - 3
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Companion taxa
of Aeonio—Euphorbion canariensis:
Euphorbia canariensis - 1 - — - - - - _
of Cisto—Micromerion hyssopifoliae:
Micromeria varia subsp. canariensis - - - - - - +
Phagnalon umbelliforme 1 - - - - - - - —
Paronychia capitata subsp. canariensis . - - - - - 1
Carlina salicifolia - - - - - — —
of Pegano—Salsoletea vermiculatae:
Rumex lunaria - - - 1 2 1 - - -
Bosea yervamora - - - -
Echium decaisnei - - - - - - + - -

Others

Aeonium percarneum - 1
Aeonium manriqueorum - -
Opuntia ficus-barbarica - -
Ferula linkii - -
Sonchus acaulis - - -
Hyparrhenia sinaica - - -
Teline microphylla - + - - - - -
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Other taxa. — in 1: Rubus ulmifolius 2; — in 4: Lobularia canariensis +; — in 6: Ageratina adenophora 1,
Arundo donax 1, Bryonia verrucosa +; — in 7: Pericallis webbii 1. Localities (Gran Canaria). — 1 (169S) & 7
(167S). Barranco de las Goteras. 28RDR5499 & 28RDR5599 (14.VII.1994); — 2 (170S) & 8 (174S). La
Solana de la Angostura. 28RDS5102 (23.VI.1994); — 3 (292S) & 9 (291S). Barranco de Galdar.
28RDS3811 (7.VI.1996); — 4 (161S). Pico de Bandama. 28RDS5500 (8.VI.1994); — 5 (164S). Lomo
Mocanal. 28RDS5401 (8.V11.1994); — 6 (165S). Barranco Mondeal. 28RDS5301 (8.VI1.1994).
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This is an endemic association of Gran Ca-
naria (Table 9), which includes stands of ther-
mophilous juniper (“sabina”), wild olive (“ace-
buche”), and mastic (“alméicigo” and “lentisco”)
woodlands, characteristic of the lower-semiarid
xeric Thermomediterranean, upper-semiarid xer-
ic Infra- and Thermomediterranean, and lower-
dry pluviseasonal Thermomediterranean with-
out trade-wind clouds. The last two occur on
basaltic substrata (Fig. 6).

Its climatophilous area rings the island di-
rectly above the area of Aeonio—Euphorbietum
canariensis, reaching the area of Visneo—Ar-
butetum canariensis at near 900 m a.s.l. in the
NW, 500 m in the N and 600-700 m in the E. In
the SW part of this band it borders the area of
Pinetum canariensis on the narrow territories of
the lower semiarid xeric Thermomediterranean
belt independently of the salic or basaltic char-
acter of the substrate, and on the basaltic out-
crops within the generally salic context of the
zone (Fig. 8) where Pinetum canariensis subass.
Juniperetosum canariensis is widespread (Salas
et al. 1998).

Its physiognomy depends on the dominant
tree: wild olive woodland (“acebuchal”) with
dominance of Olea europaea subsp. cerasi-
formis; mastic-tree woodland (“almacigal”) with
dominance of Pistacia atlantica, and mastic-
bush thicket (“lentiscal”) with dominance of
Pistacia lentiscus. Nowadays, juniper (Junipe-
rus turbinata subsp. canariensis) woodland
(“sabinar”) is not found, as only isolated trees
remain.

In its floristic group there is a dominance of
the Kleinio—Euphorbietea canariensis shrubs
(Rubia fruticosa, Periploca laevigata, Aspara-
gus umbellatus, Euphorbia regis-jubae, Kleinia
neriifolia, etc.), although there are some belong-
ing to Mayteno—Juniperion canariensis (Bup-
leurum salicifolium subsp. acyphyllum and As-
paragus plocamoides, among others).

The structure and physiognomy are those of
open xeric woodland, the terminal community
of the lower-semiarid xeric Thermomediterrane-
an, upper-semiarid xeric Infra- and Thermomed-
iterranean, and lower-dry pluviseasonal Ther-
momediterranean without trade-wind clouds; this
is the climatophilous sere of mastic-bush (Pista-

cia lentiscus) and wild olive (Olea europaea
subsp. cerasiformis) in Gran Canaria (Pistacio
lentisci—Oleo cerasiformis sigmetum).

The current representation of the community
is very scarce due to the radical transformation of
its potential territory, mainly by farming and
urban development. The best preserved remnants
are: stands of wild olive, scattered over the whole
NE, e.g. Barranco de los Cernicalos (Telde);
mastic-bushes, also relegated to the NE, e.g.
Caldera de Bandama—Monte Lentiscal; and mas-
tic-tree groves, mainly spread over the NW,
where the trees regenerate well at the valley
bottoms, especially in La Aldea (Rodrigo &
Montelongo 1986, Montelongo et al. 1986).

Among the substitution scrubs with a wide-
spread area are rockrose scrub (“jaral”’; Euphor-
bio—Cistetum monspeliensis); the nitrophilous
scrub Artemisio—Rumicetum lunariae; the bitter
spurge scrub (“tabaibal amargo”), sometimes as
a facies of the latter and elsewhere as a recover-
ing stage of the deforested woodland with domi-
nance of its typical shrubs; and the perennial
grassland of Cenchro—Hyparrhenietum hirtae.
In the N, in adjacent areas to Visneo—-Arbutetum
canariensis, Rhamno—Hypericetum canariensis
appears.

Visneo mocanerae-Arbutetum
canariensis Rivas-Martinez, Wildpret, del-
Arco, O. Rodriguez, P.Pérez, Garcia-Gallo,
Acebes, T.E.Diaz & Fern.Gonz. 1993

[Holotypus: Rivas-Martinez et al. (1993b): 216, t. 14,
rel. 11].

This western Canary association (Table 10,
rel. 1-3) is the dry evergreen laurel forest of the
dry pluviseasonal Infra- and Thermomediterra-
nean belts, affected by trade-wind clouds.

Its climatophilous territory (Fig. 6) is located
on the N slopes of the island directly above the
area of Pistacio—Oleetum cerasiformis, under
the influence of NE trade-winds. These are
occasionally deviated in direction due to the
local topography, particularly in the NW (Mar-
zol 1988: 59). This forest extends up to the
domain of the subhumid ombrotype, at about
800 m in the N, where the area of Lauro-
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Table 10. Visneo mocanerae—Arbutetum canariensis Rivas-Martinez et al, 1993; Lauro azoricae—Perseetum
indicae Oberdorfer ex Rivas Martinez, Arnaiz, Barreno & Crespo 1977 (Ixantho—Laurion azoricae, Pruno—
Lauretalia azoricae, Pruno—Lauretea azoricae).

Relevé 1 2 3 4
Altitude m a.s.l. 715 515 615 850
Slope (°) 70 15 25 40
Exposure NE w NE NE
Area (m?) 200 400 400 300
Cover (%) trees 70 40 95 95
Cover (%) shrubs 80 70 - -
Reference 647M 646M 3298 3036
Number of species 27 21 24 24

Character taxa
of Visneo—Arbutetum canariensis:
Apollonias barbujana 3 2 2 -
Visnea mocanera 1 - - -
Picconia excelsa - 2 - -
of Lauro—Perseetum indicae:
Persea indica - - - 3
Prunus lusitanica subsp. hixa
of Alliance, Order and Class:
Laurus azorica
Canarina canariensis
Semele gayae
Viburnum rigidum
Convolvulus canariensis
Dryopteris oligodonta
Erica arborea
Ixanthus viscosus
Ocotea foetens
Myrica faya
Diplazium caudatum
Woodwardia radicans
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Companion taxa

Tamus edulis

Ageratina adenophora

Dracunculus canariensis

Rubia fruticosa subsp. periclymenum
Hypericum canariense

Rubus ulmifolius

Ferula linkii

Hypericum grandifolium

Vinca major

Bosea yervamora

Bystropogon canariensis

Geranium canariense

Gesnouinia arborea

Arisarum vulgare subsp. subexertum
Aichryson laxum - -
Aspalthium bituminosum - -
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Other taxa. — In 1: Bystropogon xserrulatus +, Bencomia caudata 2, Urtica stachyoides +, Aichryson punc-
tatum +, Urtica morifolia +; in 2: Opuntia ficus indica 2, Euphorbia regis-jubae 1, Artemisia thuscula +, Phoenix
cf. dactylifera 1, Oxalis pes-caprae 3; in 3: Pteridium aquilinum 1, Scrophularia calliantha +, Asparagus cf.
plocamoides +, Davallia canariensis +, Polypodium macaronesicum +, Withania aristata +, Arundo donax +; in
4: Pericallis webbii 1, Brachypodium sylvaticum 2, Cedronella canariensis 1, Rumex pulcher +, Galium
scabrum 1. Localities (Gran Canaria). — 1 (647M). Barranco Oscuro. 28RDS4204 (17.11.2000); 2 (646M). Los
Tiles de Moya. 28RDS4107 (17.11.2000); 3 (329S). Caidero Levantiscos. 28RDS4305 (6.X1.1999); 4 (3036).
Barranco de la Virgen. NW de Valsendero (18.111.1967) [Sunding (1972; Tab. 25, rel. 1)].
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Perseetum azoricae begins. Its potential area is
reduced in the NW quadrant, on salic bedrock
where the moist pine woodland (Pinetum canar-
iensis subass. ericetosum arboreae) becomes
dominant.

Its structure and physiognomy are those of
dense xerophilous forest, terminal community of
dry pluviseasonal Infra- and Thermomediterra-
nean of the Canary strawberry-tree (“madrofio
canario”, Arbutus canariensis) (Visneo—Arbuto
canariensis sigmetum), in areas with trade-wind
clouds. As happens in La Palma, due to the
rareness of “madrofio” on the island it would be
preferable to refer the sere to other trees that,
although scarce, are better represented, like
“barbusano” (Apollonias barbujana), “mocan”
(Visnea mocanera) or “paloblanco” (Picconia
excelsa) (Marrero et al. 1989, Suarez 1994).

Nowadays only small fragments of the asso-
ciation persist on steep slopes. The substitution
scrub Rhamno—Hypericetum canariensis allows
the original domain of Visneo—Arbutetum ca-
nariensis to be recognised.

Lauro azoricae-Perseetum indicae
Oberdorfer ex Rivas-Martinez, Arnaiz,
Barreno & Crespo 1977

[Lectotypus: Oberdorfer (1965): 70, t. 4, rel. 6. In: Rivas-
Martinez et al. (1993b): 211].

Another western Canary association (Table 10,
rel. 4), this is the humid evergreen laurel forest
in the subhumid pluviseasonal Thermomediter-
ranean, and humid and subhumid pluviseasonal
lower-Mesomediterranean belts, with trade-wind
clouds. Its climatophilous area (Fig. 6) is the
area affected by more persistent trade-wind clouds
on the island’s N slope, above the area of
Visneo—-Arbutetum canariensis and below the
altitude of the upper-Mesomediterranean ther-
motype, where pine woodland (Pinetum canar-
iensis) begins its climatophilous area. Its poten-
tial area is also reduced in the NW of the island
on salic bedrock where Pinetum canariensis
subass. ericetosum arboreae develops.

Its structure and physiognomy are those of
mesophytic forest, terminal community of the
subhumid pluviseasonal Thermomediterranean,

and subhumid and humid pluviseasonal lower-
Mesomediterranean climatophilous sere of
“viflatigo” (Persea indica) (Lauro azoricae-Per-
seo indicae sigmetum) in areas with trade-wind
clouds.

This community is now practically absent
from the island, because of massive tree-felling
throughout centuries of human use. Only small
impoverished relicts persist on some steep
slopes and humid valleys (Sudrez 1994). Even
the typical substitutional scrub Myrico—Erice-
tum arboreae (“fayal-brezal”) has a very re-
duced presence. Among the scrubs, those made
up of Chamaecytisus proliferus subsp. prolifer-
us var. canariae (“escobonal”), Adenocarpus
foliolosus (“codesar”), and Teline microphylla
(“retamar”) (Telino—Adenocarpion) dominate,
along with bramble patches of Rubus ulmifolius
(“zarzal”) (Rubo—Rubion). Also noteworthy are
the bracken areas of Pteridium aquilinum and
nitrophilous meadows of Echio—Galactition.

Pinetum canariensis Ceballos & Ortufio ex
Sunding 1972

[Lectotypus: Sunding (1972): 122, t. 29, rel. 18. In:
Rivas-Martinez et al. (1993b): 230].

Pine woodland of the Thermo- and Meso-
mediterranean belts is an association endemic to
Gran Canaria (Table 11). Its climatophilous area
caps the island above the humid evergreen laurel
forest (Lauro-Perseetum indicae) on the N slope
in the domain of the upper-Mesomediterranean
thermotype, where there are frequent winter
frosts and the influence of the dry NW wind
prevails; and above the climatophilous area of
thermophilous woodland in the South (Fig. 6).
To the NW, local exposure favours the dry
evergreen laurel forest (Visneo-Arbutetum ca-
nariensis) forming transition areas with pine
woodland.

However, the potential area of the association
is larger (Fig. 8) because pine woodland extends
over salic substrate on the upper-semiarid xeric
and upper-dry pluviseasonal Thermomediterrane-
an belts of the SW half of the island, where
Pinetum canariensis subass. juniperetosum ca-
nariensis is well developed (Figs. 7 and 8).
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Table 11. Pinetum canariensis Ceballos & Ortufio ex Sunding 1972 (Cisto—Pinion, Chamaecytiso—Pinetalia
canariensis, Chamaecytiso—Pinetea canariensis).

Number 1
Number of relevés 16

@ N
N
—- W
—_
[&)]
[¢;]

Character taxa

Pinus canariensis (A) \
Pinus canariensis (B) Il
Cistus symphytifolius var. symphytifolius 11
Chamaecytisus proliferus subsp. meridionalis \
Lotus holosericeus 11
Bystropogon origanifolius var. canariae |
Cistus symphytifolius var. leucophyllus 1l

<<<<
=<<<
=<<<<

= =<

Companion taxa

of Cisto—Micromerion hyssopifoliae and higher

syntaxa (Cisto—Micromerietalia hyssopifoliae,

Kleinio—-Euphorbietea canariensis):
Euphorbia regis-jubae I i I Vv v
Cistus monspeliensis 1l \ 1l [\ \
Micromeria benthamii 11 [\ 1l [\ vV
Echium onosmifolium | | 1l ] |
Micromeria lanata + \ 1l - |
Kleinia neriifolia |
Echium decaisnei - +
Micromeria varia subsp. meridialis - - +
Ceropegia fusca - - + | -
Carlina canariensis - - |
Rubia fruticosa - - r -
Aeonium percarneum - - - |
Atalanthus pinnatus - - - 1]
Carlina texedae - - - |
Allagopappus dichotomus - - - |
Kickxia scoparia - - - |
Parolinia ornata - - - + -
Micromeria benthamii x varia - - - +

of Cenchro—Hyparrhenietum hirtae (Hyparrhenion

hirtae, Hyparrhenietalia hirtae, Lygeo—Stipetea):
Asphodelus ramosus 1 I 11} \Y) 1]
Aristida adscensionis subsp. caerulescens - | r ] I
Hyparrhenia hirta - | r Il 1
Phagnalon saxatile - - - 1] |

Others

Teline microphylla

Dipcadi serotinum

Lavandula minutolii

Argyranthemum adauctum subsp. canariense
Adenocarpus foliolosus var. villosus

Sonchus acaulis

Prunus dulcis

Rumex lunaria

Descurainia preauxiana - -
Aeonium simsii | -
Salvia canariensis - -
Ferula linkii - -
Paronychia capitata subsp. canariensis - -
Hypericum reflexum - Il - -

Artemisia thuscula - 1] - - -
Phagnalon purpurascens - - - 1] -
Launaea arborescens - - - 1] -

| + — — = — — +

| | —

| = —m+ + — = = — +
+ =

| +

Other taxa. — in 1: Pinus pinea (cult.) |; — in 2: Cytinus hypocistis |, Agave americana |; — in 3: Juniperus turbinata subsp.
canariensis r, Allagopappus viscosissimus r, Asparagus plocamoides r, Vicia filicaulis r, Phoenix canariensis r, Arundo donax r,
Juncus acutus +, Dittrichia viscosa r; — in 4: Aspalthium bituminosum |, Micromeria helianthemifolia +, Cheilanthes pulchella +,
Lobularia canariensis +, Piptatherum caerulescens +; —in 5: Vicia cirrhosa |. Origin of relevés. — 1. Salas et al. 1998, Table 1, rel.
2-3,5-6 & 9-20; — 2. Pérez-de-Paz et al. 1994, Table 8, rel. 1-7 & 10; — 3. Ibid., Table VI;— 4. Ibid. Table Ill; — 5. Ibid., Table V.
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Its structure and physiognomy are those of
oligospecific woodland, terminal community of
the climatophilous sere of upper-dry and subhu-
mid pluviseasonal Thermomediterranean, dry,
subhumid and humid pluviseasonal lower-Mes-
omediterranean all without trade-wind clouds,
and subhumid and humid pluviseasonal upper-
Mesomediterranean; along with edaphophilous
sere of salic upper-semiarid xeric and salic low-
er-dry pluviseasonal Thermomediterranean of
the Canary pine (Pinus canariensis) in Gran
Canaria (Pino canariensis sigmetum).

The Gran Canaria pine woodlands are the
best-represented arboreal community on the is-
land, although they have been favoured by affor-
estation. Those of Inagua, Ojeda, Pajonales and
Tamadaba are outstanding examples (Pérez-de-
Paz et al. 1994).

Within the potential area of pine woodland,
the broom scrubs of Teline microphylla and
Adenocarpus foliolosus var. villosus (Telino—
Adenocarpion) are widely present, especially in
the less arid N and summit areas. The broom
scrub dominated by Chamaecytisus proliferus
subsp. meridionalis (“escobonal”) constitutes a
noteworthy facies of pine woodland in the dry
SE sector (Salas er al. 1998). The decapitate
soils, above all in Thermomediterranean areas,
are colonised by rockrose scrub (“jaral”) (Eu-
phorbio regis-jubae—Cistetum monspeliensis).
The Artemisio—Rumicion lunariae scrub is wide-
spread on nitrophilous soils (Pérez-de-Paz et al.
1994, Salas et al. 1998).

Discussion

From a bioclimatic viewpoint, the large territory
under the desertic bioclimate strikes the atten-
tion. In the westernmost islands of La Palma and
Hierro, this is limited to a narrow strip along the
S and W shores, being absent from the N slopes
(Del-Arco et al. 1996, 1999a). It shows itself
clearly in Gran Canaria, surrounding the island,
even containing hyperarid territories, which in
the rest of the western islands have only a
testimonial presence in S Tenerife (Marrero et
al. 2001). This large desertic ombroclime (with
hyperarid and arid ombrotypes) establishes a
connection with the eastern islands Lanzarote

(Reyes-Betancort et al. 2001) and Fuerteventura
(Rodriguez-Delgado et al. 2002). The Canary
Inframediterranean thermotype may be linked
floristically with the coastal NW African territo-
ries, by means of the crassicaule communities of
Aeonio—Euphorbion on the islands and similar
Rand-Flora remnants on the African continent
(Rivas-Goday & Esteve 1965, Wildpret & Del-
Arco 1987, Quézel 1979, Médail & Quézel
1999).

The Canary Islands together with Madeira
and the Salvage Islands constitute the Canary
subregion within the Mediterranean region (Ri-
vas-Martinez et al. 1993a). The SW Moroccan
territory, despite showing some climatic and
floristic similarities to the Canary Islands in its
Infra- and Thermomediterranean belts, is still
considered to belong to the Western Mediterrane-
an subregion (Rivas-Martinez 1995). Although
using a slightly different classification, Médail &
Quézel (1999) justify their biogeographical divi-
sion of the Mediterranean region into Macarone-
sian and Mediterranean subregions by the high
percentage of indigenous Mediterranean phaner-
ophytes and therophytes, along with the low level
of adaptative radiation in the Moroccan territory.

The biogeographical classification of the Ca-
nary Islands is reaffirmed by the following cli-
matic, bioclimatic, floristic and phytocoenologi-
cal criteria:

1. Mediterranean climate,

2. the practical absence of the Inframediterra-

nean thermotype in the continental European

Mediterranean territory, widely represented

in the islands,

high percentage of endemism in the flora,

4. high percentage of endemic communities,
Kleinio—Euphorbietea canariensis and Pru-
no—Lauretea azoricae being outstanding for
their residual character.

(o)

This study leads us to consider the lower-
semiarid xeric Thermomediterranean belt iden-
tified in Gran Canaria as belonging to the ther-
mophilic woodland climatophilous sere. Nowa-
days the area is covered by legume scrub (“es-
cobonal”) and rockrose scrub (“jaral”). The
study also reaffirms, within Gran Canaria, the
assignation of the upper-dry pluviseasonal Ther-
momediterranean territories to the Western Ca-
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nary pine woodland macrosere (Cisto—Pino ca-
nariensis sigmion), and the pluviseasonal Infra-,
Thermo- and Mesomediterranean with trade-
wind clouds, to the domain of evergreen laurel
forest (“monteverde”) (Ixantho—Lauro azoricae
sigmion).

The different geological compositions of the
SW and NE halves of the island give rise to
noteworthy differences between the climatophil-
ous and potential natural vegetation (Figs. 6 and
8). These differences, also present in other is-
lands of the archipelago, e.g. Tenerife (Ladera
de Santa Ursula, Icod), mean a great expansion
in the area occupied by some vegetation seres to
the detriment of others. It is worth pointing out
that climatophilous character should be assigned
according to the optimum vegetation in the
average soil and relief conditions of the territory
(Géhu & Rivas-Martinez 1981). Regarding sub-
strate, basaltic rock (basic) is the most wide-
spread in the western Canaries, including Gran
Canaria. Salic bedrock (acidic) is the second
most common, indicating a particular geological
situation. This may be considered edaphophil-
ous when communities spread out of their nor-
mal chorological framework on basaltic sub-
strates. The descent of pine woodland into the
upper-semiarid xeric and lower-dry pluvisea-
sonal Thermomediterranean is due to the salic
bedrock, which determines the edaphophilous
condition of the pine woodland sere growing
over it.

The altitudinal descent of the cardén sere
(Aeonio—-Euphorbio canariensis) into Inframed-
iterranean territories on the S slopes is worthy of
attention, due to its edaphohygrophilous behav-
iour. As we have pointed out, the salic bedrock
and soil does not appear to be the determining
factor, but rather the shielding effect of certain
superficial lava flows (malpaises) which lower
the evaporation rate and as a consequence in-
crease soil water retention.

The potential natural vegetation map (Fig. 8)
shows obvious differences from the map by
Sunding (1972), which derive from a finer phy-
tosociological definition of the most characteris-
tic potential natural vegetation units, along with
advances in bioclimatic studies.

Acknowledgements

We thank the “Instituto Nacional de Meteorologia” and
“Servicio Hidraidlico de Las Palmas” for providing us
with the basic climatic data. This paper was partially
supported by the project “Cartography of the Vegetation
of Tenerife and NW sector of Gran Canaria” sponsored
by “GRAFCAN S.A.” and “Fundacién Empresa Univer-
sidad de La Laguna”.

References

Afonso, L. (ed.) 1997: Gran Atlas de Canarias. —
Interinsular Canaria. 304 pp.

Barkman, J. J., Moravec, J. & Rauschert, S. 1986: Code
of phytosociological nomenclature. — Vegetatio 67:
145-197.

Bramwell, D., Beltrdn, W., Montelongo, V. & Rios, C.
1986: Plan especial de proteccion de los espacios
naturales de Gran Canaria (P.E.P.E.N.). — Botanica
Macaronesica 15: 1-72.

Ceballos, L. & Ortuiio, F. 1951. Estudio sobre la veg-
etacion y la flora forestal de las Canarias occiden-
tales. — Madrid. 465 pp.

De-Ledn, A., Arriba, A. & De-La-Plaza, M. C. 1991:
Caracterizacion agroclimdtica de la provincia de
Las Palmas. — Ministerio de Agricultura, Pesca y
Alimentacion. Madrid 1990.

Del-Arco, M., Acebes, J. R. & Pérez-de-Paz, P. L. 1996:
Bioclimatology and climatophilous vegetation of the
Island of Hierro. — Phytocoenologia 26: 445-479.

Del-Arco, M., Acebes, J. R., Pérez-de-Paz, P. L. &
Marrero, M. C. 1999a: Bioclimatology and climat-
ophilous vegetation of Hierro (part 2) and La Palma
(Canary Islands). — Phytocoenologia 29: 253-290.

Del-Arco, M., Rodriguez-Delgado, O., Diaz, M. A.,
Pérez-de-Paz, P. L., Sevilla, J. A. & Reyes-Betan-
cort, J. A. 1999b. Vegetacion Canaria. Propuesta
para unificar criterios cartograficos. — Vieraea 27:
121-131.

Fernandopulle, D. 1976: Climatic characteristic of the
Canary Islands. — In: Kunkel, G. (ed.), Biogeogra-
phy and ecology in the Canary Islands: 185-206. W.
Junk. The Hague.

Géhu, J. M. & Rivas-Martinez, S. 1981: Notions Fonda-
mentales de Phytosociologie. — In: Dierschke, H.
(ed.), Berichte der Internationalen Symposien der
Internationalen Vereinigung fiir Vegetationskunde:
1-33. J. Cramer, Vaduz.

Hansen, A. & Sunding, P. 1993: Flora of Macaronesia.
Check-list of vascular plants. 4 rev. ed. — Sommer-
feltia 17: 3-295.

Huetz de Lemps, A. 1969: Le Climat des Iles Canaries. —
Fac. Lettr. Sci. Hum. Paris-Sorbonne 54: 226 pp.




ANN. BOT. FENNICI Vol. 39 -

Bioclimatology and vegetation of Gran Canaria 41

La-Roche, F. & Rodriguez-Pifiero, J. C. 1994: Aproxi-
macion al ndmero de tdxones de la flora vascular
silvestre de los Archipiélagos Macaronésicos. —
Rev. Acad. Canar. Cienc. 6: 77-98.

Marrero A., Sudrez C. & Rodrigo, J. 1989: Distribucién
de especies significativas para la comprension de las
formaciones boscosas en Gran Canaria (Islas Canari-
as) II. — Botanica Macaronesica 18: 27-46.

Marrero, M. C., Rodriguez-Delgado, O. & Wildpret, W.
2001: Contribucién al estudio bioclimdtico y coroldgi-
co de los tabaibales dulces de Tenerife (Islas Canari-
as). — Vieraea 29: 135-158.

Martin, F. & Diaz, R. 1988: Gran Canaria, geografia
fisica y humana. — In: Afonso, L. (ed.), Geografia
de Canarias: 211-236. 5 ed. Interinsular Canaria. S/
C de Tenerife.

Marzol-Jaén, M. V. 1988: La lluvia: un recurso natural

para Canarias. — Serv. Public. Caja General de
Ahorros de Canarias 130 (Inv. 32). S/C de Tenerife.
220 pp.

Meédail, F. & Quézel, P. 1999: The phytogeographical
significance of S.W. Morocco compared to the Ca-
nary Islands. — PI. Ecol. 140: 221-244.

Molero, J. & Rovira, A. M. 1998: A note on the taxono-
my of the Macaronesian Euphorbia obtusifolia com-
plex (Euphorbiaceae). — Taxon 47: 321-332.

Montelongo, V., Rodrigo, J. & Bramwell, D. 1986: Sobre
la vegetacion de Gran Canaria. — Botanica Macaro-
nesica 12—13: 17-38 + 3 maps.

Oberdorfer, E. 1965. Pflanzensoziologische Studien auf
Teneriffa und Gomera (Kanarische Inseln). — Beitr.
naturk. Forsch. SW-Deutschl. 24(1): 47-104.

Pérez-de-Paz, P. L., Salas, M., Rodriguez, O., Acebes, J.
R., Del-Arco, M. & Wildpret, W. 1994: Atlas car-
togrdfico de los pinares canarios IV. Gran Canaria y
plantaciones de Fuerteventura y Lanzarote. — Vice-
consejeria de Medio Ambiente. Consejeria de Politi-
ca Territorial. Gobierno de Canarias. Lit. A. Romero.
Santa Cruz de Tenerife. 199 pp. + maps.

Quézel, P. 1979: Analysis of the Flora of Mediterranean
and Saharan Africa. — Ann. Missouri Bot. Garden
65: 479-534.

Reyes-Betancort, J. A., Wildpret, W. & Ledn-Arencibia,
M. C. 2001: The vegetation of Lanzarote (Canary
Islands). — Phytocoenologia 31(2): 185-247.

Rivas-Goday, S. & Esteve-Chueca, F. 1965: Ensayo
fitosociolégico de la Crassi-Euphorbietea macarone-
sica y estudio de los tabaibales y cardonales de Gran
Canaria. — Anal. Inst. Bot. A. J. Cavanilles 22: 220—
339.

Rivas-Martinez, S. 1987: Memoria del mapa de series de
vegetacion de Espana, 1:400.000. — Ministerio de
Agricultura, Pesca y Alimentacién. ICONA. Madrid.
268 pp. + 30 maps.

Rivas-Martinez, S. 1995: Clasificacion bioclimatica de la

Tierra. — Folia Botanica Matritensis 16: 1-29.

Rivas-Martinez, S. 1996: Geobotdnica y fitosociologia.
— In: Discursos Pronunciados en el Acto de Investi-
dura de Doctor Honoris Causa del Excmo. Sr. D.
Salvador Rivas-Martinez: 23-98. Servicio de Publi-
caciones (ed.), Univ. Granada.

Rivas-Martinez, S. 1997: Syntaxonomical synopsis of the
potential natural plant communities of North Ameri-
ca, I. — Itin. Geobot. 10: 5-148.

Rivas-Martinez, S., Wildpret, W., Diaz, T. E., Pérez-de-
Paz, P. L., Del-Arco, M. & Rodriguez, O. 1993a:
Excursion guide. Outline vegetation of Tenerife Is-
land (Canary Islands). — Itin. Geobot. 7: 5-168.

Rivas-Martinez, S., Wildpret, W., Del-Arco, M., Ro-
driguez, O., Pérez-de-Paz, P. L., Garcia Gallo, A.,
Acebes, J. R., Diaz, T. E. & Fernandez-Gonzalez, F.
1993b: Las comunidades vegetales de la isla de
Tenerife. — Itin. Geobot. 7: 169-374.

Rodrigo, J. & Montelongo, V. 1986: Distribucién de
especies significativas para la comprension de las
formaciones boscosas en Gran Canaria (Islas Canari-
as) I. — Botanica Macaronesica 12—13: 3-16.

Rodriguez-Delgado, O., Del-Arco, M., Garcia-Gallo, A.,
Acebes, J. R., Pérez-de-Paz, P. L. & Wildpret, W.
1998: Catdlogo Sintaxonémico de las Comunidades
Vegetales de Plantas Vasculares de la Subregion
Canaria: Islas Canarias e Islas Salvajes (Syntaxo-
nomic Checklist for the Vascular Plant Communities
in the Canarian subregion: Canary Islands and Sal-
vage Islands). — Serv. Publ., Univ. de La Laguna,
Coleccion Materiales Didéacticos Universitarios 2.
130 pp.

Rodriguez-Delgado, O., Garcia-Gallo, A. & Marrero-
Goémez, M. V. 2002. El bioclima y la biogeografia.—
In: Rodriguez-Delgado, O. (ed.), Patrimonio Natural
de Fuerteventura (Islas Canarias):. 75-88. Cabildo
Insular de Fuerteventura y Centro de la Cultura
Popular Canaria. [In press].

Salas, M., Del-Arco, M. & Pérez-de-Paz, P. L. 1998:
Contribucion al estudio fitosociolégico del pinar
grancanario (Islas Canarias). — Lazaroa 19: 99-117.

Sudrez Rodriguez, C. 1994: Estudio de los relictos actu-
ales del monte verde en Gran Canaria. — Cabildo
Insular de Gran Canaria. 617 pp.

Sunding, P. 1972: The vegetation of Gran Canaria. —
Skr. Norske Vidensk. Akad. Oslo 1. Matem. Natury.
Kl. n.s. 29: 1-186.

Welss, W. & Lindacher, R. 1994: Beitrige zur Chorolo-
gie und Florenstatistik der Kanarischen Inseln. —
Hoppea, Denkschr. Regensb. Bot. Ges. 55: 845-857.

Wildpret, W. & Del-Arco, M. 1987: Espaiia Insular II.
Las Canarias. — In: Peinado, M. & Rivas-Martinez,
S. (eds.), La Vegetacion de Esparia: 515-544. Ser.
Publ. Univ. Alcala de Henares, Coleccion Aula Abi-
erta 3.



