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Mapping terrestrial anthropogenic degradation on
the inhabited islands of the Galapagos Archipelago
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Abstract The Galapagos Archipelago is renowned for its
high endemism but little effort has been made to quantify
the human disturbance that compromises the islands’
ecological integrity. We provide a quantitative assessment
of anthropogenic degradation, which we define as areas
either transformed by direct human activity or heavily
invaded by four of the most prevalent alien plant species
(Psidium guajava, Rubus niveus, Cinchona pubescens and
Syzygium jambos). We assessed how the amount of de-
graded area varied among the six major vegetation zones
(bare ground, littoral, arid, transition, humid and very
humid) across five inhabited or formerly inhabited islands.
Overall, we found that 37,833 ha (5.5%) of the Archipelago
have been completely degraded. The islands that have suf-
fered the greatest human impact (13,000-14,000 ha each)
are Santa Cruz (the most populous) and Isabela (the largest).
When vegetation type is considered the humid and very
humid vegetation zones have been most affected by humans
(29 and 45%, respectively). On San Cristobal and Santa Cruz
100 and 76%, respectively, of the very humid zone and 94
and 88%, respectively, of the humid zone have been trans-
formed. These results are underestimations as mapping
of the anthropogenic change in some vegetation zones
(e.g. on Floreana) is poor, and the analysis did not take into
account the effects of introduced animals. Nevertheless, this
research points to an urgent need to prioritize restoration
efforts in humid and very humid vegetation zones and to
improve spatial mapping across the Archipelago to obtain
a better understanding of the impacts of humans.
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F or almost 150 years the Galapagos Archipelago has been
recognized as unique for its high terrestrial and marine
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endemism (Bensted-Smith et al., 2002). These islands hold
a special place in biology as it was Darwin’s visit to the
Archipelago in 1835 that led to the description of numerous,
previously unknown, species, many of which were to
become pillars on which he built his theory of evolution
through natural selection (Darwin, 1859; Hickman, 1985).
However, the Galapagos Archipelago is now at a crossroads:
its late human colonization has allowed retention of most
of the original diversity of species but ecological degrada-
tion has proceeded rapidly as a result of land transforma-
tion through agriculture, urbanization and the impacts of
exotic species. Pushed by external markets for tourism and
demand for marine resources, the Archipelago is now
undergoing an acceleration of economic and population
growth, with an average annual population growth rate of
6.4% for residents and 9% for visitors (Charles Darwin
Foundation et al., 2007). These development trends have co-
incided with 18 documented extinctions on the islands and
the categorization of 200 of the 383 terrestrial animal and
plant species as Vulnerable, Endangered or Critically En-
dangered on the IUCN Red List (Charles Darwin Foundation
et al., 2007; IUCN, 2008).

Anthropogenic change, either indirect, through the in-
troduction of invasive species and their subsequent es-
tablishment, or direct, through habitat modification and
destruction, is the cause of the decline of many Galapagos
terrestrial species (Hamann, 1984; Tye et al,, 2002; Watkins
& Cruz, 2007). Despite ongoing degradation from the
increase in the human population and tourism, there has
been only a limited effort to assess the extent of human
disturbance across the islands or across the vegetation
zones of each island (Bensted-Smith, 2002). Given docu-
mented species losses and the growing list of threatened
species, conservation efforts will need to maintain and
restore as much native vegetation as possible but, for this,
evaluation of the current situation is needed. Here, we build
on previous work (e.g. Snell et al., 2002) to provide a com-
parative spatial analysis and quantification of the impact
of anthropogenic degradation on the main vegetation zones
of the inhabited islands of the Archipelago.

A total of 128 islands, islets and rocks have been named
in the Galapagos Archipelago (Tye et al., 2002). Only five of
these are currently inhabited by humans: Baltra, Floreana,
Santa Cruz, San Cristobal and southern Isabela (although
not an island by itself, we distinguish it from northern
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Isabela because of the impassable lava flow that ecologically
separates south from north). A sixth island, Santiago, was
temporarily settled by humans for a few brief periods until
the 1960s (Fig. 1).

Each island is distinct in its evolutionary history and
specific biological and geographical characteristics. A com-
mon feature, however, is the presence of compressed
altitudinal vegetation zones because of arid warm condi-
tions at low elevations, wet cool conditions of the higher
areas and wetter conditions on the windward southern
sides of the islands (Jackson, 1993). Classification of these
vegetation zones differs subtly between various authorities
but six or seven zones are generally recognized (Wiggins &
Porter, 1971; Jackson, 1993; Snell et al., 2002). We refer to six
major vegetation zones based on the descriptions of
Wiggins & Porter (1971): (1) naturally bare zone, which
comprises lava rocks, beaches and lagoons; (2) littoral zone,
of which the dominant plants are shrubs and small trees,
including mangroves and other salt-tolerant species;
(3) arid zone, with xerophytic vegetation dominated by
low scrub and arborescent and shrubby cactus species of
the genus Opuntia; (4) transition zone, which contains a
mixture of vegetation from the lower and higher zones but
with significant tree cover; (5) humid zone, largely domi-
nated by species of the endemic genus Scalesia; (6) very
humid zone, predominantly composed of Miconia robin-
soniana, sedges and ferns.

To quantify the impact of human activity we calculated
the area of each island that has been significantly degraded
by human habitation or invasive plants. These areas were
also calculated within each of the vegetation zones. We
delineated the area that had been subject to anthropogenic

degradation as the sum of (1) the total area that comprises
highland agricultural zones and lowland urban zones
inhabited by humans and that does not constitute part of
the National Park, as mapped by Galapagos National Park
rangers in 2008 using a global positioning system, and
(2) the area mapped, by TNC & CLIRSEN (2006) using
satellite imagery, as being heavily invaded by four alien
plant species (Psidium guajava, Rubus niveus, Cinchona
pubescens and Syzygium jambos) and that includes some
National Park areas contiguous to the highland agricultural
zones. Using ArcMap v. 9.2 (ESRI, Redlands, USA), we
intersected anthropogenic degradation maps with the six
vegetation zones across the main inhabited (or previously
inhabited) islands. As there are no available data that would
permit quantification of the area degraded by introduced
animals, such as goats, pigs or rats, our definition of
anthropogenic degradation excludes this important cate-
gory of indirect human impact. Our analysis does not
consider Baltra, a small inhabited island north of Santa
Cruz (Fig. 1), which currently has an airport, military
instalments and personnel but no civilian inhabitants,
and for which no data on vegetation zones are available.
Our analysis shows that 5% (13,394 ha) and 8% (1,296 ha)
of Isabela and Floreana, respectively, is degraded (Table 1).
Proportionally, Santa Cruz and San Cristobal are the most
modified, with 14% (13,585 ha) and 17% (9,547 ha), re-
spectively, of their land area affected. However, if the total
rather than the percentage area affected is considered, the
modified area of Isabela, even though the island is not as
populous as Santa Cruz and San Cristobal, is similar to the
smaller, more densely inhabited islands. This is because
Isabela has more extensive humid and very humid vegetation
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FiG. 1 Vegetation zones on the the six inhabited or formerly inhabited islands of the Galapagos Archipelago. The dotted line indicates

the divide between northern and southern Isabela.
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TaBLE 1 Total area (ha) and perecentage modifed by human activities (in parentheses) of the six vegetation zones on the five inhabited
or formerly inhabited islands of the Galapagos Archipelago (Fig. 1).

Vegetation zone Floreana Southern Isabela San Cristobal Santa Cruz Santiago Total'
Naturally bare 0 406 (0.4) 15 (0.5) 0 0 421 (0.2)
Littoral 0 8 (0.4) NDA? 0 NDA? 8 (0.3)
Arid 54 (0.5) 162 (0.2) 888 (2) 319 (0.4) 0 1,423 (0.4)
Transition 72 (2) 2,185 (4) 1,015 (24) 3,121 (25) 10 (0.2) 6,402 (5)
Humid 1,170 (38) 8,173 (21) 5,552 (94) 8,381 (88) 23 (0.5) 23,298 (29)
Very humid NA? 2,460 (29) 2,078 (100) 1,765 (76) 13 (1) 6,315 (45)
Total 1,296 (8) 13,394 (5) 9,547 (17) 13,585 (14) 46 (0.1) 37,868 (4.4)

!Percentages are for degradation of the zone across the whole Archipelago

*NDA, no data available as this vegetation zone has not been mapped on these islands
NA, not applicable as vegetation zone does not occur on the island in question

zones, and these are the most prone to colonization by
invasive plant species, especially following fires.

A total of 37,833 ha of the Galapagos Archipelago’s main
inhabited (or previously inhabited) islands have been
disturbed by human activities. Although this disturbed
land represents only 5% of the total land area it does not
necessarily indicate that there has been relatively little
human impact. The summed area of each vegetation zone
shows that although some vegetation zones (naturally bare,
littoral and arid) have been subject to minimal human
impact (< 1% modification), others have been extremely
modified (e.g. 29 and 45% of the humid and very humid
zones have been altered, respectively; Table 1). When these
zones are considered by island 94 and 100% of the humid
and very humid zones, respectively, have been degraded on
San Cristobal, and 88 and 76% of the humid and very
humid zones, respectively, on Santa Cruz.

These results contradict the image often portrayed of
a pristine Galapagos Archipelago little affected by humans.
Although settlement on the islands was relatively recent
(the first permanent inhabitants settled on Floreana in 1832)
humans have already had a substantial effect. Conversion
of the most fertile and arable areas has destroyed large
tracts of the highlands. Agriculture has, however, proved to
be only marginally viable as an economic activity and hence
much of this land now lies fallow and increasingly infested
with non-native species. While it is not possible to diagnose
the full ramifications of two of the largest islands losing
most of their humid zone vegetation, impacts on native
species are already evident. Plant species such as Scalesia
pedunculata, Scalesia cordata, Cyathea weatherbyana and
Darwinothamnus tenuifolius now only occur in isolated
patches. Bird species such as the warbler finch Certhidea
olivacea and Galapagos rail Laterallus spilonotus occur at
much higher densities than formerly in uninfested rem-
nants of humid and very humid vegetation zones (Gibbs
et al,, 2003; B. Fessl, pers. comm.), suggesting their habitat
range has been considerably reduced by habitat conversion
and invasive species. The area that contains threatened
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Galapagos petrel Pterodroma phaeopygia burrows has also
contracted considerably because of habitat degradation
(BirdLife International, 2009).

In the long-term the cost of restoration is hundreds of
times greater than that of protection (Possingham et al.,
2001). However, on the Galapagos, as a large proportion of
the vegetation has already been significantly altered and
protection of the remaining fragments against invasion
may not be possible, there is a need for strategic restoration.
It is unlikely that human pressures on the islands are going
to decrease in the near future, and therefore landowners
and agricultural communities living within the productive
landscapes will need to play a proactive role in land
stewardship. There is a need to determine how best to
restore these areas and to what end point restoration is
aiming. Some restoration efforts have already been un-
dertaken, most famously Project Isabela (Lavoie et al., 2007;
Charles Darwin Foundation, 2009). Such restoration efforts
will need to include simultaneous efforts to protect species
and ecosystems that are declining because of other threats
(such as introduced predators) across the Archipelago.

Our aim in this study was to raise awareness of the
problems of vegetation change on the islands and to help
identify initial priority zones for restoration. The maps used
in our analysis are coarse (but the best available) and
probably reflect significant underestimations of degradation
in areas that were not well mapped. For example, anecdotal
information suggests that the humid zone of Floreana has
been significantly more affected by agricultural activities
than available maps suggest. We could not take into account
the effects of introduced animals on the native vegetation
and it is known that the vegetation of several of the un-
inhabited islands has been severely affected by introduced
herbivores (Lavoie et al., 2007). Nevertheless, our analysis
has highlighted the need for detailed spatial mapping of
the direct and indirect impacts of human presence on the
Galapagos Archipelago and for a concerted effort between
all relevant organisations to restore the humid highlands
before these important species-rich zones disappear forever.

81


https://doi.org/10.1017/S0030605309990226

82

J. Watson et al.

References

BENSTED-SMITH, R. (2002) A Biodiversity Vision for the Galapagos
Islands. A Report for the Charles Darwin Foundation and WWEF.
Charles Darwin Foundation, Puerto Ayora, Galapagos, Ecuador.

BENSTED-SMITH, R.,, POWELL, G. & DINERSTEIN, E. (2002)
Planning for the ecoregion. In A Biodiversity Vision for the
Galdapagos Islands (eds Charles Darwin Foundation & WWF),
pp. 1-5. Charles Darwin Foundation, Puerto Ayora, Galapagos,
Ecuador.

BIRDLIFE INTERNATIONAL (2009) Http://www.birdlife.org/datazone/
species/ [accessed 15 December 2008].

CHarLES DARWIN FounDATION (2009) Http://www.darwinfoundation.
org [accessed 17 August 2009].

CHARLES DARWIN FOUNDATION, PARQUE NACIONAL GALAPAGOS & INSTI-
TUTO NACIONAL DE GALAPAGOS (2007) Galdpagos Report 2006-2007.
Charles Darwin Foundation, Puerto Ayora, Galapagos, Ecuador.

DARWIN, C. (1859) On the Origin of Species by Means of Natural
Selection, or the Preservation of Favoured Races in the Struggle for
Life. John Murray, London, UK.

GIBBS, J.,, GREGORY SHRIVER, W. & VARGAS, H. (2003) An
assessment of a Galdpagos rail population over thirteen years
(1986 to 2000). Journal of Field Ornithology, 74, 136-140.

HamaNN, O. (1984) Changes and threats to the vegetation. In Key
Environments: Galdpagos (ed. R. Perry), pp. 115-131. Pergamon
Press, Oxford, UK.

HickMAN, J. (1985) The Enchanted Islands. The Galapagos
Discovered. Anthony Nelson, Oswestry, UK.

IUCN (2008) 2008 IUCN Red List of Threatened Species. IUCN,
Gland, Switzerland. Http://www.iucnredlist.org
[accessed 17 August 2009)].

Jackson, HM. (1993) Galapagos: A Natural History. University of
Calgary Press, Calgary, Canada.

Lavoig, C,, Cruz, F, CArRrION, G.V., CAMPBELL, K., DONLAND,
CJ., HarcouRrrT, S. & Movya, M. (2007) The Thematic Atlas of
Project Isabela: An Illustrative Document Describing, Step-by-Step,
the Biggest Successful Goat Eradication Project on the Galapagos
Islands 1998-2006. Charles Darwin Foundation, Puerto Ayora,
Galapagos, Ecuador.

https://doi.org/10.1017/50030605309990226 Published online by Cambridge University Press

PossingHAM, H.P,, ANDELMAN, S.J., NooN, B.R,, TROMBULAK, S.
& PurriaMm, H.R. (2001) Making smart conservation decisions.
In Research Priorities for Conservation Biology (eds G. Orians &
M. Soulé), pp. 225-244. Island Press, Washington, DC, USA.

SNELL, HL, TYE, A., CausTON, C.E. & BENSTED-SMITH, R. (2002)
Current status of and threats to the terrestrial biodiversity of
Galapagos. In A Biodiversity Vision for the Galapagos Islands
(eds Charles Darwin Foundation & World Wildlife Fund),
pp. 30—47. Charles Darwin Foundation, Puerto Ayora, Galapagos,
Ecuador.

TNC (THE NATURE CONSERVANCY) & CLIRSEN (CENTRO DE LEVANTA-
MIENTOS INTEGRADOS DE RECURSOS NATURALES POR SENSORES REMOTOS)
(2006) CD-ROM: Cartografia Galapagos 2006: Conservacion en
otra Dimension. CLIRSEN, Quito, Ecuador.

TyE, A., SNELL, H.L,, PECK, S.B. & ANDERSEN, H. (2002)
Outstanding terrestrial features of the Galapagos Archipelago.

In A Biodiversity Vision for the Galapagos Islands (eds Charles
Darwin Foundation & WWE), pp. 12-23. Charles Darwin
Foundation, Puerto Ayora, Galapagos, Ecuador.

WaTkiINs, G. & Cruz, F. (2007) Galapagos at Risk: A Socioeconomic
Analysis of the Situation in the Archipelago. Charles Darwin
Foundation, Puerto Ayora, Galapagos, Ecuador.

WiGGINs, L. & PORTER, D. (1971) Flora of the Galapagos Islands.
Stanford University Press, Palo Alto, USA.

Biographical sketches

JaMEs WATSON’s research interests are in optimizing restoration
activities in degraded landscapes to ensure the best biodiversity
outcomes. MANDY TRUEMAN is a spatial scientist currently studying
alien plant invasions in the Archipelago. MARTA TUEFET is a scientific
writer currently based in Galapagos. ScoTT HENDERSON is Conser-
vation International’s Regional Director of Marine Conservation in
the Andes and Eastern Tropical Pacific regions, with special interests
in marine conservation and invasive species. RACHEL ATKINSON
is coordinator of the programme Solutions for Ecological Restoration
at the Charles Darwin Foundation, specializing in invasive plant
control.

© 2009 Fauna & Flora International, Oryx, 44(1), 79-82


https://doi.org/10.1017/S0030605309990226

