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A B S T R A C T

Islands contribute enormously to global biodiversity, but their species and ecosystems are highly threatened
and often confined to small patches of remaining native vegetation. Islands are thus ideal microcosms to
study the local dimensions of global change. While human activities have drastically transformed most
islands, the extent to which societal and environmental conditions shape differences in land cover remains
unclear. This study analyses the role of contrasting environmental and societal conditions in affecting the
extent of native vegetation cover on 30 islands in five Atlantic Ocean archipelagos (Azores, Madeira, Canary
Islands, Cape Verde, Gulf of Guinea Islands). We adopt a mixed-method approach in which we combine a
statistical analysis of environmental and societal variables with a qualitative reconstruction of historical
socioeconomic trends. Statistical results indicate that terrain ruggedness predominantly shapes the extent
of remaining native vegetation cover, suggesting that topographyconstrains humanimpacts on biodiversity.
Overall, environmental variables better explain differences in native vegetation cover between islands than
societal variables like human population density. However, throughout history, islands experienced large
changes in demography and socioeconomic trends, and therefore modern patterns of native vegetation
might also partly reflect these past conditions. While anthropocene narratives often present humans as a
global geophysical force, the results show that local environmental context strongly mitigated the degree of
human impact on biodiversity. These findings call for integrative approaches to understand the
contributions of local human-environment interactions to ongoing global change.
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1. Introduction

Human settlement of previously uninhabited lands has con-
verted native vegetation cover to agricultural and other land uses.
This conversion has reduced and fragmented the habitat of many
native species and contributed to the extinction of species and the
degradation of biotic communities (Boivin et al., 2016; Nogué et al.,
2017). By understanding the drivers of land cover change,
predicting which areas have a high risk of conversion and where
this coincides with high native and endemic biodiversity, might be
possible. Global scale studies on land cover change have focused
almost exclusively on changes in forest cover (Lambin and
Meyfroidt, 2011; Meyfroidt et al., 2010; Rudel et al., 2005),
however, often disregarding the differences between native and
exotic-dominated forests and the ecological value of non-forest
ecosystems (Tropek et al., 2014). While it is clear that present-day
native vegetation cover is the outcome of both environmental and
societal factors, the study of their relative importance and
interactions is rarely integrated. This lack of integration is partly
due to contrasting methodological approaches across the social
and natural sciences (Magliocca et al., 2018), which tend to
attribute a priori relevance to a limited set of factors. On the one
hand, approaches that synthesize a large number of qualitative
case-studies have emphasized the potential role of economic,
institutional, technological, cultural, and demographic variables in
land use change but overlook topographic and climatic variables
(Geist and Lambin, 2006; Lambin et al., 2001). On the other hand,
quantitative studies that rely on statistical models have shown the
importance of environmental variables (Rolett and Diamond,
2004; Sandel and Svenning, 2013), but often do not consider
contrasting regional contexts and historical trends. Hence, a need
exists for interdisciplinary approaches that analyse environmental
and societal aspects in their regional and historical context
(Biermann et al., 2016; Brondizio et al., 2016; Costanza et al.,
2007; Dearing et al., 2015; Haldon et al., 2018; Kotchen and Young,
2007).

Islands are ideal model systems for studying local human-
environment interactions within their regional and historical
context because of their clearly defined boundaries, relative
isolation, and discernible onset of human settlement (Dinapoli
and Leppard, 2018; Kirch, 1997; Russell and Kueffer, 2019;
Vitousek, 2002; Warren et al., 2015). Furthermore, islands deserve
particular attention in light of global change because the current
biodiversity crisis disproportionally affected them. Although
islands make up less than 8% of the global land surface (Sayre
et al., 2018), more than 60 % of known extinctions were species
endemic to islands (Tershy et al., 2015; Whittaker et al., 2017).
Moreover, the remaining island biodiversity is disproportionally
threatened (Cardillo et al., 2006; Ricketts et al., 2005): 41 % of all
globally endangered terrestrial vertebrates live on islands (Spatz
et al., 2017). Much of the native biodiversity on islands is contained
within remaining patches of native vegetation. The clearance of
native vegetation — together with the impact of invasive species
and overexploitation — is a major cause of biodiversity loss on
islands (Braje and Erlandson, 2013a; Fordham and Brook, 2010;
Graham et al., 2017; Wood et al., 2017). While the impact of land
use/land cover change on biodiversity is higher on islands than on
continents (Kier et al., 2009; Sanchez-Ortiz et al., 2019), and native
vegetation cover across islands worldwide has vastly reduced
following human colonization, why some islands are more affected
than others is still not fully understood. It could be that certain
island societies have a larger impact, or that environmental
conditions on some islands increase the likelihood of native
vegetation cover to be reduced. This study tests these hypotheses
by analysing the impact of both environmental and societal factors
in shaping native vegetation cover on 30 oceanic islands across five
archipelagos in the Eastern Atlantic: Azores, Madeira, Canary
Islands, Cape Verde (i.e. the Macaronesian Islands), and Gulf of
Guinea Islands (Fig. 1). The central research question we address in
this paper is: what is the relative importance of environmental and
societal drivers in explaining differences in native vegetation cover
across islands?

The human-environment interactions that evolved on the
Eastern Atlantic islands were microcosmic experiments that
shaped subsequent interactions in other islands and in mainland
locations across the globe (Crosby, 1984; Moore, 2015). This
microcosm is illustrated by the global history of sugar, for example,
whereby the islands acted as testing grounds for sugar colonies
that were later established in the Caribbean, Brazil and elsewhere
around the world (Galloway, 1989; Mann, 2011; Mintz, 1986). Of
the five archipelagos included in this study, as far as we know only
the Canary Islands had a human population when Europeans
arrived in the 15th century. The conquest of these islands by the
Castilians started in 1402 and decimated the native population
(Crosby, 1984). Whereas the native population of the Canary
Islands had a notable impact on the islands (Morales et al., 2009),
the conquest of these islands and colonization of the previously
uninhabited Eastern Atlantic Islands by Europeans in the 15th

century caused further transformations of the islands’ landscapes
and ecosystems (Fernández-Palacios et al., 2016a). During the Age
of Exploration (early 15th century to mid-17th century), these
islands became stepping stones in emerging maritime trade routes,
and facilitated the transport of plants, people, and materials
between Europe, the Americas, Africa, and Asia (Crosby, 1972).
Despite their pivotal role in propelling human-induced changes to
a global scale, these islands have not received much attention as
microcosms of global change.

2. Material and methods

2.1. Island-level data on environment and society

To test the relative importance of environmental and human
drivers of native vegetation cover across islands, we considered
several topographic, climatic, and societal variables. As proxies for
island topography, we compiled data on island area (km2) and
maximum elevation (m), and calculated the island-level mean of
the Terrain Ruggedness Index (Riley et al., 1999) from NASA Shuttle
Radar Topography Mission (SRTM) data. We downloaded void
filled data from the United States Geological Survey (https://
earthexplorer.usgs.gov/) at the highest available resolution (1-
arcsecond, or approximately 30 m). While island topography is
constantly changing as a result of geomorphological processes like
volcanic eruptions and erosion, the effect of these processes on
island-wide topography is negligible at the timescale of centuries
considered in this study. For climate variables, we used the long-
term annual mean temperature (�C) and precipitation (mm/year)
from the WorldClim 2 database (http://worldclim.org/version2)
(Fick and Hijmans, 2017), calculated over the period 1970–2000
(see map in Fig A.1 for Köppen-Geiger classification per
archipelago). While climate fluctuations between 1500 and 1800
had serious repercussions for socioeconomic developments in
continental Europe (Zhang et al., 2011), their impact was likely
smaller on the Eastern Atlantic islands, due to the buffering effect
of the surrounding ocean (Cronk, 1997). In addition, while
temperatures in the Eastern Atlantic were approximately 3 �C
lower during the Little Ice Age (1400–1700 CE) compared to recent
years, the anomalies are relatively consistent across the islands
considered in this study (Mann et al., 2009). Therefore, using
modern topographic and climatic variables for understanding
human-environment interactions over the last centuries will not
change patterns across islands.

https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
http://worldclim.org/version2


Fig. 1. Contrasting environmental and societal conditions, and location of 30 Eastern Atlantic Islands within five Archipelagos (Azores, Madeira, Canary Islands, Cape Verde,
Gulf of Guinea Islands) off the coasts of Africa and southern Europe. a) Environmental context and vegetation cover of the five archipelagos. For each archipelago we selected
one island as an example (from top to bottom: Terceira for the Azores, Madeira Island for Madeira, Tenerife for the Canary Islands, Santo Antão for Cape Verde, and São Tomé
for the Gulf of Guinea Islands). b) Location of the archipelagos, their colonization history and trade connections. Red arrows indicate the year of first human settlement and
approximate colonization route. The Canary Islands were first colonized from northwest Africa (Fregel et al., 2019; Navarro, 1997), the remaining archipelagos were initially
colonized from the Iberian Peninsula (Fernández-Palacios et al., 2016a). Blue stippled lines indicate historical connections between different localities (travel, trade,
transport), illustrating that the Eastern Atlantic Islands were at the nexus of the emerging transatlantic trade networks. Grey arrows indicate prevailing wind direction and
speed; although ocean currents and wind regimes may have shifted over much longer timescales (Fernández-Palacios et al., 2016b), for the period considered here the
direction of the trade winds was similar to the present-day (Dartnell, 2018). Prevailing wind direction and speed in panel b were calculated with R (version 3.5.3) (R Core Team,
2019) from data on long-term monthly means of the u and v component (obtained from https://www.esrl.noaa.gov/). CE = Common Era, BP = Before Present. c) Differences in
human land use across the archipelagos (islands are the same as in panel a). Although prior to the 15th century, the Atlantic had been extensively navigated by the Vikings
(Dugmore et al., 2012), who possibly colonized some of the Eastern Atlantic Islands (Gabriel et al., 2015), we did not consider this due to the uncertainty in the onset and
impact of possible Viking settlements. All photos in panel A and C were taken by the authors (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article).
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As potential societal drivers of native vegetation cover, we
included modern population density and used an index of human
landscape modification (Kennedy et al., 2019). We calculated
average population densities by dividing modern human popula-
tion size (see Table A.1 for sources) by island area. The index of
human landscape modification was obtained from a global
spatially explicit dataset on cumulative human modification of
terrestrial lands at 1 km2 resolution (Kennedy et al., 2019). The
index is based on spatial patterns of human settlement, agricul-
ture, transportation, mining, energy production, and electrical
infrastructure (Kennedy et al., 2019). Calculating the island-level
mean from this database therefore reflects both the extent and
intensity to which human activities transformed the landscape of a
particular island. Data pre-processing for these quantitative
variables was performed with R (version 3.5.3) (R Core Team,
2019). Table A2 provides the full dataset.

2.2. Island-level data on native vegetation cover

We defined native vegetation cover as the total land area of an
island that is predominantly covered by native plants (species that
were present on the islands prior to human arrival). Total native
vegetation cover can therefore include both forest and non-forest
vegetation, and can consist of primary as well as secondary
vegetation. Introduced plants are widespread across all Eastern
Atlantic Islands (Castro et al., 2010; Jardim and Menezes de
Sequeira, 2008) and it can be challenging to determine the
chorological status for individual species (van Leeuwen et al.,
2008). Therefore, we compiled data on native vegetation cover for
each island from different sources. For islands that had land use/
land cover maps available, we assumed the extent of native
vegetation to be delimited by areas labelled as ‘native vegetation’
or ‘natural vegetation’. In other cases, we determined which labels
most closely matched the definition. For the Azores we used the
area classified as ‘natural vegetation’ from the land cover map of
the regional council (Secretaria Regional do Ambiente e do Mar,
2007). This category includes secondary forests and non-forest
areas that largely consist of native species but also grasslands that
are relatively poor in terms of native communities. As a
consequence, the map for the Azores likely overestimates native
vegetation cover (Connor et al., 2012). To see if this would affect
our results, we re-ran our analyses with an alternate, more
conservative definition of native vegetation for the Azores, where
only the extent of remnant patches of native forest was included
(Gaspar et al., 2011). For Madeira, we obtained data from the
European Nature Information System database (European Envi-
ronment Agency, 2018), which included a mix of vegetation types
consisting of native shrubs and secondary vegetation, but also
contained an unknown percentage of exotic vegetation. For the
Canary Islands, we summed the total cover of the areas classified as
‘actual natural vegetation’ (Table 1 in del Arco Aguilar et al., 2010),
which included secondary vegetation types. We did not include:
nitrophilous herb communities, of which the spread is mainly a
result of grazing (del Arco Aguilar et al., 2010), secondary
vegetation with a high proportion of exotic species, or plantations
of Canary pine. For Cape Verde, we digitized maps of the agro-
ecological zones per island (Diniz and de Matos, 1999, 1994, 1993,
1988, 1987, 1986) and made an overlay with a global land use land

https://www.esrl.noaa.gov/)


Fig. 2. Covariation of topographic, climatic and societal variables, as obtained from
the partial least squares regression analysis (see Methods), to explain variation in
native vegetation cover (natveg) across the 30 Eastern Atlantic Islands. Latent
variables are constructed based on variables related to topography (ruggedness,
area, elevation), climate (temperature, precipitation), and society (human
landscape modification, population density). The length of the grey lines is
indicative of the importance of each predictor in constructing the latent variables.
The grey band indicates that the correlation of a predictor variable or the response
variable with the first and second latent variable is higher than 50 %. See Table A.10
for coefficients of the partial least square regression model.
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cover map (ESA, 2017) in a Geographic Information System (ArcGIS
version 10.6.1). The resulting maps were classified into different
land use/land cover classes. Within the arid zones, grasses
(Poaceae) are most common in terms of species richness and
we assumed that 50% of the vegetation cover in these zones is
predominantly native. For the Gulf of Guinea Islands, we obtained
data for São Tomé and Príncipe from Jones and Tye (2006) and
sources therein; these data include both primary and secondary
forest. For Annobón, we made an overlay of the island’s vegetation
map (Heras et al., 2002) and the land cover map of Equatorial
Guinea (Ministerio de Agricultura y Bosques, 2013) to assess the
percentage of native vegetation cover. To complement these
quantitative data on native vegetation cover per island, we did a
more in-depth qualitative assessment of the biodiversity changes
during human contact (Table A.3), including the vegetation cover
around the time of first human colonization as a reference point
(Braje et al., 2017; Nogué et al., 2017) as well as the current
biodiversity status of each archipelago.

2.3. Statistical analyses

We used native vegetation cover as the response variable and
evaluated the relative importance of seven environmental and
societal variables: terrain ruggedness, island area, maximum
elevation, mean annual temperature, mean annual precipitation,
human landscape modification, and population density. We first
calculated the variance inflation factors (VIF) to assess collinearity
among predictor variables, including only variables with VIF < 3
(Zuur et al., 2010). To understand how islands are clustered in
terms of environmental and societal variables in relation to the
response variable native vegetation cover, we did a partial least
squares regression analysis (Frank and Friedman, 1993; Hastie
et al., 2009). This method combines the principles of a principal
component analysis and multiple linear regression to decompose
the matrix of several predictor variables into components, or latent
variables, which predict the response variable. The latent variables
are formed such that these explain the maximum amount of
variance in the response variable. We used the kernel algorithm
(Dayal and Macgregor, 1997) to fit the model. A permutation
approach was used to select the appropriate number of compo-
nents in the model (Hastie et al., 2009). We carried out the partial
least squares regression analysis using functions from the R-
package pls (Mevik and Wehrens, 2007). To assess whether islands
are clustered by archipelago in terms of environmental and societal
variables (regardless of native vegetation cover), we plotted the
results of a principal component analysis. Finally, to identify the
most important environmental and societal variables that
contributed to the response variable native vegetation cover, we
did a multiple linear regression analysis using all seven predictor
variables (the ‘full model’). As a complementary approach to fitting
the full model, we also followed a model averaging approach. All
statistical analyses were performed within the R statistical
programming environment (version 3.5.3) (R Core Team, 2019).

2.4. Historic socioeconomic trends at the archipelago-level

The quantitative societal variables which we used in our
statistical analyses represent modern conditions and can aid in
discerning spatial patterns across islands. However, societal
conditions on individual islands and archipelagos may have
changed irregularly over time. For example, population density
on some archipelagos during past periods may have been higher
than today. Therefore, we compiled demographic data for each
archipelago to explore historical fluctuations in population density
(see Table A.1 for sources). Similarly, modern patterns of landscape
modification are the ultimate outcome of historical human-
environment interactions. To understand the historical context
of the archipelagos, we made a qualitative reconstruction of past
socioeconomic trends based on information from historical
descriptions and academic articles. We placed emphasis on 1)
the economic importance of agricultural production for local
consumption within the archipelago, relative to 2) the export and
trade of food crops, commodities, and slaves. For each archipelago
this resulted in a summary of the main socioeconomic develop-
ments per century (see Tables A.4-A.8 in the appendix). To
facilitate a comparison across archipelagos, we made a visualiza-
tion of the main historical socioeconomic trends in each of them.
We did this by scoring the relative importance of both categories
on a scale ranging from ‘low’ to ‘high’. A century was divided in four
sections of 25 years, and a score was assigned to the closest interval
(e.g. if historical descriptions indicate a peak around the year 1506,
we assigned a score between 1500 and 1525). These importance
scores were subsequently plotted over time with a smooth line
connecting the points. We added icons to the timeline to indicate
major crops or activities (e.g. a peak in sugar cane production).
These visualizations were made to gain insight in differences
across archipelagos regarding the timing and direction of historical
socioeconomic developments, not for a quantitative comparison in
terms of the magnitude of events.

3. Results

The first and second axes of the partial least squares regression
analysis explain nearly 70% of the variation in native vegetation
cover, of which more than 60% by the first axis alone, which is
mainly correlated with terrain ruggedness and elevation (Fig. 2).
This suggests that native vegetation cover is more influenced by
topographic conditions of individual islands than by societal and
climatic variables. In addition, islands within an archipelago did
not seem to be strongly clustered. A principal component analysis
of socio-environmental variables (without native vegetation cover)
confirms this pattern: islands within the same archipelago are not
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strongly clustered along the first and second axes (Fig. A.2), but
show some grouping along the third axis, mainly related to
climatic differences (Fig. A.3).

The variance inflation factors of each of the seven topographic,
climatic, and societal variables in the full model were below 3
(Table A.9), suggesting that collinearity did not strongly affect the
model. The regression analysis shows that terrain ruggedness
(Fig. 3a) explains over 45% of the variance in native vegetation
cover across the 30 Eastern Atlantic islands. In addition to terrain
ruggedness, maximum elevation and degree of landscape modifi-
cation also play a role. Island area and temperature also explained
some of the variance, while the effect of population density and
precipitation was negligible. The partial response of native
vegetation cover to ruggedness, while controlling for the effect
of other variables in the full model, highlights the importance of
this key explanatory variable (Fig. 3b). We ran additional analyses
for a second dataset in which for the Azores we only considered
native forest as native vegetation. While individual parameter
values changed, the overall trends remained the same (Fig. A.4).
Finally, model averaging yielded comparable results to those of
fitting the full model (Fig. A.5).

In our statistical analyses, societal variables appear to be of
lesser importance than topographic variables in shaping native
vegetation cover. While human landscape modification had some
influence, population density had a negligible effect. However,
modern population density is not representative of the entire
period since initial human settlement. While in some archipelagos
human population density grew steadily, others witnessed steep
fluctuations (Fig. 4a). For most of the last five centuries population
density of the Azores was higher than in the Canary Islands and
Gulf of Guinea Islands, but this was reversed halfway through the
20th century. In the Azores and Madeira population density is
currently below its peak in the 20th century. In addition to these
demographic changes we also find strong differences across
archipelagos regarding their historical socioeconomic develop-
ments (Tables A.4-A.8; Fig. 4b–f). For example, sugar cane has been
introduced to islands of all five archipelagos, but the extent to
which the crop affected the local economy and environment
differed. Sugar cane production was produced at a large scale
especially in Madeira and later in the Gulf of Guinea Islands (Fig. 4c,
Fig. 3. The effect of environmental and societal variables on native vegetation cover ac
regression model consisting of seven topographic, climatic and societal variables (‘full mo
the full model to the explained variance in native vegetation cover. The full model could ex
Partial residual plot showing the relationship between ruggedness and the partial resp
f; Tables A.5 and A.8). When the importance of sugar production
dwindled in these archipelagos, the sugar cane commodity frontier
moved away from the Eastern Atlantic to other parts of the world
such as the Caribbean and Latin America (Galloway, 1989).
Subsequently, the economies of Madeira and the Gulf of Guinea
switched to other forms of income but kept their focus on exports;
such as wine in Madeira and slaves, coffee and cocoa in the Gulf of
Guinea. The socioeconomic histories of Madeira and the Gulf of
Guinea contrast with that of the Azores, and to a lesser extent also
that of the Canary Islands (Fig. 4b,d; Tables A.4 and A.6), which
likely retained a larger degree of food self-sufficiency. On Cape
Verde, crop cultivation was of little importance and its economy
was centred on activities that were less bound to the land, such as
salt export, and commercial exchanges, being an important
entrepôt for ship fuelling and for the slave trade (Fig. 4e; Table A.7).

4. Discussion

4.1. Island ruggedness, land use decisions and native vegetation

Results of the statistical analysis indicate that terrain rugged-
ness plays a key role in shaping native vegetation cover. A possible
explanation for this observed relationship is that on rugged islands,
people actively cleared native vegetation and implemented
agriculture mostly in the more accessible – less rugged – areas.
The fact that ruggedness holds an inverse relationship with human
landscape modification lends further support to this interpretation
(Fig. 2; Fig. A.6). The results are in line with Sandel and Svenning
(2013) who found that topographic slope over broad spatial scales
(500 m – 32 km resolution) drives human impact on tree cover
globally. While ruggedness and slope represent different aspects of
a landscape, topographic variables are often strongly correlated
(Amatulli et al., 2018), and therefore suggest that topography is an
important determinant of vegetation cover across spatial scales. A
rugged landscape might help to conserve areas of native vegetation
cover by limiting their accessibility, a phenomenon known as de
facto conservation (Joppa et al., 2008). In addition, rugged areas
likely have shallower soils, which could affect agricultural
suitability. A more rugged landscape not only prevents land use
change and deforestation, other studies suggest that it could also
ross 30 Eastern Atlantic Islands. Results were obtained by fitting a multiple linear
del’), using native vegetation cover as a response. a) Contribution of each predictor in
plain 71.3% (R2) of the variance, 45.3 % of which is explained by ruggedness alone. b)
onse of native vegetation cover in the full model.].



Fig. 4. Historical demographic and socioeconomic changes in the Eastern Atlantic archipelagos (ordered from North to South). a) Changes in population density per
archipelago. Population density was estimated from the sources in Table A.1; those years for which no census data were available were interpolated. b–f) Visualization of
changes in export and trade, and in agricultural production for local consumption for each archipelago. The X-axes indicate the years (CE), while the Y-axes show the relative
economic importance of agricultural production for local consumption, and of export and trade of food crops, commodities, and slaves. The visualizations are based on the
historical descriptions in Tables A.4-A.8. The icons illustrate crops and events of major importance. Black arrows indicate years of first human settlement (Tables A.4-A.8), grey
arrows indicate other colonization events: possible earlier settlement year in the Azores (Rull et al., 2017) and start of the Castilian conquest in the Canary Islands.
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affect other biodiversity aspects, such as extinction rates and the
spread of introduced species (Borges et al., 2006; Duncan et al.,
2013; Jardim and Menezes de Sequeira, 2008; Steadman, 1995;
Steadman and Martin, 2003). Therefore, to ensure the conservation
of island biodiversity and native habitats, regional conservation
policies should prioritize biodiversity hotspots in accessible
locations. Furthermore, because islands are leading loci of the
global sixth mass extinction (Barnosky et al., 2011; Kier et al.,
2009), they deserve strong international support while develop-
ing, implementing, and monitoring such conservation policies.

4.2. Human impacts and population density in the past

While some studies have used human population density to
predict future global biodiversity changes (McKee et al., 2004) and
suggested it is an important factor in guiding global conservation
efforts (Ceballos et al., 2017; Cincotta et al., 2000; Tilman et al.,
2017), others have cautioned about placing too much emphasis on
population density as a driver of land cover change (Geist and
Lambin, 2006; Lambin et al., 2001). On islands, the relationship
between population density and native vegetation could be
expected to be particularly strong, since they are clearly con-
strained by physical boundaries. In contrast to this expectation, we
find that human density on the 30 Eastern Atlantic Islands was a
poor predictor of the amount of native vegetation remaining on
those islands. One explanation for this discrepancy is that the link
between human population density and biodiversity change at
local and regional scales might be less straightforward than at the
global scale as environmental impacts can be exported offshore. In
addition, we used modern population density as predictor in our
statistical models, while much of the transformation of island
ecosystems has already happened in the past when population
density of an island and local resource use were arguably more
closely intertwined (Norder et al., 2017). On Hawaii, for example,
rapid historical population growth was closely linked with
agricultural intensification in the past (Kirch, 2007). Native
vegetation cover on islands in the Eastern Atlantic might therefore
better reflect past demographic fluctuations, rather than modern
population density. For example, modern population density of the
Canary Islands and Gulf of Guinea exceeds that of the Azores, while
for most of the previous five centuries this pattern was the
opposite.

Similar to historical changes in demography, modern patterns
of landscape modification also deviate from those in the past. We
did not incorporate any measure of past landscape modification as
potential predictor in our statistical models. Because historical
land use has strong legacies on present-day biodiversity patterns
(Foster et al., 2003), for future studies it would be relevant to
include historical land use data as well. However, while an existing
spatially explicit database of historical land use (Klein Goldewijk
et al., 2011) could allow for such analyses on a global scale, its
resolution is currently too coarse for many islands. With the
development of global databases at finer resolutions such analyses
might become increasingly feasible. Another approach for future
comparative studies like ours could be to include categorical
variables that classify the history of an island. For example,
regarding subsistence strategies (Rick et al., 2013), or if an island
was later colonized by Europeans, the type of colony that was
established (Lightfoot et al., 2013). However, while such an
approach could help discerning patterns across islands, it ‘flattens’
history; there seems to be a trade-off between historical depth and
geographical generalizability. While mixed-method approaches
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that integrate qualitative written historical evidence with quanti-
tative statistical approaches (Haldon et al., 2018), could enhance
our understanding of human-environment interactions across
spatial and temporal scales, such integration should not necessar-
ily be achieved in a single study. In this study, we compared islands
in terms of modern socio-environmental variables and used
historical reconstructions to contextualize statistical findings.
Future studies could explore the extent to which historical
socioeconomic developments match the timing of environmental
changes stored in pollen diagrams or charcoal records (de
Nascimento et al., 2009; Gosling et al., 2017; Nogué et al., 2017).

4.3. Local human-environment interactions in the anthropocene

The loss of native habitat is just one aspect of the ecological
changes in the Eastern Atlantic Islands following human coloniza-
tion. The islands have further been transformed due to the
introduction of exotic species, extinction of natives and endemics,
and abiotic changes, such as soil erosion (Table A.3). The Eastern
Atlantic Islands are not unique in this regard, other islands
worldwide have been transformed by human activities in similar
ways (Boivin et al., 2016; Braje et al., 2017; Graham et al., 2017; Rick
et al., 2013). In the Eastern Atlantic Islands, the ecological
outcomes of human activities appear to be strongly influenced
by the local environmental context, with island topography
playing a major role. Similar findings have been reported for
other islands worldwide. In the Caribbean, for example, prehistoric
people transformed island environments, but also adapted to them
(Fitzpatrick and Keegan, 2007). In the Pacific, deforestation was
found to be the outcome of environmental drivers as well as
cultural responses shaped by environmental constraints (Atkinson
et al., 2016). In many places around the world, including many
islands, people have altered their surroundings for hundreds to
thousands of years (Stephens et al., 2019). These local changes have
accumulated and are now driving changes at a planetary scale. The
recognition that human activities have become key drivers of
global change in ecosystems and environments is key to the
proposed “Anthropocene” epoch (Crutzen and Stoermer, 2000;
Steffen et al., 2007). Anthropocene narratives tend to present
humanity as the single driving force of global change, with nature
as a passive receiver, while neglecting the preceding local-and
regional scale interactions between societies and environments
(Braje, 2015; Braje and Erlandson, 2013b; Rick et al., 2013). In the
Eastern Atlantic islands, human impacts are shaped by and
situated within environmental contexts. This underscores that
although human impacts have become a major force in planetary
change, the Anthropocene is not only the product of anthropogenic
drivers, but is co-produced by many local societies and environ-
ments.

5. Conclusions

This study sought to understand the extent to which
environmental and societal drivers explain differences in pres-
ent-day native vegetation cover across islands in the Eastern
Atlantic. Two main conclusions emerged. First, results of the
statistical analyses indicate that environmental variables explain a
large part of the variance in native vegetation cover across islands.
Of all variables considered, terrain ruggedness was the predomi-
nant driver of native vegetation cover, which suggests that
topography influences human decisions about land conversion.
Second, although all Eastern Atlantic islands have been strongly
transformed by human activities, differences between islands
regarding native vegetation cover were weakly explained by
modern societal variables such as human population density.
However, these modern societal variables might not accurately
represent past developments, as indicated by the qualitative
reconstructions of past socioeconomic trends. Therefore, modern
biodiversity patterns on islands should be viewed in the context of
how human-environment interactions that have evolved over the
last centuries to millennia. While in the recent literature much
emphasis has been placed on global modelling approaches and on
the analysis of iconic cases, studies that compare human-
environment interactions across different locations might be
particularly suitable for exploring potential pathways towards
sustainable futures in the Anthropocene.
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