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Perspectives and progress of ecology and conservation 
science in the Azores: the possible contribution of 

Artificial Intelligence 
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Abstract. There is an urgent need of new methodologies in ecological and con-
servation science to deal with increasingly complex problems. We introduce 
four emerging research areas in ecology in which Artificial Intelligence may be 
explored as a tool to tackle unsolved issues in island ecosystems: (1) modeling 
abundance of plant and animal species in space and time; (2) modeling spread 
of invasive species; (3) estimating species richness based on incomplete sam-
pling and (4) modeling speciation and diversification in insular habitats. 

Keywords: Abundance, Distribution, Species Richness, Speciation, Modeling. 

1 Introduction 

Oceanic islands have long been of special scientific interest, especially in respect 
to the geological mechanisms of formation and development, the means of biotic 
colonization, the development of unique biotas and ecosystems, and more recently, 
due to the extensive loss of endemic species [1]. In the Azores, several pressing issues 
in the conservation of native ecosystems need to be highlighted, namely the impact of 
land-use changes and the spread of invasive species in all habitats, including native 
forests [2,3]. The artificial intelligence field has seen tremendous advances during the 
latter years, up to a point where computers are able to partly substitute humans in 
creating and performing experiments, the so called "automation of science" [4]. Here 
we introduce four emerging research areas in ecology and conservation biology and 
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suggest the potential of Artificial Intelligence as a tool to tackle unsolved issues in the 
field of island ecology and evolution. 

2 Modeling the abundance of plant and animal species in space 
and time 

Species spatial distribution and abundances are key variables in ecological and 
conservation sciences [5]. Predicting population and species distributions and abun-
dances across their ranges and over time is of great value for conservation and man-
agement purposes, in order to assess the impact of global changes on biodiversity. 
Distribution data is usually available for many species, but the same is not true for 
abundance data. In fact, particularly for arthropods, there are many logistical difficul-
ties for obtaining abundance data in many locations.  

It would be particularly advantageous if the relationship between local probability 
of occurrence of a species and its abundance were universal. In the Azores we have 
already tested this hypothesis, evaluating the degree to which environmental suitabil-
ity assessed with presence/absence models accounts for abundance estimates [6]. 
Presence/absence data were modelled using artificial neural networks (ANN), a ma-
chine-learning method able to deal with non-linear relationships between the depend-
ent variable and the predictors, therefore accounting for complex data. The results 
obtained so far were not particularly successful (see [6]), but other solutions based on 
Artificial Intelligence methodologies are yet to be explored. 

3 Modeling the spread of invasive species 

Scientists dealing with biological invasions have not been able to effectively per-
suade society at large nor the political power of the seriousness of the risks associated 
with biodiversity loss, namely when compared with other environmental risks, such 
as, climate change. For the Azores the data clearly shows that the widespread and 
continuous vegetation changes of the last 600 years, through the intensification of 
land-use management and species introductions, surpasses the effects of past Pleisto-
cene climatic fluctuations [7]. Habitat loss and exotic invasive species are probably 
the main drivers of biodiversity decline in islands, including the Azores [2].  

The artificial intelligence algorithm Genetic Algorithm for Rule-set Prediction 
(GARP) may be used to model the ecological niche of invasive plant species in the 
archipelago (e.g. Hedychium spp.). Using both distribution and environmental data we 
aim to predict distribution of Hedychium, which will improve the management of 
Hedychium dominated habitats for the benefit of Azorean native biodiversity. 

The study of distribution patterns of insect pests, like urban termites, is also of high 
relevance for the Azores. One possibility will be to model the spread of several 
Azorean termite pests in the main towns, using an agent based modeling approach 
(see [8]). 
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4 Estimate species richness based on incomplete sampling 

To know how many species live in any particular place at a given time is an over-
whelming task. From scales as small as a single tree, which can house thousands of 
species, to the entire planet, which is home to millions [9], it is impossible to count 
every single taxon from bacteria to mammals. Thus, one key question in many studies 
is how to estimate species richness from incomplete samples?  

Different approaches have been used to accomplish such goal, including species-
area curves, species accumulation curves, parametric distributions of abundances and 
non-parametric estimators [10]. However, the proposed options are far from being 
optimal for most datasets. New ways of estimating species richness are in urgent 
needed. Genetic programming, given adequate data, may provide an answer to this 
challenge. Current algorithms are in fact non-linear and often rather complex equa-
tions, obtained through theoretical reasoning. One possibility is to "distill" free-form 
formulas from complete, or close to complete, datasets including a range of taxa, area 
sizes and sampling methods in order to find candidate algorithms that are simultane-
ously efficient, not overly complicated, parsimonious and free from any assumptions. 

5 Modeling speciation and diversification in insular habitats 

A General Dynamic Model (GDM) of Oceanic Island Biogeography [11] has been 
recently proposed, which aims to unify ecological and evolutionary biogeography. 
The GDM is based on three main premises. The first two largely derive from MacAr-
thur & Wilson’s theory [12], and include both (1) their immigration/speciation–
extinction dynamics, and (2) the argument that speciation and diversification on is-
lands are "encouraged" by the ecological opportunity expressed by the concept of 
‘empty niche space’, intertwined with the geographical opportunity provided by isola-
tion. The final premise recognizes that (3) oceanic islands have a typical developmen-
tal life cycle from youth, to maturity, to old age and eventual loss; this cycle plays 
itself out at a temporal scale resonant with and strongly influencing the evolutionary 
dynamics of oceanic island archipelagos and basins. We are currently carrying out 
numerical simulations in order to determine how, in a geologically evolving island, 
the species richness, the proportion of endemic species and the species abundance 
distribution change in time. We will then compare our results with the GDM qualita-
tive predictions. However, these simulations are at the same time very simplistic, in 
the way key ingredients such as speciation are included, but require a significant 
amount of computing time. The future will tell whether progress towards more realis-
tic models requires completely new tools or importing methodologies from other 
fields such as Artificial Intelligence. 
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