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Resumo

A perda de habitat é vista como um dos principais efeitos decorrentes das perturbagdes
da paisagem causada pelo homem aos ambientes naturais. Essa gera maior isolamento dos
fragmentos e diminui as areas de contato entre habitat e matriz, com efeitos negativos sobre a
biodiversidade. Os efeitos da perda de habitat nos padrdes de biodiversidade sdo geralmente
analisados usando dados de distribuicdo de espécies e / ou abundancia relativa. No entanto, eles
ndo podem ser identificados em populacfes em que esses efeitos ainda nao foram refletidos na
abundancia e incidéncia de espécies, e ndo nos informam sobre 0s mecanismos causais
subjacentes as respostas diferenciais de espécies ou populacdes a essas perturbacdes. Uma
opcdo para preencher esta lacuna é concentrar-se em quantificar a miriade de processos
fisioldégicos em que diferentes espécies lidam com ambientes em mudanca. Os morcegos
apresentam uma grande diversidade morfologica, fisiolégica e comportamental, estando
presentes em uma diversa variedade de nichos ecoldgicos, estabelecendo diversas relacdes
criticas para a manutencao dos ecossistemas onde ocorrem. Os morcegos frugivoros estdo entre
0s mais importantes dispersores de sementes do Neotrdpico. Juntamente com 0s morcegos,
investigacbes com seus ectoparasitas especificos sdo de grande relevancia, visto que, 0s
ectoparasitas exercem pressoes seletivas importantes sobre a evolugdo dos seus hospedeiros.
Assim, perda de habitat pode trazer importantes mudancas para as populacdes de morcegos e
em algumas interagBes bidticas como o parasitismo. Neste contexto, utilizamos algumas
analises fisiologicas para (1) avaliar os impactos da perda de habitat sobre a condicdo fisioldgica
e nivel de estresse de morcegos neotropicais frugivoros, (2) entender como o ectoparasitismo
especifico dos morcegos varia de acordo com a perda de habitat, e como esse afeta na condigéo
e salde de morcegos frugivoros (Familia Phyllostomidae). Usamos Modelos Lineares
Generalizados (MLG) para testar a variagdo nas varidveis de respostas. Para cada variavel de
resposta, foi realizada uma selecdo de varidveis através dos critérios de informacao corrigidos
de Akaike (AlICc), buscando os modelos mais plausiveis como aqueles com menores valores
de AICc. Em nossos resultados ndo encontramos nenhuma evidéncia que comprove que a perda
de habitat esta afetando a condicéo fisioldgica, nivel de estresse, intensidade ectoparasitaria e
condicdo de satde dos morcegos frugivoros. Com a pesquisa concluimos que a perda de habitat
aparentemente néo prejudica a condicao fisioldgica (condicdo corporal e estado de saude) dos
morcegos frugivoros e que o nivel de estresse e intensidade ectoparasitaria aparentemente nao
sdo altos o suficiente para ter qualquer efeito deletério.
Palavras chave: Perda de habitat, Morcegos frugivoros, Fisiologia, Ectoparasitas



Abstract

Habitat loss is seen as one of the main effects of man-made landscape disturbances on
natural environments. This generates greater isolation of the fragments and reduces the contact
areas between habitat and matrix, with negative effects on biodiversity. The effects of habitat
loss on biodiversity patterns are generally analyzed using species distribution and / or relative
abundance data. However, they cannot be identified in populations where these effects have not
yet been reflected in species abundance and incidence, and do not inform us of the causal
mechanisms underlying the differential responses of species or populations to these
disturbances. One option to bridge this gap is to focus on quantifying the myriad physiological
processes in which different species deal with changing environments. Bats have a great
morphological, physiological and behavioral diversity, being present in a diverse variety of
ecological niches, establishing several critical relationships for the maintenance of the
ecosystems where they occur. Fruit bats are among the most important seed dispersers of the
Neotropic. Together with bats, investigations with their specific ectoparasites are of great
relevance, as ectoparasites exert important selective pressures on their host evolution. Thus,
habitat loss can bring about major changes to bat populations and in some biotic interactions
such as parasitism. In this context, we use some physiological analysis to (1) evaluate the
impacts of habitat loss on the physiological condition and stress level of frugivorous neotropical
bats, (2) understand how bat-specific ectoparasitism varies with habitat loss, and how it affects
the condition and health of fruit bats (Family Phyllostomidae). We use Generalized Linear
Models (GLM) to test for variation in response variables. For each response variable, a selection
of variables was performed using the Akaike Corrected Information Criteria (AlCc), searching
for the most plausible models such as those with lower AICc values. In our results we found no
evidence that habitat loss is affecting the physiological condition, stress level, ectoparasitic
intensity and health condition of frugivorous bats. With the research we conclude that habitat
loss apparently does not affect the physiological condition (body condition and health status)
of frugivorous bats and that the stress level and ectoparasitic intensity apparently are not high

enough to have any deleterious effect.

Key-words: Habitat loss, Frugivorous Bats, Physiology, Ectoparasites
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INTRODUCAO GERAL

Desde a primeira revolucado industrial, o homem intensificou a modificagéo da paisagem
global, de modo que ela possa acomodar e fornecer recursos para a crescente populacdo humana
(EWERS; DIDHAM, 2006; VITOUSEK et al., 2008). Paisagens anteriormente intocadas,
sofreram intensas transformacdes antropicas (BENDER et al., 1998; SANDERSON et al.,
2002), como a agricultura, extragdo de recursos minerais, silvicultura, producédo de eletricidade
(queima de combustiveis fosseis e hidrelétricos) e outras atividades humanas (BENDER et al.,
1998; SANDERSON et al., 2002; VITOUSEK et al., 2008). Considerando o ritmo acelerado
em que esses habitats foram alterados, é essencial entender o impacto que 0 homem tem na vida
silvestre (BRADLEY; ALTIZER, 2007; MARZLUFF et al., 2008). Dos impactos antropicos,
a fragmentacéo e a perda de habitat estdo entre as principais mudancas na paisagem (BETTS et
al., 2014; FAHRIG, 2003; FRANKLIN; NOON; GEORGE, 2002).

A perda de habitat € definida como a diminuicdo de &reas florestais, resultando em
diferentes configuragfes remanescentes na paisagem (BROOKS et al., 2002; FAHRIG, 2003).
Esse processo gera maior isolamento dos fragmentos e diminui as areas de contato entre habitat
e matriz, com efeitos negativos sobre a biodiversidade (FAHRIG, 2003; FLETCHER et al.,
2018). Esse fendémeno reduz a diversidade local (BENDER et al., 1998; ORTEGA-ALVAREZ;
MACGREGOR-FORS, 2009), exclui espécies sensiveis e favorece as espécies que estdo mais
adaptadas a ambientes alterados (DAR; RESHI, 2014; ESTAVILLO; PARDINI; DA ROCHA,
2013).

Uma maneira de ajudar a analisar os efeitos e intensidade de estressores ambientais,
como a perda de habitat e o parasitismo para a vida selvagem, é através de estudos com a
fisiologia individual de espécies amplamente distribuidas, isso permite diagnosticar esses
efeitos antes que comecem a se manifestar em populacGes reduzidas (DAVIS; MANEY;
MAERZ, 2008; HENRY; COSSON; PONS, 2007). Dentre as medidas fisioldgicas, as que
utilizam parametros hematologicos estdo sendo cada vez mais usadas, uma vez que, podem
fornecer informac6es valiosas sobre o impacto de varios estressores na saude fisiologica dos
animais (JOHNSTONE; LILL; REINA, 2015a; MADLIGER et al., 2018; SCHULTE-
HOSTEDDE; ELSASSER, 2011).

As medidas de hematocrito (Hct), hemoglobina (Hb) e relacdo neutrofilos / linfocitos
séo consideradas excelentes indicadores de deficiéncias nutricionais e estressores ambientais
cronicos (ELITH; LEATHWICK, 2009; FAIR; WHITAKER; PEARSON, 2007; LILL et al.,

2013). Com a andlise desses parametros, podemos obter informagdes sobre a vulnerabilidade
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das diferentes espécies as mudancas causadas pela adequacdo do homem e do habitat, que sdo
fundamentais para as ac¢oes de conservacdo (DAVIS; MANEY; MAERZ, 2008; MADLIGER
etal., 2018).

Parasitas sdo organismos que vivem em associacao estreita com outro organismo Vivo
de uma espécie diferente a sua (hospedeiro), sendo diferenciados em endoparasitas, que sdo
organismos que vivem no interior do corpo do seu hospedeiro, e 0s ectoparasitas, que sao
organismos gue vivem sobre o seu hospedeiro (JAKOB; MARSHALL; UETZ, 1996; PILOSOF
et al., 2012). Mesmo sendo muito diversos e apresentando ampla distribui¢cdo no ambiente, a
compreensdo sobre a dindmica hospedeiro parasita ainda ndo esta totalmente clara (PILOSOF
etal., 2012). A maioria dos estudos de parasitismo estd focado nos endoparasitas, como Santos
e Gibson (1998), que descreveram um novo trematddeo, parasitando a vesicula biliar de
morcegos frugivoros e insetivoros e Nogueira et al. (2004), que descreveu a ocorréncia de
helmintos gastrintestinais em morcegos frugivoros da Amazonia. No entanto, pesquisas
realizadas com ectoparasitas muitas vezes sendo negligenciadas (LEHMANN, 1993; PILOSOF
etal., 2012).

InvestigacGes com ectoparasitismo sdo de grande relevancia, visto que, os ectoparasitas
exercem pressdes seletivas importantes sobre a evolugdo dos seus hospedeiros, podendo
diminuir a sua aptiddo, tendo com consequéncias negativas para a dindmica da manutencao de
populacbes viaveis (LEHMANN, 1993; PILOSOF et al., 2012). Os ectoparasitas podem
retardar o tempo da reproducao, reduzir a sobrevivéncia e crescimento dos hospedeiros jovens,
além de interferirem em eventos reprodutivos, exercendo, portanto, forte pressdo nos tracos da
historia de vida do hospedeiro (FITZE; TSCHIRREN; RICHNER, 2004; M@LLER et al.,
1994). Desta forma, a analise da inter-relacdo entre parasita e hospedeiro pode fornecer
informagdes significativas sobre os diferentes processos ecologicos citados acima (M@LLER
etal., 1994; URBIETA; TORRES; ANJOS, 2019).

Entre os mamiferos os morcegos apresentam a maior diversidade de habitos, podendo
ser fitofagos (frugivoros, nectarivoros, polinivoros, folivoros ou granivoros), animalivoros
(insetivoros, carnivoros generalistas, piscivoros, ranivoros ou hemat6fagos) ou onivoros (que
consomem plantas e animais) (KUNZ; FENTON, 2003). Dentre os morcegos, a familia
Phyllostomidae, que é endémica do Neotrdpico, € a que possui a maior diversidade de habitos
alimentares, destacando-se entre eles a frugivoria (ROJAS et al., 2011). Essas interacdes
mutualisticas da frugivoria sdo fundamentais para a manutencao das comunidades naturais e da

grande biodiversidade nos trépicos (uma vez que possuem papel importante na dispersdo de



sementes), 0 que torna os morcegos frugivoros um importante grupo de estudos (JORDANO et
al., 2006).

O presente trabalho foi dividido em dois capitulos para que pudéssemos analisar como
a perda de habitat esta afetando os morcegos, a sua condicao fisioldgica e a relacdo com o0s seus
ectoparasitas. O primeiro capitulo, intitulado “Habitat amount partially affects physiological
condition and stress level in Neotropical fruit-eating bats”, teve como objetivo analisar os
parametros hematologicos para investigar os impactos da perda de habitat sobre a condicdo
fisioldgica (condicdo corporal e estado de saude) e nivel de estresse de morcegos neotropicais
frugivoros. O segundo capitulo, intitulado “Analise do efeito da perda de habitat na satde e
ectoparasitismo de morcegos frugivoros”, teve como objetivo entender como os ectoparasitas
especificos de morcegos frugivoros variam de acordo com a perda de habitat, e como isso afeta

na condicao de salde desses animais.
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ABSTRACT

Hematological measures are increasingly being used to analyse the impact of several stressors
on the physiological condition of animals. Landscape degradation and habitat loss impacts
terrestrial and volant mammals occurrence, however rarely the effects of these factors on
physiological conditions and stress levels were analysed. Here, we measured several
hematological parameters to analyse the impacts of habitat amount on the physiological
condition (body condition and health status) and stress level of four species of Neotropical fruit-
eating bats. We measured haematocrit, haemoglobin concentration and calculated the
hemoglobin-hematocrit residuals (HHR) and mean cell haemoglobin concentration (MCHC),
as well as the neutrophil to lymphocyte ratio (N/L ratio) of four common frugivores bat species
(Artibeus lituratus, Artibeus planirostris, Sturnira lilium and Carollia perspicilatta). The bats
were captured in 20 landscapes within the Atlantic Forest biodiversity hotspot, in a gradient
from 10 to 85% of habitat amount. We tested the influence of habitat amount, species, sex and
reproductive condition on the physiological variables. We fit GLM to each of the response
variables and performed a model selection to identify the most plausible to explain the patterns.
. N/L ratio was negatively influenced by habitat amount, while the other variables were not
related to habitat amount. Overall, we found that habitat loss apparently did not jeopardize the
physiological condition of fruit-eating bats and that stress level apparently is not high enough
to have any deleterious effect. We suggest that the increase in glucocorticoids, indirectly
assessed by the N/L ratio, is a predictive, beneficial response, that allow these bats to cope

efficiently with the stressors associated with habitat loss.

Keywords: conservation physiology, habitat loss, habitat fragmentation, hematology, stress,
landscape ecophysiology, Atlantic Forest, Brazil.
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Introduction

In the last century, anthropogenic pressures over forested areas, especially in the
Neotropics, are dramatically changing landscapes, with habitat loss and fragmentation being
the two most conspicuous effects of these pressures (Alroy, 2017; Newbold et al., 2015;
Vitousek et al., 2008). Recent studies suggest that habitat loss and fragmentation per se (sensu
Fahrig 2003) do not affect Neotropical biodiversity in the same way, with the loss of suitable
habitats (reduction in habitat amount) being more important than the effects of fragmentation
per se (Fahrig, 2003, 2017; Fahrig et al., 2019; but see Fletcher et al., 2018). It has also been
suggested that these effects are deleterious for some species, whilst others are not affected or
are even favoured by some degree of habitat loss and fragmentation, as forest edge associated
species (Keinath et al., 2017; Vetter et al., 2011). Understanding the idiosyncratic responses of
species to these effects, and how they differ accordingly to the specific driver, is pivotal from
both a theoretical and conservation point of view.

The effects of habitat loss and fragmentation on biodiversity patterns are usually
analyzed using species-distribution and/or relative abundance data (Henle et al., 2004; Rapport
et al., 1998). This approach can inform us whether a given population is at risk due to
anthropogenic landscape alterations only after it has already declined (Mouillot et al., 2013).
However, they cannot be identified in populations in which these effects were not yet reflected
on species abundance and occurrence (Metzger et al., 2009), and do not inform us about the
causal mechanisms underlying the differential responses of species or populations to these
disturbing factors. As such, they have a low predictive power, in which species or populations
would be more prone to be negatively affected by man-made landscape alterations (Mayfiled
etal., 2010; Violle et al., 2007). An option to fill this gap is to focus on quantifying the myriad
of physiological processes whereby different species cope with changing environments. In fact,
the use of physiological concepts, tools and techniques is now a well-established and powerful
research agenda that may contribute to clarify the mechanistic basis that links anthropogenic
impacts in landscapes to species-specific responses to such changes (Cook et al., 2013; Chown
and Gaston, 2008; Ellis et al., 2012; Madliger et al., 2018; Todgham and Stillman, 2013).

The use of physiological indices, especially those derived from the analysis of blood
parameters (erythrocytes and leukocytes profiles), have witnessed a burgeoning use to assess
physiological condition and stress level of different vertebrate species facing potentially
stressful conditions (Davis et al., 2008; Johnstone et al., 2012b, 2015; Madliger et al., 2018). In

a broad sense, physiological condition refers to a composite of intertwined factors, including
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nutritional state and health level (Minias, 2015; Notre et al., 2010). Body condition refers to
bodily energy reserves (fat and proteins), and it is implicitly assumed that healthy species, or
populations, are those whose individuals where able to meet their nutritional and energetic
requirements without the use of stored fat and protein (Peig and Green, 2009; 2010).
Erythrocytes variables especially mean packed cell volume (hematocrit — Hct) and hemoglobin
concentration (Hb), have also been used to assess body condition and health status. A high Hb
and Hct is associated with a high blood oxygen capacity, which presumably is advantageous to
meet the metabolic demands such as, for example, those imposed by stressful conditions
(Withers et al., 2016). Thus, it follows that the maintenance of a healthy physiological condition
in an otherwise stressful habitats require an increase in body oxygen capacity and, hence a high
level of Htc and Hb. However, Htc and Hb can vary independently from each other, and might
be high, or low, due to several other stress related problems, such as dehydration or anemias,
which can result from conditions such as starvation, parasite infections, or hemolytic diseases
(Fair et al., 2017; Minias 2015). Thus, the sole use of these two metrics to infer body condition
and health status has been criticized, and some derivative metrics, such as the hemoglobin-
hematocrit residuals (HHR), Mean Cell Hemoglobin Content (MCH) or Concentration
(MCHC) and Mean Cell Volume (MCV) have been proposed as alternative indices to
disentangle these potential confounding effects (Johnstone et al.,, 2011, 2012b, 2015).
Notwithstanding these caveats, measurements of body condition — Hct and Hb and their
derivative metrics — have been used as proxy to gauge the impacts of habitat loss and
fragmentation in several species of birds and mammals (Johnstone et al., 2010, 2011,2012b,
2014; Mazerolle and Hobson, 2002).

The definition of stress is contentious, but is generally assumed that involves the
activation of the hypothalamus—pituitary—adrenal axis (HPA axis) by the release of stress
hormones such as cortisol and/or corticosterone (McEwen and Wingfield, 2010; Boonstra,
2013). These hormones in turn may increase the number of neutrophils (or heterophils) and
decreases the number of leukocytes (Davis et al., 2008). Thus, the measurements of the ratio
between neutrophils (or heterophils) and leukocytes (N/L or H/L ratio) have been used as proxy
to gauge stress level in vertebrates (Davis et al, 2008; Johnstone et al., 2012b). As such, this
index has been used to assess the stress level of animals, especially birds and mammals, facing
habitat loss and fragmentation (Mazerolle and Hobson, 2002; Suorsa et al., 2004; Hinam and
St Clair, 2008; Johnstone et al., 2011, 2014). The release of these stress hormones also leads
to the production of immature red blood cells (reticulocytes), an indicative of regenerative
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anemia (Breuner et al., 2013; Minas 2015). In this regard it has been suggested that erythrocyte
variables such as MCH and/or MCHC could also be used as indicative of HPA activation, and
hence, of stress level (Breuner et al., 2013; Minias 2015; Johnstone et al., 2012b, 2015).
However, the use of such variables to assess the stress level resulting from habitat loss and
fragmentation is not as widespread as the use of the N(H)/L ratios (Mazerolle and Hobson,
2012; Johnstone et al., 2011, 2014).

Bats (Order Chiroptera) present their greatest diversity in the Neotropics, where the
evolution of a wide range of trophic niches is consider central to this diversification (Jones et
al., 2009; Peixoto et al., 2018). Bats are pivotal to the maintenance of important ecological
services in the Neotropics, such as pest control, pollination, seed dispersal, and restoration of
degraded areas (Gorresen and Willig, 2004; Muscarella and Fleming, 2007). In this context, it
is no surprise that studies on the effects of habitat loss and fragmentation on tropical bats have
witnessed an increased interest. In general, the few generalizations provided by these studies
pointed that the responses to habitat loss and fragmentation are species-specific, and that the
reduction of habitat amount triggers more pronounced responses of bat species than the effects
caused by fragmentation per se (Farneda et al., 2015; Meyer et al., 2016; Rocha et al., 2017).
As hitherto stated, such generalizations cannot inform on the mechanistic reasons underlying
these responses nor can they provide an immediate analysis of how these effects are causing
stress and impairing the health status of bats.

In this context, we measured body condition (Hct, Hb, and calculated HHR, MCHC and
N/L ratio) to assess the health status and stress level of four Neotropical fruit-eating bats
(Family Phyllostomidae). These bats are considered resilient to anthropogenic disorders
(Cosson et al., 1999; Meyer and Kalko, 2008), in response to a reduction in habitat amount in
the landscape. We had three a priori competing hypotheses. Hypothesis 1 states that habitat
amount affects physiological condition and stress level of the bats. Hypothesis 2 also considers
that species differ in the way they are affected by habitat amount. The third (and null) hypothesis
is that there is no effect of habitat amount on the physiology of bats (Table 1).

Table 1. Hypotheses and expected responses of bats across habitat loss gradients for each of the

physiological response variables within Atlantic Forest.

Hypothesis 1: habitat Hypothesis 2: effect of habitat
amount effect amount only among the analyzed
species
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Body condition Body condition of bats Although the studied species are
decreases with increased considered resilient to disturbances,
habitat loss, due to energy large species tend to be less affected by
needs to move over greater | habitat loss because they can still move
distances in search of food. | farther and reach suitable habitat.

Hematocrit With habitat loss, bats We expect small species to have higher
Hemoglobin would be in poorer health, hematocrit, hemoglobin, MCHC and
HHR what means high lower HHR with greater habitat loss due
MCHC hematocrit, high to possible reduction in the amount of

hemoglobin concentration, | food and consequently greater need to
low HHR and high MCHC. | travel long distances.

N/L ratio Areas with less habitat show | We expect small species to have higher
a homeostasis disturbance, | N/L ratio values due to stress from
increasing the traveling longer distances in search of

neutrophil/lymphocyte ratio | food.
(Lewanzik et al., 2012;
Milenkaya et al., 2013,
Seltmann et al., 2017).
Thus, we expect a negative
effect of the habitat amount
on the N/L ratio.

Material and Methods

Study area

The study area was a fragmented region in the Atlantic Forest biodiversity hotpot
(Myers et al., 2000), State of S&o Paulo, southeastern Brazil (23 °14' 18°S, 46 © 22' 40” W).
This region is characterized by the presence of tropical forest fragments of different sizes and
shapes, interspersed by a matrix composed of pasture, small crops, forestry (eucalypt and pine
plantations), urban areas and wetlands (Ribeiro et al., 2009). Most of the deforestation took
place between 1900 and 2000, and since then most of the land use change corresponds to
transitions between pasture and different types of perennial and annual crops (Victor et al. 2005,
Calaboni et al. 2018).Within this region, we selected 20 landscapes with forest cover (hereafter
habitat amount) ranging from 10 to 85% within a 2 km radius buffer size. This was used as a
proxy for habitat loss, which allowed us to assess its effect on health status and stress levels of
bats (Fig. 1). The choice of this 2-km buffer size was based on previous studies, which
documented that 2 km is a suitable spatial extent for the analysis of the diversity and abundance
of frugivorous bats in a similarly fragmented context (Muylaert et al., 2016). Additionally, we

also explored the effects of landscape habitat amount on bat physiological parameters using two
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other spatial extents (0.5 and 1 km), but the patterns were consistent with the previous results.
Therefore, we kept only the 2-km spatial extent on our analysis.
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Fig 1. Map of the study area, within the Atlantic Forest patches, and illustration of the twenty

2 km-radius sampling landscapes, that present a gradient of forest amount.

Prior to calculate habitat amount, we mapped the forest remnants through visual
interpretation of aerial and satellite images of the study area (Esri, DigitalGlobe, GeoEye,
Earthstar Geographics, CNES / Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN,
IGP, swisstopo, and GIS User Community) with 1-m spatial resolution, available in the
Basemap extension (ArcGIS 10.2). habitat amount (forest cover % in the 2-km radius
landscape) was calculated within GRASS 6.4 GIS (GRASS Development Team 2014).

Bat sampling

Bats were sampled between September 2017 to March 2018, which refers to the

reproductive season. Although we collected 20 species, we focused our analysis on the four
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most abundant in the study area: Artibeus lituratus, Artibus planirostris, Carollia perspicillata
and Sturnira lilium (see also Muylaert et al., 2016). All these species have a wide distribution
through Central and South America, being common in disturbed habitats, with a roost
preference for foliage and hollow trees. The diet of these species are mostly comprised of fruits
of the genus Piper, Solanum, Cecropia and Ficus, albeit with different levels of preference
(Fleming and Heithaus, 1981; Velazco and Patterson 2013).

We captured bats by placing six mist-nets at each landscape (12 x 3m, 16 x 16mm mesh),
at locations such as trails, road sides and forest edges. Mist-nests were open for 6 hours starting
at dusk, for two nights in each landscape, totaling 2592 h.m? of sampling effort (Trevelin et al.,
2017). Upon capture, we identified the bats taxonomically according to Reis et al. (2007), and
recorded the sex and reproductive status of each adult individual (reproductive or non-
reproductive). The reproductive condition was assessed through the visualization of the
secondary sexual characteristics: scrotum evident or not in the males, according to the swelling
of the testicles; pregnant female, when the animal shows greater volume in the abdominal
region, with perception of the fetus in the abdomen, through probing; breastfeeding, when the
mammary glands are well developed and without surrounding hairs, lactating when pressed;
non-lactating female, when they do not have developed mammary glands (Anthony, 1988).

After measuring body mass (g) with a spring balance (Pesola, LIGHT LINIE, accuracy
0.1 g, Switzerland) and forearm length (mm) with a digital caliper (Digimess 100.041A,
accuracy 0.02mm, Brazil), we took a blood sample (up to 100 pl; less than 1% of blood volume
for all 4 species) by puncturing the antebrachial vein with a 26-gauge sterile needle as described
by Voigt and Cruz-Neto (2009). Time between capture and blood sampling took on average 60
minutes. These samples were transferred to heparinized capillaries for measurements of
hemoglobin content, hematocrit, and for the quantification of the neutrophil/lymphocyte ratio.
After blood collection, each individual was banded with a uniquely numbered aluminum band
placed at the forearm (Omega LOG, Brazil) and released at the site of capture.

Permits to collect bats were issued by Instituto Brasileiro do Meio ambiente e dos
Recursos Naturais Renovaveis (IBAMA permit: #58458-1). Ethical permits for this study were
issued by the Comité de Etica no Uso de Animal of the Universidade Estadual Paulista
(UNESP) at Rio Claro, S&o Paulo, Brazil (Authorization: #21/2017)

Blood analysis
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Immediately after collection, a 10 ul blood sample was used to measure the hemoglobin
concentration (in g/dL) with a Vet Hemoglobin Analyzer (HemoVet, EKF Diagnostics,
Barleben, Germany). Right after these measurements, an additional aliquot of 10 ul was placed
on a glass slide and then smeared across the surface using the clean edge of another slide used
to obtain blood smears, which were fixed with methanol. After air-drying the smear was fixed
with Giemsa (20%) and then latter analyzed under oil immersion in a microscope, with a
magnification of 100x. We calculated the differential white blood cell counts (DWBC) by
identifying and counting in 100 leukocytes, the relative number of lymphocytes, neutrophils,
eosinophils and monocytes (Paksuz et al., 2009). From this data we then calculated the N/L
ratio. All these analyses were carried out blindly with the respect to the individual/species
identity, always by the same person (P.H.M.). The remaining blood was stored at 4°C for no
more than 12 hours and then used to determine the hematocrit (%), by capillary centrifugation
(micro Coleman SH-120/1, Brazil), at 12 000 rpm for 10 minutes. We conducted a linear
regression between time (in minutes, counted from blood collection) and hematocrit values to

ensure that there were no blood quality impairments for hematocrit results (Appendix A).

Data Handling and Statistical Analysis

We used the scaled mass index (Mi) as a surrogate for body condition (Peig and Green,
2009, 2010). Since body mass and forearm length differed between species, Mi was calculated
by adjusting body mass for a common linear measurement of size (mean forearm length of all
individuals for the four species). As expected, hemoglobin was highly correlated with
hematocrit for all species (Appendix B). Thus, we used the residuals of a regression between
Hct and Hb for all species as a measure of the variation in Hb independent of the variation in
Hct (Hemoglobin-Hematocrit Residuals — HHR; Johnstone et al., 2011). The mean cell
hemoglobin concentration (MCHC, in grams per liter), a measurement of the amount of Hb per
total number of erythrocytes, was calculated as MCHC = Hb x 10 / Hct (Johnstone et al.,
2012b).

We used Generalized Linear Models (GLM) to model the response variables (Mi,
hematocrit, hemoglobin concentration, HHR, MCHC, and N/L ratio) as a function of habitat
amount and species. We also considered the interaction between these covariates to account for
the differential effect of habitat amount between species. Since most of the variation in body
mass was due to the difference between species (these variables were highly correlated, see
Appendix C), we did not include body mass as an explanatory variable in the models. GLMs
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were built with a Gaussian error structure for the response variables, since all of them are
continuous. The N/L ratio, the only variable constrained to a range between zero and one, was
standardized to guarantee the optimization of the GLM fit: for each value we subtracted the
mean and divided the result by the standard deviation of the N/L ratio, to allow for both positive
and negative values. We built all univariate and multivariate models formed by the combination
of habitat amount and species, including the interaction between them. For each response
variable, we performed a variable selection through corrected Akaike information criteria
(AlCc), searching for the most plausible models as the ones with lowest AICc values. We
considered as equally plausible all models with a difference of AICc smaller than 2 from the
model with lower AICc (i.e. AAICc). In case there was more than one model among the most
plausible, we considered the simplest (with the one with less parameters) as the most likely,
using the principle of parsimony (Burnham and Anderson 2002). To account for the effect of
spatial extent (i.e. buffer size) when estimating habitat amount, the same models were fit for
each landscape extent (2, 1, and 0.5 km radius landscapes), and their effects were also compared
via AlICc. The analyses were performed in R (R Core team 2018), using the MuMIn package,
a tool for performing model selection and model averaging (Barton 2018). All code and data
are publicly available at a GitHub repository:
https://github.com/LEECIab/ms_landscape physiology bats.

Results

For the four focal species, we captured 275 bats on our study (64 A. lituratus, 75 A.
planirostris, 34 C. perspicilatta, and 102 S. lilium). On average, 14 individuals were captured
per sampling landscape, although the number of individuals captured in each of the 20 sampling
areas varied considerably between species (Appendix D). The effect of habitat amount in all
physiologic parameters was qualitatively similar between landscape extents, therefore we only
report the results for 2km-radius landscapes. The comparison between scales is shown in

Appendix E.

Body condition

Most difference in body condition was due to the variation in body size between
species, and the effect of habitat amount on body condition was negligible for all species (Table
2, Appendix E). As expected from their body sizes, A. lituratus presented higher body
condition, followed by A. planirostris, C. perspicillata, and S. lilium (Table 3).
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Erythrocyte Analysis

No erythrocyte parameters (hemotocrit, hemoglobin, HHR, MCHC) were affected by
habitat amount, since the model was among the most plausible for all these response variables
(Table 2). For hemoglobin, the most likely models considered species differed in their
hemoglobin levels, but it was as likely as the no effect model (AAICc = 0.93, Table 2). For
hemoglobin, HHR and MCHC the model that considers the summed effect of habitat amount
at 0.5 km and species was among the best ranked, but again the no effect model was as likely

as these ones.

N/L ratio

N/L ratio was the only variable that was affected by habitat amount. Although for all
species N/L ratio decreased with an increase in habitat amount, the trend was different between
species (Table 2and 3). C. perspicillata, A. lituratus, and A. planirostris were more strongly,
and similarly, affected by forest loss [effect size (95% CI) = -0.041 (-0.051 to -0.032) for A.
lituratus, -0.042 (-0.056 to -0.029) for A. planirostris, and -0.045 (-0.063 to -0.027) for C.
perspicillata]. The effect of habitat loss on S. lilium, in turn, was up to 1.62 times smaller than
the other species, on average — effect size (95% CI) =-0.027 (-0.039 to -0.016) (Fig. 2). The
increase in N/L ratio with forest loss followed an increase in N and a decrease in L for all

species (Appendix F).

Table 2. Result of the model selection through AlCc for each response variable. All equally
plausible models ([JAICc<2) are shown; the most parsimonious are in bold. For each model,
the number of parameters (degrees of freedom, df), the AlCc value, the difference between the
model’s AICc and the most plausible one (AAICc), and the AICc weights are shown. Here, the
habitat amount (%) effect refers to the 2km landscape extent.‘+’ corresponds to the summed
effect of the variables (difference in intercepts between species) and ‘*’ correspond to the

interaction effect between the variables (difference in intercepts and slopes between species).

Response variable Model Df AAICC AIC weight
Mi Species 5 0.00 0.459
Habitat amount + Species 6 2.08 0.162
Hematocrit No effect 2 0.00 0.368
Habitat amount 3 1.89 0.143
Hemoglobin Species 5 0.00 0.223
No effect 2 0.93 0.140
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HHR

MCHC

N/L ratio

Habitat amount + Species

No effect

No effect

Habitat amount + Species
Habitat amount * Species

6
2
Habitat amount + Species 3
2
3
9

1.85
0.00
1.45
0.00
1.81
0.00

0.088
0.641
0.310
0.574
0.232
0.705

Table 3. Maximum likelihood estimates and 95% confidence interval (2.5 and 97.5%

percentiles) for all parameters for the most plausible and parsimonious model, for each response

physiological variable for which the no effect model was not selected, considering habitat

amount calculated in landscapes of 2km radius. Models that include the continuous variable

(habitat amount) present slopes and intercepts. For models that include only species, the

intercept parameters correspond to mean (expected) values of the response variable for each

species.
Physiologic | Model Parameter Maximum likelihood
variable estimate (95% IC)
Body Species Mean (A. lituratus) 37.75 (36.9 t0 38.61)
condition
Mean (A. planirostris) 36.71 (35.92 to 37.49)
Mean (C. perspicillata) 28.2 (27.05 to 29.36)
Mean (S. lilium) 35.38 (34.71 to 36.06)
N/L ratio Habitat amount Intercept (A. lituratus) 1.77 (1.36 to 2.17)

Intercept (A. planirostris)

1.87 (1.43 to 2.41)

Intercept (C.
perspicillata)

1.69 (1.10 to 2.28)

Intercept (S. lilium)

1.04 (0.71 t0 1.37)

Slope (A. lituratus)

-0.041 (-0.051 to -0.032)

Slope (A. planirostris)

-0.042 (-0.056 to -0.029)

Slope (C. perspicillata)

-0.045 (-0.063 to -0.027)

Slope (S. lilium)

-0.027 (-0.039 to -0.016)
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Species
Artibeus lituratus
- Artibeus planirostris
- Carollia perspicillata
Sturnira lilium

N/L ratio

20 40 60 80
Forest amount (%)

Fig 2. Variation in the N/L ratio as a function of forest amount for the 4 species of fruit-eating
bat

Discussion

In this study we aimed to evaluate the impact of habitat loss on the health status and
stress level of four species of Neotropical fruit-eating bats, considered resilient to anthropogenic
disturbances (Cosson et al., 1999; Meyer and Kalko, 2008). Except for the data on N/L ratio,
the results of the other physiological indices do not support our initial predictions that a
reduction in the habitat amount in the landscape would be associated with a decrease in body
condition and health status. As discussed below, even the increase in N/L ratio as habitat
amount decreases cannot fully support the idea that these bats are more stressed when using

patches with a reduced amount of forest.

Body condition and health status
It is assumed that species or populations with a better body condition were those whose
individuals are able to meet their nutritional and energetic requirements without the use of

stored fat and protein reserves (Peig and Green, 2009, 2010). Given that landscapes with less
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habitat tend to have a low food availability (Bennett and Saunders, 2011; Mullu, 2018), it is
conceivable to expect that individuals in these areas would have a lower body condition.
However, results of several studies with small mammals and birds that tested this idea provided
controversial results. Also, it seems that a complex interaction between factors such as sex,
reproductive condition and certain landscape characteristics (such as edges amount, patch size
and habitat amount) likely affect the outcome of the results (non-flying mammals - Johnstone
et al., 2011,2012a, 2014. birds - Habel et al., 2014; Lens et al., 2002; Mazerolle and Hobson
2002; Suorsa et al., 2003, 2004). In bats, Seltmann et al. (2017) found that habitat disturbance
caused species-specific effects in body condition in a guild of Paleotropical insectivorous
species. This idiosyncratic response mostly depended on roost type-specificity, being more
acute for foliage-roosting than for cave-roosting species, irrespective of the effects of level of
habitat disturbance, . We also found that body condition of fruit-eating bats vary between
species, but roost-specificity was not a confounding factor in our study, as our focal species
uses the same type of roost (Lopez and Vaughan, 2007). More important, however, we did not
find a deterioration in body condition of individuals in patches surrounded by a lower amount
of forest, for any of these species.

The use of erythrocyte measurements (Hct and Hb) and its derivative metrics (HHR and
MCHC), has also been used as a proxy to infer the effects of reduced food availability associated
with fragmentation and habitat loss on health status and body condition in small birds and
mammals. Like the outcomes of the studies that used morphological-based metrics to assess the
same relationship, results of such studies are controversial and, to some extent, affected by the
same factors outlined above (see references above; see also Fair et al., 2007; Minias et al., 2005
and Johnstone et al., 2015). In bats, Henry et al. (2007) compared Hct levels of two closed-
related Neotropical frugivore species (Artibeus jamaiscensis and Artibeus obscurus) to test this
idea. These authors found Hct of A. obscurus, especially females, to be higher in fragmented
areas and suggested that this species was probably facing nutritional stress in this area. We did
not find that Hct, or any other erythrocyte metrics (Hb, HHR and MCHC) were affected by
habitat amount among the four species of fruit-eating bats we studied.

Why habitat loss seems not to affect the condition and health status of these species of
fruit-eating bats? It is worth noting that most results discussed above, including those with bats,
came from studies that (i) used habitat patches as units of analysis, and patch-level
measurements such as patch size as fragmentation variables; (ii) used continuous vs.

fragmented designs, comparing individuals from small and large patches; or (iii) did not specify
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the fragmentation measurement strictly (e.g. Seltman et al. 2017). This means that most studies
either called habitat amount as ‘fragmentation’ variables (e.g. patch size) or measured
fragmentation variables that confound the effects of habitat amount and habitat fragmentation
per se, if they were measured at the landscape level, as in the present study. Although it is
difficult to separate the relative influence of each specific effect, there is a consensus that the
effects of habitat loss are generally more deleterious than the effects of fragmentation (Fahrig,
2003, 2017), a pattern that seems to hold for bats (e.g. Muylaert et al., 2016). However, the
metrics used to assess these effects were based on species-distribution and/or relative
abundance data, and they might not give the same conclusions as those derived from
physiological data (Ellis et al., 2012). For example, Henry et al. (2007) found that abundance
data did not correlate with physiological data for two species of Neotropical fruit-eating bats:
the most abundant species in fragmented areas (Artibeus obscurus) was the one suffering from
nutritional stress, as analyzed by Hct level. Johnstone et al. (2014) found that the body condition
and health status of small non-flying mammals (marsupial and rodents) to be more affected by
habitat amount, although their relative abundance was also affected by factors associated with
landscape configuration.

A tentative explanation for the capacity of fruit-eating bats to a maintain body condition
and health status irrespective of the amount of forest in the landscape can be elaborated if we
consider these traits as being related to an intertwined suite of functional response of these bats
to disturbance. Habitat loss can be seen as a selective filter, and several studies with bats showed
that frugivores, with relative small body mass and whose wings present high aspect ratio and
relative high load, would be those more resilient to habitat loss and fragmentation (Marinello
and Bernard, 2014; Meyer, 2014). Although overall productivity decrease in landscapes with
less habitat, the relative abundance of some species of fruits, especially pioneering ones such
as Vismia, Cecropia and Piper, tends to increase (Castro-Luna and Galindo-Gonzalez, 2012;
Santo-Silva et al., 2012). Frugivore bats would then be favored, especially if they have a broad
diet or show strong preferences for these types of fruits. Finally, wings with a high aspect ratio
and relative high load assure a more flexible and less costly flight (Findley et al., 1972; Norberg
and Rayner, 1987), which would be advantageous in the altered landscape. Muylaert et al.
(2016) found that the relative abundance of our four focal species decreased with habitat
amount, but was less affected by when compared to the responses of bats with different
functional traits. Taken together, these results suggest that the functional traits that render these

species less sensitive to forest loss may apply not only for abundance but also individual
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physiology: to some extent, the physiological correlates of the ecological traits might explain
why a decrease in habitat amount did not affect body condition and health status in our focal
species. For example, frugivore bats, especially those that feeds on pioneering fruits, tend to
have lower basal metabolic rates (Batista et al., 2017) and, due to their wing morphology, are
able to minimize the energetic costs associated with movement, which further reduces their
energy expenditure (Marinello and Bernard, 2014). Also, the flexibility associated with this
particular wing morphology facilitates movement between patches, which probably increase
their forging efficiency. Coupled with the use of pioneering fruits, which are abundant in
fragmented landscapes, such traits allow these species to meet their energetic and nutritional
requirements and, hence, maintain their body condition and health status.

Our hypothesis implies that the physiological condition of these fruit-eating bats, at least
those related to their capacity to maintain body condition and health, can change in response to
fragmentation to some optimum level that would be beneficial also to mitigate the effects of
habitat loss. However, to test this hypothesis, we need comparative data for body condition and
erythrocyte profiles for these species in studies with a landscape approach, that consider
landscapes as units of analysis and that disentangle the effects of habitat amount and habitat
fragmentation per se. Also, we implicitly assumed that the physiological responses are closed
related to fitness, via their effect on reproductive output, an assumption also made by other
studies that used ecological traits to assess the response and vulnerability to fragmentation and
habitat loss (Johnstone et al., 2012a). Such assumption needs to be tested. Embodied in this
assumption is the idea that a link exists between ecological and physiological traits, and that
such link shapes the response and vulnerability of animals to disturbances. Although this link
has been tested for responses associated with other man-made disturbances such as climate
change (Bourbonnais et al., 2014; Cooke et al., 2013; Ewers and Didham, 2006; Pilosof et al.,
2012), they need to be tested for the effects of habitat loss and fragmentation.

A final remark on the scale of effect should be done. We detected similar (absence of)
effects of habitat amount for landscape extents from 0.5 to 2 km radius, the same extents in
which these species’ abundances were shown to be affected (Muylaert et al. 2016). However,
these bat species present high mobility (Trevelin et al., 2013) and may use areas farther from 2
km in their daily activities, so there may be an effect of habitat amount at larger landscape
extents. At the same time, habitat amount may affect species in multiple ways and scales,
thought different mechanisms. Jaguars (Panthera onca), for instance, have home range areas
between ~35 and ~1,200 km?(Morato et al., 2016), but forest cover has a very small (but still
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positive) effect on their resource selection behavior at the home range scale. At the foraging
scale (i.e., considering individual fine-scale displacements), on the opposite, the effect of forest
cover on resource selection is much stronger (Morato et al., 2018). In another study (Lyra-Jorge
et al., 2010) conducted in the same region of our research (the Northeast of Sdo Paulo State,
Brazil), researchers analyzed the multi-scale effects of landscape parameters (habitat amount
and edge density) on richness and frequency of three large and highly mobile species, Puma
concolor, Chrysocyon brachyurus and Leopardus pardalis, which have the potential to cross
up to 80-100 km per night. However, even being able to travel such large distances, landscape
effects were detected in scales that varied between 250 m and 2 km. Therefore, the effects of
habitat amount measured on wider and multiple scales on body condition and health level of

the bat species studied here remain to be tested.

Stress Level

Our results showed a significant and negative association between the N/L ratio and
habitat amount for all species; bats collected in areas with a lower habitat amount had
significantly higher N/L ratios. An increase in N/L ratio was also found between populations
of antechinus living in fragmented as compared to continuous areas (Johnstone et al., 2012). In
birds, results were inconsistent (Hinam and Clair, 2008; Mazerolle and Hobson 2002; Suorsa
et al., 2004;). In bats, Seltmann et al. (2017) found N/L ratio to be higher in populations living
in fragmented areas as compared to those living in restored or continuous areas. It is assumed
that an increase in N/L ratios is associated with the activation of the HPA axis by
glucocorticoids hormones, which causes lymphopenia and neutrophilia (Breuner et al., 2013;
Davis et al., 2008; Johnstone et al., 2015). Even though the relationship between N/L ratio and
levels of circulating glucocorticoids has not been validated for bats, our results showed that this
change in fruit-eating bats was caused by a concomitant decrease in lymphocytes and increase
in neutrophils as habitat amount decrease (see Appendix F). Thus, we suggested that an
increase in N/L ratio as habitat amount decreases in fruit-eating bats is probably caused, at least
partially, by an increase in the level of circulation glucocorticoids.

Although we found that stress level increased as habitat amount decreased, we found no
evidence that such increase had a suppressive effect of physiological condition of fruit eating-
bats. For example, we found no correlation between N/L ratio and any of the metrics associated
with health status of body conditions for any of the bats, which did not vary with habitat amount.

As hitherto discussed, these bats can explore the landscape efficiently so that their nutritional
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and energetic requirements can be fully achieved. In this regard, it might be that the increase in
glucocorticoid levels is a predictive, short-term, response that probably prepared these bats to
efficiently cope with the stressors associated with habitat (Boonstra 2013; McEwen and
Wingfield, 2010; Sapolsky, Robert, Romero, 2010;). This hypothesis seems also be
corroborated by our findings that MCHC, a metric that might be indicative of chronic,
suppressive, stress (Breuner et al., 2013; Johnstone et al., 2012a) did not vary in response to a
decrease in habitat amount for any of the fruit-eating bats we studied.

The relative counts of lymphocytes were higher than the average counts of neutrophils
in our focal species, a pattern similar to found for other phyllostomid fruit-eating bats
(Schneeberger et al., 2013). Even though the rate of change of neutrophils and lymphocytes are
similar with respect to changes in habitat amount within each species, the relative contribution
of each cell to the change in N/L ratio is quite different (Appendix F). In fact, we found that,
neutrophils, despite being less abundant, increased, on average, by between 7-9 times from
areas with high (> 73%) to low habitat amount (< 20%). Lymphocytes, albeit being more
abundant, decreased, on average, between 2 to 3 times from areas with high (> 73%) to low
habitat amount (< 20%). Given our considerations above, and given that neutrophils constitute
the first line of immune defense against invading pathogens (Withers et al., 2016), it might be
that the high rate of hormones-induced neutrophilia is a beneficial response that would increase
the ability of these bats to cope with an increase in injuries and pathogens associated with a
decrease in habitat loss, because in environments with lower habitat amount pathogen-
transmission lesions tend to occur more often because populations are more concentrated in the
same patches. However, this hypothesis warrants a more direct analysis of the immune system
of these bats to be confirmed.

Concluding Remarks

Overall, we found that habitat loss apparently did not jeopardize the physiological
condition (body condition and health status) of fruit-eating bats and that stress level apparently
is not high enough to have any deleterious effect. In fact, we suggested that the increase in
glucocorticoids, indirectly assessed buy the N/L ratio, is a predictive, beneficial response, that
allow these bats to cope efficiently with the stressors associated with habitat loss. We suggested
that this fact is probably associated with life-history traits that render these bats more resilient
to habitat discontinuation and thus, minimize the further effects of degradation in the habitat,
such as reduction in the habitat amount. The four species we used to test our study hypotheses,
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due to their functional traits, are considered resilient to anthropogenic disturbances (Cosson et
al., 1999; Meyer and Kalko, 2008). Further studies are needed with species whose traits make

them less resilient.
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Appendix A. Linear regression with hematocrit (y) and time in minutes (x) values for the four study
species. There was variation in Htc values over time for any of the species.
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Appendix B1l. Relationship between Hematocrit and Hemoglobin concentration hematocrit-

hemoglobin residuals (HHR), mean corpuscular hemoglobin concentration (MCHC),

neutrophil/lymphocyte ratio (N/L), and body condition (Mi, in grams), for Artibeus lituratus.

The figures within the diagonal shows the histogram of each variable. The lower panel shows

a scatterplot of each pair of physiologic variables, while the upper panel presents the Pearson

correlation coefficient among them.
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Artibeus planirostris

Hb || HHR [ MCHC [[ wieo ]| Mi
] Corr: Corr: Corr: Corr: Corr: |-
51 L 0.858 -7.48e-11 0.429 -0.0433 -0.038 ’
il |
22.54 1
?:: . .%"-1 Corr: Corr: Corr: Corr: -
] i 0.514 0.83 -0.0884 0.0138 |°
12‘54* ‘ L
L ] [ ] 1
1 ee® o . .o. e
"1& 4&* Corr: Corr: Corr: -
01 X
l") » LH 0.899 -0.102 0.0791 |
S AR N I i
[ ] ° . L ] 1
6] ® e® ® .. :.. b
o] & Bl # r f Corr: Corr: z
o 8% & -/ 0.115 0.061 |®
27 1%y 4 o L]
WDD'.. ‘. . . : w . .' .-' ®
0751 a @ L] L]
sodks 20 Blamn’ W .k-a- - |z
0s0{® ¢ ..‘ ' LI ... ’.. e ® .. ..~ Corr: g
e e “ of oo} J 0.076 |&
[ ] .h
0001 % ’00 ® o o .... ﬂ.’*'.o ® 0 00T e |L L]
45 o o0 [ ] [ ] [ ]
B TR I, Uk~ X . 2
(] L ]
o o ° $e 2 . z
” rc.l'-’ T Wawr o falf A 174
P S S S e
50 55 60 125 150175200225 -2 1 0 1 2 27 30 33 36 0.000.250500.751.00 30 35 40 45

Appendix B2. Relationship between Hematocrit and Hemoglobin concentration, hematocrit-
hemoglobin residuals (HHR), mean corpuscular hemoglobin concentration (MCHC),
neutrophil/lymphocyte ratio (N/L), and body condition (Mi, in grams), for Artibeus planirostris.
The figures within the diagonal shows the histogram of each variable. The lower panel shows
a scatterplot of each pair of physiologic variables, while the upper panel presents the Pearson

correlation coefficient among them.. Continued.
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Appendix B3. Relationship between Hematocrit and Hemoglobin concentration, hematocrit-

hemoglobin residuals (HHR), mean corpuscular hemoglobin concentration (MCHC),

neutrophil/lymphocyte ratio (N/L), and body condition (Mi,

in grams), for Carollia

perspicillata. The figures within the diagonal shows the histogram of each variable. The lower

panel shows a scatterplot of each pair of physiologic variables, while the upper panel presents

the Pearson correlation coefficient among them.
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Sturnira lilium
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Appendlx B4. Relatlonshlp between Hematocrit and Hemoglobin concentration, hematocrit-
hemoglobin residuals (HHR), mean corpuscular hemoglobin concentration (MCHC),
neutrophil/lymphocyte ratio (N/L), and body condition (Mi, in grams), for Sturnira lillium. The
figures within the diagonal shows the histogram of each variable. The lower panel shows a
scatterplot of each pair of physiologic variables, while the upper panel presents the Pearson

correlation coefficient among them.
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Appendix C. Relationship between explanatory variables used in the physiological variation of

the studied bats: Forest amount (in percentage), calculated at landscapes with a radius of 2 km,

1 km, and 0.5 km; species (categories: 1 = A. lituratus, 2 = A. planirostris, 3 = C. perspicillata,

4 = S. lilium); and body mass (in grams). The figures within the diagonal shows the histogram

of each variable. The lower panel shows a scatterplot of each pair of physiologic variables,

while the upper panel presents the Pearson correlation coefficient among them.
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Appendix D1. Number of captures versus forest amount, measured at a landscape radius of 2
km, for each species.
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Appendix D2. Number of captures versus forest amount, measured at a landscape radius of 1

km, for each species.
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Appendix D3. Number of captures versus forest amount, measured at a landscape radius of 0.5
km, for each species.
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Appendix E. Result of the model selection through AICc for each response variable,
considering forest cover measured in 2, 1, and 0.5 km radius landscape extents. All equally
plausible models (dAICc < 2) are shown, as well as the equivalent models with forest cover
measured in other scales. The most parsimonious are in bold. For each model, the number of
parameters (degrees of freedom, df), the AICc value, the difference between the model’s AICc
and the most plausible one (AAICc), and the AICc weights are shown. The effect size
(regression coefficient) of forest cover in models that include this variable are also shown.
%Forest corresponds to forest cover, ‘+’ corresponds to the summed effect of the variables
(difference in intercepts between species) and “*’ correspond to the interaction effect between

the variables (difference in intercepts and slopes between species).

Response Model Effect size of  df AICc  AAICC AIC
variable forest cover weight
Mi Species NA 5 1485.0 0.00 0.459
%Forest (0.5km) + -0.0196 6 1486.9 191 0.177
Species
%Forest (2km) + -0.0054 6 1487.0 2.08 0.162
Species
%Forest (1km) + -0.0008 6 1487.1 2.09 0.161
Species
Hematocrit No effect NA 2 1388.0 0.00 0.368
%Forest (2km) -0.0254 3 1389.8 1.89 0.143
%Forest (0.5km) 0.0129 3 1390.0 2.01 0.135
%Forest (1km) -0.0103 3 1390.0 2.02 0.134
Hemoglobin  Species NA 5 1102.2 0.00 0.223
%Forest (0.5km) +  0.0692 6 1103.0 0.78 0.151
Species
No effect NA 2 1103.2 0.93 0.140
%Forest (2km) + 0.0302 6 1104.1 1.85 0.088
Species
%Forest (1km) + 0.0278 6 1104.1 1.88 0.087
Species
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HHR %Forest (0.5km) +  0.1017 3 733.8  0.00 0.363

Species
No effect NA 2 7344  0.56 0.274
%Forest (1km) + 0.0701 3 735.2 137 0.183
Species
%Forest (2km) + 0.0486 3 735.8 2.01 0.133
Species

MCHC %Forest (0.5km) +  0.1035 3 1076.0 0.00 0.337
Species
No effect NA 2 1076.7 0.66 0.242
%Forest (1km) + 0.0581 3 1077.9 1.85 0.133
Species
%Forest (2km) + 0.306 3 10785 247 0.098
Species

N/L ratio %Forest (2km) *  ** 9 614.3  0.00 0.705
Species
%Forest (1km) * ** 9 660.3  45.98 <0.001
Species
%Forest (0.5km) *  ** 9 693.1 78.80 <0.001
Species

** Effect different for each species. See Table 3 in the main text.
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Appendix F. Relative count (percentage, in relation to the total number of erythrocytes) of
neutrophils (N) and leukocytes (L) as a function of forest amount (in percentage) in the 2 km
buffer around the sampling points. The coefficients of the regression and R2 are shown in

different colors for N and L.
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Capitulo 2: Anédlise do efeito da perda de habitat na saude e ectoparasitismo de

morcegos frugivoros
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Titulo: Analise do efeito da perda de habitat na salude e ectoparasitismo de morcegos

frugivoros

Resumo

Tendo em vista o ritmo acelerado em que os remanescentes florestais estdo sofrendo com a
perda de habitat, é essencial entender o impacto que o homem tem causado para a vida
selvagem. Todos os organismos sdo fortemente influenciados pela paisagem em que ocorrem,
devido a um conjunto de fatores evolutivos, como recursos alimentares, predacdo e competicéo.
Da mesma forma que 0s outros organismos, os ectoparasitas sao fortemente influenciados pelo
meio, muitas vezes podendo ser uma barreira para a ocorréncia de individuos em diversas
localidades, uma vez que, podem afetar de maneira decisiva na condicdo de vida dos
organismos. Os morcegos sdo um importante grupo de mamiferos, e 0s servicos ecolégicos que
eles fornecem como, controle de pragas, dispersdao de sementes e restauracdo de areas
degradadas, sdo essenciais para a manutencdo funcional dos ecossistemas. A condicao de saude
fisiolégica compete um conjunto de fatores que estéo relacionados, incluindo estado nutricional
e carga parasitaria. O presente estudo teve como objetivo entender como o ectoparasitismo
especifico dos morcegos varia de acordo com a perda de habitat, e como esse afeta na condigédo
e salde de morcegos frugivoros (Familia Phyllostomidae). Nossas hipdteses foram, que quanto
maior a perda de habitat, os valores de intensidade de ectoparasitas seriam maiores e 0s
morcegos do estudo estariam em pior condicdo de salde, o que também favoreceria essa maior
intensidade ectoparasitaria. Nossas previsdes ndo foram apoiadas, e ndo obtivemos relacdo
entre os parasitas e a perda de habitat, bem como na condicdo de salde desses animais.
Concluimos que aparentemente perda de habitat ndo modifica os padrdes dos ectoparasitas nos

morcegos frugivoros e também n&o causa danos na condi¢do de satde dos individuos.

Palavras chave: Parasitismo, Mamiferos silvestres, Fisiologia, Condigdo de saude,
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Introducéo

Os morcegos apresentam uma grande diversidade ecol6gica, morfoldgica, fisiologica, e
comportamental, sendo que a evolucdo de uma ampla gama de nichos troficos € tida como
central a esta diversificacdo (BERNARD; FENTON, 2007; GORRESEN; WILLIG, 2004;
MELLO et al., 2015). Por estarem presentes em uma grande variedade de nichos ecoldgicos
diferentes, o grupo estabelece diversas inter-relagdes criticas para a manutencdo dos
ecossistemas onde ocorrem (BERNARD; FENTON, 2003; JONES et al., 2009). Sd&o um
importante grupo de mamifero, e os servicos ecolégicos que eles fornecem como, controle de
pragas, dispersdo de sementes e restauracdo de areas degradadas, sdo essenciais para a
manutencdo funcional dos ecossistemas (COTTONTAIL; WELLINGHAUSEN; KALKO,
2009; HENRY; COSSON; PONS, 2007).

Os morcegos, assim como diversos organismos sdo influenciados pela paisagem em que
ocorrem, devido a um conjunto de fatores evolutivos, como recursos alimentares, predacéo e
competicdo, diferentes tipos de hébitats, microclima e configuracdo da paisagem (ALROY,
2017; VITOUSEK et al., 2008). Da mesma forma que 0s outros organismos, 0s parasitas
também sdo fortemente influenciados pelo ambiente em que ocorrem, muitas vezes podendo
ser uma barreira para a ocorréncia de individuos em diversas localidades, uma vez que, podem
afetar de maneira decisiva na condicao de vida dos organismos (LEHMANN, 1993; PILOSOF
et al., 2012). Com isso, € inegavel a importancia de investigacbes de como as mudancas na
paisagem tem afetado os individuos e sua condicdo de vida (BENDER et al., 1998; ELLIS;
MCWHORTER; MARON, 2012).

A perda de habitat, é vista como uma das principais mudancas na paisagem, que ocorre
essencialmente em decorréncia da crescente urbanizacdo (BROOKS et al., 2002; FAHRIG,
2003). Essa, € definida como a diminuicdo das areas florestais, das quais resultam diferentes
configuragcBes remanescentes na paisagem, e € considerada uma das principais ameagas a
biodiversidade em todo o mundo (BETTS et al., 2014; FRANKLIN et al., 2002;
LINDENMAYER; FISCHER, 2007). Trata-se de um fendmeno generalizado que ocorre em
todas as regides do globo (BENDER et al., 1998; FAHRIG, 2003). A perda de habitat reduz a
diversidade local (BENDER et al., 1998; ORTEGA-ALVAREZ; MACGREGOR-FORS,
2009), exclui espécies sensiveis e favorece as espécies que estdo mais adaptadas a ambientes
alterados (BROWN et al., 2001; DAR; RESHI, 2014; ESTAVILLO; PARDINI; DA ROCHA,

2013).Tendo em vista o ritmo acelerado em que os remanescentes florestais estédo sofrendo com
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a perda de habitat, € essencial entender o impacto que o homem tem causado para a vida
selvagem (ALROY, 2017; MULLU, 2018).

Muitas pesquisas realizadas com o intuito de determinar os principais impactos da perda
de habitat para as diferentes espécies, concentram-se apenas em analisar as mudangas na
distribuicéo e abundancia das suas populacdes alvo (ANDREN, 1994; LOAYZA,; LOISELLE,
2008). Entretanto, a perda de habitat também traz importantes mudangas em algumas interacoes
bidticas como o parasitismo (BOLIVAR-CIME et al., 2018; URBIETA; TORRES; ANJOS,
2019). A maioria dos estudos que aborda a questdo da perda de habitat e a relacdo parasitaria
estédo concentrados nos endoparasitas, como Santos e Gibson (1998), que descreveram um novo
trematddeo, parasitando a vesicula biliar de morcegos frugivoros e insetivoros, e Nogueira et
al. (2004), que descreveu a ocorréncia de helmintos gastrintestinais em morcegos frugivoros da
Amazonia. Pesquisas realizadas com ectoparasitas muitas vezes sendo negligenciadas
(BOLIVAR-CIME et al., 2018; LEHMANN, 1993; GANNON; WILLIG, 1995; PILOSOF et
al., 2012).

No entanto, investigacdes com ectoparasitissimo séo de grande relevancia, visto que, 0s
ectoparasitas exercem pressdes seletivas importantes sobre a evolugdo dos seus hospedeiros,
podendo diminuir a sua aptiddo, tendo consequéncias negativas para a dindmica da manutencéo
de populacdes viaveis (LEHMANN, 1993; PILOSOF et al., 2012). Os ectoparasitas podem
retardar o tempo da reproducdo, reduzir a sobrevivéncia e crescimento dos hospedeiros, além
de interferirem em eventos reprodutivos, exercendo, portanto, forte pressdo nos tragcos da
historia de vida do hospedeiro (BOLIVAR-CIME et al., 2018; M@LLER et al., 1994), dessa
forma é importante avaliar indices de ectoparasitas, como prevaléncia e intensidade média de
infestacdo, como uma forma de acessarmos 0s impactos que 0s animais terrestres estdo sofrendo
com a perda de habitat (LEHMANN, 1993; URBIETA; TORRES; ANJOS, 2019). Dentre os
animais terrestres, a relacdo entre 0s morcegos e as moscas ectoparasitas sdo um excelente
modelo de coevolugéo para estudar a perda de habitat (URBIETA; TORRES; ANJOS, 2019).

No Brasil, existem 177 espécies de moscas que sdo ectoparasitas obrigatorios de
morcegos, sendo que a maioria sdo do género Streblidae e Nycteribilidae (BARBIER, 2017,
BARBIER; GRACIOLLI, 2016; GRACIOLLI; AUTINO; CLAPS, 2005). Essas moscas
apresentam viviparidade adenotrofica, isso significa que os estagio inicial do seu ciclo de vida
é desenvolvido dentro da fémea, e as larvas s@o depositadas nos poleiros para entrar em pupa e
completarem o desenvolvimento (DITTMAR et al., 2016; MARSHALL, 1982). Os niveis de
ectoparasitismo em morcegos podem variar em resposta as espécies de hospedeiros
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(PATTERSON; DICK; DITTMAR, 2007), e ao tipo de poleiro utilizado em areas que sofrem
com distdrbios humanos (como a perda de habitat) (PILOSOF et al., 2012). Além da perda de
habitat poder aumentar as taxas de parasitismo, ela também eleva a concentracdo média de
ectoparasitas nas populacdes de hospedeiro, o que faz crescer a suscetibilidade de transmisséo
dos parasitas (MBORA; MCPEEK, 2009; SPONCHIADO et al., 2015)

A utilizacdo de indices fisiologicos, em especial 0s que sdo derivados da analise de
parametros sanguineos (eritrocitos e leucocitos), demonstraram um crescente uso para avaliar
a condicdo de saude fisioldgica de vertebrados que estdo enfrentando condicBes atipicas das
que normalmente ocorrem em ambientes sem perturbacBes antropicas (DAVIS; MANEY;
MAERZ, 2008; JOHNSTONE; LILL; REINA, 2012). A condicéo de saude fisiolégica compete
um conjunto de fatores que estao relacionados, incluindo estado nutricional e carga parasitaria
(MINIAS, 2015; NORTRE et al., 2010).

As variaveis eritrocitarias, em particular o hematocrito (Hct) e a hemoglobina (Hb) séo
muito utilizadas como uma forma de avaliar o estado de saude. Hct e Hb elevados estdo
associados a uma alta capacidade de oxigénio no sangue, isso é presumivelmente é vantajoso
para atender as demandas metabolicas, como por exemplo, aquelas impostas por condigdes
atipicas, onde os individuos devam se deslocar por distancias maiores do que comumente se
deslocariam em um ambiente sem perturbagdes antropicas (LILL; YACHAU-WOS;
JOHNSTONE, 2013; JOHNSTONE; LILL; REINA, 2015). Dessa forma, a manutengdo de uma
condicdo fisioldgica saudavel em diferentes paisagens requer um aumento na capacidade de
oxigénio do sangue e, portanto, um alto nivel de Htc e Hb. No entanto, essas variaveis podem
oscilar de forma independente uma da outra, devido a diversos outros fatores que relacionados,
como desidratacdo e carga parasitaria, que podem resultar de condi¢bes como fome, infeccbes
em decorréncia de parasitas (LOBATO et al., 2011) ou doencas hemoliticas (FAIR;
WHITAKER; PEARSON, 2007; MINIAS, 2015b). Com isso, para evitar analises equivocadas,
algumas métricas derivativas, como 0s residuos de hemoglobina-hematécrito (RHH), o
conteddo medio de hemoglobina celular (CMH), concentracdo média de hemoglobina celular
(CMHC) e o volume celular médio (VCM) tem sido proposto como indices alternativos para
solucionar esses potenciais equivocos de analise (JOHNSTONE; LILL; REINA, 2011, 2015a;
JOHNSTONE; REINA; LILL, 2012). Com isso, Hct e Hb (e suas métricas derivadas), estdo
sendo utilizadas como indices para avaliar os impactos da perda de habitat em diversas espécies
de aves e mamiferos (BENNETT; SAUNDERS, 2011; JOHNSTONE; LILL; REINA, 2011,
2014; JOHNSTONE; REINA; LILL, 2010; MIGUEL et al., 2019).
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Neste contexto, o presente estudo tem como objetivo entender como o ectoparasitismo
varia de acordo com a perda de habitat, assumida através de um gradiente de cobertura florestal,
e como esse afeta na condicdo e saude de morcegos frugivoros (Familia Phyllostomidae).
Nossas hipdteses foram, (1) quanto maior a perda de habitat (ou seja, menor a taxa de cobertura
florestal), maior serd o valor de intensidade de ectoparasitas e de prevaléncia, nos morcegos do
estudo, uma vez que, quanto menor a taxa de cobertura florestal, a quantidade de locais
adequados para 0os morcegos utilizarem como poleiro diminuiriam, aumentando o contato e
assim aumentando as taxas parasitarias (BOLIVAR-CIME et al., 2018; URBIETA; TORRES;
ANJOS, 2019), (2) quanto maior a perda de habitat, os morcegos dos estudo estariam em pior
estado de saude, com altos niveis de MCHC, Htc, Hb e baixos indicies de RHH, o que
favoreceria também a maior intensidade de ectoparasitas (CHRISTE et al. 2000; FARNEDA et
al., 2015; JOHNSTONE; LILL; REINA, 2015b; MEYER et al., 2008; PEIXOTO et al., 2018).

Material e métodos

Area de estudo

A érea do estudo esta inserida no bioma Mata Atlantica localizada no Estado de Séo
Paulo, sudeste do Brasil (23 ° 14.303 'S, 46 ° 22.675' W). Essa € caracterizada pela presenca de
varios fragmentos de diferentes tamanhos e formas, compostos principalmente por floresta
tropical, intercalados por uma matriz composta de soja, cana-de-acucar, plantacdes de café e
pinus, além de pastagens ndo manejadas (RIBEIRO et al., 2009). Dentro dessa é&rea,
selecionamos 20 paisagens com cobertura florestal variando de 10 a 85% em um raio de 2 km
(Figura 1), e posteriormente subdividimos em 5 subgrupos em gradiente como proxy da perda
de habitat, para analisar os seus efeitos na carga ectoparasitaria e no estado de salde dos
morcegos.

Mapeamos os trechos florestais atraves da interpretacdo visual das imagens aéreas e de
satélite da area de estudo (Esri, DigitalGlobe, GeoEye, Earthstar Geographic, CNES / Airbus
DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo e GIS User
Community) com resolucdo de 1m, disponivel na extensdo do Mapa de Base (ArcGIS 10.2), e
calculamos a quantidade de floresta (porcentagem de cobertura florestal na paisagem de 2km
de raio) usando o GRASS 6.4 (GRASS Development Team 2014).
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Figura 1: Mapa da area de estudo, dentro dos fragmentos de Mata Atlantica, e ilustragdo das

vinte paisagens de amostragem de 2 km de raio.
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Amostramos sistematicamente 0s morcegos duas vezes em cada paisagem entre

setembro de 2017 e marco de 2018. Focamos as analises para as trés mais abundantes da area
de estudo, sendo elas: Artibeus lituratus (Olfers, 1818), Artibus planirostris (Spix, 1823) e
Sturnira lilium (E. Geoffroy, 1810). Todas estas espécies tém ampla distribuicdo pelas

Américas Central e do Sul, sendo comum em habitats alterados, com preferéncia de poleiro em

folhagens e arvores ocas e uma dieta majoritariamente composta por frutos do género Piper

(tendo como exemplo popular do género a pimenta do reino), Solanum (tendo como exemplo

popular do género o tomate), Cecropia (tendo como exemplo popular do género a embalba) e

Ficus (tendo como exemplo popular do género o figo), embora cada espécie tenha a sua
preferéncia alimentar especifica (FLEMING; HEITHAUS, 1981;VELAZCO; PATTERSON,

2013).
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Para a captura dos morcegos foram colocadas seis redes de neblina em cada area (12 x
3m, 16 x 16mm de malha), em locais como trilhas, estradas e bordas florestais. As redes de
neblina foram abertas por 6 horas comecando ao anoitecer, durante 2 noites em cada area,
totalizando 2592 h.m2 de esfor¢co de amostragem (TREVELIN et al., 2017). Todos 0s morcegos
assim que capturados foram acondicionados em sacos de pano para posterior manipulagéo.
Identificamos taxonomicamente os morcegos de acordo com Reis et al. (2007), e identificamos
0 sexo e o status reprodutivo de cada individuo adulto (reprodutivo ou nao reprodutivo). A
condicdo reprodutiva foi avaliada através da visualizacdo das caracteristicas sexuais
secundarias: escroto evidente ou ndao nos machos, de acordo com o inchaco dos testiculos;
gestante, quando o animal apresenta maior volume na regido abdominal, com percepc¢éo do feto
no abdome, através de sondagem; amamentacdo, quando as glandulas mamarias estdo bem
desenvolvidas e sem pelos circundantes, lactantes quando pressionadas; fémeas ndo lactantes,

quando ndo tém glandulas mamarias desenvolvidas (ANTHONY, 1988).

Coleta dos ectoparasitas

Para a coleta dos ectoparasitas, o corpo de cada hospedeiro foi revisado visualmente,
tendo o pelo escovado, para que todos os ectoparasitas fossem desalojados. Todas as moscas
ectoparasitas encontradas foram coletadas na superficie corporal dos morcegos com o auxilio
de pinca de ponta fina e pincéis embebidos em alcool. As espécies coletadas foram fixadas em

alcool 70% e acondicionadas em frascos individuais, separadamente para cada hospedeiro.

Adotamos a nomenclatura sugerido por Dick e Graciolli (2006) para os Estreblideos e
Nycteriblideos. A identificacdo foi feita em parceria com o laboratério de zoologia e
entomologia do professor Dr. Gustavo Graciolli, na Universidade Federal do Mato Grosso do

Sul (UFMS), e todo o material foi depositado nessa mesma colecéo.

Coleta de sangue

Coletamos uma amostra de sangue (aproximadamente 100 pl, menos de 1% do volume
de sangue para todas as 3 espécies) por puncédo da veia antebraquial com uma agulha esteril de
26 G como descrito por Voigt e Cruz-Neto (2009). Imediatamente apds a coleta, uma amostra
de sangue de 10 ul foi usada para medir a concentracdo de hemoglobina (em g/ dL) com um

analisador de hemoglobina Vet (HemoVet, EKF Diagnostics, Barleben, Alemanha) e o restante
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da amostra foi transferida para capilares heparinizados para medic¢Ges de hematdcrito, realizado
através da centrifugacdo do capilar (micro Coleman SH-120/1, Brasil), a 12.000 rpm por 10
minutos (VALDIVIESO; TAMSITT, 1971). O tempo entre a captura e a coleta de sangue levou
até no maximo 60 minutos, todas as amostras coletadas acima desse tempo maximo foram
descartadas. Nenhum dos parametros sanguineos analisados s&o modificados até 60 minutos da
captura, devido a isso utilizamos este como prazo maximo (HENRY; COSSON; PONS, 2007;
KORINE; ZINDER; ARAD, 1999; VALDIVIESO; TAMSITT, 1971). Uma vez que 0s
experimentos foram concluidos em cada local de captura, os morcegos foram liberados no

mesmo local.

As licencas para coleta de morcegos foram emitidas pelo Instituto Brasileiro do Meio
Ambiente e Recursos Naturais Renovaveis (licenca do IBAMA: # 58458-1). As autorizacdes
éticas para este estudo foram emitidas pelo Comité de Etica no Uso de Animais da Universidade
Estadual Paulista em Rio Claro (Autorizagdo: # 21/2017).

Analises estatisticas

Para descrever os padrdes de associagdo entre 0S morcegos e Sseus ectoparasitas,
utilizamos o indicie de intensidade média de infestacdo (IM) (nimero de ectoparasitas/ nimero
de hospedeiros parasitados) e prevaléncia (nimero de individuos parasitados/ nimero de
individuos examinado) (BUSH et al., 1997), para cada um dos 5 subgrupos do gradiente de

cobertura florestal (Tabela 2).

Realizamos uma analise explorativa de pares para verificar o quanto a hemoglobina
estava correlacionada com o hematdcrito. Como esperado, a hemoglobina foi altamente
correlacionada com o hematdcrito para as trés espécies. Assim, usamos 0s residuos de uma
regressdo entre Hct e Hb para todas as espécies como uma medida da variagdo em Hb
independente da variagdo em Hct (residuos de Hemoglobina-Hematdcrito RHH;
JOHNSTONE; REINA; LILL, 2012). A concentragdo média de hemoglobina celular (CMHC,
em gramas por litro), uma medida da quantidade de Hb por nimero total de eritrocitos, foi
calculada como CMHC = Hb x 10 / Hct (JOHNSTONE; REINA; LILL, 2012).

Usamos Modelos Lineares Generalizados (GLM) para testar a variagdo nas variaveis
resposta em funcdo da cobertura florestal (Tabela 1), bem como suas interagcdes. Os GLMs

foram construidos com uma estrutura de erro gaussiana para as variaveis de resposta, uma vez
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que todos sdo continuos. Construimos todos os modelos uni variados e multivariados formados
pela combinacdo de uma, duas ou trés das varidveis explicativas, e também consideramos a
interacdo entre eles, para testar o efeito conjunto da cobertura florestal e espécies. Para cada
variavel de resposta, foi realizada uma selecéo de variaveis através dos critérios de informacéo
corrigidos de Akaike (AlCc), buscando os modelos mais plausiveis como aqueles com menores
valores de AlCc. Caso houvesse mais de um modelo entre os mais plausiveis, consideramos 0
mais simples (com o de menos parametros) como 0 mais provavel, usando o principio da
parcimdénia (BURNHAM; ANDERSON, 2002). Essas andlises foram realizadas em R (R Core
team 2018), utilizando o pacote MuMIn, uma ferramenta para realizar a selecdo de modelos e
a média do modelo (BARTON, 2018).

Tabela 1: Lista de variaveis preditora e resposta, que foram utilizadas como componentes dos

modelos

Variavel Descricdo e unidade
Preditora Gradiente de cobertura florestal (%),
Intensidade média de infestacédo
Prevaléncia

Resposta Hemoglobina (g/dL)

Hematocrito (%)

Residuo Hemoglobina-

Hematdcrito (un.)

Concentracdo Média de Hemoglobina Celular (g/l)

Resultados

Duzentos e quarenta e um morcegos foram capturados durante nosso estudo, sendo 64
Artibeus lituratus, 75 Artibeus planirostris e 102 Sturnira lilium. Dos totais de morcegos
capturados cento e nove apresentaram ectoparasitas diptera, de Streblidae e Nycteribiidae
(45,22%), sendo 31 A. lituratus (28,44%), 24 A. planirostris (22%) e 54 S. lilium (49,54%)
(Material suplementar S1). Na analise par a par entre todas as varidveis: porcentagem de
cobertura florestal, hematdcrito, hemoglobina, RHH, CMHC, intensidade média de infestacdo
e prevaléncia, para observar as relagdes entre as varidveis, sendo quanto mais perto de 1, maior

a relacdo entre as variaveis (Material suplementar S2).
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A intensidade média de infestacdo variou de 0 a 1,92 e a prevaléncia 0 a 2,16 (Tabela 2,
Figura 2 e 3). Do total dos ectoparasitas foram encontradas 7 espécies diferentes de diptera de
Streblidae e Nycteribiidae, sendo elas: Megistopoda aranea, Megispoda préoxima,
Paraeuctenode similis, Paratrichobius longicrus, Strebla guajiro, Trichobius joblingi,
Trichobius phyllostomae (Material suplementar S1).

Analisando os modelos, para a intensidade média de ectoparasitas e prevaléncia ndo
encontramos nenhum modelo plausivel. Da mesma forma, para o hematdcrito, hemoglobina,
residuo de hemoglobina e hematdcrito (RHH) e concentracdo média de hemoglobina celular
(CMHC), também n&o foram encontrados modelos plausiveis, ou seja, ndo encontramos com

menores valores de AICc. (Tabela 3).

Tabela 2: As trés espécies de morcegos frugivoros do estudo, com 0s grupos de cobertura

florestal (%), intensidade média de infestacdo de ectoparasitas e prevaléncia.

Grupos de gradiente de Espécie Intensidade média Prevaléncia
cobertura florestal (%) de infestacao
0- 20 Artibeus lituratus 1 0.1111
21- 40 Artibeus lituratus 1.7 0.607143
41- 60 Artibeus lituratus 0.809524 1.5454
61- 80 Artibeus lituratus 1 1.6
81-100 Artibeus lituratus 0 0
0- 20 Artibeus planirostris 1 0.5
21- 40 Artibeus planirostris 0.756756757 2
41- 60 Artibeus planirostris 0.481481481 2.16
61- 80 Artibeus planirostris 0.75 2
81-100 Artibeus planirostris 0 0
0- 20 Sturnira lilium 1.5 0.857142857
21- 40 Sturnira lilium 1.5909 0.777777778
41- 60 Sturnira lilium 1.9285 1.038461538
61- 80 Sturnira lilium 1.5 0.736842105
81-100 Sturnira lilium 1.6 1.333333333
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Figura 2: Intensidade média de infestacdo de ectoparasitas e prevaléncia nos grupos de

gradiente de cobertura florestal
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Figura 3: Prevaléncia de ectoparasitas para as trés espécies do estudo em relacdo ao gradiente
de cobertura florestal
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Tabela 3: Resultado da selecdo do modelo através do AICc para cada variavel de resposta.
Todos os modelos igualmente plausiveis sdo mostrados; 0s mais parcimoniosos estdo em
negrito. Para cada modelo, 0 nimero de parametros (graus de liberdade, df), o valor AlCc, a

diferenca entre o AICc do modelo e o mais plausivel (AAICc) e os pesos AICc sdao mostrados

Variavel resposta Modelo Df AlCc AAICC Influéncia
no modelo
Hematdcrito Espécie + Grupos de % 4 17529 3.57 0.031
Florestal + Infestacdo
média + prevaléncia
Grupos de % Florestal + 4 1246.7  2.65 0.129
Infestacdo média +
prevaléncia
Hemoglobina Espécie + Grupos de % 4 13315 2.96 0.049
Florestal + Infestacdo
média + prevaléncia
Grupos de % Florestal + 4 14480 5.54 0.112
Infestacdo média +
prevaléncia
RHH Espécie + Grupos de % 4 8295 3.74 0.098
Florestal + Infestacdo
média + prevaléncia
Grupos de % Florestal + 4 828.7 4.82 0.078
Infestacdo média +
prevaléncia
CMHC Espécie + Grupos de % 4  999.1 2.86 0.053
Florestal + Infestacdo
média + prevaléncia
Grupos de % Florestal + 4 971.1 5.73 0.02
Infestacdo média +
prevaléncia

Discusséo

Neste estudo, tivemos como objetivo avaliar o impacto da perda de habitat sobre os
principais indices de ectoparasitas, a intensidade média de infestacdo e a prevaléncia, em
conjunto com o estado de salde, acessado através de parametros fisioldgicos, de trés espécies
de morcegos neotropicais frugivoros. Nossas principais hipoteses e previsdes ndo foram

apoiadas, e ndo obtivemos relacdo em nenhum dos modelos que foram analisadas as associa¢des
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entre ectoparasitas e a taxa de cobertura florestal, bem como também néo obtivemos relacéo
entre os modelos em que foram analisadas as associa¢Oes entre ectoparasitas e o seu estado de
salude. Dessa forma, nossos resultados ndo suportam nossas previsdes iniciais de que uma
reducdo na quantidade de cobertura florestal da paisagem estaria associada a um aumento da

intensidade média de infestacéo, prevaléncia e uma diminui¢&o no estado de salde.

Ectoparasitas e cobertura florestal

Em relacdo aos trabalhos de (GRACIOLLI & RUI (2001) GUERRERO (1996)
GANNON & WILLIG 1995), os valores de prevaléncia e intensidade média de infestacdo
foram baixos para as trés espécies de filostomideos utilizadas. Segundo KOMENO &
LINHARES (1999), entre os fatores que influenciam as taxas de parasitismo estdo o tipo de
abrigo que o morcego hospedeiro utiliza, as associacdes entre diferentes espécies de morcegos
nos abrigos e o comportamento de hospedeiros e seus parasitos. As baixas taxas de infestacfes
(prevaléncia e intensidade média) das populacBes de A. lituratus, A. planirostris e S.
lilium provavelmente séo resultantes da soma de diferentes fatores atuando em conjunto

Como Estreblideos e Nycteriblideos, sdo moscas ectoparasitas de morcegos que sao
altamente especificas para o hospedeiro, possivelmente as mudancas na dindmica da paisagem
afetariam essa associacao ectoparasitaria, ao contrario de ectoparasitas mais generalistas, como
as pulgas (FRANK et al., 2016). A espécie de mosca mais abundante em A. lituratus foi P.
longicrus. Essa é considerada uma espécie que tem como hospedeiro especifico 0s morcegos
do género Artibeus (WENZEL et al. 1966). A. planirostris teve como mosca ectoparasita mais
abundante a M. aranea, que € tida como uma associacdo comum entre todas as espécies de
morcegos frugivoros de todo o Neotropico (DE VASCONCELOS et al., 2016; ERIKSSON;
GRACIOLLI; FISCHER, 2011). S. lilium teve como mais abundante ectoparasita, M. préxima,
que também é uma associagéo especifica entre essas duas espécies muito bem documentada na
literatura (AUTINO et al., 2011; GRACIOLLI; AUTINO; CLAPS, 2005).

A riqueza de ectoparasitas, em geral pode ser explicada pela variedade de micro habitats
que é formada pelo mosaico de &reas dentro do dominio de &rea da vegetacdo (DICK;
PATTERSON, 2007; PATTERSON; DICK; DITTMAR, 2007). Além da caracteristica ja
citada, o aspecto dos abrigos dos morcegos, também €& uma questdo importante que pode
influenciar as taxas de reproducéo e sobrevivéncia de ectoparasitas (DICK; PATTERSON,
2007).
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De forma geral, embora a alta especificidade das moscas pelos hospedeiros morcegos
seja uma questdo unanime e generalizada entre a grande maioria dos pesquisadores (BARBIER,;
GRACIOLLI, 2016; DICK; PATTERSON, 2007; PATTERSON; DICK; DITTMAR, 2007), a
estrutura e composicdo ao longo de um gradiente de cobertura florestal, tem sido pouco
explorado. Dessa forma, existem poucos estudos das interagdes entre morcegos e moscas em
ambientes degradados e que sofreram com a fragmentacdo e a perda de habitat, e ndo existem
estudos que buscaram entender as associagdes entre ectoparasitas e morcegos relacionando-as
com ferramentas de fisiologia.

No presente estudo, foram registradas 7 espécies de moscas ectoparasitas, nas trés
espécies de morcegos analisados, como mencionado € um nimero abaixo do encontrado em
outros estudos com espécies de Estreblideos e Nycteriblideos, realizados no neotrépico
(BOLIVAR-CIME et al., 2018; KOMENO; URBIETA; TORRES; ANJOS, 2019). Estudos
como do Urbieta et al. 2014, 2019, Frank et al. 2016 Bolivar-Cimé et al. 2018, encontraram
em suas analises uma maior prevaléncia e intensidade média de infestacdo em paisagens
degradadas, fragmentada e que estavam sofrendo com a perda de habitat. Nesses estudos 0s
autores justificaram que a intensidade média de infestacdo foi mais alta em ambientes
fragmentados, uma vez que, 0s morcegos tendem a se concentrar em abrigos disponiveis, ja
que, a quantidade de abrigos em paisagens mais fragmentadas tendem a ser mais escassos
(HOFSTEDE; FENTON, 2005; PATTERSON; DICK; DITTMAR, 2007). No nosso estudo, a
intensidade média de infestacdo e a prevaléncia, que foram usadas como o indicie parasitario,
ficaram abaixo do encontrado pelos trabalhos citados. Essa diferenca possivelmente também
foi causada devido, a métrica de paisagem utilizada, em ambos artigos citados, 0s pesquisadores
compararam o efeito da fragmentacdo e ndo da perda de habitat e como foi observado por
Miguel, et al., 2019, mesmo que a perda de habitat seja um dos principais efeitos da
fragmentacdo, tratam-se de fendmenos diferentes, que naturalmente apresentardo resultados
distintos. No entanto, os nossos resultados condizem com a literatura quando analisados do
ponto de vista de populagdes, uma vez que houve uma queda na abundéncia dos morcegos, e
consequentemente dos seus ectoparasitas, na area fragmentada, que foi a paisagem em que 0
presente estudo foi realizado, dessa forma a perda de habitat reduziu a abundancia das
populacdes de morcegos (MUYLAERT; STEVENS; RIBEIRO, 2016)

74



Condicéo de saude

Padrbes de prevaléncia de ectoparasitas e intensidade média de infestacdo, sdo os
principais indices da relacdo hospedeiro parasita (MARSHALL, 1982), esses indices podem
variar por fatores intrinsecos e extrinsecos entre as espécies hospedeiras (COMBES, 2001).
Alguns autores como CHRISTE et al. 2003 e RECKARDT; KERTH, 2009, defendem que esses
indicies sdo influenciados pelo recurso e pelo sistema imunolégico dos hospedeiros.
Ectoparasitas podem desenvolver estratégias para colonizar hospedeiros que apresentem baixa
imunocompeténcia, ou mesmo caracteristicas que evitem que os morcegos tenham reacdes
imunologicas (BIZE et al. 2008 ;CHRISTE et al. 2003; RECKARDT; KERTH, 2009 ).

Existem duas principais hipoteses que relacionam indicies ectoparasitarios com a
condicdo de saude: (1) a hipdtese do hospedeiro vulneravel, que assume que morcegos que
apresentem algum tipo de estresse que cause uma diminuicdo na sua condicdo de satde, podem
ser 0s mais ectoparasitados (CHRISTE et al. 2000), (2) a hipdtese do hospedeiro bem
alimentado, que assume que a maior carga parasitaria serd encontrada em individuos de
paisagem com maior oferta de recursos e com melhores condi¢fes de saude (CHRISTE et al.
2003; RECKARDT; KERTH, 2009 ).

Os recursos sao frequentemente correlacionados com parametros hematol6gicos como
hematdcrito ou concentracdo de hemoglobina (CHRISTE et al. 2003; RECKARDT; KERTH,
2009). Christe et al. 2000 encontrou uma maior relacdo da carga parasitaria para morcegos que
estavam sofrendo com estresse nutricional (medido através da hemoglobina), e a pesquisa
realizada por Reckardt e Kerth, foram encontradas maiores taxas de ectoparasitas em individuos
que viviam em paisagens com melhor qualidade alimentar.

O estimulo estressor pode desencadear diferentes respostas em diferentes organismos e
dependendo da forma com que o individuo responde a este estimulo, pode se transformar num
estresse positivo ou negativo (JOHNSTONE; REINA; LILL, 2012; MEEHAN; MENCH,
2007). Assim, o0 estresse estd relacionado a sua natureza, forma de manifestacdo e
consequéncias desencadeadas. Pode ser denominado de duas formas diferentes: eustresse,
guando se tratar de um evento positivo, onde é necessario para a sobrevivéncia do individuo
frente a uma adversidade; distresse, quando se tratar de um evento negativo, onde €
desencadeado e pode acabar sendo prejudicial ao individuo (JOHNSTONE; REINA; LILL,
2012; MEEHAN; MENCH, 2007).

MIGUEL, et al., 2019 utilizaram uma abordagem de paisagens para investigar como a
perda de habitat afeta a fisiologia e a saide de morcegos generalistas na Mata Atlantica,
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analisaram padrdes de estresse e possivel deficiéncia alimentar desses morcegos frugivoros em
uma &rea ja fragmentada e como os individuos estariam sofrendo com a perda de habitat. Nesse
estudo, os autores ndo encontraram diferencas que justifique o estresse em decorréncia a
deficiéncias alimentares, causadas pela perda de cobertura florestal e sugerem analises com
ectoparasitas.

Em nossa pesquisa, complementando as analises realizadas por MIGUEL et al., 2019, e
como discutido também ndo encontramos que as variaveis fisiologicas (que ditariam a possivel
diminuicdo na condicdo de saude), e de ectoparasitismo variaram com a perda de cobertura
florestal. O que presumivelmente ocorre é que os individuos estdo sofrendo de eustresse, onde
a liberacdo de hormonios esta agindo de forma positiva ao organismo, favorecendo com que
ele possa realizar suas funcdes vitais mesmo em ambientes altamente degradados (BIZE et
al. 2008 ;CHRISTE et al. 2003; SAPOLSKY, ROBERT; ROMERO, 2000). Assumindo que 0s
animais néo estariam sofrendo qualquer tipo de estresse nutricional (MIGUEL et al., 2019), no
presente estudo, nenhuma das hipdteses puderam ser sustentadas, ndo encontramos qualquer

relacdo dos ectoparasitas com a condicdo de saude.

Conclusoes

Por fim, concluimos que a perda de habitat aparentemente ndo modifica os padrdes dos
ectoparasitas nos morcegos frugivoros e que esses também ndo causam danos na condicao de
salde dos individuos. Também concluimos que a perda de habitat aparentemente nédo prejudica
a condicdo de saude dos morcegos frugivoros e que o nivel de estresse aparentemente ndo € alto
o suficiente para ter qualquer efeito deletério, podendo até mesmo ter efeitos benéficos para

ajudar na ativacdo imune nos primeiros momentos de resposta aos ectoparasitas.
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MATERIAL SUPLEMENTAR

Anélise do efeito da perda de habitat na satde e ectoparasitismo de morcegos frugivoros

S1: As trés espécies de morcegos frugivoros do estudo, com a taxa de cobertura florestal (%) e

a as espécies de ectoparasita encontradas.

Espécie morcego

Cobertura florestal (%)

Ectoparasitas

Artibeus lituratus 0 - 20 Paratrichobius longicrus
21-40 Paratrichobius longicrus
41 -60 Paratrichobius longicrus
Megistopoda aranea
61-80 Paratrichobius longicrus
Megistopoda proxima
81-100 -
Artibeus 0-20 Megistopoda aranea
planirostris 21-40 Megistopoda aranea
Paratrichobius longicrus
41 -60 Megistopoda aranea
Paratrichobius longicrus
6180 Paratrichobius longicrus
81-100 -
Sturnira lilium 0-20 Aspidoptera falcata
21 -40 Megistopoda proxima
Aspidoptera falcata
Paratrichobius longicrus
Megistopoda aranea
41-60 Megistopoda proxima
Aspidoptera falcata
Trichobius phyllostomae
Paratrichobius longicrus
61 -80 Megistopoda proxima
Megistopoda aranea
Aspidoptera falcata
Trichobius phyllostomae
81-100 Megistopoda proxima

Aspidoptera falcata
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