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“How could I look my grandchildren
in the eye and say I knew what was
happening to the world and I did nothing?”

Sir David Attenborough

A presente dissertagdo encontra-se escrita

de acordo com a anterior ortografia.
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RESUMO

“Influéncia de albufeiras e charcos na actividade e diversidade

7

de morcegos em paisagens mediterrénicas

A paisagem mediterranica apresenta uma elevada biodiversidade de morcegos. No entanto,
a aceleracdo do aquecimento global e maior frequéncia de secas podem reduzir a disponibilidade
hidrica e de presas. A actividade de morcegos foi amostrada em 16 massas de dgua, entre Maio e
Setembro de 2011 e 2012. Entre 4270 passagens foram identificadas doze espécies, sendo o género
Pipistrellus o mais representado (66,6%). A actividade de morcegos foi superior junto aos corpos de
agua, aumentando significativamente em 2012, um ano muito seco, especialmente no Verdo. A area
dos corpos de agua foi a caracteristica mais importante na explicacdo dos padrdes de actividade,
mostrando uma associagdo positiva. Maiores dreas florestais na vizinhanga contribuiram para o
aumento da actividade destes mamiferos. O aumento dos requisitos da dgua dos morcegos nas
condicbes climaticas severas previstas suportam a elevada necessidade de preservacdo destas

paisagens, dominadas por mosaicos de carvalhos e corpos de dgua dispersos.

Palavras-chave: morcegos, corpos de dgua, montado, paisagem mediterranica, seca, aquecimento

global.



ABSTRACT

“Influence of lakes and ponds in the activity and diversity
of bats in Mediterranean landscapes”

The Mediterranean landscape has a high bat diversity. However, as a result of the
acceleration of global warming and consequent increasing summer dryness may reduce water and
prey availability. Between May and September of 2011 and 2012 we surveyed bat activity near 16
water bodies. Of a total of 4270 bat passes twelve species were recorded, with Pipistrellus genus the
most represented (66,6%). Bat activity was higher near ponds, increasing significantly in 2012, an
extremely dry year, especially in summer. Water bodies’ area was the most important feature in the
explication of bat activity pattern, showing a positive association. Larger forest areas (montado) next
to the ponds also had a significant contribution to higher bat activity. The increase of water
requirements for bats in the predicted harsh climatic conditions supports the urgent need of

preservation of this landscape, dominated by oak-woodland and several scattered water bodies.

Key words: bats, water bodies, montado, Mediterranean landscape, drought, global warming.



Introdugdo

Embora sejamos apenas uma entre as cerca de 1,9 milhdes de espécies vivas descritas,
somos a que tem maior impacto no planeta. Apesar da extingdo ser um processo natural da
evolucdo, ha cerca de 50.000 anos o ser humano comecou a ser o responsdvel pelo desaparecimento
de vertebrados e esta taxa de ocorréncia tem vindo a aumentar (Burnie et al., 2007; Pough et al.,
2008; Samper in DK Publishing, 2010). O facto de que os perigos, de origem humana, encontrados
pelas varias espécies, tém aumentado é bastante visivel a partir do século XVI, com o comeco da
recolha e colec¢do de espécimes, bem como com a exploragdao do mar e a introduc¢do, acidental ou

deliberada, de espécies exdticas (Burnie et al., 2007).

Mais recentemente pode verificar-se que o crescimento das populagdes humanas (7 bilides
de individuos, actualmente; o dobro da populagdo de ha 50 anos), assim como a sua distribuicdo
global, tém provocado altera¢Ges no planeta, devido aos avangos na tecnologia, os quais, poder-se-3a
dizer, comegaram ha 2,5 milhdes de anos com as ferramentas liticas (Pough et al., 2008; Ehrlich,
2010). Uma destas alteracdes é a aceleracdo do aquecimento global, através da libertacdo dos gases
de efeito de estufa para a atmosfera, essencialmente diéxido de carbono e metano. Este processo
interfere com a entrada de energia solar através da atmosfera e com a temperatura em todo o
planeta: nos oceanos, na terra e no ar. Esta alteracdo prejudica as espécies adaptadas a
determinados ambientes, ndo se conseguindo readaptar num tdo curto espaco de tempo (Burnie et

al., 2007; DK Publishing, 2010; Lovejoy, 2010).

As alteragdes climaticas e a deterioracdo dos habitats estdo actualmente a ocorrer a uma
escala sem precedentes (Jones et al., 2009). Vdrios estudos tém-se focado nos efeitos destas
alteragdes nas populagdes de fauna selvagem (Adams & Hayes, 2008; Frick et al., 2010b). Segundo as
pesquisas de Walther et al. (2002), nos ultimos 30 anos do séc. XX, as variagdes climaticas tém vindo
a modificar a fenologia dos organismos, a biogeografia das espécies e a composicdo e dindamica das
comunidades. Como tal, combinadas com a destruicdo de habitat e a degradacdo de outros recursos

ambientais, estas mudangas aumentam a ameaca a biodiversidade (Walther et al., 2002).

Modelos de alteragdes climaticas prevéem que os gases de efeito de estufa resultem num
aumento da frequéncia, intensidade e duracdo de ondas de calor, bem como na maior incidéncia de
secas no futuro (Meehl & Tebaldi, 2004; Schar et al., 2004). Através de um estudo incidente nos
impactos das alterac¢des climaticas globais, das populagbes, da producdo eléctrica e da eficiéncia no
uso da agua, verifica-se que, até a década de 50 do século XXI, e dependendo do cendrio e modelo

climdtico projectado, o stresse hidrico poderd atingir mais de 62% da totalidade das bacias
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hidrograficas. Este agravamento terd como principal causa o uso doméstico de dgua, bem como os
sectores agricola e industrial. O mesmo estudo indica ainda que uma area muito menor poderia ser
sujeita a uma diminuicdo deste stresse, o que apenas ocorreria devido ao aumento da precipitacao

anual causada pelas altera¢ées climatica (Alcamo et al., 2007).

Como tal, esta aceleracdo do aquecimento global, aliada a um clima mediterranico,
caracterizado por apresentar um periodo prolongado bastante seco, durante o Verdo (Blondel &
Aronson, 2004), faz com que a dgua se torne um recurso escasso, constituindo, assim, um factor
limitante para o uso do espago de muitos grupos faunisticos, em particular dos morcegos (Rainho,
2007; Rainho & Palmeirim, 2011; Sherwin et al., 2012). Dado que em muitos casos a proximidade a
uma fonte de dgua aumenta o uso do habitat na sua envolvéncia (Rainho & Palmeirim, 2011), muitas
espécies dependem de recursos hidricos permanentes préximos dos abrigos, o que faz com que as
alteragdes climaticas possam ter consequéncias graves, devido a falta de adaptabilidade a ambientes

com stresse hidrico (Adams & Hayes, 2008).

Uma vez que a aerosfera influencia o movimento sazonal e diario dos organismos, estas
mudancas nas condi¢cdes atmosféricas, como o vento, a temperatura, a precipitacdo e a densidade
do ar, influenciam mais visivelmente aqueles que a utilizam rotineiramente, como os morcegos. A
aerosfera pode influenciar, assim, as fungdes comportamental, sensorial, metabdlica e respiratodria
(Kunz et al., 2008). Segundo Burles et al. (2009), a sobrevivéncia e o sucesso reprodutivo dos
morcegos insectivoros sdao, com frequéncia, influenciados negativamente por condi¢cdes temporais
adversas. Para além disto, a dinamica das populacdes de morcegos da regido temperada pode ser
afectada negativamente por Verdes secos associados as altera¢des climaticas globais (Frick et al.,
2010b). Isto porque, apesar de utilizarem varios habitats para procurar alimento, os locais com dgua
sdo normalmente os mais procurados por estes mamiferos. Como tal, os habitats ripicolas, barragens
ou charcas rodeados por florestas autéctones proporcionam areas importantes de alimentagdo na
época estival (Verboom et al., 1999; Russo & Jones, 2003; Rainho, 2007; Rebelo & Rainho, 2008).
Zonas com elevada actividade agricola, mesmo que com a presenga de dgua, ndo sdo tdo usadas,
uma vez que o uso de pesticidas e fertilizantes alteram a qualidade da dgua e diminuem a
disponibilidade de insectos (principal fonte de alimento dos morcegos em Portugal) (Rainho, 2007).
Dada a importancia ecolégica destes predadores e polinizadores, e sendo eles sensiveis a
acumulag¢Ges de pesticidas e outras toxinas, as alteragdes nestas populac¢des influenciam também as
guildas troéficas inferiores (Jones et al., 2009; Boyles et al., 2011), reflectindo-se nas comunidades de
insectos dos quais se alimentam e das plantas que estes polinizam (Jones et al., 2009). Como tal,

como a abundancia de insectos é influenciada pelas condi¢Bes climaticas, a alteracdo destas
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determina também a actividade dos morcegos (Burles et al., 2009; Wang et al., 2010). A procura de
alimento pode ser influenciada por estas alteracdes em ambientes susceptiveis de sofrer stresse
hidrico e/ou de se tratar de espécies dependentes espacial e temporalmente de alimentos em risco

(Sherwin et al., 2012).

Considera-se que os morcegos tém enorme potencial enquanto bioindicadores das varia¢des
climaticas, uma vez que se distribuem largamente pelo globo, apresentam estabilidade taxondmica e
as tendéncias das populagGes, a curto e longo termo, podem ser monitorizadas (Jones et al., 2009).
Inclusivamente, a abundancia de morcegos em abrigos subterraneos na Europa tem sido considerada
um indicador destas alteracdes, uma vez que a temperatura e humidade sdo factores importantes
para controlar a hibernacdo (Newson et al., 2008), evidenciando, assim, que a existéncia de
alteragdes climaticas tem impactos também em aspectos da ecologia destas espécies (Sherwin et al.,
2012). Outros estudos indicam que pode ser possivel detectar alteracdes climaticas a partir de
alteragdes na distribuicdo de morcegos migratdrios capazes de percorrer grandes distancias (Lundy
et al., 2010). Portanto, a nivel da biogeografia as alteracdes climaticas podem afectar espécies de
morcegos de latitudes e altitudes elevadas, com movimentos sazonais ou limitados e espécies
restritas a uma pequena extensao (Sherwin et al., 2012). De acordo com os grupos biogeograficos, a

distribuicdo dos morcegos pode diminuir ou variar (Rebelo et al., 2010).

A taxa de evaporacgdo hidrica é superior nos morcegos do que em outros mamiferos de
tamanho semelhante, devido a relacdo entre a elevada area de superficie corporal e o volume, bem
como a existéncia de membranas de véo desprovidas de pélos (Webb et al. 1995). Assim, para além
da temperatura ambiente influenciar por si sé a temperatura corporal minima (Chruszcz & Barclay,
2002) e a biogeografia, influencia os morcegos também noutros aspectos, de acordo com os
requisitos das espécies, como o acesso ao alimento, o momento da hiberna¢do, a reproducgdo e
desenvolvimento, a frequéncia e duracdo de entorpecimento e a taxa de gasto energético (Sherwin

etal., 2012).

E também visivel a existéncia de um risco associado entre as altera¢des climaticas e a
reproducdo de morcegos, podendo ocorrer uma alteragdo no momento do parto, resultante da
alteracdo da disponibilidade alimentar e hidrica, para além de se considerar que os climas mais
quentes favorecam o numero de fémeas reprodutivas (Adams & Hayes, 2008; Barclay, 2012; Sherwin
et al, 2012). Embora temperaturas quentes possam beneficiar morcegos, aumentando a
disponibilidade de alimento, antecipando o parto, acelerando o desenvolvimento dos juvenis e
aumentando a distribuicdo, pode também causar uma mortalidade significativa através da

interrupc¢do da hibernacgao, difusdo de doencas e, como ja foi referido, ocorréncias adversas (tempo
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extremo) e reducdo da disponibilidade hidrica em ambientes aridos. Se a disponibilidade alimentar
ndao aumentar, com as elevadas temperaturas a estimular um aumento de actividade no inverno, as
reservas energéticas podem ser gastas antes do periodo de maior abundancia de presas, a Primavera

e o Verdo (Sherwin et al., 2012).

Apesar de se saber hoje o papel ecolégico importante que os morcegos desempenham, estes
mamiferos foram perseguidos durante séculos por se considerarem vampiros, transportadores de
doencas e pragas de plantagdes (Hooi et al., 1996). Na realidade, os morcegos tém um enorme
impacto nos seus ecossistemas, uma vez que contribuem para a regulacdo da quantidade de insectos
existentes, prevenindo a ocorréncia de pragas ou diminuindo vectores de doencgas (Cleveland et al.,
2006; Federico et al., 2008; ICNB, 2008). Cada animal pode consumir, por noite, mais de metade do
seu peso em insectos. Como tal, é de salientar a importancia cientifica, ecolégica e econdmica destes
animais (ICNB, 2008). Segundo alguns estudos, os morcegos englobam-se no grupo dos animais ndo
domésticos mais importantes a nivel econédmico, sendo portanto reforcada a necessidade de atenuar
os impactos nas populagdes para a integridade dos ecossistemas e as economias internacionais

(Cleveland et al., 2006; Federico et al., 2008; Boyles et al., 2011).

Apesar dos morcegos da regido mediterranica aparentarem ser mais tolerantes a aumentos
de temperatura, prevé-se a possibilidade de varias extingdes e declinios. Entre os mamiferos que
ocorrem na Peninsula Ibérica, os morcegos sdo o grupo mais ameacado (Mathias et al., 1998). Das 27
espécies presentes em Portugal (25 em territdrio continental), 9 encontram-se com um estatuto de

ameaca (Criticamente em Perigo, Em Perigo ou Vulneravel) (ICNB, 2008).

Apesar da proteccdo legal de todas as espécies de morcegos (Directiva Habitats, Convengao
de Berna, Convencgdo de Bona e Acordo sobre a Conservacao das PopulacGes de Morcegos Europeus
— EUROBATS) e dos seus abrigos (Convencdo de Berna e Directiva Habitats), verifica-se um declinio
generalizado das popula¢Ges nas ultimas décadas, especialmente na Europa (ICNB, 2008). Este
declinio relaciona-se com a destruicdo e/ou perturbacdo de abrigos e habitats, a utilizacdo de
pesticidas, a intensificacdo agricola, a caca, o desaparecimento de biétopos de alimentacdo, a colisdo
com aerogeradores, as lesGes fatais devido as elevadas diferencas de pressdo proximo dos
aerogeradores, o atropelamento, a doenca e a deterioracdo da qualidade da agua (Mickleburgh et
al., 2002; Horn et al, 2008; ICNB, 2008; Jones et al., 2009; Frick et al, 2010a). Para além destes
factores as alteragGes climaticas estdo entre as condicdes relacionadas com alteragdes no nimero e
actividade de morcegos, como secas extremas, calor, frio e precipitacado, ciclones e aumento do nivel

do mar (Jones et al., 2009).
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Esta situacdo agrava-se com a dificuldade de recuperacdo do efectivo populacional apds
estes declinios. A maturidade sexual é tardia em algumas espécies e o nimero de crias anual é baixo
(frequentemente apenas uma cria por ano). Esta baixa taxa reprodutiva aliada a sua sensibilidade ao
stresse ambiental ajuda ao declinio visivel nestas populacdes (Jones et al., 2009). Os hdabitos
nocturnos, a boa capacidade de voo e o abrigo, normalmente, em locais de dificil acesso, podem
traduzir-se em vantagens. No entanto, o comportamento colonial, como no caso dos morcegos
cavernicolas, torna-os particularmente vulneraveis a catastrofes naturais ou as intervencoes
humanas (Mathias et al., 1998). Estes factores de risco traduzem a vulnerabilidade destes mamiferos

as alterag@es climdticas, podendo agravar-se no futuro.

Tendo em conta o atrds exposto, torna-se relevante perceber quais os factores
potencialmente limitantes a presenca e actividade de morcegos, como seja a disponibilidade de

massas de dgua (Rainho, 2007).

Objectivos

O presente estudo visa determinar de que forma a disponibilidade hidrica influencia a
actividade e a diversidade dos morcegos, comparando um ano “tipico” com um ano de seca
severa/extrema, contribuindo, desta forma, para a conservacdo dos morcegos e dos seus habitats
em zonas Mediterranicas e avaliar de que forma a gestdo da disponibilidade hidrica pode ser
integrada neste objectivo. Os objectivos especificos sdo: a) comparar o efeito de periodos de seca
severa/extrema na actividade dos morcegos junto aos corpos de agua; b) quantificar o efeito da
distancia a agua no nivel de actividade e na riqueza especifica; c) determinar a influéncia das

caracteristicas dos corpos de dgua e paisagem envolvente no nivel de actividade.

Area de estudo

O presente estudo foi realizado no distrito de Evora, na regido do Alentejo
(38°34'15" N, 7°54' 34" W). O clima da regido é tipicamente mediterranico, com elevadas
amplitudes térmicas didrias e grandes diferencas entre periodos de chuva e de seca. A caracteristica

época quente e seca apresenta pouca precipitacdao e temperaturas médias mensais entre os 20 e os
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23°C. A época mais fria e chuvosa pode apresentar uma precipitacdo superior a 800mm e

temperaturas médias que podem alcangar os 10°C (IM, 2008).

A paisagem local é dominada por montado, sistema agro-silvo-pastoril tradicional
mediterranico que cria paisagens heterogéneas, favorecendo a existéncia de uma rica biodiversidade
(Costa et al., 1998; Pinto-Correia & Vos, 2004; Galantinho & Mira, 2008). Esta regido seca apresenta
ainda muitas massas de agua mantidas como bebedouros para o gado, ou para finalidades agricolas

e de pesca (Galantinho & Mira, 2008).

Foram selecionadas dezasseis massas de agua, aleatoriamente (uma albufeira e 15 charcos)
em dareas abertas (maioritariamente pastagens) e de montado (Figura 1). Dois dos charcos
seleccionados sdo adjacentes areas de agricultura intensiva. As massas de dgua selecionadas foram
agrupadas em trés categorias de acordo com a area: quatro pequenas (area menor que 0,30ha), sete

médias (entre 0,31ha e 2,50ha) e cinco grandes (mais de 2,51ha).

Legenda:

M Area social

B Area florestal
Area agricola
Buffers de 2000m das 16 massas de

dgua amostradas

M Area dos corpos de agua

Figura 1: Area de estudo, com as 16 massas de dgua amostradas e os respectivos buffers de 2000m.
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Artigo Cientifico

“Influence of lakes and ponds in the activity and diversity of bats in

Mediterranean landscapes”

Fernandes, I.; Mira, A.; Medinas, D.; Marques, J. T.

1. Abstract

The Mediterranean landscape has an high bat diversity. However, as a result of the
acceleration of global warming and consequent increasing summer dryness may reduce water and
prey availability. Between May and September of 2011 and 2012 we surveyed bat activity near 16
water bodies. Of a total of 4270 bat passes twelve species were recorded, with Pipistrellus genus the
most represented (66,6%). Bat activity was higher near ponds, increasing significantly in 2012, an
extremely dry year, especially in summer. Water bodies’ area was the most important feature in the
explication of bat activity pattern, showing a positive association. Larger forest areas (montado) next
to the ponds also had a significant contribution to higher bat activity. The increase of water
requirements for bats in the predicted harsh climatic conditions supports the urgent need of

preservation of this landscape, dominated by oak-woodland and several scattered water bodies.

Key words: bats, water bodies, montado, Mediterranean landscape, drought, global warming.

2. Introduction

It is quite visible that humans have contributed to increase the dangers to several species
since the sixteenth century (Burnie et al., 2007). The acceleration of global warming caused by
human population growth and distribution affects species adapted to particular environments
(Burnie et al., 2007; Pough et al., 2008; DK Publishing, 2010; Ehrlich, 2010; Lovejoy, 2010). Several
studies had focused on the effects of these changes on wildlife populations (e.g. Walther et al., 2002;
Adams & Hayes, 2008; Frick et al., 2010b). Models predict that the climate greenhouse gases result in

an increased incidence of dry in the future (Meehl & Tebaldi, 2004; Schar et al. 2004) and Alcamo et
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al. (2007) project that the water stress could rise more than 62% of the entire watershed, until the

50s of the twenty-first century.

Thus, this acceleration of global warming, combined with a Mediterranean climate with an
extended dry period during summer (Blondel & Aronson, 2004), turns the water a scarce resource
and a limiting factor for many wildlife groups (Rainho, 2007; Rainho & Palmeirim, 2011; Sherwin et
al., 2012). The proximity to a source of water increases the habitat use in its surroundings (Rainho &
Palmeirim, 2011), so climate change may have serious consequences to those species that rely on
permanent water near the shelters and suffer with a lack of adaptability to water stress

environments (Adams & Hayes, 2008).

Since aerosphere influences the daily and seasonal movement of the species, these changes
in atmospheric conditions such as wind, temperature, rainfall and air density, most noticeably affect
those who routinely uses them, like bats (Kunz et al., 2008). According to Burles et al. (2009), the
survival and reproductive success of insectivorous bats are often negatively impacted by climatic
adverse conditions. Nevertheless, the bats populations’ dynamics in the temperate region can be
adversely affected by dry summers associated with global climate change (Frick et al., 2010a), once
the places with water are usually the most sought by these mammals. Thus, riparian habitats, dams
or ponds surrounded by native forests provide important feeding areas during the summer
(Verboom et al., 1999; Russo & Jones, 2003; Rainho, 2007; Rebelo & Rainho, 2008). Since the use of
pesticides and fertilizers affects the water quality and decreases the availability of insects (major bats
food source in Portugal), areas with high agricultural activity are less used by them (Rainho, 2007).
Given the ecological importance of these predators and pollinators, and being they sensitive to the
accumulation of pesticides and other toxins, changes in these populations also influence lower
trophic guilds (Jones et al., 2009; Boyles et al., 2011). Thus, their presence is reflected in insects’

communities they feed and in the plants they pollinate (Jones et al. 2009).

It is considered that bats have enormous potential as bioindicators of climate change, since
they are distributed widely across the globe, presenting taxonomic stability and population trends
that can be monitored (Jones et al., 2009). According to biogeographical groups, bats distribution can

decrease or vary with this change (Rebelo et al., 2010).

The water evaporation rate is higher in bats than in other mammals of similar size due to the
relationship between higher body surface area and volume, as well as the existence of flight
membranes devoid of hair (Webb et al., 1995). External temperature influences the minimum body

temperature (Chruszcz & Barclay, 2002), biogeography and other aspects such as access to food,
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time of hibernation, reproduction and development, frequency and duration of torpor and the

energy expenditure rate (Sherwin et al., 2012).

For centuries bats were considered vampires, carriers of diseases and pests of crops,
although it is known today their important ecological role (Hooi et al., 1996). Bats play a tremendous
impact on its ecosystems, contributing to the insects’ amount regulation and preventing pest or
disease vectors (Cleveland et al. 2006; Federico et al. 2008; ICNB, 2008). Each animal may consume
more than half of its weight in insects per night. Therefore, it is important to accentuate the
scientific, ecological and economic importance of these animals (ICNB, 2008). According to some
studies, bats are included in the group of non-domestic animals most economically important and
thus should be reinforced the need to mitigate the impacts on populations to ecosystem integrity

and international economies (Cleveland et al., 2006; Federico et al., 2008; Boyles et al., 2011).

In spite of the bats in the Mediterranean region appear to be most tolerant to temperature
increases, it is anticipated the possibility of multiple extinctions and declines (Sherwin et al., 2012).
Bats are the most threatened group among the mammals occurring in the Iberian Peninsula (Mathias
et al., 1998). Of the 27 species present in Portugal (25 on the mainland), nine are with a status of
threat (Critically Endangered, Endangered or Vulnerable) (ICNB, 2008). Regardless of the legal
protection of all species of bats (Habitats Directive, Bern Convention, Bonn Convention and the
Agreement on the Conservation of Populations of European Bats — EUROBATS) and their shelters
(Bern Convention and Habitats Directive), it’s evident that there has been a general decline of

populations in recent decades, especially in Europe (ICNB, 2008).

Among other causes, bat’s decline is related to the destruction of shelters and habitats,
pesticide use, agricultural intensification and deterioration of water quality (Mickleburgh et al., 2002;
Horn et al., 2008; ICNB, 2008; Jones et al., 2009; Frick et al., 2010a). Also climate change affects the
number and activity of bats, through extreme drought, heat, cold and precipitation. The bat low
reproductive rate and its sensitivity to environmental stress, helps in the decline of the populations
to (Jones et al., 2009). In spite of the nocturnal habits, good flight capacity and shelter in normally
hard to reach places could be advantages, the colonial behaviour of some species makes them
particularly vulnerable to natural disasters or human interventions (Mathias et al., 1998). These risk
factors reflect the vulnerability of these mammals to the climate change, which may worsen in the

future (Sherwin et al., 2012).

In view of the above, it becomes important to understand which factors are potentially

limiting the bats activity, such as the availability of water bodies (Rainho, 2007). This question
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becomes even more relevant if it’s taken in consideration that the year 2012 was characterized by a
severe/extreme drought, it was the fifth driest year since 1931 with a rainfall lower by 42% from

January to September compared to 2011 (MAMAOT, 2013).

The main objectives are: a) compare the effect of periods of severe/extreme drought in bats
activity near the water bodies; b) quantify the effect of the distance to the water in bats activity and
species richness; c) determine the influence of the characteristics of water bodies and surrounding

landscape in the level of activity.

2. Methods

2.1. Study area

Fieldwork took place in Portugal, Alentejo region, in the district of Evora
(38°34' 15" N, 7° 54’ 34" W). The terrain is roughly plain only interrupted by a few low-altitude

mountains, like Serra de Monfurado (Costa et al., 1998), a Natura 2000 site (ICN, 2006c).

The climate of this region is typically Mediterranean, with large daily temperature variations
and differences between dry and rainy seasons. The characteristic hot and dry season occurs mainly
between June and October, with monthly average temperatures ranging from 20 to 23°C and low
rainfall. In the colder and wetter season monthly average temperatures ranges from 10 to 15°C and

rainfall can be higher than 800mm (IM, 2008).

Local landscape is dominated by montado, a traditional Mediterranean agro-forestry-
-pastoral system that creates heterogeneous landscapes. This system is a mixture of evergreen tree
stands of cork (Quercus suber) and holm (Q. rotundifolia) oaks dispersed, with non-intensive
agricultural, grassland and pasture areas, which favors the existence of high biodiversity (Costa et al.,
1998; Pinto-Correia & Vos, 2004; Galantinho & Mira, 2008). In this dry region there are many
scattered small dams and ponds maintained for cattle drinking, agricultural and fishing purposes

(Galantinho & Mira, 2008).

The 16 water bodies were selected randomly (one dam and 15 ponds) in montado and open
areas, mainly pastures (Figure 1). Two of the selected ponds had adjacent intensive agriculture areas:
one had an irrigated cornfield and the other a vineyard. The selected ponds were grouped in three
size categories: four small (area smaller than 0.30ha), seven of medium sized (from 0.31ha to 2.5ha)

and five large (more than 2.51ha) water bodies.

19



Legend:

M Social area

M Forest area
Agricultural area
2000m buffers of 16 ponds surveyed

B Water bodies’ area

0 10

Figure 1: Study area, with buffers of 2000m around water bodies surveyed.

2.2. Bat activity surveys

Bat activity was surveyed at each pond in one linear transect of 500m. Each transect was
perpendicular to the pond margin and consisted on 11 evenly spaced monitoring stations, one every
50m. At each station bat passes were recorded for 3 minutes using an ultrasound detector D500x
(Pettersson Elektronik AB). Bat activity monitoring was repeated three times at each pond between
May and September, in 2011 and 2012 (24 sampling nights in each year). This interval corresponds to
the highest annual peak of bat activity. The visits had an interval of one month and a half to

uniformly cover the months of bat activity peak.

During the bat activity monitoring we also registered the local air temperature and wind chill,
wind speed, moon phase and cloud cover. Given that the bat activity is highly influenced by adverse
weather conditions (Vaughan et al., 1997), no surveys were made on rainy or windy nights (wind

speed higher than 3m/s) or when ambient temperature was lower than 10°C.

2.3. Bat call analysis and species identification

Bat call recordings were analysed using the software Audacity 1.3.10 Beta (Mazzoni &

Dannenberg, 2000). The detector sampling frequency was 500 kHz, 16 bits/sample and the
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spectrograms were calculated with automatic fast Fourier transform size 1024, with a Hanning

window.

Bat calls were identified by the shape of the calls (constant frequency — CF; frequency
modulation — FM; almost constant frequency — QCF) and by measuring on screen three call
parameters: frequency of maximum energy (FMaxE), pulse duration (D) and inter-pulse interval (IPI).
When necessary, as for the distinction of some Myotis species, we measured the initial (Fi) and end
frequency (Ff) (Russo & Jones, 2002; Marques, 2011; Rainho et al.,, 2011). The frequency was
displayed in the "spectrogram" and analysed in detail on "frequency spectrum". The time measures
(IPI and D), whenever possible, were measured in the "oscillogram" (Marques, 2011). Faint calls or

calls overlapped with insect noises were considered unidentified.

Species identification of bat calls was based primarily on the key “Chave de identificacdo de

IM

vocalizacdes dos morcegos de Portugal continental”, prepared under the project “Atlas dos
morcegos de Portugal continental” (“Atlas of bats in mainland Portugal”). So, the distinction between
the Common Bentwing Bat (Miniopterus schreibersii) and the Pygmy Pipistrelle (Pipistrellus
pygmaeus) was not made, since a more detailed and time consuming sound analysis would require
to do so, adding the need of multivariate statistical methods. Also, since the P. pygmaeus has a
greater abundance and wide distribution area, it is not possible to foresee vocalizations M.
schreibersii, incorporated in vocalizations identified as P. pygmaeus (Rainho et al., 2011). The same
happened for Nyctalus noctula: according to the latest data (Atlas dos Morcegos, unpublished) it is

unlikely to exist in this area, so such vocalizations, although similar, were considered to belong to

Nyctalus lasiopterus.

Additional bat call information from several southern and central European countries was
used to help in the identification of sound recordings (Jensen & Miller, 1999; Parsons & Jones, 2000;
Denzinger et al., 2001; Russo & Jones, 2002; Obrist et al., 2004; Preatoni et al., 2005; Papadatou et
al., 2008).

2.4. Data analyses

Bat activity was measured in number of bat passes at each recording station. One bat pass is
a sequence of three or more echolocation pulses (Fenton, 1999). Also, foraging and social activity
were measured as the number of feeding buzzes and social calls, respectively. A feeding buzz is a call

sequence produced by the detection of an insect-prey, occurring while foraging. Social calls are
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vocalizations that can communicate social status, individual identity or territorial issues (Pfalzer &

Kusch, 2003; Ahlén, 2004).

Bat activity level, foraging guild and the species richness at each point of the sampling were
the response variables. Explanatory variables were included in two sets: land use and landscape

metrics (LAND) and water bodies’ metrics (POND).

2.4.1. Explanatory variables

Ponds and their surrounding landscape were characterized during fieldwork visits, and
geographical information system analyses (ESRI, 2011; QGIS Development Team, 2012) using a 2000
meters buffer around each water body. Land use data was reclassified into “agricultural area” (with
less than 30% tree cover), “forest area” (montado with more than 30% tree cover), “human activity
areas” (isolated farmhouses, buildings, roads) or “water bodies” (small rivers, dams, ponds).
Landscape metrics descriptors, e.g. forest edge density and forest mean patch size, were computed
for each buffer, using the Patch Analyst 4 extension for ArcGis 10 (ESRI, 2011). The Euclidian distance
between ponds was calculated using GRASS plugin for QGis 1.8.0 (GRASS GIS 6.4.2). On the whole,

the characterization of each pond included 61 variables described in Table 1.

Table 1: Description and summary statistics of two sets — LAND and POND — of explanatory variables used to describe bat
activity level surrounding water bodies.

Variable Details (unit) Average Range
Landscape features (LAND)"

AGRIC Agricultural area (%) 0.89+0,42 0.20-1.51
FOREST Forest area (%) 0.59+0.44 0.00-1.36
DAM Total area of water bodies area (%) 0.15+0.15 0.00-0.62
HUM_PERT Social area (%) 0.07 £0.09 0.00-0.26
SDI Shannon diversity index 0.18 £ 0.09 0.01-0.29
SEI Shannon evenness index 0.15+0.08 0.01-0.26
AWMSI Area weighted mean shape index 0.49 £0.09 0.32-0.65
AWMSI_AG Area weighted mean shape index of agricultural area 0.49 £0.09 0.32-0.66
AWMSI_FO Area weighted mean shape index of forest area 0.53+0.09 0.37-0.69
MSI Mean shape index 0.44 £0.04 0.36-0.50
MSI_AG Mean shape index of agricultural area 0.45 £ 0.06 0.32-0.55
MSI_FO Mean shape index of Forest area 0.47 £0.06 0.37-0.56
MPAR Mean perimeter-area ratio 3.29+0.49 2.58-4.25
MPAR_AG Mean perimeter-area ratio of agricultural area 3.02 £ 0.86 1.62-4.53
MPAR_FO Mean perimeter-area ratio of forest area 2.97+0.88 1.73-4.18
MPFD Mean patch fractal dimension 0.38+0.01 0.36-0.40
MPFD_AG Mean patch fractal dimension of agricultural area 0.39+0.02 0.34-0.42
MPFD_FO Mean patch fractal dimension of forest area 0.39+0.03 0.35-0.46
AWMPFD Area-weighted mean patch fractal dimension 0.36 £ 0.01 0.34-0.38
AWMPFD_AG Area-weighted mean patch fractal dimension of agricultural area 0.36 £ 0.01 0.34-0.38
AWMPFD_FO Area-weighted mean patch fractal dimension of forest area 0.38+0.03 0.35-0.47
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Table 1: Description and summary statistics of two sets — LAND and POND — of explanatory variables used to describe bat
activity level surrounding water bodies (continuation).

Variable Details (unit) Average Range
Landscape features (LAND)"
TE Total edge 4.14 £0.32 3.61-5.01
TE_AG Total edge of agricultural area 3.82+0.25 3.20-4.28
TE_FO Total edge of forest area 3.68+0.71 1.49-4.72
ED Edge density 2.06+0.21 1.65-2.45
ED_AG Edge density of agricultural area 1.75+0.26 1.12-2.15
ED_FO Edge density of forest area 1.64 £0.49 0.10-2.10
MPE Mean parcel edge 3.23+0.19 3.05-3.73
MPE_AG Mean parcel edge of agricultural area 3.34+0.29 2.74-3.74
MPE_FO Mean parcel edge in of forest area 3.21+0.63 1.49-3.88
MPS Mean parcel size 1.21+0.31 0.72-1.92
MPS_AG Mean parcel size of agricultural area 1.28 £ 0.50 0.34-2.05
MPS_FO Mean parcel size of forest area 1.09+0.73 0.00-2.10
NumP Number of parcels 0.97 £0.25 0.48-1.34
NumP_AG Number of parcels of agricultural area 0.63+0.24 0.30-1.08
NumP_FO Number of parcels of forest area 0.62 +0.28 0.30-1.04
MedPS Median patch size 0.39+0.40 0.07-1.68
MedPS_AG Median patch size of agricultural area 0.79+0.76 0.01-2.05
MedPS_FO Median patch size of forest area 0.72+0.82 0.00-1.93
PSCoV Patch Size coefficient of variation 2.28+0.14 2.00-2.45
PSCoV_AG Patch Size coefficient of variation of agricultural area 1.75+0.88 0.00-2.39
PSCoV_FO Patch size coefficient of variation of forest area 1.33+1.06 0.00-2.38
PSSD Patch size standard deviation 1.47£0.26 1.06-2.22
PSSD_AG Patch size standard deviation of agricultural area 1.01+0.61 0.00-1.79
PSSD_FO Patch size standard deviation of forest area 0.61+0.70 0.00-2.29
MHAB Mean of herbaceous/low shrubs (less than 1 meter) in a ray of 20 0.81+0.20 0.11-0.95
meters of each sampling point (%)
MAA Mean of high shrubs (between 1 and 3 meters) in a ray of 20 meters of 0.04 £+ 0.05 0.00-0.22
each sampling point (%)
MDNT Mean of the distance to the nearest tree to the sampling point (m) 1.27 £0.45 0.40-2.01
MBS Mean of bare soil in a sample of 1x1 meters in each sampling point (%) 0.55+0.09 0.41-0.75
MSt Mean of stones in a sample of 1x1 meters in each sampling point (%) 0.36+0.04 0.30-0.48
MH Mean of herbaceous in a sample of 1x1 meters in each sampling point  0.70 £ 0.07 0.51-0.78
(%)
MSr Mean of shrubs in a sample of 1x1 meters in each sampling point (%) 0.37+£0.08 0.30-0.54
MT Mean of trees in a sample of 1x1 meters in each sampling point (%) 0.30+0.02 0.24-0.30
MTN Mean of the trees number in a ray of 20 meters in each sampling point 0.60+£0.54 0.00-1.58
MDCH Mean of the diameter at chest height of the nearest trees in aray of 20 0.35+0.29 0.00-0.94
meters (m)
Pond related features (POND)
PA Pond area (ha) 0.50+0.69 0.04-2.72
DNP Distance to the nearest pond (further than 5m) (ha) 2.65+0.43 1.64-3.37
DM Distance to Minutos dam (ha) 3.38+0.93 0.00-3.97
NP2000 Number of ponds 1.10+£0.35 0.00-1.46
MDP2000 Mean of the distance to ponds (ha) 2.93+0.78 0.00-3.21
DWL Difference of the water level (max.-min.) (m) 0.89 +0.50 0.00-1.76

1 — Measured in a 2000m buffer around the pond unless otherwise noted.

2.4.2. Statistical analysis

Before the data exploratory analyses all quantitative variables were log-transformed —

[LOG(x+1)], while variables recorded in percentage values were arcsine-square root transformed —
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[ASIN(SQRT(X))]. Both types of data transformation helped to normalize the data distribution and

reduced the effects of extreme values (Zuur et al., 2007; McDonald, 2008).

Statistical and modeling analyses were performed using RStudio 0.97.551, a GUI for R (R Core
Team, 2013). First, to avoid collinearity, a correlation between all the explanatory variables was
calculated. When two correlated variables showed higher values than 0.7, we only considered the
most biologically meaningful (Tabachnick & Fidel, 2001). Resulting from this procedure five variables

were retained for advance statistical analysis: AGRIC, FOREST, PA, DNP and DM (Table 1).

To analyse if there was a significant difference in bat activity between years, we did a
Wilcoxon-paired test, regarding all distances to ponds. A Kruskal-Wallis test was elaborated to
evaluate changes in bat activity related to the proximity to ponds in both years (Crawley, 2007;

Dytham, 2011).

Given the size of Minutos dam, the assumption of its high importance roll in bats activity was
considered from the beginning. To test this prediction we did a Pearson product-moment correlation
test, that studied the relationship between total bat activity and the distance to Minutos dam, and
assessed the strength of the association using the coefficient of determination (R?) of activity

explained by distance to Minutos (Dytham, 2011).

2.4.3. Model building

Due to data over dispersion in the Generalized Linear Methods (GLM) with a Poisson error
structure, we used Negative Binomial Generalized Linear Model (glm.nb) to model bat activity

(Burnham & Anderson, 2002; Zuur et al., 2007).

Two partial multivariate models with the explanatory variables subsets (LAND and POND)
were developed and, through the Akaike Information Criterion (AIC), we selected the best one for

each subset (Burnham & Anderson, 2002; Borcard et al., 2011; Burnham et al., 2011).

To evaluate the effects of each variables set and their shared effect on bat activity, we used
variation partitioning following the Borcard et al. (1992) recommendations. Also, according to
suggestions of Heikkinen et al. (2004), data total variation was decomposed in four fractions: a) pure

POND effect; b) combined POND and LAND effect; c) pure LAND effect; d) unexplained variation.
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3. RESULTS

3.1. Temporal pattern of the bat activity and species richness

In total, 4270 bat calls were recorded, 41.5% in 2011 and 58.5% in 2012, a significant
difference of recorded bat activity near ponds in each year (V = 6, p-value = 0.014). Despite the
difference between years bat activity fluctuated similarly along each year: the highest bat activity
was recorded in season 2 (July), with 47.2%, and it was lowest in season 1 (May), with 14.7% of the
bat passes. From the bat calls recordings, 48.9% could be identified to species level, while 27.0%
were assigned to a single-genus complex, 0.6% to a multi-genus complex and 23.4% were not

identified (Table 2).

Table 2: Number of assignments of bat recording to species- or genus-complex level and foraging guild at recording
locations of different categories, and the Status of species on Portuguese red data of Portugal.

Level Species Guild'  Total Conservation Status’

Species Pipistrellus pygmaeus MRE 891 LC
Pipistrellus pipistrellus MRE 451 LC
Pipistrellus kuhlii MRE 525 LC
Nyctalus lasiopterus LRE 2 DD
Nyctalus leisleri LRE 72 DD
Myotis daubentonii SRE 143 LC
Moyotis escalerai SRE 2 DD
Barbastella barbastellus SRE 3 DD
Rhinolophus ferrumequinum SRE 1 VU

Single-genus Pipistrellus spp. MRE 976 LC

complex Nyctalus spp. LRE 18 DD
Myotis spp. SRE 76 -
Eptesicus serotinus/isabellinus LRE 57 LC
Myotis myotis/blythii SRE 25 VU/CR
Myotis emarginatus/bechsteinii SRE 2 DD/EN

Multi-genus Nyctalus leisleri/Eptesicus spp. LRE 21

complex Nyctalus spp./Eptesicus spp. LRE 6

Not identified 999

1 — SRE: short-range echolocators; MRE: mid-range echolocators; LRE: long-range echolocators (adapted from Frey-
Ehrenbold et al., 2013).
2 — Portuguese red data book (Cabral et al. 2005) and “Plano Sectorial da Rede Natura” data (ICN, 2006a,b).

Twelve bat species were recorded and the four most represented were: Pipistrellus
pygmaeus (20.9%), Pipistrellus kuhlii (12.3%), Pipistrellus pipistrellus (10.6%) and Myotis daubentonii
(3.3%). We also registered threatened or data deficient species: Nyctalus leisleri (n=72), Nyctalus
lasiopterus (n=2), Rhinolophus ferrumequinum (n=1), Barbastella barbastellus (n=3), Myotis escalerai

(n=2) and Myotis emarginatus/bechsteinii (n=2) (Table 2). The two most represented genus were
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Pipistrellus (66.6% of total bat passes) and Myotis (5.8% of total bat passes). Most of the 3271
identified bat calls were from mid-range echolocators (MRE), representing 86.9% of the total. The
other two echolocation guilds contributed with far lower values: 7.7% bat calls were from short-

-range echolocators (SRE), and 5.4% from long-range echolocators (LRE) (Table 2).

Among the top four sampled species, only M. daubentonii activity was greater in 2011 than
in 2012 (Figure 2). The activity of these four common species was higher in the second season and

lower in the first one (Figure 3).
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Figure 2: Overall activity of the most frequently

recorded bat species, in both years.
Figure 3: Overall activity of the most frequently recorded bat
species, in the three seasons.

Rarest species were recorded in the summer and late summer (seasons 2 and 3,
respectively). The two passes of M. emarginatus/bechsteinii and two passes of N. lasiopterus were
registered in 2011, and R. ferrumequinum was detected only in 2012. In both years only a few passes

of M. escalerai and B. barbastellus were registered.

3.2. Bat activity and distance to water bodies

3.2.1. Distance to ponds

In both years, the average number of bat passes was noticeably higher over or on the margin
of water bodies (2011: 40.6% and 2012: 41.4%), drastically declining until 50m away from the margin
(2011: 11.3% and 2012: 14.9%). Further from this distance, values decreased slightly or remained

constant. However, differences in bat activity variation with distance from the water bodies were
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only marginally significant (chi-squared = 17.747, d.f. = 10, p-value = 0.059). In most stations farther

away from the pond margin bat activity during 2012 was higher than in 2011 (Figure 4).
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Figure 4: Mean, and respective standard error, of bat activity according to distance to water bodies.

The four most represented species (Pipistrellus spp. and M. daubentonii) followed the same
pattern of activity decreasing away from the ponds (Figure 5). For M. daubentonii almost all the bat
passes were recorded over or on the margin of the ponds, just over 80% of the bat passes. The three
Pipistrellus species also showed very high activity near the ponds: P. pygmaeus had 50.1%, P.
pipistrellus had 45.7% and P. kuhlii only had 29.3%.

B. barbastellus, M. emarginatus and M. escalerai had not a clear pattern of activity related to
the distance to the water; they were recorded both at the margin of the ponds and beyond 100m. R.

ferrumequinum (n=1) was only detected at 200m.
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Figure 5: Mean activity of the four most surveyed bats, according to distance to water bodies.
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Foraging activity, measured as the number of feeding buzzes (n=573), occurred mostly near
the pond margins, at Om (78.5%), decreasing to 9.1% at 50m from the margin. All the four most
surveyed species followed this pattern, being more evident in P. pygmaeus (74.1% at the pond
margin) and less noticeable in P. kuhlii (33.3%). In contrast, all of the 39 feeding buzzes of M.

daubentonii were detected over the water bodies or close to the margin.

Over 23% of identified social calls (n=457) were also surveyed at the margin, having a second
peak at 300m (11.8%). This was also the pattern for P. pipistrellus and P. pygmaeus social calls.

Conversely, P. kuhlii had similar numbers of social calls in all distances from the margin survey points.

3.2.1. Distance to Minutos dam

Total bat activity at each pond had a negative association with distance to the Minutos dam
(R=-0.82; d.f. = 14; P < 0.001). This relation is quite strong because 68.03% of bat calls variation (R%)

is explained just by the distance to Minutos variable.

Without Minutos surveyed dates, this relationship weakened, becoming not significant
(R =-0.46; d.f. = 13; P =0.08). In this analysis, distance to Minutos dam only explains 21.5% of activity

variation (R?) (Figure 6).
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Figure 6: Relation between overall bat activity at each pond and distance to Minutes dam, with trend line.

3.3. Pond and landscape variables influencing bat activity

Partial models showed that both area of water bodies (PA) and area of forest in the 2000m
buffer radius (FOREST) had a significant positive effect on total bat activity (Table 3). These two

variables were also in the overall model with similar coefficients.
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Table 3: Coefficients and significance levels (p)

Models Variables  Regression coefficients p AIC

Partial models

LAND FOREST 0.7275 0.038 * 204.53
Intercept 5.1089 <0.001 *** ’

POND PA 0.5176 0.012 *
DNP 0.1758 0.595 206.60
Intercept 4.7820 <0.001 ***

Global model

LAND FOREST 0.6907 0.012 *

POND PA 0.4961 0.005 **
DNP 0.4182 0.143 203.2
Intercept 3.6980 <0.001 ***

Legend: LAND — Forest area variables; POND — Water bodies’ variables; FOREST — Forest area; PA — Pond
area; DNP — Distance to the nearest pond.

Sixty-eight percent of the total variance in bat activity near ponds was explained by the
overall model. The POND variable subset explained the larger percentage of the total variance,
46.9%. Despite a much lower value, we also found LAND variable set explaining 9.8% of the overall
variance. In the same way, POND showed the strongest pure effect on the variance of the total bat
activity (48.7%), above four times more than LAND contribution, 11.5%. Results also showed that the
interaction between these two variable sets (Adj.R.squared = -0.018) had a competitive effect, one

process hindering the contribution of the other (Figure 7).

48.7% -1.8% 11.5%

..........
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Figure 7: Variation explained by each set of variables (POND and LAND), distinguishing among pure and combined effects.
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3.3.1. Pond area

Large ponds had higher bat activity (44.0%) than medium (34.1%) and small (21,9%). This
pattern was observed for both years with a slight increase of mean bat activity in 2012 (2011: 44.2%
and 2012: 47.2%). Conversely, medium sized ponds had lower mean bat activity in 2012 (2011: 30.8%
and 2012: 21.4%). Apparently, bat activity in season 1 was similar in ponds of small, medium and
large sizes, with a slight preference for medium size (36.9%). In summer (season 2: 49.1%; and

season 3: 46.3%), large ponds were clearly the most sought (Figure 8).
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Figure 8: Mean bat activity in the three seasons, according to water body size.

Considering the three Pipistrellus spp., their mean activity was also higher in areas
surrounding larger water bodies (52.3%), while the difference between small and medium sized
ponds was minor, 24.8% and 22.8%, respectively. M. daubentonii preferred large (41.7%) and small
(50.0%) water bodies, but almost all the bat passes in small ponds where recorded in the same water

body near an open area (Figure 9). M. escalerai was the only bat specie not recorded in large water

bodies.
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Figure 9: Mean activity of top four surveyed bat species, in different size water bodies.
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MRE bats were most often recorded at large (49.5%), than small (26.1%) and medium sized
ponds (24.4%). Bats in the LRE guild were detected similarly between all pond sizes, being the
medium ponds the preferred ones (42.1%). SRE bats were detected mainly at large (44.2%) and small
ponds (42.3%) (Figure 10).
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Figure 10: Proportion of mean bat activity of the three foraging guilds, in different size water bodies.

Two bat species had their foraging concentrated in one of the three pond size categories.
The majority of P. pygmaeus feeding buzzes was detected in large water bodies (52.3%; n=170), and
of P. kuhlii in medium size ponds (55.6%; n=18), while P. pipistrellus foraging activity had similar
results for the three size-categories of water bodies. For Daubenton’s bat (M. daubentonii) foraging
activity (n=39) occurred mostly in one small and open pond (before drying), surrounded by montado

foremost (64.1%), and in large water bodies (30.8%).

Social calls of Pipistrellus spp. were most frequent in large water bodies, with higher values
for P. pygmaeus (47.1%). Soprano pipistrelles (P. pygmaeus) were the only specie with social calls

concentrated in small ponds.

3.3.2. Forest area

Ponds in montado areas had the highest bat activity, with number of bat calls above 300,

which is observed in five water bodies with more than 40% of vegetation cover (Figure 11).
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Figure 11: Total number of bat passes according to vegetation cover, with trend line.

The mean activity of the three Pipistrellus spp. was higher in forest area (63.6%). For P.
pygmaeus this preference was not so clear, occurring 55.4% in forest areas, while 75.2% of P. kuhlii
was observed in these areas. M. daubentonii had similar results in both land uses surrounding the

ponds, agricultural and forest (Figure 12).
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Figure 12: Mean activity of top four surveyed bat species, in agricultural and forest land use.

According to our results, bat species classified in the echolocation guilds MRE and LRE were
most registered in forest areas (65.1% and 69.5%, respectively), but those in the SRE guild had similar

values of activity for agricultural and forest areas (Figure 13).
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Figure 13: Proportion of mean activity of the three bat foraging guilds, in forest and agricultural areas.

Rare species were detected only in forest areas, except for M. emarginatus that was also

recorded in an agricultural area.

Foraging activity was higher in montado (forest areas) for P. pipistrellus (91.7%; n=36), P.
pygmaeus (76.5%; n=170) and M. daubentonii (69.2%; n=39). Conversely, Kuhl’s pipistrelle bats (P.
kuhlii) had similar numbers of feeding buzzes in forest and agricultural areas. Likewise, regarding
social calls, all Pipistrellus spp. showed the great majority of observations in forest areas (91.4%;

n=209).

4, Discussion

4.1. Temporal pattern of the bat activity and species richness

Our results show a high bat activity centred in water bodies with a significant increase in
2012 compared to 2011. The year 2012 was extremely dry, considered the fifth driest year since
1931. Also, total rainfall from January to September was lower by 42% in 2012 compared to 2011
(MAMAQOQT, 2013). Therefore, the detected increase in bat activity close to water bodies may be due
to the higher water requirements of bats (Lacasa et al., 2010) caused by drier conditions in 2012. The
much lower water availability in the surrounding landscape in dry periods may play a significant role
as well. The typical environmental conditions of the Mediterranean region such as large dry season,
high temperature and low relative humidity, combined with the bats high water evaporation (due to
the relationship between high body surface area and the existence of flight membranes devoid of

hair), increase the rates of evaporative water loss in bats (Webb et al., 1995). These conditions may
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induce bats to use intensively the few available water sources that exist in the landscape during
extremely hot and dry periods. Unlike what McCain (2007) reported, that temperature and water
availability affects species richness because of food resources and thermoregulatory constrains, our
results showed that detected changes in bat activity at ponds were not mirrored in species richness
values, occurring a similar number of bat species in both years, almost the total of the bat species

registered in that area.

Bat activity in ponds had a marked increase in summer (seasons 2 and 3), showing seasonal
movement according to favourable environments (Robinson et al., 2009). During early summer,
when female bats are pregnant their water requirements are much higher than those of non-
-pregnant females (Adams & Hayes 2008) pointing to a strong relation between water availability
and breeding success. Therefore, the possible presence of breeding colonies in the neighbourhood
(Flaguer et al., 2006) of ponds may explain the described pattern. Additionally, bat activity may
increase in mid and late summer because of the first flights of young bats (Lesinski et al, 2007) that

can explore the abundant patches of insect prey over or on the margins of ponds.

As expected, the most surveyed species were four of the most abundant in Portugal: P.
pygmaeus, P. pipistrellus, P. kuhlii and M. daubentonii (Cabral et al., 2006). All of the four referred
species were also most recorded in summer. This period is the peak of the Diptera abundance
(Anthony & Kunz, 1977 in Bartonitka & Rehak, 2004), one of the favorite insect preys of P. pygmaeus
and of P. pipistrellus (Kalko, 1995). This can also be explained by the start of juvenile flying and

foraging activity during this period (Bartonitka & Rehdk, 2004).

4.2. Bat activity and distance to water bodies

Bat activity at several distances to water bodies showed a near significant relationship,
confirming that, in general, the way that bats forage throughout the landscape is defined by
distances to water resources (Zukal & Rehdk, 2006; Rainho & Palmeirim, 2011). Flight enables bats to
travel long distances in one night, searching resources sparse in the landscape (Wickramasingue et
al., 2003; Rainho & Palmeirim, 2011), and the impact of the presence of water extends for several

kilometres (Rainho & Palmeirim, 2011).

Analysing at a smaller ecological scale we recorded an increase of bat activity at 100m from
the ponds that was even sharper at 50m from the margin. Similarly, Downs & Racey (2006) found an

increase of bat activity closer than 70m of the rivers. Therefore, our results add to the existing
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evidence that different water habitats influence bat activity with significant increases but if at
distances of 100m or less. Also, the recorded higher bat activity near water bodies, when compared
to farther from the margins, shows a clear importance of the proximity to a drinking water source,
increasing habitat suitability (Vaughan et al., 1997; Mickevieiene & Mickevieius, 2001; Kusch et al.,
2004; Menzel et al., 2005; Rogers et al., 2006; Lison & Calvo, 2011; Rainho & Palmeirim, 2011).
Additionally, higher foraging activity also occurred near or over water bodies; the majority of the
feeding buzzes occurred at the margin of the selected ponds (station Om). This pattern increases
water bodies’ importance for feeding activity of bats because the presence of suitable food resources
(Warren et al., 2000; Kusch et al., 2004; Avila-Flores & Fenton, 2005; Zukal & Rehak, 2006). Also,
during the feeding period, bats drink water, having to forage near an easily reachable source of open
water (Rainho & Palmeirim, 2011). Water is the major mineral source for bats (Russo et al., 2012)
and its surface presents a great biomass of bat preys (Rydell et al., 1999; Zukal & Rehak, 2006), but
the strength of the relation between activity and distance to water depends on each species flight

characteristics and drinking needs while foraging (Rainho & Palmeirim, 2011).

The four most sampled bat species (P. pygmaeus, P. pipistrellus, P. kuhlii and M. daubentonii)
followed the same pattern, showing a higher activity near water bodies and decreasing sharply at
50m and farther from the margin. In general, common bats have a non-selective, opportunistic,
foraging behaviour, showing a relation between diet composition with local prey abundance
(Bontadina et al., 2008), but there are slight differences between food preferences, and
consequently in activity over water bodies. Different bat forage strategies evolved in order to discern

niches and land uses (Kusch & Schotte, 2007).

The three Pipistrellus bat species (P. pygmaeus. P. pipistrellus and P. kuhlii) have a great
preference for aquatic habitats (Warren et al., 2000; Russo & Jones, 2003; Davidson-Watts et al.,
2006; Lisén & Calvo, 2013). Although they tend to dislike irrigated cultures, they are associated with
irrigated ponds. In spite of the three species having different habitat preferences we observed an
overlap of their habitat i.e. all had the higher activity level near ponds, which means that the
competition may be prevented and the coexistence maintained through resource partitioning

mechanisms (Lisén & Calvo, 2013).

In general, P. pygmaeus shows a higher preference for riparian habitats, comparing to P.
pipistrellus (Vaughan et al., 1997; Russo & Jones, 2003; Davidson-Watts et al., 2006). Both mainly
hunt small insects, mosquito-sized (e.g. Diptera, Trichoptera) (Kalko, 1995; BCT, 2010b, c), but unlike
P. pygmaeus that feeds mostly on small flies associated with water (BCT, 2010c), P. pipistrellus is

generalist in using foraging habitats (Vaughan et al., 1997; Russo & Jones, 2003), hunting on a wide
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range of small flies and aquatic midges and mosquitos (BCT, 2010b). However, Lison & Calvo (2011)
study indicates that P. pipistrellus also shows a preference for aquatic habitats in the Mediterranean

landscape.

Water bodies provide the main items of the Daubenton’s bat diet: small flies (especially
chironomid midges), caddisflies and mayflies (BCT, 2010a). That is certainly the reason for the
foraging pattern of this species, near and over water surfaces (Kalko & Schnitzler, 1989; Rydell et al.,
1999; Warren et al., 2000; Mickevieiene & Mickevieius, 2001; Downs & Racey, 2006) and for only
occasionally foraging when commuting between colony and foraging areas (Verboom & Huitema,
1997). Our results agree with the findings of these authors. Overall, to Myotis genus, aquatic habitats
are considered important areas to forage (Warren et al., 2000; Wickramasingue et al., 2003), and this

abundant provision of food may regulate the timing of parturition (Arlettaz et al., 2001).

Besides, our results show a significant association between bat activity level and distance to
Minutos dam. This is the water body with the higher number of calls, decreasing with the distance,
which indicates that this dam provides good habitats to forage and drinking water (Lisén & Calvo,

2011).

Distance variables bring a precious value to bat foraging suitability maps. In a Mediterranean
area, where water sources are infrequent and scattered in summer, distance to water bodies can be

a limiting element in the use of space (Rainho & Palmeirim, 2011).

4.3. What pond features influence bat activity?

Our models show that bat activity is influenced by water bodies and landscape (vegetation
cover) features. This habitat combination is associated with a higher bat activity (Owen et al., 2004).
Pond area is the most responsible feature, explaining the major part of our results. These results
agree with studies that show a higher bat activity over water surface than in other habitats (Vaughan
et al., 1997; Bartoni¢ka & Rehdk, 2004; Rainho & Palmeirim, 2011). In the present study bat activity
increased significantly with pond area. Although some studies only relate moderately biodiversity
with pond area (Gioria, 2013), others show that activity and composition of bat communities are
clearly influenced by pond size (Rabe & Rosenstock, 2005; Downs & Racey, 2006; Lloyd et al., 2006;
Razgour et al., 2010), even with the existence of a preference variance between taxa (Oertli et al.,

2002).
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Also, our model shows a significant positive relationship between bats activity and forest
area in pond surrounding area, such as demonstrated in other studies (Avila-Flores & Fenton, 2005;
Lumsden & Bennett, 2005; Lentini et al., 2012). The montado is the dominant land cover in the
category forest. It has a complex and diverse structure, with open areas mixed with different tree
densities in forest area, that may provide areas to different bat guilds to forage (Costa et al., 1998;
Kusch & Schotte, 2007; Galantino & Mira, 2008), such as B. barbastellus (Lesinski et al, 2007).
Management actions in the montado such as low-levels of livestock grazing increase the availability
of insects that feed on dung, that are most of the time the prey for some bat species, like Myotis
myotis (Rainho, 2007). Also, trees provide wind shelter and availability of food plants to insects
(Warren et al., 2000), increasing the local availability. Other important resources for bats are also
available in the montados. Large cork and holm-oaks may offer roosts for bats, giving them
protection from predators. Since bat distribution and abundance may be limited for availability of
suitable roost sites (Jenkins et al., 1998), forest variable gained a higher importance. Therefore,
montado is considered a preferred habitat for bat communities, providing shelter and availability of
insects (Russo & Jones, 2003; Avila-Flores & Fenton, 2005; Rainho, 2007) and its inclusion in the
model is indicative of its high importance. Nevertheless, it is important to take into account that the
present work does not consider roost availability due to logistic constrains. The distribution of this
important resource affects strongly bat populations’ landscape use and their activity spatial pattern

(Lucan et al., 2009).

Our model explains over 50% of the bat activity variance. The two different variable sets
convey information at different ecological scales. Subset POND, measured at the local scale has a
greater contribution to explain bat activity (pure effect, 46.7%). Landscape scale level subset (LAND),
related to forest area in a 2000m buffer, shows a much smaller although significant contribution
(pure effect, 11.5%) in bat activity. This is in contrast to other author’s findings where woodland
habitats are indispensable if only associated with water bodies (Mickevieéiene & Mickevieius, 2001).
So, our results suggest that local scale features, like pond area, can influence bat communities

(Razgour et al., 2010) to a greater extent than landscape variables.

4.3.1. The role of large water bodies, as Minutos Dam, on bat activity

In the current study, Minutos dam, the larger surveyed water body, had higher species
richness (eight bat species), as well as the highest value of bat activity. These results agree with the

studies that relate the increase of pond size with the increase of species richness over the water
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(Taylor & Tuttle, 2007; Ruggiero et al., 2008; Johnson et al., 2010). From a relative point of view,
large water bodies of large surface area are more intensively used by bats, in general (Rabe &
Rosenstock, 2005), which can be explained by the manoeuvrability of these mammals. When
drinking, bats need a free “swoop zone” to manoeuvre. So, flight characteristics will define the
minimum pond size they can use. Smaller and maneuverable bats are able to drink in smaller ponds
(Ciechanowski, 2002; Rabe & Rosenstock, 2005; Tuttle et al., 2006; Taylor & Tuttle, 2007). Medium
and large ponds provide space to the less maneuverable species for drinking and feeding (Rabe &
Rosenstock, 2005; Tuttle et al., 2006; Taylor & Tuttle, 2007). Bigger ponds may act as backups of
small ones in the landscape, which are susceptible to drying earlier in summer (Taylor & Tuttle,
2007). Moreover, they may provide the partitioning of the pond surface, allowing bats more or less
maneuverable to drink and to forage near the water surfaces (Razgour et al.,, 2010). Kalko &
Schnitzler (1989) also suggested that larger water surfaces provide space to bats meander and loop
in group for longer time periods, while they have to fly alone in constrained areas, making occasional
narrow turns. That can be the reason for the higher number of M. daubentonii calls in larger ponds.
Furthermore, it frequently forages in groups and creates group territories to do so (Zukal & Rehak,
2006), what can explain the higher sampling in large ponds. The observable presence of Daubenton’s

bat in a small pond can be related to the fact that it is one open pond, with space to maneuvers.

4.3.2. Bat species preferences according to vegetation cover

Concerning to Pipistrellus spp. the higher preference for forest areas agrees with their
preference to a clutter structure to forage (Downs & Racey, 2006; Ciechanowski et al., 2011) over
arable habitats (Vaughan et al., 1997). This higher bat activity in forest areas, comparing to
agricultural areas, can occur because of the opportunistic behavior of Pipistrelles. During pregnancy
and lactation these bats can unselectively forage on Nematocera, the most abundant flying insects
(Hoare, 1991 in Bartoni¢ka & Rehdk, 2004). Flying near vegetation also provides wind shelter

(Bartoni¢ka & Rehdk, 2004).

In our results the preference for forest habitats was clearer to the most generalist species of
the Pipistrelles, than to the P. pygmaeus. In spite of their morphological overlap, which is often
linked to similar flight performance and habitat use (Norberg & Rayner, 1987; Davidson-Watts et al.,
2006), Pipistrelles have differences in habitat selection (Davidson-Watts et al., 2006). Soprano
pipistrelle is known to prefer semi-close habitats rather than the open ones (Bartoni¢ka & Rehak,
2004). Also, this bat is more specific about habitat requirements, remaining in its optimal habitat

(Sattler et al., 2007), what can explain this lack of preference, reinforcing the inclination only for

38



riparian habitats. Same explanation can be attributed to M. daubentonii, which do not show any

preference for forest or agricultural area.

Although P. pipistrellus is referenced to prefer open areas rather than forest (Bartonicka &
Rehak, 2004), being tolerant to deviations from its optimum habitat (Sattler et al., 2007) and visiting
a higher number of foraging sites (Davidson-Watts et al., 2006), in the Mediterranean region this bat
shows a greater preference for aquatic habitats (Lison & Calvo, 2011). Nevertheless, the observed
higher presence of Commom Pipistrelle in forest areas, compared to agricultural, can relate to its

preference for wind sheltered areas, usually flying near trees (Verboom & Huitema, 1997).

4. 4 Conservation implications

Many bats are threatened by habitat loss (Rainho & Palmeirim, 2011) and to conserve their
populations we have to identify and prioritize the potentially important sites to protect, evaluating

important bat habitat features on a wider landscape level (Taylor, 2010).

Larger ponds support higher biodiversity levels (Oertli et al., 2002; Ruggiero et al., 2008;
Razgour et al., 2010) and, often, small ponds are ignored from the management point of view,
because, apparently, they do not have any use to humans, like fishing or recreation (Schwartz &
Jenkins, 2000). However, several studies showed the importance of these ponds to aquatic and
terrestrial wildlife species, particularly in arid regions and during spring and summer (e.g. Nicolete,
2001; Ciechanowski, 2002; Oertli et al., 2002; Razgour et al., 2010; Gioria, 2013). In general, water
bodies built by land managers become an essential resource to many wildlife species in a local,
regional and national level, particularly in drought prone regions that show a decline in natural water
bodies distribution and abundance (Ruggiero et al., 2008; Taylor, 2010; Gioria, 2013). In addition,
being ecological structures with high insect prey densities, these water bodies have a critical
importance for bats (Warren et al., 2000). Therefore, a high number of microhabitats within each
pond, i.e. spatial heterogeneity, is important to maintain a diverse bat community (Razgour et al.,

2010).

Water quality is likely another significant factor influencing bat activity over ponds. Although
Pocock & Jennings (2008) suggest that management practices such as agrochemical use are threat
but less important to bats than habitat loss, other studies showed a negative influence of polluted
waters in bat activity (Biscardi et al., 2007; Gioria, 2013). So it is also important to encourage the

conservation of the existing ponds by controlling the use of fertilizers, herbicides and pesticides in
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the surrounding area (Russo & Jones, 2003; Taylor & Tuttle, 2007; Gioria, 2013). The use of fences to
prevent cattle from directly drinking is also needed to prevent high concentrations of organic matter
in the water (Taylor & Tuttle, 2007). Also, the temperature increase has impacts in water quality,
through dissolved organic matter, and micropollutants and pathogens rise in concentration or

number (Delpla et al., 2009).

Several studies also emphasize the importance of habitats conservation like montado, with
scattered trees, in order to preserve bat biodiversity (Rainho 2007; Rebelo & Rainho 2008). A cover
mosaic, in a local scale, can favour several species, particularly the edge-specialists (in roosts and
foraging). Generalist species can better adapt to changes in land use, but the ones with specific
habitat requirements may not fit or resist to these transformations and forest fragmentation,
decreasing in the landscape, or even geographical distribution (Wickramasingue et al., 2003; Biscardi
et al., 2007; Johnson et al., 2008). So, forest conservation is essential to specialist success in areas
where urban expansion or agricultural intensification occurs (Wickramasingue et al., 2003; Johnson

etal., 2008).

Summarily, during the summer, the lberian typical Mediterranean landscape provides an
optimal habitat for bats forage. Although, as a result of acceleration of global warming and
consequent summer dryness, prey and water availability can be temporarily limited, persuading bats
to use intensively the few available water sources that persist in the landscape in these harsh
conditions. Models predict an intensification of the situation in the future, with a probable increase
of dry and water stress (Meehl & Tebaldi, 2004; Schéar et al. 2004; Alcamo et al., 2007), so the
preservation of this landscape, dominated by oak-woodland and several scattered and vegetated
water bodies should be highly encouraged (Russo & Jones, 2003; Lumsden & Bennett, 2005; Rainho,
2007; Rainho & Palmeirim, 2011; Sherwin et al., 2012) to promote a diverse community composed of

large populations of bats.
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Consideracgdes finais

As alteragGes climdticas e a deterioracdo de habitat estdo actualmente a ocorrer a uma
escala sem precedentes (Jones et al., 2009). Sdo varios os estudos que se tém focado nos efeitos
destas alteragdes, demonstrando um aumento de risco para a biodiversidade (Walther et al., 2002;
Adams & Hayes, 2008; Frick et al., 2010b). Como tal, a combinac¢do da acelera¢do do aquecimento
global com o clima mediterranico, caracterizado por um periodo quente e seco (Blondel & Aronson,
2004), resulta numa tendéncia para a diminuicdo do tamanho e disponibilidade de corpos de dgua
que dependam de eventos anuais de inunda¢dao (Razgour et al., 2010). A agua torna-se, assim, um
factor limitante para muitas espécies, entre as quais os morcegos (Rainho, 2007; Basto et al., 2011;
Rainho & Palmeirim, 2011; Sherwin et al., 2012). Foi neste ambito que se inseriu o presente estudo,
de forma a avaliar a influéncia da distancia aos corpos de dgua na actividade e diversidade de
morcegos e ainda as consequéncias de um ano de seca severa nestes parametros, comparando-os

entre um ano extremamente seco (2012) e um ano “normal” (2011).

No presente estudo foram identificadas 12 espécies de morcego na proximidade das massas
de agua. As quatro espécies mais amostradas encontram-se entre as mais comuns em Portugal: P.
pygmaeus, P. pipistrellus, P. kuhlii e M. daubentonii (Cabral et al., 2006), constituindo o género
Pipistrellus mais de metade da amostra (66,6%). Apesar de pouco representadas, foram também
evidenciadas espécies com estatuto de ameaga ou pouco conhecidas, como Myotis escalerai,

Barbastella barbastellus ou Rhinolophus ferrumequinum.

Globalmente os nossos resultados corroboram os estudos que realgam a importancia dos
habitats das zonas himidas para as popula¢des de morcegos (Vaughan et al., 1997; Verboom et al.,
1999; Russo & Jones, 2003; Bartonicka & Rehdak, 2004; Rainho, 2007; Rebelo & Rainho, 2008),
verificando-se uma elevada concentragdo da actividade nos corpos de dgua. Esta preferéncia
mostrou-se significativamente maior no ano 2012, o que reflete uma necessidade premente destes
mamiferos em procurar estes locais, num ano de seca severa (Lacasa et al., 2010; Lisén & Calvo,
2011; Rainho & Palmeirim, 2011). Da mesma forma foi também observada uma maior actividade no

Verdo: época mais quente e com maior escassez de fontes de agua.

Foi observado um declinio significativo na atividade dos morcegos em fungao da distancia
aos corpos de agua, o que atesta a importancia directa (disponibilidade de agua) e indirecta (maior
disponibilidade de presas) deste recurso para este grupo faunistico. Por outro lado, a relacdo entre a
actividade de morcegos e as caracteristicas locais foi evidente e a drea dos corpos de agua foi a

variavel mais significativa na explicagdo da actividade, verificando-se um aumento desta nas massas
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de dgua maiores, tal como documentado noutros estudos (Rabe & Rosenstock, 2005; Downs &
Racey, 2006; Lloyd et al., 2006; Razgour et al., 2010). A albufeira dos Minutos é o maior corpo de
agua amostrado e, consequentemente, onde se verifica a maior actividade e riqueza especifica. Os
corpos de dgua maiores proporcionam mais espaco para beber e cacar e podem ser usados por
espécies com diferentes estratégias de véo e de caca (Rabe & Rosenstock, 2005; Tuttle et al., 2006;
Taylor & Tuttle, 2007; Razgour et al. 2010). Além disso, tendem a ser mais persistentes ao contrario

dos charcos menores que estdo propensos a secar no final da época seca.

A existéncia de montado nas dreas envolventes as massas de dgua também promoveu a
atividade dos morcegos nestas, uma vez que este sistema florestal é particularmente favoravel para
este grupo (Avila-Flores & Fenton, 2005; Lumsden et al., 2005; Lentini et al., 2012). Com efeito, a
estrutura diversa do montado, com areas abertas intercaladas com diferentes densidades de arvores,
proporciona areas de caca a diferentes guildas de morcegos (Kusch et al., 2004; Kusch & Schotte,
2007; Lentini et al., 2012); aumenta a disponibilidade de insectos que se abrigam e se alimentam
neste habitat (comparativamente com as dreas agricolas) (Warren et al., 2000; Rainho, 2007); e as
arvores oferecem aos morcegos locais de abrigo e protec¢do, perante os predadores e o vento

(Jenkins et al., 1998).

Assim, o nosso estudo sugere uma relagdo directa entre a disponibilidade hidrica no
ambiente e a intensidade de uso dos morcegos das massas de agua. Contudo, para além desta
relacdo de indole mais quantitativa, sera também importante investigar o efeito da qualidade da
agua. Com efeito, para além de resultar numa limitacdo da disponibilidade hidrica, o aumento da
temperatura influéncia também a qualidade da dgua, através da dissolucdo da matéria organica e
aumento da concentra¢do ou do nimero de micro-poluentes e patogénicos (Delpla et al., 2009). No
presente contexto de altera¢des climaticas, esta questdao ganha uma relevancia particular, na medida
em que é conhecido que a actividade dos morcegos sobre estes corpos hidricos é também afectada
pela qualidade da agua (Mickleburgh et al., 2002; Rainho, 2007; Horn et al., 2008; ICNB, 2008;
Pocock & Jennings, 2008; Jones et al., 2009; Frick et al., 2010a). Esta componente em relagdo a
atividade e diversidade dos morcegos deverd merecer alguma atencdo no futuro uma vez que,
apesar de existirem dados preliminares, € uma area muito pouco explorada e é espectavel uma
deterioracdo da qualidade da agua, especialmente nas regides que passam por secas prolongadas

com tendéncia a acentuar-se, como o Mediterraneo.
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