
Unfortunately, from a conservation perspective, many of 

these sites are associated with important tracts of forest 

or with freshwater habitats, some within, some on the 

perimeter, and some lying considerable distances from 

protected areas. The Malagasy Government is currently 

formulating policies on how these proposed exploitation 

projects will unfold, and it is hoped that the conservation 

concerns will not be completely overridden by the means 

of important economic gain for the country.
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MADEIRA ARCHIPELAGO

DORA AGUIN-POMBO AND MIGUEL A. A. 

PINHEIRO DE CARVALHO

University of Madeira, Portugal

Madeira is a small archipelago of volcanic origin with a 

highly diversifi ed fl ora and fauna. A substantial amount 

of this diversity is harbored in the evergreen laurel for-

est, a formerly widespread type of vegetation that covered 

southern Europe and North Africa during the Tertiary 

period.

LOCATION, ORIGIN, AND CLIMATE

The archipelago of Madeira is located in the  Atlantic 

Ocean between  and ° N and between  and ° W, 

lying closer to Africa (∼ km) than to Europe (∼ km). 

Despite its size being less than  km, it comprises two 

inhabited islands, Madeira and Porto Santo; three islets 

of only  km known as the Desertas Islands (Ilheu do 

Chão, Deserta Grande, and Deserta Pequena); and about 

ten offshore rocks. It is believed that this archipelago 

originated from a plume of the Earth’s mantle in the 

Mid-Atlantic Ridge about  million years ago. Of all 

the islands, Porto Santo is the oldest (∼ million years), 

whereas Madeira and Desertas are more recent (from 

more than . to ∼. million years old). The composi-

tion of these islands is mainly basaltic, and there has not 

been any recent volcanic event in the last  years.

The island of Madeira represents almost % of the 

archipelago extension and is rugged and steep, with about 

% of its surface above  m. It has a mountain ridge 

running east–west, reaching  m at it highest point 

and much lower in its eastern part (below  m). The 

climate of the archipelago is Mediterranean, but because 

of differences in sun exposure, humidity, and annual 

mean temperature, on the island of Madeira there is a 

clear north–south differentiation. Here, the temperatures 

are mild year-round, between  and  °C at lower alti-

tudes and between  and  °C at the highest altitudes. 

Humidity varies according to altitude, being greater at 

high and medium altitudes in the forest areas, where there 

is fog and a persistent cloud cover from – m up to 

 m. In contrast, Desertas and Porto Santo are smaller 

and lower in altitude (less than  m) with temperatures 

similar to those in the warmer parts of Madeira, but they 

are much drier (less than  mm per year).

FLORA AND VEGETATION

On the basis of fl ora, the archipelago is biogeographically 

included in the Macaronesian region and shows affi nities 

to the Mediterranean. In contrast to Desertas and Porto 

Santo, which are covered mainly with herbaceous vegeta-

tion, the fl ora of Madeira Island, as a result of its dimen-

sion, altitude, and orography, is more diverse, showing a 

marked altitudinal stratifi cation, which is related mainly 

to temperature. There are four main types of vegetation: 

coastal vegetation, evergreen dry and wet forest, and 

upland vegetation. Coastal vegetation is below  m and 

includes a community of herbs and shrubs that have as 

dominant species Euphorbia piscatoria, Echium nervosum, 
and Globularia salicina, all endemic to Macaronesian 

archipelagoes (Fig. ).
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The dry evergreen forest has been much reduced and 

is typical of lower altitudes with high mean temperatures 

and low annual precipitation. Apollonias barbujana, Lau-
rus novocanariensis, Myrica faya, and Ilex canariensis are 

the dominant canopy tree species. The evergreen wet 

laurel forest, which occupies % of the island, is the 

main type of vegetation. This luxuriant forest grows from 

– m to  m in humid areas with mild tem-

peratures, high precipitation, and frequent coastal fogs 

(Fig. ) and contains many rare endemic species. Here are 

found hygrophilous tree species of Lauraceae exclusive to 

Macaronesia, such as Laurus novocanariensis, Ocotea foe-
tens, and Clethra arborea. At higher altitudes, this forest 

is replaced mainly by herbaceous plants and shrubs, with 

Erica arborea being the dominant shrub species.

As occurs on other islands, the fl ora and fauna of 

this archipelago are species-poor but very interesting 

in terms of endemic species and taxonomically isolated 

groups. The vascular fl ora comprises about  species 

including native and naturalized plants, of which % 

are endemic (Figs. , ). Most of the endemics are found 

among trees and shrubs, and fewer among annuals. 

There are no endemic taxa above genus level in vascu-

lar plants, but there are fi ve endemic genera, with three 

being monospecifi c, and about  genera out of  being 

exclusive to Macaronesia. Ferns and bryophytes are very 

diverse probably because of the high humidity; they are 

represented by approximately  and  species, respec-

tively. Within the fl owering plants, some genera such as 

Argyranthemum (four spp.), Helichrysum (four spp.), and 

Sinapidendron (fi ve spp.) have diversifi ed prolifi cally. One 

of the most remarkable features of vascular plants is the 

high number of woody endemic species with herbaceous 

relatives on the mainland, such as the genera Euphorbia 

FIGURE 1 Vegetation of Madeira. Eastern part of Madeira (Ponta de 

São Lourenço) showing herbaceous vegetation and Matthiola made-

rensis, an endemic plant species occurring at low altitudes mainly in 

coastal rocks and cliffs. Photograph by T. Dellinger.
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(Fig. ) and Echium (Fig. ). Some genera show biogeo-

graphic disjunctions with taxa from far territories, such 

as the tree species Apollonias barbujana, with its closest 

relatives outside the islands being A. arnottii from south-

ern India, or the genus Picconia, closely related to the 

genus Notelaea from Australia and Tasmania. In con-

trast to plants, lichens and fungi have been less studied.

FIGURE 2 Vegetation of Madeira. Wet laurel forest with Euphorbia 

mellifera, an endemic woody species characteristic of moist and shady 

places on Madeira. Photograph by T. Dellinger.

FIGURE 3 Andryala glandulosa, a common endemic species on 

Madeira. Photograph by T. Dellinger.
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Although invertebrates are still insuffi ciently known, 

they are the most diverse, with land snails showing the 

most remarkable speciation rates and one of the high-

est rates of endemic speciation per square kilometer of 

all oceanic islands. About % of the approximately  

recorded species are exclusive, and  genera are endemic, 

probably as the result of no more than  colonization 

events. High levels of single-island endemism and 

speciation have been predominantly a within-island 

phenomenon: In some extreme cases such as Discula,  
endemic taxa occur on an island (Porto Santo and off-

shore rock) of only  km. Other genera, such as Leiostyla
( spp.), Actinella ( spp.), and Amphorella ( spp.), 

have also undergone considerable radiation on Madeira.

Arthropods, especially millipedes, woodlice, and 

insects, represent about % of all known fauna. Of 

these, beetles stand out for the largest number of species, 

with approximately . There are  endemic genera of 

arthropods, most of which are monospecifi c. In contrast 

to this, some non-endemic genera—especially of beetles, 

millipedes, and moths—have diversifi ed greatly. Particu-

larly remarkable are the millipedes of the genus Cylindroi-
ulus, which gave rise to the largest number of endemic 

species ( spp.) within a single genus, and beetles of the 

genus Laparocerus ( spp.).

In contrast to terrestrial fauna, marine biodiversity 

has been less studied and, although diverse, is not so 

remarkably rich in endemic species. However, the isola-

tion of Madeira from the closest mainland and nearby 

islands by great depths (greater than  m) and the 

warm Gulf Stream current that reaches this archipelago 

are both responsible for its unique fauna. Because of this, 

the marine fauna has its greatest affi nities to the Atlantic 

Mediterranean areas and to the tropical and subtropical 

species of the eastern Atlantic, but there are also pan-

tropical and amphiatlantic tropical species. These char-

acteristics also explain the presence of Macaronesian and 

endemic species, among which are especially remarkable 

marine molluscs.

CURRENT STATUS AND CONSERVATION

After its discovery, the strategic position of the archipelago 

resulted in its extensive use by early sailors as a point of 

recharge for food on their way to America. Human popu-

lation increased considerably after colonization in , 

and today the number of inhabitants per square kilometer 

is about , the highest rate in Portugal and one of the 

largest in Europe. In addition to this large resident human 

population, Madeira receives about  million tourists per 

year. Thus, demographic pressure and tourism, together 

However, a checklist of the lichens and lichenicolous fungi 

of Madeira indicates more than  species already.

FAUNA

Among all animal species, about % are endemic, and 

all show great affi nities to those of the Mediterranean and 

Europe, with about  species having been reported 

thus far. Like other oceanic islands, Madeira has a char-

acteristic disharmonic fauna, and this is especially visible 

in vertebrates. Native vertebrates include around  spe-

cies, including one fi sh (an eel), fi ve species of mammals 

(bats), one reptile (a lizard), and about  species of known 

resident birds, of which seabirds are the most diverse. 

However, there are only seven known endemic species 

of vertebrates: a lizard (Teira dugessi) (Fig. ); three bird 

species including the Zino’s petrel (Pterodroma madeira), 

the Trocaz pigeon (Columba trocaz), and the Madeira 

fi recrest (Regulus madeirensis); and one bat and two bird 

species endemic to Madeira and the Canary Islands.

FIGURE 4 Echium candicans, an endemic rare woody species found 

at high altitudes on cliffs in the laurel forest on Madeira. Photograph 

by T. Dellinger.

FIGURE 5 Teira dugessi, a very common endemic lizard species on 

Madeira. Photograph by T. Dellinger.
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with exotic species, agriculture, forest degradation, and 

erosion, represent major challenges for conservation.

During and after colonization several non-native 

species of vertebrates such as rabbits, rats, mice, ferrets, 

goats, frogs, fi shes, pigs, cats, and geckos were introduced, 

either purposely or accidentally, by humans, and many 

have become naturalized. Of these, mammals have been 

responsible for causing signifi cant modifi cations to the 

native fl ora. Moreover, some, such as the house mouse 

(Mus musculus domesticus), have undergone consider-

able evolution during the short period of approximately 

 years since introduction. Indeed, this species rep-

resents an extreme case of rapid speciation, in which a 

single species has given rise to six different chromosomal 

forms probably because of geographical isolation and 

fragmentation.

The outstanding biodiversity of Madeira has been 

well known since the time of Wollaston and Darwin, 

yet much work remains in order to understand the 

extent and nature of this diversity. However, protected 

areas have been established for about % of the archi-

pelago’s surface in order to preserve the biodiversity 

of the island. The laurel forest, although it has been 

considerably reduced, still represents the largest sur-

viving area of this kind in Macaronesia and, because 

of its size and conservation status, was recognized in 

 by UNESCO as a World Natural Heritage Site. 

In addition, two marine reserves have been established 

on Madeira Island, whereas the entire Desertas Islands, 

both marine and terrestrial habitats, are considered nat-

ural reserves.
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MAKATEA ISLANDS

LUCIEN F. MONTAGGIONI

University of Provence, Marseille, France

The term makatea, derived from Polynesian words (maka: 

slingstone; tea: white), relates to tropical Pacifi c islands 

possessing emergent (uplifted) limestones, mainly of coral 

reef origin and dissected by karst.

ORIGIN AND TECTONIC EVOLUTION

Makatea islands possess a volcanic basement built by a 

number of different mechanisms affecting the Earth’s 

tectonic plates (hotspots, volcanism at or near divergent 

plate boundaries, arc volcanism at or near convergent 

plate boundaries). As the islands drowned due to crustal 

cooling, coral reefs developed around the volcanic cores. 

Locally, the volcanic pedestals were totally overtopped by 

reefal deposits. The time of deposition varies from site to 

site but was usually between the early Miocene and mid 

Quaternary.

The time of uplift also differs from island to island, but 

it was generally not before the early Quaternary. Mech-

anisms vary and refl ect regional tectonics. On islands 

close to recent hotspot volcanoes (Makatea island in the 

 Tuamotus), uplift was driven by the overload of the vol-

cano (e.g., Tahiti), forming a bulge on the surrounding 

crust. By contrast, on Nauru (southwestern Pacifi c), emer-

gence is attributed to the uplift of sea fl oor carried up onto 

a mantle bump by plate motion. Guam (in the  Marianas) 

was uplifted at the crest of the frontal arc formed at the 

convergence of Pacifi c and Philippine plates.

GEOMORPHIC EVOLUTION

The major topographic features of the islands were 

acquired when the limestones were subaerially exposed as 

a result of uplift and/or global sea-level falls. At the time 

of emergence, two main island types existed: those with 

a volcanic core surrounded by an annular limestone plat-

form and those high in elevation, composed of limestone 

capped by extensive plateaus (Fig. ).

Landscapes resulted from differential karst erosion dur-

ing periods of humid climate. This process promoted the 
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