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Resumo

O atropelamento de animais silvestres é considerado como o principal fator antropico
responsavel diretamente pela mortalidade de vertebrados terrestres em escala global.
Estimativas de mortalidade sdo fundamentais para avaliar o impacto de rodovias, mas para
reduzir o seu viés a remocdo de carcacas e a eficiéncia dos observadores devem ser
consideradas. Medidas mitigadoras tém sido implementadas para reduzir a mortalidade da
fauna e ampliar a conectividade da paisagem, mas um fator determinante para a sua
efetividade € a sua correta localizacdo. Com o objetivo de qualificar o planejamento de
medidas mitigadoras, neste trabalho procuramos responder a quatro perguntas: 1) ha diferenca
na remocdo e detectabilidade de carcacas entre diferentes grupos taxondmicos? 2) qual a
influéncia da remocao e detectabilidade de carcagas sobre as estimativas de magnitude de
mortalidade? 3) a mortalidade se distribui de forma agregada ao longo da rodovia? e 4) a
distribuicdo espacial de atropelamentos de diferentes grupos taxonémicos é similar? Nossos
resultados apontam diferencas na taxa de remocdo e na detectabilidade de carcacas entre 0s
grupos, além de demonstrar que, ao desconsiderar esses fatores, a magnitude de
atropelamentos é subestimada. Ademais, nossos resultados indicam que a distribuicdo espacial
de atropelamentos de mamiferos pode ser utilizada como indicadora da ocorréncia de
atropelamentos de outros grupos taxonémicos apenas em escalas menos refinadas, exigindo o
planejamento de medidas mitigadoras mais amplas. Os resultados aqui apresentados devem
ser considerados no monitoramento de animais atropelados e no planejamento de medidas
mitigadoras do impacto de rodovias.

Palavras-chave Rodovias, detectabilidade, remogéo de carcacas, agregacoes, padréo espacial



Abstract

Vehicle-wildlife collisions are considered the main human factor responsible directly for
vertebrate mortality worldwide. Roadkill estimates are elementary to evaluate road impacts,
but carcass removal and searcher efficiency must be considered in order to diminish
estimation bias. Mitigation measures have been implemented to reduce wildlife mortality and
to increase connectivity, but their correct placement is an important factor defining the
effectiveness of these measures. In order to qualify mitigation planning, in this study we aim
to answer four main questions: 1) is there difference in carcass removal rates and detectability
among different taxonomic groups? 2) do carcass removal and detectability influence
mortality magnitude estimates? 3) are roadkills spatially aggregated? and 4) are roadkill
spatial distribution of different taxonomic groups similar? Our results show differences in
carcass removal and detectability among groups, and demonstrate that mortality magnitude is
underestimated when these factors are not considered. Also, our results indicate that mammal
roadkill aggregations may be used as a surrogate of roadkill aggregations of other taxonomic
groups in larger scales. The results presented here must be considered in roadkill monitoring

and in mitigation measures planning.

Key words Roads, detectability, carcass removal, aggregation, spatial pattern
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Introducéo geral

As estradas sdo imprescindiveis no atual contexto socioeconémico em que se insere a grande
maioria da populacdo humana, oferecendo acesso a uma grande variedade de recursos (Perz et
al. 2008). Entretanto, as rodovias sdo reconhecidas também como o principal fator
direcionador de degradacdo das paisagens, fato plenamente documentado na recente onda de
ocupacao da Amazonia (Fearnside 1987, Laurance et al. 2002).

A implementacdo de rodovias € uma das formas mais disseminadas de modificacdo da
paisagem. A construcao de rodovias e o trafego de veiculos causam inimeros impactos diretos
e indiretos nas populacdes de animais silvestres do entorno, como a perda de habitat, a morte
por atropelamento e o efeito de barreira, este Ultimo causado por alteracfes na cobertura
vegetal, ruidos e iluminacdo. O atropelamento e o efeito de barreira sdo responsaveis pela
fragmentacédo e isolamento das populacGes de animais silvestres que, juntamente com a perda
de habitat, geram uma reducdo do tamanho populacional e, consequentemente, aumentam 0s
riscos de extingdes locais de inimeras espécies (Forman & Alexander, 1998; Trombulak &

Frissell 2000, Fahrig & Rytwinski 2009, Jaeger et al. 2006) (figura 1).
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Figura 1. Impactos causados pela constru¢do de rodovias e pelo trafego de veiculos nas
populagdes de animais silvestres. Figura modificada de Jaeger et al. 2006.

Alguns autores sustentam que a colisdo com veiculos ja deve ter ultrapassado a caga como 0
principal fator antropico responsavel diretamente pela mortalidade de vertebrados terrestres
em escala global (Forman & Alexander 1998). As taxas de atropelamento, em alguns casos,

podem ser muito elevadas em relacdo aos tamanhos populacionais, afetando a densidade das



populacdes (Fahrig et al. 1995, Huijser & Bergers 2000). O impacto causado por rodovias
atinge animais dos mais diversos grupos taxonémicos, como anfibios (Glista et al. 2009, Hels
& Buchwald 2001), répteis (Row et al. 2007), aves (Jacobson 2005), mamiferos (Huijser &
Bergers 2000, Clevenger et al. 2003) e invertebrados (Koivula & Vermeulen 2005).

Os primeiros estudos sobre o impacto de rodovias sobre a fauna foram desenvolvidos na
década de 1920 (e. g. Spiker 1927, Komarek & Wright 1929, Cottam 1931), com medidas
sobre colisdes entre veiculos e a fauna, embora sem o rigor metodologico da pesquisa
ecologica atual (Forman et al. 2003). A partir da década de 1980, os tdpicos estudados em
ecologia de rodovias foram ampliados e houve uma aceleracdo no esforco de pesquisa e na
disseminacdo da informacdo (Forman et al. 2003). Estudos desenvolvidos recentemente tém
abordado temas como: efeito de evitamento da rodovia pela fauna (Eigenbrod et al. 2009),
fragmentacdo causada pelo sistema viario (Jaeger et al. 2007), poluicdo sonora e impacto do
trafego de veiculos sobre a fauna (Parris & Scheinder 2008), efeitos demogréaficos e
populacionais (Hels & Buchwald 2001), isolamento genético de populacBes (Clevenger &
Samaya 2010), padrBes espaciais e temporais de atropelamentos (Grilo et al. 2009),
efetividade de medidas mitigadoras (Clevenger & Waltho 2000), entre outros.

Apesar da quantidade de estudos disponiveis, os resultados de muitas pesquisas tém sido
apenas descritivos e baseados em estudos de caso, reportando monitoramentos ou contagens
de animais atropelados por veiculos, com padrBes sazonais e caracteristicas etarias e sexuais
dos atropelados (Clevenger et al. 2003). Além disso, 0 monitoramento de animais atropelados
normalmente prioriza a magnitude de mortalidade em detrimento do estudo de padrbes

espaciais e temporais. Mamiferos de maior porte geralmente sdo o0 grupo mais bem



documentado, provavelmente devido ao seu tamanho corporal e interesse na sua demografia e
conservacdo (Trombulak and Frissel 2000). No Brasil, os estudos de ecologia de rodovias
iniciaram-se com o trabalho de Novelli et al. (1988), mas somente nos ultimos anos o
desenvolvimento de trabalhos sobre o tema tem se ampliado. Entretanto, apesar do aumento
do numero de publicagcbes no Brasil, predominam trabalhos descritivos que apenas
apresentam listas de espécies de atropelados e com pouca preocupacdo com 0s meétodos
empregados (Bager et al. 2007).

Em funcdo da diversidade de impactos sobre a fauna silvestre, mostra-se necessario 0
planejamento e a implantacdo de medidas mitigadoras. Diversas acbes tém sido
implementadas nos Gltimos anos, como tdneis e pontes para travessia de fauna, redutores de
velocidade, placas informativas, entre outras (Glista et al. 2009). Entretanto, embora inimeros
estudos tenham registrado a funcionalidade de algumas dessas medidas (e.g. Clevenger &
Whalto 2000, Goosem et al. 2005), sua efetividade depende da definicdo adequada do local de
sua implantacdo. Como uma maneira de aumentar o sucesso dessas medidas, 0 monitoramento
de fauna atropelada pode desempenhar um importante papel antes da adocdo de
recomendacdes gerais para a mitigacdo, como a instalacdo de passagens de fauna (Coelho et
al. 2008).

Embora a contagem dos animais atropelados possa ser til para avaliar a magnitude desse
impacto, a simples contagem € inadequada para entender as relac6es entre a rodovia e a fauna
silvestre (Clevenger et al. 2003). Neste sentido, a identificacdo de trechos de maior
mortalidade através da avaliacdo da distribuicdo espacial dos atropelamentos é um passo

importante para qualificar o planejamento de medidas mitigadoras (Taylor & Goldingay



2010). Com a identificacdo dos pontos de agregacdo de atropelamentos, é possivel avaliar
variaveis que influenciam essas agregacdes e adequar o planejamento das a¢cdes de mitigacao.
Entretanto, o estudo de animais atropelados vem sendo realizado sem considerar alguns
fatores importantes como a taxa de remocdo de carcacas por carniceiros e a variagdo na
detectabilidade das carcacas em funcdo do seu tamanho e grupo taxondmico. Esses fatores
podem influenciar diretamente os resultados encontrados e esse viés influenciara o
planejamento e a efetividade de medidas mitigadoras.

Com o objetivo de qualificar os estudos na area de ecologia de rodovias e contribuir para o
planejamento adequado de medidas mitigadoras, neste trabalho respondemos a quatro
perguntas: 1) ha diferenca na remocdo e detectabilidade de carcacas entre diferentes grupos
taxonémicos? 2) qual a influéncia da remocdo e detectabilidade de carcacas sobre as
estimativas de magnitude de mortalidade? 3) a mortalidade por colisdes com veiculos
distribui-se de forma agregada ao longo da rodovia? e 4) a distribuicdo espacial de
atropelamentos de diferentes grupos taxonémicos € similar?

Ao ndo responder estas questdes pode-se implantar instrumentos de reducdo de impactos
inadequados, tendo como consequéncia o desperdicio de importantes recursos financeiros e o
descrédito da estratégia perante empreendedores, gestores e populacdo em geral. Entretanto,
estas questdes raramente sao abordadas de maneira apropriada no licenciamento de rodovias

ou na reducdo do passivo ambiental de rodovias j& implantadas.
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Road mortality estimates: effects of sampling methods and carcass removal®

Teixeira, Fernanda Zimmermann? - Coelho, Artur Vicente Pfeifer® - Esperandio, Isadora

Beraldi* - Kindel, Andreas?

Abstract

Road mortality rates are important to identify species in need of detailed population studies, to
determine the effectiveness of mitigation measures or to identify road network sections or
road stretches where to concentrate mitigation actions. Therefore, a good estimate of road
mortality magnitude must necessarily encompass carcass removal and searchers’ efficiency, in
order to reduce calculation bias. In this paper, we test if there are differences in carcass
detectability and removal rates among different taxonomic and size groups, and we adapt a
model to estimate the mortality magnitude to the context of roadkills, which incorporates both
components of detectability variation (carcass removal and searcher detectability). To present
this mathematical model and discuss its outcomes and implications we use a roadkill data set
from a survey carried out in southern Brazil. Our results show differences in removal rates and
detectability among body size and taxonomic groups of vertebrates and demonstrate the
degree of underestimation of mortality that result from those error factors. Since there are
differences within and among taxonomic groups due to size effects, separate estimates have to

be obtained for each taxonomic group to reveal total mortality.

! Artigo a ser submetido para o periddico European Journal of Wildlife Research.

2 Programa de P6s-Graduagao em Ecologia, Universidade Federal do Rio Grande do Sul.
? Instituto de Fisica, Universidade Federal do Rio Grande do Sul.

* Instituto de Biociéncias, Universidade Federal do Rio Grande do Sul.
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Introduction

Vehicle-animal collisions are considered by some authors the major direct human
cause of vertebrate mortality worldwide (Forman and Alexander 1998). Since road mortality
may have substantial effects on a population’s density (Fahrig and Rytwinski 2009), it is
crucial to estimate mortality rates for monitoring and mitigating this impact.

Road mortality rates can be used to identify species in need of detailed population
studies, to determine the effectiveness of mitigation measures (Taylor and Goldingay 2010) or
to identify road network sections or road stretches where to concentrate mitigation actions.
However, carcass detectability is often ignored in roadkill surveys (Slater 2002, Langen et al.
2007). As pointed out by Prosser et al. (2008) detection is affected by two main factors: the
carcass removal between death time and survey time, and searchers’ efficiency since it is
unlikely that all carcasses present at a site will be found by observers. Carcass persistence on
road can be influenced by climate, scavengers activity (Slater 2002), and traffic flow, whereas
searchers’ efficiency can be biased by carcass size (Morrison 2002), amount of roadside
vegetation, survey method and researchers’ abilities (Hobday and Minstrell 2004).

Roadkill magnitude is critical for evaluating the effectiveness of wildlife passages
comparing mortality on roads with and without passages, and before and after their
construction. Additionally, not accounting for detectability limitations may significantly

underestimate roadkill impact on wildlife populations, affecting temporal and spatial pattern
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recognition and ultimately represents waste of lives and economic resources due to ineffective
mitigation.

Therefore, a good estimate of road mortality magnitude must necessarily encompass
carcass removal and searchers’ efficiency, in order to reduce calculation bias (Prosser et al.
2008). By ignoring these influences, one may be assuming perceived differences among roads
or road stretches to be real, while they might in fact be a result of detectability variations
among them.

Although evaluation of carcass removal rates and researchers detection probabilities
are part of protocols adopted to survey the impact of wind power plants on birds (at least since
Ericksson et al. 2000), this approach is still predominantly ignored in roadkill surveys (but see
Gerow et al. 2010 for a recent proposal). By not accounting for detectability, surveys consider
that carcass persistence and detectability are homogeneous among different vertebrate
taxonomic classes and among different size groups. Here, we aim to test if these assumptions
hold. Our hypothesis is that taxonomic groups like amphibians and birds are more heavily
underestimated due to their small size and low carcass persistence and detectability.

Finally, we modified a mathematical model to estimate roadkill magnitude, which
incorporates both components of detectability variation (carcass removal and searcher
detectability). This model was initially proposed by Ericksson et al. (2000) and Shoenfeld
(2004) for avian fatalities in wind power plants, and may be very useful for roadkill estimates.
To present this mathematical model and discuss its outcomes and implications we use a

roadkill data set from a survey carried out in southern Brazil.
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Methods
Study area

This study was developed in a 66 kilometres section of RS-486/RST-453 in Rio
Grande do Sul State, southern Brazil, a two-laned road also called Rota do Sol (50W 19' 12",
29S 15' 58"/ 49W 57' 29", 29S 36' 59"), with a mean daily traffic of 3,108 vehicles (DAER-
RS, 2009). This road section crosses three protected areas: Rota do Sol Environmental
Protected Area (54,670.5 hectares), Aratinga Ecological Station (5,882 ha), and Mata
Paludosa Biological Reserve (113 ha), all of which recognized as core areas of Atlantic Forest
Biosphere Reserve in southern Brazil (MMA, 2000). Three geomorphological regions
(lowland, hillside and highland) were observed, differing in human impact on vegetation
cover and landscape structure, as well as in biotic and abiotic attributes, such as vegetation
cover, rainfall levels and temperature. Highland is covered with Araucaria Forest in a mosaic
with grasslands, while hillside and lowland are covered with Atlantic Forest strictu sensu
(Oliveira-Filho and Fontes 2000). Also, lowlands are much more fragmented than hillside and
highlands (Ribeiro et al. 2009), with a higher density of rural settlements and small villages

and the predominance of agriculture.

Mortality Rate Estimation Model
To estimate the magnitude of road mortality, we employed a mathematical model
based on previous works from Ericksson et al. (2000) and Shoenfeld (2004) for avian fatalities

in wind energy plants. Considering a constant roadkill or mortality rate (number of roadkills

13



per unit time), A, and describing carcass removal from the road by a characteristic time, Tk,

one can write:

4G _ , G

dt T, @

where G(t) is the number of carcasses on the road at time t, and G(t)/Tr is the number of
carcasses removed per time unit at t. This differential equation leads to a solution for G(t) in

the form:

G(t) =(G(0)—/1TR)e*%R + AT, )

After a time t sufficiently larger than Tg, G(t) will tend exponentially to the steady
state solution

G(t > o0) = AT, (3)

The number of roadkills obtained from a single measurement (N) can, then, be
described as:

N = p-G(t — ) = pAT;, 4)
where p is the searcher efficiency, describing the fraction of carcasses on the road that are
actually counted. Using appropriate values for p and Tg, one can, then, obtain the roadkill rate
A.

However, a single measurement usually does not produce a statistically significant
number of roadkills, and the sum of roadkills obtained during sequential measurements is
often considered. Care must be taken while using the simple approach described by equation
(4) to obtain A in this case. Equation (4) considers a single measurement only. In the simplest

case, we will have, for n subsequent measurements:
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n-1
N=> N, =npAT; . (5)

i=0

But equation (5) is not always correct. It considers only the stead state solution of (2):
the system must not be recovering from a perturbation during any measurement. But
measurements themselves do usually take the system out of the steady state (carcass are often
removed for further analysis during measurements). Interference between subsequent
measurements will be avoided if their time separation, Ts, is sufficiently larger than Tg (at
least a few times Tg). But one can also use correction factors in order to compensate for this
kind of interference: Shoenfeld (2004) considered the effect of a series of periodic
measurements at times 0, Ts, 2Ts, etc... Approximating that every measured carcass is
removed and that the number of carcasses on the road right before each measurement is
G(t) =...), he showed that:

always the same (lim_ _G(t)=lim___G(t) =lim

0 2T

Ts

Tr _
N, = pAT, | - ©)
e® —1+p

Although equation (6) is more accurate than (5) for the case of low ratio T¢/Tg, care
must be taken while using it, especially if the number of measurement steps is not very large.
The approximation made is usually not valid for the initial measurements which can lead to
overestimated roadkill taxes. A more correct procedure should be to consider the system
initially in the steady state. The first measurement, taken at time 0, will then

give N, = p-G(0) = pAT; (equation 4). Since measured carcasses are removed, right after the

first measurement (t = 0%), we will have G(0")=(1- p)AT,. Using this value as G(0) in
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equation (2), one can calculate the number of carcasses on the road right before the second

,TS
measurement at Ts: G(Tg ) =AT;(1— pe %R) . The second measurement expected value will
_TS
then be N, =pG(Ty)= pﬁTR(l— pe %Rj This procedure can be repeated in order to

calculate the expected number of carcasses found at all subsequent measurements:

N, = AT, p[l Zi:e JTRpl p) ] (7)

j=1
If “k” measurements are taken, the expected total number of carcasses will be:

k-1

N

N, lTRpZ(l Zi:e JT: p(l-p ‘lJ (8)

i=0

Usually, Tg is in the order of a day, and monthly or even weakly taken measurements
can be individually well described by equation (4). Nonetheless, it is very important to
determine the value of Tr to ensure that the simple steady state description can actually be
applied on a set of measurements temporally separated by Ts. The magnitude of Tr is also
important if one is considering a time varying roadkill rate A(t). If A changes in a time scale
sufficiently greater than Tg, equation (4) can still be used to determine A at t. Table 1

synthesises when each equation must be used for estimating roadkill mortality.

Data collection and analysis
To evaluate carcass persistence, we surveyed the road for four consecutive days per
month in 10 field trips between July 2009 and June 2010. The surveys were conducted with a

vehicle at about 40 to 50 km/h, with two observers (besides the driver). We considered only
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carcasses killed in the last 24 hours, thus ignoring carcasses observed in the first day, which
could have been killed more than 24 hours earlier. In the following days, we recorded the
persistence of the carcasses found on the second day until the fourth day (0-2 days of
persistence). All animals were classified by body size (small < 500g; large > 500g) and
taxonomic group (amphibian, reptile, bird, and mammal).

To test for differences in carcass persistence among groups delimited by body size or
taxonomic classes, we performed univariate analysis of variance (ANOVA) with
randomization test (Manly 1997), being the persistence time (0-2 days) the response variable,
the body size or taxonomic class the factor, and the carcasses the sample units. When the
results indicated a significant difference on carcass persistence between groups defined by
taxonomic classes, we performed contrast analyses through randomization to verify which
taxonomic groups differed from others (Pillar and Orléci 1996).

To evaluate the detection probability due to sampling method (searcher efficiency), we
compared the number of carcasses (response variable) found in 45 sections of 500 m (reaching
22.5 km monitored with two observers) using two survey methods: by vehicle (at speed of 40
to 50 km/h) and by foot. We sampled six or seven sections per day during seven days (in
February, May and June 2010). In each day of our sampling session, we monitored a 500 m
section every 10 km of the road, and the initial position was chosen randomly within the first
10 km of the road. Since Slater (2002) observed maximum removal rate at dawn and just after
dusk, the same selected sections were monitored by car in the morning and again by foot in
the afternoon to minimize confounding effect of carcass removal. All roadkills detected by

any survey methods were classified into the same categories adopted before.
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In order to estimate searcher efficiency, we considered that survey by foot detected
100% of carcasses on the road and then we calculated the proportion of detectable carcasses
(p) found by searchers in a moving vehicle. This proportion was calculated as an average by
road section for each survey method. For estimating carcass removal time (Tgr), we first
determined roadkills that occurred in a time interval of 24 hours by performing two
measurements spaced by this time interval and considering only carcasses found in the second
measurement but not in the first. The presence of these carcasses on the road during the
subsequent days was, then, monitored and the percentage of the initial carcasses that remained
on the road was determined for each of these days. Since we did not consider new carcasses,

we can use equation (2) with A = 0:

G(t) = G(O)e*% R, (9)

Considering G(0) = 100% and performing a simple exponential fitting to the obtained
data, we estimated Tr values. Tr represents carcass removal characteristic time, that is, the
time needed for 1/e (approximately 63%) of carcasses to be removed. For both searcher
efficiency and carcass removal we considered the carcasses that were roadkilled and found on
the road, instead of experimentally placing carcasses along the road. We made this choice in
order to consider the natural variation in size and other differences among carcasses, what
would not be possible by experimentally placing carcasses along the road.

To test for differences in searcher efficiency between the two methods, we performed
univariate ANOVA with randomization test (Manly 1997) for each one of the two body sizes
and the four taxonomic groups considering the carcass number in each road section (response

variable). Road sections were defined as blocks, restricting permutation within each block
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(Pillar 2006). To reduce the probability of type I error due to the number of tests performed,
we adopted Bonferroni corrections (Legendre e Legendre 1998; a’= a/k, were k corresponds
to the number of independent tests and a to the initial significance criterion, which in our case
equals 0.05). Thus, we adopted a’=0.025 and «’=0.012 for the two body size and four
taxonomic class ANOVA, respectively. For each ANOVA test, we used Euclidean distance as
the dissimilarity measure and the sum of squares between groups of sampling units as the test
criterion (Qp statistic, Pillar e Orloci 1996). We performed all analyses with 1000
randomizations in MULTIV 2.4 (Pillar 2006).

Finally, to obtain roadkill rates (L) for reptiles, birds and mammals, we used equation

(8) and the total number of measured carcasses (N = No + N1 + N, + N3) in each month. We

calculated values of A for each month and then obtained mean roadkill rate (4 ) per day.

Results
Carcass removal

To evaluate carcass persistence on the road we used 242 roadkills, of which 113 were
amphibians, 24 reptiles, 62 birds, and 43 mammals. Of these, 195 were classified as small-
sized and 47 as large-sized. Small carcasses remained significantly less time than large
carcasses on the road (P=0.001; Fig. 1a). When carcass persistence is evaluated with regard to
taxonomic group, amphibians and birds persisted significantly less time than reptiles and
mammals, whereas there were no differences within each of these two pairs of taxonomic

categories (table 2; Fig. 1b). Removal rates within 24 hours are, in general, very high, with
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more than 80% of small body-sized animals and between 47.26 to 85.56% of animals from

different taxonomic groups disappearing within this time period.

Searchers’ efficiency

When monitoring by foot we found 207 roadkills, of which 152 were amphibians, 15
reptiles, 21 birds, and 17 mammals. They were classified as small-sized (190 individuals) and
large-sized animals (17 individuals). Of all animals recorded, only 12 were recorded by car, of
which three were reptiles, a bird, and eight mammals, classified as small (one) and large-sized
(11 individuals). Differences in detectability between those methods were significant for all

groups tested except large body size (Fig. 2a-f).

Estimation of mortality rate

Since we identified differences in carcass removal and searchers’ efficiency due to
survey method among taxonomic and size groups, we made separated estimations of mortality
rates for reptiles, birds and mammals (table 3). We did not estimate roadkill rates for
amphibians because we did not recorded any amphibian carcass by car when estimating
searcher efficiency. Equation (8) allows considering subsequent measurements with searcher’s
influence (like carcass removal for further analysis). So, for each group, we used four
subsequent measurements (N = Ng + Ny + N2 + N3) in each month, with a time interval Ts =1
day. Mean roadkill rates obtained using equation (8) with k = 4, Ts = 1 day and the values of p

and T are presented in table 3.
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Discussion

Most authors that estimate roadkill magnitude considered only carcasses counted
during surveys and extrapolated the numbers counted to a period of time (like a year), without
including corrections for detectability and carcass removal. In another way, some authors
estimate roadkill mortality considering a time of carcass persistence a priori, like Vieira
(1996), who assumed that carcasses remained for a week on the road, and Pinowski (2005),
who considered two days of persistence for estimating caiman roadkill magnitude.
Nevertheless, Hels and Buchwald (2001) estimated amphibian roadkill mortality including
corrections for animals not observed, calculating the efficiency of the monitoring by mark-
recapture theory. They estimated searcher efficiency by marking carcasses on control surveys
and then calculating how many carcasses were “recaptured”.

As an alternative to correct this estimation bias, we modified a mathematical function
from Shoenfeld (2004) to estimate total roadkill mortality considering the observer
detectability and carcass removal. All taxonomic groups were underestimated, but this bias
was stronger for birds, which have very low detection and high removal rates. Using this
function we can extrapolate roadkill data and determine the expected number of animals
actually killed from that found by the searchers.

Gerow et al. (2010) estimated total roadkill magnitude by modifying the equation
proposed by Shoenfeld (2004), multiplying it by an extra factor, which considers the number
of days, the number of measures and mean time between surveys. However, this extra factor
does not fit in Shoenfeld (2004) model. The formula used by Gerow et al. (2010) assumes that

time between surveys follows a Poisson distribution, but surveys are usually planned to take
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place in systematic intervals. In these sense, we should use a model that considers that surveys
are conducted periodically, like equation (8).

Our results clearly show how strong can be the underestimation of roadkill rate if one
disregards the effects of searcher efficiency and carcass removal characteristic time. It is also
interesting to compare these relations with the ones obtained via equation (5), considering
always a steady state situation, and with equation (6), considering Shoenfeld's approximation.
For the case of reptiles, for example (similar conclusions can be obtained for the other
groups), one would obtain A=9.69 using equation (5), which would also lead to an
underestimation of the roadkill rate. On the other hand, using Shoenfeld's approximation one
would get A=12.75, which leads to a larger roadkill rate compared to the result from equation
(8).

Besides the underestimation on roadkill estimates due to carcasses that are not detected
or that are removed, some animals hit by a car die away from the road, never being detected
by searchers. Baker et al. (2004) estimated, during seven years of monitoring, that 31.48% of
roadkill carcasses were found away from a road. This factor of bias is still not included and
remains a challenge for accurate mortality estimates.

Carcass removal rates were very high in the first 24 hours. Similar results were found
by Antworth et al. (2005), with 60-97% of carcasses disappearing in 36 hours. Carcass
removal, however, is not homogeneous among taxonomic and size groups. Amphibians and
birds, predominantly small body-sized animals, were removed faster than reptiles and

mammals, which usually are of larger size. The same pattern was found by other authors on
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road surveys (e.g. Slater 2002, Langen et al. 2007, Hels and Buchwald 2001), and cited by
Morrison (2002) for wind power plants.

Detectability also differed among taxonomic and size groups and was much lower for
amphibians and birds than for reptiles and mammals. Langen et al. (2007) also found a bias on
amphibian monitoring by car when they compared it with the results obtained by foot. Also, it
must be considered that taxonomic and size groups are associated factors, since amphibians
and birds often have small body sizes and mammals are usually of larger size. Thus, some
authors have suggested that amphibian roadkills should be monitored by foot in order to
diminish the bias and favour the detectability of small and thin-skinned amphibians (e.g. Hels
and Buchwald 2001, Ortowski et al. 2008).

The most direct effect of roadkill removal and detectability biases is the
underestimation of mortality magnitude within each taxonomic group and among them due to
body size. This was pointed out previously by Slater (2002), who estimated that mortality
rates can be 12 to 16 times that recorded by a moving vehicle when not considering removal
rates and detectability. The evaluation of roadkill magnitude without the incorporation of
these factors, considering only the mean number of roadkills detected per survey, results in
similar mortality rates among groups, what do not correspond to reality. Incorporating these
sources of mortality estimating error is elementary for the evaluation of roadkill impacts on
each taxonomic group. Indeed, birds are the group with the highest mortality underestimation
by car surveys and the most impacted group from vehicle-wildlife collisions, since they have

lower detectability and higher removal rates.
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Our results show differences in removal rates and detectability among size and
taxonomic groups of vertebrates and we demonstrate the degree of mortality underestimation
that result from those error factors. Since there are differences within and among taxonomic
groups due to size effects, separate estimates have to be obtained for each taxonomic group to

reveal total mortality.
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Table 1 Equations modified from Ericksson et al. (2000) and Shoenfeld (2004) to

estimate roadkill mortality using carcass removal time and searcher’s detectability.

When it must be used

Equation N°
N =p -G(t > o) = piAT,
4
n-1
N =)> N, =npAT,
i=0
5
Ts
T _
N, = pAT, |
e™ —1+p 6

Roadkill estimation obtained from
a single measurement.

Roadkill estimation obtained from
n subsequent measurements. It
only must be used if time between
measurements is larger than
carcass removal time, due to
searchers influence when removing
carcasses.

Roadkill estimation obtained from
cases with low ratio Tg/Tr.
However, it must be avoided when
there are only a few measurements.

Roadkill estimation obtained from
K measurements. It must be used
when carcasses are removed by
searchers while monitoring.

Table 2 Differences in carcass persistence between taxonomic classes (results from

univariate ANOVA, Qb=22.612, P=0.001). In bold, significant contrast P values.

Contrasts P(Qb°>Qb)
Amphibian x Reptiles 0.001
Amphibian x Birds 0.673
Amphibian X Mammals 0.001
Reptiles x Birds 0.002
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Contrasts P(Qb°>Qb)

Reptiles x Mammals 1

Birds x Mammals 0.002

Table 3 Estimates of total roadkills per day (1) corrected for detectability biases introduced by
carcass removal and survey method using equation (8). “Tgr” is the estimated carcass removal
characteristic ~ time, “p” is  the  estimated searcher  efficiency  and
N/4 represents the mean number of carcasses observed in each measurement, without
considering correction factors for removal rates and searcher efficiency. Since N represents
number of carcasses measured in four consecutive days, it must be divided per four to obtain

mean number measured per day.

p Tr(days)  N/4 A (day ™)
Reptiles 0.23 1.85 4.12 11.22449
Birds 0.06 0.7 4.25 102.4096
Mammals 0.47 1.75 3.85 6.209677
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120 120
(a) Body size P=0.001 (b) Taxonomic group P=0.001

Proportion of carcass persistence

Number of days Number of days

Fig. 1 Proportion of persisting carcasses after three consecutive survey days. a) Small animals
(n=195; black circles) and large animals (n=47; open circles); b) amphibians (n=113; open
circles), reptiles (n=24; black circles), birds (n=62; black triangles) and mammals (n= 43;

open triangles). Probability values (p) obtained by ANOVA with randomization tests.
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Fig. 2 Carcass number recorded in 45 road sections of 500 m using two survey methods;
points connected by lines represent the same road section (block) monitored by both methods
(vehicle and foot); number of road sections represented is lower than monitored due to

superimposed results.
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Capitulo 2: Are mammal roadkill hotspots coincident with those detected

for other vertebrate groups?
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Are mammal roadkill hotspots coincident with those detected for other vertebrate

groups?

Fernanda Z. Teixeira, Isadora B. Esperandio, Andreas Kindel

Abstract

Many mitigation measures have been implemented to reduce wildlife mortality on roads and
increase connectivity, like under and overpasses, reduced speed limits, lights and warning
signs. An important factor defining the effectiveness of these measures is their correct
placement. In order to plan mitigation measures, it is important to identify roadkill
aggregation peaks and the scales in which more intense hotspots are formed. In this paper, we
used a data set from a roadkill survey in southern Brazil to test the presence of roadkill
aggregations in different scales and evaluate if mammal roadkill hotspots can be a surrogate of
roadkill aggregations of other taxonomic groups. Our hypothesis is that spatial patterns of
mammal roadkills do not overlap with hotspots of other taxonomic groups. The Ripley’s K
test indicated roadkill aggregations in all scales evaluated with similar radius amplitude for all
groups evaluated. The largest number of hotspots was concentrated in lowland road stretch,
with lower roadkill intensity in hillside and highlands. Serensen resemblance measure
indicated that, in small scales, mammal roadkill hotspots are not a surrogate for hotspots of
other taxonomic classes, although in a larger scale similarity in hotspots location increased,
indicating a scale-dependent pattern. In these sense, punctual mitigation measures, like

wildlife passages, when implemented based on survey results of mammal roadkills, would not
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be functional for other taxonomic groups. Nevertheless, more extensive mitigation measures
could be implemented and reach a larger spectrum of species even if based solely on a
mammal roadkill survey. Our results are relevant in the evaluation of impacts caused by roads

already implemented, when planning of mitigation measures is needed after road construction.

Keywords Roads, vehicle-wildlife collision, aggregation, spatial pattern

Introduction

Wildlife populations can be isolated directly by roadkills and indirectly by barrier
effects (Forman and Alexander 1998; Trombulak and Frissell 2000; Jaeger et al. 2006) and
many mitigation measures have been implemented to reduce wildlife mortality and increase
connectivity, like under and overpasses (Clevenger and Whalto 2000; Goosem et al. 2005),
reduced speed limits, lights and warning signs (Glista et al. 2009). In the next decades, the
implementation of such measures to enhance landscape connectivity will be challenging,
especially in a scenario of climate change, where species may adapt their ranges and
distributions by moving through landscape (Clevenger and Samaya 2010).

An important factor defining the effectiveness of these punctual measures is their
correct placement (Glista et al. 2009). To optimize mitigation planning, it is necessary to
evaluate roadkill spatial distribution and detect roadkill hotspots. Mortality patterns usually
are not random, since animals commonly use the same crossing routes (Malo et al. 2004,
Seiler 2005, Ramp et al. 2006). The survey of roadkills is a way to identify wildlife crossing

routes and propose mitigation measures where wildlife populations will be more benefited
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(Sillero 2008; Taylor and Goldingay 2010). In these sense, ecologists usually search for
evidence of non-randomness to infer about underlying processes, like answers to
environmental heterogeneity (Perry et al. 2002). Since the knowledge about spatial patterns
has consequences on roadkill mitigation planning, we must answer two main questions: (1)
are roadkills aggregated? and (2) where are roadkill hotspots located?

Roadkill surveys often address mortality magnitude and specific taxonomic groups.
Large mammals are the best-documented roadkills, probably due to their size and to interest in
their demography (Trombulak and Frissel 2000). Other taxonomic groups are often neglected
in roadkill surveys, so it’s elementary to know if roadkill spatial pattern of one taxonomic
group can be a surrogate of the spatial patterns of others. In environmental assessment of road
expansions or in monitoring of pre-existing roads, the results obtained when monitoring one
taxonomic group are often used to plan mitigation measures that should reach all groups. By
doing this, they assume that spatial patterns of mortality (e.g. roadkill hotspots) are similar for
animals from different taxonomic classes. To our knowledge, the similarity in roadkill spatial
patterns among animals from different taxonomic classes has not been tested until now.

In order to plan mitigation measures, it is important to identify aggregation peaks and
the scales in which more intense hotspots are formed. According to a revision done by Taylor
and Goldingay (2010), spatial explicit models to evaluate roadkills have been developed only
recently (e. g. Jaeger et al. 2005; Litvaitis and Tash 2008). Roadkill spatial patterns may have
different causes, like traffic flow and speed, road design, presence of landscape corridors,
habitat availability, and others. These different factors may operate in different spatial scales.

Most authors analyze roadkill hotspots by choosing arbitrary scales of analysis, not
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considering the effects of different scales. Nevertheless, many data sets present different
spatial patterns when evaluated in different scales, which is known as scale effect (Perry et al.
2002).

In this paper, we used a data set from a roadkill survey in southern Brazil to test the
presence of roadkill aggregations in different scales and evaluate if mammal roadkill hotspots
can be a surrogate of roadkill aggregations of other taxonomic groups. Our hypothesis is that
spatial patterns of mammal roadkills do not overlap with hotspots of other taxonomic groups.
If we confirm this hypothesis, care must be taken when extrapolating the results from roadkill

SUrveys.

Methods
Study area

This study was performed in a 66 km road section of Rota do Sol road (RS-486/RST-
453), located in northeastern of Rio Grande do Sul state, Brazil (50W 19' 12", 29S 15' 58"/
49W 57' 29", 29S 36' 59"). The selected road stretch crosses core zones of Atlantic Forest
Biosphere Reserve and was chosen due to its landscape heterogeneity, encompassing three
geomorphological regions (lowland, hillside and highland), ranging from 2 m to 925 m of
altitude, with differences in antropic occupation, landscape structure and biotic and abiotic
attributes and thus expected to have a great heterogeneity in roadkill distribution at a fine
scale. Highland is covered with Araucaria Forest in a mosaic with grasslands, while hillside
and lowland are covered with Atlantic Forest strictu sensu (Oliveira-Filho and Fontes 2000).

Also, lowlands are much more fragmented than hillside and highlands (Ribeiro et al. 2009),
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with a higher density of rural settlements and small villages and the predominance of
agriculture.
Data collection

Roadkill surveys were performed during four to five consecutive days per month,
between July 2009 and July 2010. Two observers in a moving vehicle (40-50 km/h) recorded
all vertebrate carcasses found, including amphibians, reptiles, birds and mammals.

Data analysis

In order to evaluate the randomness of roadkill spatial distribution, we performed an
adapted bidimensional Ripley’s K statistic for each taxonomic group (Coelho et al. 2008).
Ripley’s K is used to test for non-randomness of spatial distribution of any set of events across
multiple scales (Ripley 1981; Cressie 1993; Levine 2000). For the interpretation of the test we
used L function, which evaluates the aggregation intensity at different scales (Ripley 1981;
Levine 2000).

In K test, a circle with a certain radius is centred in a roadkill event, summing all
roadkill events inside the circle area. Since the road is not transformed to be linear, the road
extension inside each circle may vary, so the sum of all events in the circle is multiplied by a
correction factor, which considers the road length inside the circle. This correction also allows
for further comparisons among different scales. After all events are evaluated, there is a
general sum that corresponds to the aggregation intensity at the initial scale. To allow the
comparison of different roads or data sets, this sum is standardized by total road length and

total number of roadkills. This analysis is repeated for different radius sizes, from the initial
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radius set by the user to the total road length. In these sense, aggregations occurrence is
evaluated in a multi-scale approach, which corresponds to the radius size (Coelho et al. 2010).
This analysis can be described by

D s . .
K(r) = — iZleZr/Q(r)z fij

j#i

where: K(r) = value of K statistic for spatial scale r; D = road length; n = number of events; r
= radius; i = roadkill event; j = another roadkill event; Ci(r) = road length inside the circle
with r radius centred in roadkill event i; fij = index equal to O if j is outside the circle r radius
centred in i, or equal to 1 if j is inside this area.

For the interpretation of different scales used and to evaluate aggregations significance
we used
L(r) = K(r)—Ks(r)
where: L(r) = difference between value of K statistic for radius r and value of simulated K for
the same radius; Ks(r) = the mean of all K values obtained trough Monte Carlo simulations.
When L(r) is higher than confidence limits (90%), it means that there are roadkill aggregations
with statistical significance. The presence of roadkills aggregations means that some places
are more susceptible to the occurrence of roadkill than others. We carried out Ripley’s K test
for amphibians, reptiles, birds and mammals, considering an initial radius of 100 m and
repeated for incrementally larger scale distances (with a radius increment of 100 m at each
new step) to total road length. This initial radius size was chosen because we considered that it
corresponds to a scale where mitigation measures like underpasses and speed limiters can be

effective.
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To identify roadkill hotspots location, we performed a bidimensional hotspot analysis.
In this analysis, the road is divided in n stretches with the same size. An evaluation scale is
chosen according to the results obtained in Ripley’s K test. A circle with r radius is now
centred in the first road stretch, summing all roadkill events inside this area. This number is
then multiplied by a correction factor that considers the road length inside the circle. The
circle is then centred in the next road section and again all events are summed and multiplied
by the correction factor. This procedure is done for all road stretches (Coelho et al. 2010).

This analysis can be described by:

H,(r)=2r/ C'I,.(r)i_f:i,-

where: Hi(r) = aggregation value for the ith road division for a chosen r; i goes from 1 to m
(number of road stretches); n = number of roadkill events; r = chosen radius; Ci(r) = total road
length inside the circle with r radius centered in ith road division; fij = 1 if the distance
between event j and the center of ith road division is lower than r and fij = 0 otherwise.

To evaluate hotspots statistical significance we calculated confidence limits with
Monte Carlo simulations by randomization of roadkill events. H(r) values higher than 90%
confidence limits indicate significant hotspots, that is, road stretches with high mortality.

For the identification of aggregation locations and to evaluate aggregations

significance along the road we used

N(strech)= H(r)— Hs(r)

where: N(strech) = difference between the H value observed for r scale and the simulated H

value for r scale; Hs(r) = mean simulated H values in Monte Carlo randomizations.
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All Ripley’s K analyses and hotspots analyses were performed in Siriema software
(Coelho et al. 2010), considering 90% confidence limits to calculate statistical significance.
These confidence limits were chosen in an attempt to minimize Type Il error probabilities
based on the precautionary principle, since environmental decision-making requires that B is
kept small (Underwood and Chapman 2003) and it is worse not to identify roadkill hotspots
when they in fact exist than to identify hotspots when they do not exist.

To test if hotspots of different taxonomic groups overlap, we transformed aggregation
intensity data in a binary variable for roadkill hotspot presence. We performed this data
transformation in order to control for random intensity variation (i.e. intensity values inside
confidence intervals). With this binary matrix, we performed an association test using
Serensen resemblance measure between variables. Significance values were obtained using
randomizations (Manly 1997). Road stretches were considered as sampling units and roadkill
aggregation presence in road stretches for each taxonomic group as variables. These analyses
were carried out in two different scales, with a 100 m radius and with a 1000 m radius, to test

if overlapping is a scale-dependent pattern, and performed in MULTIV 2.4 (Pillar 2006).

Results

We recorded 150 birds, 136 wild mammals, 75 reptiles and 291 amphibians. The
Ripley’s K test indicated roadkill aggregations in all scales evaluated with similar radius
amplitude for all groups evaluated, from zero to 46-51 kilometres (Fig. 1). Considering the
800 road stretches obtained from Hotspot Analysis with 100 m radius, aggregations were

concentrated in 4-11% of the road. The largest number of hotspots was concentrated in
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lowland road stretch (the last 30 kilometres), with lower roadkill intensity in hillside and
highlands (the first 30 kilometres) (Fig. 2 and Fig.3).

The association test indicated low overlapping in roadkill aggregations among different
taxonomic groups, but indicated that this pattern is scale-dependent, since similarity in the

location of roadkill aggregations enhanced with increasing scale (Table 1).

Discussion

Vertebrate roadkills were nonrandomly distributed and significantly clustered. Our
results showed that roadkill hotspots locations were similar among different taxonomic groups
in larger scales, but not in a refined scale. To our knowledge, this is the first time that the
similarity among roadkill spatial patterns of different taxonomic groups is evaluated. Sgrensen
resemblance measure indicated that, in small scales, mammal roadkill hotspots are not a
surrogate for hotspots of other taxonomic classes, although in a larger scale similarity in
hotspots location increased, indicating a scale-dependent pattern. A hypothesis to explain this
pattern is that, in a refined scale, differences in behaviour and habitat selection among species
become more evident than in larger scales, where the influence of macrohabitat availability is
possibly the most important factor. In this sense, punctual mitigation measures, like wildlife
passages, when implemented based in survey results of mammal roadkills, would not be
functional for other taxonomic groups. Nevertheless, more extensive mitigation measures — as
the reduction of speed limits in a larger road stretch or multiple wildlife passages
implemented near each other — could be implemented and reach a larger spectrum of species

even if based solely on a mammal roadkill survey.
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Although our results show that aggregation zones of different taxonomic groups do
overlap when evaluated in an appropriate scale, some authors question the success of multi-
taxa mitigation measures and suggest that mitigation should be addressed to specific target
species, arguing that only species-specific measures can be effective. There are some
evidences that each type of wildlife passages, for example, will benefit some particular species
due to differences in behaviour (Glista et al. 2009). Indeed, the fact that aggregations occur in
the same zone does not mean that all organisms will be benefited by common mitigation
measures. Wildlife passages benefit cursorial animals and even among them only a few will
use similar types of passages. Our results only show that mammal hotspots can be a surrogate
for hotspots zones of other animals in larger scales, whereas, in order to mitigate road impacts
for multiple taxa one must adopt a set of mitigation measures that should include over and
underpasses (e.g. Aresco, 2005, for amphibians and reptiles; Jacobson, 2005, for birds; and
Clevenger and Waltho, 2000 and Goosem et al., 2005, for mammals), speed limitation,
signalling and habitat protection.

These results are very important in the context of mitigating road impact, since
monitoring roadkill of all taxonomic groups is difficult, due to influences of detectability and
survey method (Slater 2002, Langen et al. 2007, Hels and Buchwald 2001, Teixeira et al. this
volume). For example, amphibian monitoring by car is inadequate, but monitoring by foot
cannot be applied to regional or national conservation plans. Also, monitoring by car allows
detecting a larger number of carcasses in less time (Sillero 2008), increasing sample size.
Many authors assume that every victim is detected in roadkill surveys, which may be true only

for large conspicuous mammals (Hels and Buchwald 2001). However, we must be aware that
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the effect of sample size caused by detectability problems on hotspot detection has not been
evaluated, and we could expect that it influences recognition of roadkill spatial patterns.
Detectability affects estimates of mortality magnitude (Teixeira et al. this volume), but its
effect (especially carcass removal component) over spatial patterns is not known.

Our results are relevant in the sense of impacts caused by roads already implemented,
when planning of mitigation measures is needed after road construction. In Brazil this is
happening in a network of thousands of kilometres and we believe the same is observed in
other developing countries. Mammal roadkill hotspots used as a surrogate to identify roadkill
spatial patterns of other taxa can be an advantage due to its easiest monitoring, with higher
detectability and lower removal rates. However, we must be careful since we do not know
how general this pattern is and how it is affected by variation in detectability among

taxonomic or ecological groups.

References

Aresco MJ (2005) Mitigation measures to reduce highway mortality of turtles and other
herpetofauna at a north Florida lake. Journal of Wildlife Management 69:549-560.

Clevenger AP, Sawaya MA (2010) Piloting a non-invasive genetic sampling method for
evaluating population-level benefits of wildlife crossing structures. Ecology and Society
15(1):7.

Clevenger AP, Whalto N (2000) Factors influencing the effectiveness of wildlife underpasses

in Banff National Park, Alberta, Canada. Conservation Biology 14(1):47-56.

43



Coelho IP, Coelho AVP, Kindel A (2008) Roadkills of vertebrate species on two highways
through the Atlantic Forest Biosphere Reserve, southern Brazil. European Journal of
Wildlife Research 54: 689-699.

Coelho IP, Kindel A, Coelho, AVP (2010) SIRIEMA. Spatial Evaluation of Road Mortality
Software. User’s Guide V.2.0. UFRGS, Porto Alegre, Brazil.

Cressie NAC. 1993. Statistics for Spatial Data. Revised Edition. John Wiley & Sons, New
York.

Forman RTT, Alexander LE (1998) Roads and their major ecological effects. Annual Review
on Ecology and Systematics 29: 207-231.

Glista DJ, DeVault TL, DeWoody JA (2009) A review of mitigation measures for reducing
wildlife mortality on roadways. Landscape and Urban Planning 91(1):1-7.

Goosem M, Weston N, Bhushnell S (2005) Effectiveness of rope bridge arboreal overpasses
and faunal underpasses in providing connectivity for rainforest fauna. ICOET 2005
Proceedings.

Hels T, Buchwald E (2001) The effect of road kills on amphibian populations. Biological
Conservation 99:331-340.

Jacobson SL (2005) Mitigation measures for highway-caused impacts to birds. PSW-GTR-
191. USDA Forest Service General Technical Report.

Jaeger JAG, Fahrig L, Ewald KC (2006) Does the configuration of road networks influence
the degree to which roads affect wildlife populations? In: Proceedings of the 2005

International Conference on Ecology and Transportation, Eds. Irwin CL, Garrett P,

44



McDermott KP. Center for Transportation and the Environment, North Carolina State
University, Raleigh, NC:pp.13-17.

Jaeger JAG, Bowman J, Brennan J, Fahrig L, Bert D, Bouchard J, Charbonneau N, Frank K,
Gruber B, Toschanowitz KT (2005) Predicting when animal populations are at risk from
roads: an interactive model of road avoidance behavior. Ecological Modelling 185: 329-
348.

Langen TA, Machniak A, Crowe EK, Mangan C, Marker DF, Liddle N, Roden B (2007)
Methodologies for surveying herpetofauna mortality on rural highways. Journal of
Wildlife Management 71(4): 1361-1368.

Levine N (2000) CrimeStat: A Spatial Statistics Program for the Analysis of Crime Incident
Locations. Ned Levine & Associates, Annandale, Virginia and national Institute of
Justice, Washington, DC.

Litvaitis JA, Tash JP (2008) An Approach Toward Understanding Wildlife-Vehicle
Collisions. Environmental Management 42:688-697.

Malo JE, Suarez F, Diez A (2004) Can we mitigate animal—vehicle accidents using predictive
models? Journal of Applied Ecology 41:701-710.

Manly BFJ (1997) Randomization, Bootstrap and Monte Carlo Methods in Biology, 2nd
edn. Chapman and Hall, London.

Oliveira-Filho AT, Fontes MAL (2000) Patterns of Floristic Differentiation among Atlantic

Forests in Southeastern Brazil and the Influence of Climate. Biotropica 32(4b): 793-810.

45



Perry JN, Liebhold AM, Rosenberg MS, Dungan J, Miriti M, Jakomulska A, Citron-Pousty S
(2002) Illustrations and guidelines for selecting statistical methods for quantifying spatial
pattern in ecological data. Ecography 25: 578-600.

Pillar V (2006) Multivariate Exploratory Analysis, Randomization Testing and Bootstrap
Resampling User’s Guide v.2.4. UFRGS.

Ramp D, Wilson VK, Croft DB (2006) Assessing the impacts of roads in peri-urban reserves:
Road-based fatalities and road usage by wildlife in the Royal National Park, New South
Wales, Australia. Biological Conservation 129:348 — 359.

Ribeiro MC, Metzger JP, Martensen AC, Ponzoni FJ, Hirota MM (2009) The Brazilian
Atlantic Forest: How much is left, and how is the remaining forest distributed?
Implications for conservation. Biological Conservation 142:1141-1153.

Ripley BD (1981) Spatial Statistics. John Wiley & Sons, New York.

Seiler A (2005) Predicting locations of moose—vehicle collisions in Sweden. Journal of
Applied Ecology 42:371-382.

Sillero N (2008) Amphibian mortality levels on Spanish country roads: descriptive and spatial
analysis. Amphibia-Reptilia 29:337-347.

Slater FM (2002) An assessment of wildlife road casualties — the potential discrepancy
between numbers counted and numbers killed. Web Ecology 3:33-42.

Taylor BD, Goldingay RL (2010) Roads and wildlife: impacts, mitigation and implications for
wildlife management in Australia. Wildlife Research, 37, 320-331.

Teixeira FZ, Coelho AVP, Esperandio I, Kindel A (this volume). Road mortality estimates:

effects of sampling methods and carcass removal. Chapter 1 in this volume.

46



Trombulak SC, Frissell CA (2000) Review of Ecological Effects of Roads on Terrestrial and
Agquatic Communities. Conservation Biology 14:18-30.

Underwood AJ, Chapman MG (2003) Power, precaution, Type Il error and sampling design in
assessment of environmental impacts. Journal of Experimental Marine Biology and

Ecology 296:49-70.

47



Table 1. Sgrensen similarities of roadkill aggregations among taxonomic groups.

Sgrensen Sgrensen

(100 m radius) P (1000 m radius) P
Amphibians x Reptiles 0.10853 0.099 0.27119 0.008
Amphibians x Birds 0.20988 0.003 0.44604 0.001
Amphibians x Mammals 0.18182 0.541 0.56489 0.001
Reptiles x Birds 0.059406 0.004 0.53012 0.001
Reptiles x Mammals 0.097561 0.126 0.24 0.027
Birds x Mammals 0.17391 0.003 0.4375 0.001
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Fig. 1. Results of Ripley’s K test for multiple scales at Rota do Sol, southern Brazil. The
continuous line represents observed L(r) values and the dotted lines represent confidence

limits. a) Amphibians. b) Reptiles. ¢) Birds. d) Mammals.
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Fig. 2. Results of hotspots analyses at Rota do Sol with a 100 m radius. The black line
represents observed intensity of roadkill aggregation and the grey lines represent confidence
limits. The first 30 kilometres are in highland and hillside and the last 30 kilometres are in

lowland. a) Amphibians. b) Reptiles. c¢) Birds. d) Mammals.
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Fig. 3. Results of hotspots analyses at Rota do Sol with a 1000 m radius. The black line
represents observed intensity of roadkill aggregation and the grey lines represent confidence
limits. The first 30 kilometres are in highland and hillside and the last 30 kilometres are in

lowland. a) Amphibians. b) Reptiles. c) Birds. d) Mammals.
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Consideracoes finais

O estudo aqui apresentado traz importantes contribuicdes a ecologia de rodovias. As
perguntas que norteiam este trabalho foram investigadas de forma a contribuir no desenho
amostral de estudos futuros de fauna atropelada e no monitoramento e planejamento de
medidas mitigadoras.

As analises apresentadas demonstram que a remocdo de carcacas € alta nas primeiras
24 horas em que a carcaca esta na rodovia e que as taxas de remocao ndo sao homogéneas
entre grupos taxonémicos e classes de tamanho. Anfibios e aves, animais normalmente de
menor tamanho, foram removidos mais rapidamente do que répteis e mamiferos.

Da mesma forma, a deteccdo dos pesquisadores diferiu para grupos taxonémicos e
classes de tamanho diferentes, sendo muito menor para anfibios e aves. Entretanto, deve ser
considerado que grupos taxondmicos e classes de tamanho sdo fatores associados, ja que
anfibios e aves normalmente possuem corpo de menor tamanho, enquanto mamiferos sédo
maiores.

O efeito direto gerado pela remocdo de carcacas e deteccdo € a subestimativa da
magnitude de mortalidade de animais atropelados em cada grupo taxonémico. A avaliacdo da
magnitude de atropelamentos sem a incorporacdo desses fatores, considerando apenas o
namero de carcacas medidas no monitoramento, resulta em taxas similares de mortalidade
para cada grupo, o que ndo corresponde a realidade. Incorporar essas fontes de erro nas
estimativas é de fundamental importancia para a avaliacdo dos impactos de rodovias. Ainda,

as aves sdo 0s animais com maiores subestimativas em monitoramentos de carro e
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possivelmente um dos grupos mais afetados pelos atropelamentos, ja que possuem baixa
deteccdo e altas taxas de remocéo.

Como uma alternativa para corrigir esse vies, adaptamos um modelo matematico que
incorpora esses fatores (deteccdo e taxas de remoc¢do) na estimativa da taxa de mortalidade.
Essa funcdo considera que os monitoramentos de fauna atropelada normalmente sédo
realizados periodicamente e com a retirada das carcacas pelos pesquisadores, permitindo sua
ampla aplicacdo nos monitoramentos. A partir dos resultados aqui apresentados, mostramos
diferencas nas taxas de remocdao e deteccdo entre grupos taxondmicos e classes de tamanho,
indicando que esses fatores geram subestimativas da taxa de atropelamentos. Considerando
que ha diferencas na remocao e deteccao entre os grupos avaliados, € importante que as taxas
de atropelamento de cada grupo taxondmico sejam calculadas separadamente.

Ao avaliarmos o padrdo espacial e a similaridade entre as agregacdes de
atropelamentos entre diferentes grupos taxondmicos, identificamos que a localizacdo das
agregacOes de atropelamentos de mamiferos pode ser utilizada como indicadora da
localizacdo de agregacdes de outros grupos taxondémicos, mas apenas em escalas mais amplas.
Em escalas refinadas, ha grandes diferencas nos padrbes espaciais entre 0S grupos,
provavelmente devido a diferencas no comportamento e uso do habitat entre 0s grupos.
Assim, em escalas mais amplas (como a escala avaliada de 1 km), um mosaico de medidas
mitigadoras pode ser implementado e atingir maior diversidade de espécies. Entretanto, deve-
se considerar que o simples uso de um grupo como indicador dos padrdes espaciais de outros

néo significa que todos os organismos serdo beneficiados com a implementacdo das medidas
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mitigadoras. Portanto, para mitigar os impactos de rodovias para diversos taxons a0 mesmo
tempo, deve-se planejar e implementar medidas diferenciadas para os grupos-alvo.

Os resultados aqui apresentados sdo muito importantes no contexto da mitigacdo do
impacto de rodovias, ja que 0 monitoramento de todos 0s grupos taxonémicos impactos
mostra-se dificil, principalmente devido a diferencas nas taxas de deteccdo de acordo com o
método utilizado. Sabe-se que a deteccdo e a remocdo afetam as estimativas de mortalidade,
mas deve-se ainda avaliar qual o seu efeito sobre a identificacdo de padrdes espaciais. Desta
forma, é importante a aplicacdo dos resultados aqui apresentados no monitoramento de

rodovias ja implementadas e no planejamento de medidas mitigadoras.
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