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LISTA DE FIGURAS

Chapter 1 - Biogeographic and fragmentation-related research biases on antbirds and non-

flying small mammals in Brazil

Figure 1. Percentage of fragmentation papers found in the WOS and the Scielo database for
different taxonomic groups in Brazil. Numbers on each bar shows the total number of

fragmentation papers for each taxonomic group.

Figure 2. Species richness (black bars), number of general papers (grey bars), number of
fragmentation papers (white bars) published from 1945 to 2018, and human population density

(inhabitants/km?; red circles) across Brazilian biomes for (A) small mammals and (B) antbirds.

Figure 3. Mean kernel density across Brazilian biomes containing general papers for small
mammals. The kernel density shows the number and distribution of sampling points (i.e.,
geographical coordinates included in the papers together with the coordinates that we obtained
from the study sites using Google Earth, represented by the black dots), which is proportional
to the number of studies for each biome (Table S1). The smaller map on the lower left margin
shows the human population following the Brazilian Institute of Geography and Statistics
(IBGE 2010b). Different letters in the boxplot show significant differences in mean kernel

density (P < 0.05).

Figure 4. Mean kernel density across Brazilian biomes containing general papers for antbirds.
The kernel density shows the number and distribution of sampling points (i.e., geographical

coordinates included in the papers together with the coordinates that we obtained from the study



10

sites using Google Earth, represented by the black dots), which is proportional to the number
of studies for each biome (Table S1). The smaller map on the lower left margin shows the
human population following the Brazilian Institute of Geography and Statistics (IBGE 2010b).

Different letters in the boxplot show significant differences in mean kernel density (P < 0.05).

Figure 5. Relationship between the number of general papers and species richness for (A) small
mammals and (B) antbirds, and between the number of general papers and human population
density for (C) small mammals and (D) antbirds across Brazilian biomes. The black dots cor-
respond to the biomes, the solid lines show the observed slope of the regression and the dashed

lines show the expected slope (i.e., b+ SE =1+ 0).

Figure 6. Mean kernel density across Brazilian biomes containing fragmentation papers for
small mammals. The kernel density shows the number and distribution of sampling points (i.e.,
geographical coordinates included in the papers together with the coordinates that we obtained
from the study sites using Google Earth, represented by the black dots), which is proportional
to the number of studies for each biome (Table S1). The smaller map on the lower left margin
shows the human population following the Brazilian Institute of Geography and Statistics
(IBGE 2010b). Different letters in the boxplot show significant differences in mean kernel den-

sity (P < 0.05).

Figure 7. Mean kernel density across Brazilian biomes containing fragmentation papers for
antbirds. The kernel density shows the number and distribution of sampling points (i.e., geo-
graphical coordinates included in the papers together with the coordinates that we obtained
from the study sites using Google Earth, represented by the black dots), which is proportional
to the number of studies for each biome (Table S1). The smaller map on the lower left margin

shows the human population following the Brazilian Institute of Geography and Statistics
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(IBGE 2010b). Different letters in the boxplot show significant differences in mean kernel den-

sity (P < 0.05).

Figure 8. Relationship between the number of fragmentation papers and general papers for (A)
small mammals and (B) antbirds across Brazilian biomes. The black dots correspond to the
biomes, the solid lines show the observed slope of the regression and the dashed lines show the

expected slope (i.e.,b£ SE=1+£0).

Chapter 2 - Spatial bias in sampling small rodents in the Atlantic Forest: a landscape and

accessibility perspective

Figure 1. Spatial distribution of small rodent occurrences compiled from databases (Bovendorp
et al., 2017 and Figueiredo et al., 2017) and digital platforms (GBIF, SpeciesLink, SibBr and

Portal da Biodiversidade) for the Atlantic Forest, proposed by Muylaert et al. (2018).

Figure 2. Well-sampled sites for small rodent inventories in the Atlantic Forest. Red dots
indicate well-sampled sites (n = 507). Green and yellow dots indicate locations where less than

69% of the biodiversity is known (n = 41 and 91, respectively).

Figure 3. Spatial bias of the small rodents well-sampled sites related to city distance (m) and
road distance (m). The well-sampled sites are biased to locations closed to cities and roads. The
gray bars indicate the density of cities and road distances for extension Atlantic Forest (limit
proposed by Muylaert et al., 2018). Colored bars indicate the density of distance of (a) cities

centers and (b) roads of well-sampled sites.

Figure 4. Spatial bias of the small rodents well-sampled site related to landscape. The well-

sampled sites are biased to locations closed to large fragments and higher percentage of habitat.
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Colored bars indicate the percentage habitat (a) and density of fragment size (b) of well-sampled

site.
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APRESENTACAO

Me chamo Lana Pavao Candeléaria, ingressei na universidade no ano 2010 e desde meu
primeiro ano da graduacdo me interessei pela Ecologia. Fui aluna de iniciacao cientifica durante
3 anos da graduacdo, e quando estava terminando o curso de Licenciatura em Ciéncias
Bioldgicas fiz o processo seletivo para o mestrado. Durante meu mestrado trabalhei com
dindmica populacional de pequenos roedores no Pantanal Mato Grossense. Ao continuar no
doutorado me veio a vontade de entender processos que aconteciam em escalas maiores, mesmo
sabendo da impossibilidade de coletar em varios locais que contemplassem uma regido
geogréfica grande.

Pensando no quesito de coleta e ampla escala, fiquei interessada em entender como
estdo/estavam distribuidas espacialmente os trabalhos e as coletas de pequenos mamiferos no
Brasil. Entdo, como primeiro objetivo desta tese fiz um levantamento dos artigos publicados
considerando comunidades bioldgicas de pequenos mamiferos ao longo da regido neotropical,
para, a partir disso, avaliar quais 0s vieses de pesquisa existentes para o0 grupo. A partir dos
vieses de pesquisas eu pretendia também buscar quais eram os padrdes ecoldgicos do grupo, ou
seja, quais eram as varidveis ambientais conhecidas por influenciar os parametros ecoldgicos,
como composicao de espécies, abundancia, riqueza, ocupacao, colonizagéo e extingao.

A busca por artigos para a regido neotropical resultou na obtencdo de milhares de
artigos, os quais passaram por filtragem na plataforma do Web of Science restando apenas 1680.
Mas, ao comegar a extrair as métricas de cada um dos artigos encontrei diversas dificuldades
em escolher quais informacbes seriam relevantes, além da dificuldade em padronizar as
informacdes das variaveis ambientais. Ao me ver sem um objetivo claro do que fazer, me
restringi a registrar uma quantidade menor de informacgéo, mas a cada novo artigo estudado,
uma dificuldade nova aparecia.

No inicio de 2020 comecgou a pandemia de Covid 19 e com o lockdown, viajei para o
interior do Mato Grosso para ficar com minha familia. Nesse momento eu ja ndo estava feliz e
satisfeita com o andamento do meu doutorado. Eu ndo estava avangando como eu gostaria e a
incerteza do amanhd me fez querer viver os momentos com minha familia e acabei deixando o
doutorado de lado. Aos 12 anos de idade eu sai da minha cidade natal e estar de volta me fez
querer aproveitar a companhia da minha familia novamente. Depois de um tempo, eu voltei pra
Cuiaba para dar continuidade ao meu projeto, contudo, as dificuldades permaneceram. Ao
apresentar a disciplina de Seminarios de Tese || compreendi que ndo sabia o que estava fazendo.

Os meus objetivos ndo estavam claros para mim e ndo conseguia ligar meu objetivo aos
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resultados que eu estava alcancando. Mesmo com as sugestdes da banca de avaliagdo me vi
presa a um banco de dados no qual eu j& ndo via sentido. Eu fui ficando cada vez mais frustrada
de ndo conseguir alcancar meus objetivos.

No final de 2020 me vi sem vontade de fazer qualquer coisa. Eu estava sozinha ha minha
casa, lidando com todas as obrigagdes diarias, em isolamento, e com um doutorado parado. Por
diversas vezes eu fiquei me perguntando porque estava passando por isso e por que nada dava
certo. Em dezembro de 2020 procurei ajuda psicoldgica e apos algumas sessdes de terapia,
comecei a me sentir melhor e comecei a entender o que estava acontecendo comigo. Mas ainda
assim, o desanimo e a frustacdo permaneciam comigo. Entéo, fui em busca de um psiquiatra,
na expectativa de que algum medicamento pudesse me trazer melhora. O proximo passo foi
voltar a frequentar a universidade, dentro das regras impostas pelo isolamento e com as devidas
precaucOes, assim, a vida académica foi voltando aos poucos. Me permiti sentir tristeza,
angustia e comecei a entender que tudo bem ndo me sentir bem, que as frustagdes existem e que
0 desanimo aparece, mas aos poucos eu voltei a conversar com meus amigos e com 0s colegas
de trabalho e vi que essa era uma realidade para muitos, para nao dizer de todos.

Em fevereiro de 2021 procurei ajuda dos professores para conseguir terminar 0 meu
doutorado. Como minha principal dificuldade era o banco de dados, conversando com alguns
colegas, veio a proposta de trabalhar com o banco de dados sobre a comunidade de pequenos
mamiferos ja disponiveis. Dessa forma, eu iria deixar de lado a constru¢do do meu banco de
dados e iria trabalhar com os dados ja disponiveis.

Atualmente existem trés bancos de dados de pequenos mamiferos disponiveis: dois
bancos de dados para o bioma Mata Atlantica e um para o Cerrado. Como meu principal
objetivo era avaliar viés de pesquisa (artigos publicados) continuei a trabalhar com viés e passei
a avaliar os vieses na amostragem de pequenos roedores na Mata Atlantica. Além do projeto de
doutorado, saber como eram o0s vieses de pesquisa ja havia sido um questionamento entre
colegas do Programa de PoOs-Graduacdo em Ecologia e Conservacdo da Biodiversidade
(PPGECB). Em 2019 trabalhei em conjunto com outros membros do PPGECB em um artigo
que tinha como objetivo avaliar os vieses e lacunas de pesquisa de dois grupos de vertebrados
(pequenos mamiferos e a familia de aves Thamnophilidae), entre os biomas brasileiros. Ao
avaliarmos o vies no conhecimento em termos de nimero de artigos, especificamente de
pequenos mamiferos, encontramos que, a Mata Atlantica € o bioma mais rico em numero de
espécies e também o mais pesquisado (com maior nimero de artigos publicados). Os resultados
indicavam também que esse viés esta relacionado a densidade populacional e também pode ser

explicado pelos padrdes de amostragem, como proximidade com centros urbanos, proximidade
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com universidades e centros de pesquisa, entre outros fatores. Porém, uma pergunta permeava
a minha cabeca: serd que o fato de um bioma ser o mais pesquisado para um grupo reflete o
guanto conhecemos sobre 0 grupo nessa area? Eu tinha consciéncia de que outras informacdes
sobre a biodiversidade (que irei chamar de conhecimento) ndo estavam publicadas em forma
de artigo. Logo, obter informacGes de outras fontes, além dos artigos, poderia me levar a
compreender um padrdo mais exato sobre o conhecimento de pequenos, suas lacunas e seus
vieses, e ndo apontar simplesmente os vieses e lacunas de artigos. O conhecimento da
biodiversidade é mais que isso.

Com a atual crise da biodiversidade, muitas espécies tém sido extintas e algumas delas
entram em extingdo antes mesmo de serem descritas, principalmente em regifes geograficas
onde a diversidade € alta e as ameacas a biodiversidade sdo constantes, como € o caso da regido
tropical e dos hotspots da biodiversidade. Sabendo que a Mata Atlantica é um dos hotspots da
biodiversidade e que é o bioma mais pesquisado (com maior nimero de artigos) para pequenos
mamiferos, surgiu a pergunta: eu consigo aumentar o conhecimento da biodiversidade usando
outras fontes além de artigos cientificos? Sera que realmente conhecemos a biodiversidade da
Mata Atlantica? O quanto conhecemos? Esse conhecimento é enviesado ou ndo? Se sim, onde
estdo concentradas as amostragens de pequenos mamiferos? Onde estdo as lacunas? Sera que
existem regides geograficas mais amostradas do que outras? O que direciona 0s possiveis
vieses? Existem variaveis ambientais que explicam esses vieses? O fato da Mata Atlantica ser
extremamente fragmentada, com pouquissimos remanescentes florestais, afeta 0 conhecimento
da biodiversidade? A paisagem explica os padr6es de amostragem? Essas variaveis estao
relacionadas a que? As questdes historicas de paisagem e fragmentacao? Ai a historia comegou
a fazer sentido. Tentar responder essas perguntas era de fato algo que estava me motivando e
me dando forca para continuar.

Eu sabia que existiam vieses no conhecimento da biodiversidade, alguns estdo
relacionados com o conhecimento taxonémico das espécies até suas interacoes, tolerancias e
funcBes ecoldgicas. Eu vi que os dados da biodiversidade que eu tinha disponivel poderiam ser
capazes de responder as perguntas que surgiram. Tive sorte de ter pessoas que me ajudaram
muito no processo de aprendizagem e nas discussdes sobre o tema, o que fez eu ver a “luz no
fim do tunel” e acreditar que conseguiria desenvolver uma tese. Partindo da pergunta: o quanto
conhecemos sobre a biodiversidade de pequenos mamiferos? Eu comecei a estruturar os
capitulos da minha tese.

Primeiramente responderia essa pergunta indo atras das informagdes sobre a

biodiversidade que estdo disponiveis. Sabemos que nem todo o conhecimento é disponibilizado,
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parte do conhecimento esta retido em colegdes, museus e outras nem saem dos cadernos de
campo ou das anotacOes pessoais de pesquisadores. As iniciativas de alguns pesquisadores em
montar banco de dados tém facilitado e aumentado o acesso ao conhecimento da biodiversidade.
Banco de dados com essas informacdes tém sido compilados de trabalhos publicados e nédo
publicados, para diferentes grupos taxondmicos na Mata Atlantica. Além disso, existem as
plataformas digitais que disponibilizam registros de ocorréncia de espécimes que estdo
armazenados em museus, como GBIif, SpeciesLink, iNaturalist, entre outros. Com a
disponibilizacdo dos dados, as pesquisas a respeito da completude do conhecimento da
biodiversidade ficaram mais viaveis, assim pude medir o quanto conhecemos da Mata Atlantica
e como as amostragens estdo distribuidas espacialmente.

Sabendo como as amostragens estavam distribuidas espacialmente podiamos avaliar as
métricas que explicariam o padrdao de amostragem. Considerando os padrdes de pesquisa, para
diversos grupos taxonomicos, onde a proximidade com rotas de acesso e centros urbanos
enviesam a amostragem, esperava que as amostragens de pequenos mamiferos apresentassem
0 mesmo padrdo, afinal ao avaliarmos o viés do nimero de artigos entre 0s biomas, vimos que
0 que explicava o fato da MA ser mais pesquisada era a densidade populacional. Portanto, no
segundo capitulo, além de calcular a completude do conhecimento, testei se a acessibilidade e
0s centros urbanos explicavam o padrdo de amostragem e como esperado, as amostragens de
pequenos roedores eram concentradas préximas aos centros urbanos e estradas. Sabendo que
conhecemos muito pouco da Mata Atlantica (completude do conhecimento) e que esse
conhecimento é enviesado, fui atrds de outras métricas que poderiam explicar o padrdo. Além
do viés de amostragem direcionado pela acessibilidade, existe o viés que pode ser determinado
pela paisagem. A paisagem da Mata Atlantica passou por modificagdes desde sua colonizagéo,
que resultaram em um ambiente extremamente fragmentado e com poucos remanescentes
florestais. Sera que isso influenciou a amostragem para esse grupo? Portanto, ao invés de testar
apenas a proximidade com estradas e centros urbanos, testei se as métricas de paisagem
explicam o padrdo. Sendo assim, o objetivo do segundo capitulo foi avaliar o viés de
amostragem de pequenos roedores na MA, avaliando 1) o quanto conhecemos da MA para
pequenos roedores, 2) se 0 viés no conhecimento possui um padrdo de amostragem geogréfico,
3) como as métricas de paisagem (tamanho do fragmento e cobertura florestal) explicam o
padréo.

Por fim, minha tese ficou estruturada em dois capitulos. No primeiro avaliamos 0 Vviés
e lacuna no conhecimento de pequenos mamiferos entre os biomas brasileiros, utilizando a

perspectiva de quantidade de artigos publicados sobre o grupo. No segundo calculamos o
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qguanto conhecemos sobre a biodiversidade de pequenos roedores para a Mata Atlantica e
testamos como a acessibilidade e a paisagem explicam os vieses de amostragem encontrados.
Com esses dois capitulos, pudemos concluir que a densidade populacional humana, bem como
a presenca de centros urbanos e de vias de acesso, interfere no quanto conhecemos da
biodiversidade. Adicionalmente, biomas florestais, fragmentos florestais grandes e com maior
cobertura florestal s&o mais conhecidos. Mesmo tendo encontrado que a Mata Atlantica é o
bioma mais pesquisado para o grupo de pequenos mamiferos, quando avaliamos o bioma por
si sO, com alta resolucdo geogréfica, e utilizamos os registros de ocorréncia das espécies, vemos

que a lacuna no conhecimento é maior do que pensamos.



18

RESUMO

A conversdo no sistema de uso e cobertura do solo para a agricultura, pastagens e
expansdo das cidades, tem modificado as paisagens. A mudanca no tamanho de &rea e a
configuracdo das paisagens transformam habitats naturais em matrizes antropogénicas. Esses
impactos estdo relacionados com a crise da biodiversidade e séo intensificados na regido
tropical, onde a diversidade de espécies é maior e existem mais lacunas no conhecimento da
biodiversidade. O objetivo geral foi avaliar a distribuicdo espacial dos vieses e lacunas do
conhecimento de pequenos mamiferos no Brasil. Este grupo é amplamente distribuido e diverso
e responde de maneiras diferentes aos impactos antrépicos. A tese foi dividida em dois
capitulos. No primeiro, avaliamos o0s vieses biogeograficos de artigos publicados entre os
biomas brasileiros, encontrando um viés na quantidade e densidade de artigos para os biomas
mais densamente povoados, sendo a Mata Atlantica desproporcionalmente mais pesquisada.
No segundo capitulo, calculamos a completude do inventéario de pequenos roedores na Mata
Atlantica e testamos como a acessibilidade e a paisagem interferem no viés de amostragem. Os
locais bem amostrados estavam proximos aos centros urbanos, estradas, fragmentos maiores e
com maior porcentagem de cobertura de habitat. Concluimos a existéncia do viés no
conhecimento de pequenos mamiferos relacionado a densidade populacional, acessibilidade e
grandes fragmentos florestais. Apesar da Mata Atlantica ter maior nimero e densidade de
artigos, a completude do inventario € menor que 0,03%, indicando a limitacdo geografica no
conhecimento da distribuicdo das espécies. Sugerimos calcular a completude do inventario do
grupo em biomas pouco pesquisados e conhecer 0s vieses que causam as lacunas.
Adicionalmente, realizar novas amostragens de pequenos roedores na Mata Atlantica em
fragmentos pequenos, longe de estradas e centros urbanos. Essas a¢cdes sdo necessarias para
avaliar, com precisao, a atual crise da biodiversidade e melhorar a aplicabilidade das estratégias
de conservacgao.

Palavras-chave: Déficit Wallaceano, Mata Atlantica, Roedores.
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ABSTRACT

The conversion in the land use and cover system for agriculture, pastures and expansion
of cities, has modified the landscapes. The change in area size and landscape configuration
transform natural habitats into anthropogenic matrices. These impacts are related to the
biodiversity crisis and are intensified in the tropical region, where species diversity is greater
and there are more gaps in biodiversity knowledge. The objective was to evaluate the spatial
distribution of biases and knowledge gaps of small mammals in Brazil. This group is widely
distributed and diverse and responds differently to human impacts. The thesis was divided into
two chapters. In the first, we evaluated the biogeographic biases of articles published across
Brazilian biomes, finding a bias in the quantity and density of articles for the most densely
populated biomes, with the Atlantic Forest being disproportionately more researched. In the
second chapter, we calculated the completeness of the inventory of small rodents in the Atlantic
Forest and tested how accessibility and landscape interfere with sampling bias. The well-
sampled sites were close to urban centers, roads, larger fragments and with a higher percentage
of habitat coverage. We concluded the existence of a bias in the knowledge of small mammals
related to population density, accessibility and large forest fragments. Although the Atlantic
Forest has a greater number and density of articles, the completeness of the inventory is less
than 0.03%, indicating the geographic limitation in the knowledge of the distribution of the
species. We suggest calculating the completeness of the group inventory in poorly researched
biomes and knowing the biases that cause the gaps. Additionally, carry out new samplings of
small rodents in the Atlantic Forest in small fragments, away from roads and urban centers.
These actions are necessary to accurately assess the current biodiversity crisis and improve the
applicability of conservation strategies.

Key words: Atlantic Forest, Rodents, Wallacean Shortfall.
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INTRODUCAO GERAL

Crise da Biodiversidade

Espécies estdo sendo perdidas por todo 0 mundo (DIRZO et al., 2014, CEBALLOS et
al., 2015). A crise da biodiversidade (perda de espécies) estd intimamente relacionada com 0s
impactos antrépicos. Além da crise climatica, a modificacdo e fragmentacédo de habitats naturais
é o principal processo relacionado a perda de espécies (DIRZO; RAVEN, 2003). A conversdo
no sistema de uso e cobertura do solo para os diferentes usos da agricultura, das pastagens e a
expansdo das grandes cidades tém diminuido drasticamente o tamanho, a qualidade e a
configuracdo dos remanescentes de habitats naturais (LAPOLA et al., 2014) o que, por
consequéncia, altera a o padrdo de movimentacdo e a distribuicdo geografica das espécies
(SOBRAL-SOUZA et al., 2021a).

A fragmentacéo de habitat € um processo que ocorre no nivel de paisagem, em pequena
escala, e envolve a mudanca da paisagem de uma determinada area (FAHRIG, 2003). Por outro
lado, a fragmentacdo de habitat resulta na separacdo da paisagem original e na formacéo de
manchas menores e isoladas entre si (FRANKLIN et al., 2010). O processo de fragmentacédo
apresenta efeitos diretos na paisagem local como a reducgéo de habitats naturais disponiveis para
as espécies, o aumento do numero de manchas florestais, a diminuicdo no tamanho dessas areas
e 0 aumento do isolamento entre elas (FAHRIG, 2003). Tais efeitos podem resultar na perda da
biodiversidade uma vez que a maioria das espécies ndo conseguem atravessar a matriz — area
de separacdo entre as manchas — e ficam isoladas nos fragmentos, sofrem reducao do tamanho
populacional, diminuem a probabilidade de persisténcia, reduzem o fluxo génico e,
consequentemente, aumentam as chances de extin¢6es locais (FAHRIG, 2017). Outro processo
provocado pela fragmentagéo de habitat € o efeito de borda, no qual, as paisagens passam a ter
maior area de borda, ou seja, area de contato com a matriz, em relacéo a quantidade de habitat
natural disponivel (LAURANCE et al., 2011). Tal efeito ocasiona a diferenciagcdo do micro-
habitat local e aumenta a possibilidade do estabelecimento de espécies invasoras que podem ser
competitivamente superiores as espécies locais (FAHRIG, 2003) e gerar, por exemplo, extingdo
de espécies (VIEIRA et al., 2022).

A crise da biodiversidade parece ser mais acelerada, e mais marcante, na regido tropical
(ESTRADA et al., 2016). Nos tropicos a diversidade de espécies € maior por se tratar de habitats
mais produtivos e heterogéneos (DIRZO; RAVEN, 2003). Por ser extremamente diversa, a
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regido tropical também possui maior gama de provisdo de servigos ecossistémicos e
funcionalidade ecossistémicas relacionadas diretamente com a fauna e flora associada
(TURNER et al., 2004). Desta maneira, € ndo ao acaso, essa regido é a que mais sofre com a
conversdo de habitats naturais com finalidade agricola (ESTRADA et al., 2016). O clima
estavel, a alta disponibilidade hidrica, os altos valores de servigos ecossistémicos, relacionados,
fazem com que a agricultura, e outras atividades correlatas nesta regido, sejam mais vantajosas
do que em outras regides do planeta, resultando em impactos antrépicos sobre a biodiversidade
mais acelerados (CINCOTTA et al., 2000). O efeito negativo dessas atividades sobre a
biodiversidade é tdo forte que grande parte das &reas prioritarias para conservacdo global
(hotspots) séo localizadas na regiéo tropical (MITTERMEIER et al., 2005).

Embora sejam conhecidos impactos imediatos do processo de fragmentacdo de habitat
sobre a biodiversidade local, o efeito da perda de biodiversidade so6 ¢é passivel de observacdo a
longo prazo. Tal efeito, de atraso na resposta da perda de espécies em funcdo do tempo de
modificacdo da paisagem, ¢ conhecido como “resposta com atraso temporal” (time-lagged
response; METZGER et al., 2009). Na Mata Atlantica, por exemplo, que é considerado um dos
hotspots globais mais ameacados (BELLARD et al., 2014), o efeito da fragmentacdo na
biodiversidade sugere que parte expressiva das espécies ainda ndo foram perdidas e/ou poderdo
ser perdidas ao longo do tempo (HADDAD; PRADO, 2005). Dessa forma, entender como o
processo de fragmentacgdo influencia a distribuicdo das espécies ao longo do espacgo e tempo €
essencial para se promover estratégias adequadas para a conservacdo da biodiversidade
(METZGER et al., 2009).

Mesmo sabendo os motivos que causam a crise atual da biodiversidade, ainda € um
desafio avaliar como eles afetam efetivamente a perda da biodiversidade, porque o
conhecimento da biodiversidade ainda é incompleto (HORTAL et al.,, 2015) e decai
temporalmente (TESSAROLDO et al., 2021). Entender como as mudancgas na biodiversidade
ocorrem depende que ela seja medida com precisdo, s0 assim 0s processos gque a ameagcam a
biodiversidade podem ser abordados (COLLEN et al., 2008). As incompletudes dos inventarios
sobre a biodiversidade acontecem porque, grande parte, a biodiversidade ndo foi amostrada e/ou
porque 0 que conhecemos sobre ela possui viés (LADLE; HORTAL, 2013). Portanto, as
inferéncias sobre a ecologia hoje sdo baseadas em uma pequena amostra dos ecossistemas
globais, e ndo no seu todo (MARTIN et al., 2012). Para se conservar, ou ter medidas de
conservacao eficientes, é necessario saber o que se conhece da biodiversidade, quais 0s vieses
e as lacunas existentes, para medir se os dados de biodiversidade disponiveis, e a qualidade dos
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mesmos, séo suficientes ou ndo para inferir efeitos da fragmentacao sobre a biodiversidade em
diferentes escalas (CORDIER et al., 2021; SOBRAL-SOUZA et al., 2021b).

Conhecimento da Biodiversidade

Com o aumento das ameacas a biodiversidade também se promoveu o aumento no
conhecimento a respeito dela. Atualmente, existem diversas fontes de dados que fornecem
informacBes sobre a biodiversidade [GBif (www.gbif.org), SpeciesLink (specieslink.net),
iNaturalist (www.inaturalist.org)]. As cole¢Bes de historia natural em museus e 0s artigos
cientificos séo as principais fontes de dados disponiveis sobre a biodiversidade. Os museus de
historia natural, herbarios e jardins botanicos armazenam um rico conhecimento sobre as
espécies e esses dados sdo essenciais para entender as suas distribuicGes geograficas
(BRADLEY et al., 2014). Esses lugares, contém dados historicos da biota e permite que
pesquisadores avaliem e estudem diferentes padrdes da biodiversidade (MARCER et al., 2022).
Porém, essas ndo sdo as Unicas fontes nas quais os dados da biodiversidade sdo armazenados
(BOAKES et al., 2010). Parte dos dados sobre a biodiversidade estdo em cole¢des particulares,
observacgOes pessoais, dados de ciéncia cidada, anotacbes de caderno de campo e em
laboratérios de pesquisas e/ou em documentos de dissertacdes e teses (MARCER et al., 2022).
Na grande maioria dos casos, esse conhecimento da biodiversidade néo é diretamente acessivel
para pesquisadores.

Atualmente os artigos cientificos sdo publicados em jornais virtuais o que facilita o
acesso a informacdo contida neles. Algumas perguntas e objetivos podem ser respondidos
baseando-se apenas no conhecimento armazenado nos artigos cientificos. Nesse caso, existem
plataformas de pesquisa bibliografica (Web of Science, Scopus, Scielo) que buscam e filtram,
através de palavras-chave, artigos que contém as informacgdes desejadas. A partir disso, 0
pesquisador utiliza os artigos provenientes da pesquisa para responder suas perguntas. Muitas
vezes a selecdo de artigos € usada para saber as tendéncias e avaliar padrées em pesquisas
cientificas realizadas por diferentes autores em diferentes lugares. Exemplo disso, sdo as
revisdes bibliograficas, os artigos de cienciometria e metanalise (ARRUDA et al., 2018;
COSSET et al., 2018). Mas, o conhecimento sobre a biodiversidade vai além do que esta
contido em artigos cientificos, muitos artigos cientificos ndo fornecem todos os dados coletados
e utilizados para responder a pergunta desejada. Logo, as informac6es obtidas a partir somente
de artigos cientificos podem conter inimeros vieses e lacunas, que podem incluir ruidos nas

analises, resultando em inferéncias bioldgicas tendenciosas (SOBRAL-SOUZA et al., 2021).
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Algumas iniciativas surgiram com o intuito de fornecer acesso livre a informac6es da
biodiversidade de forma digital, como o Global Biodiversity Information Facility
(GBIF)(EDWARDS, 2004). A colaboracéo (incluséo) de dados nestas plataformas pode ser
feita por qualquer pais ou organizacdo internacional. Essas iniciativas tém fornecido acesso
livre e aberto aos dados, permitindo que pesquisadores acessem dados de cole¢des de historia
natural do mundo, herbarios, e bancos de dados observacionais, que por muito tempo ficaram
restritos, incluindo também dados de ciéncia cidada (EDWARDS, 2004; GAIJI et al., 2013).
Mesmo tendo os dados disponibilizados, essas plataformas onlines ainda possuem inumeros
erros associados (GAIJI etal., 2013; BECK et al., 2014). As identificagcOes taxondmicas podem
estar equivocadas, principalmente em regides e grupos taxondmicos megadiversos (COLLEN
etal., 2008). Além dos erros de identificacdo, os dados também podem possuir erros associados
a localizacdo de coleta (LADLE; HORTAL, 2013; MARCER et al., 2022). Uma forma de
corrigir os erros associados aos dados digitalmente acessiveis é justamente expondo-os, de
forma livre, para que outros pesquisadores, que inicialmente ndo tinham acesso a essas
informac@es, possam opinar e corrigir as nomenclaturas, os problemas georreferenciais e/ou
destacar outros déficits existentes (HORTAL et al., 2008; GAWJI et al., 2013). Dessa forma,
estudos que priorizem quantificar e apontar as lacunas e os déficits desses bancos de dados se
tornam primordiais (RONQUILLO et al., 2020).

Vieses no conhecimento da Biodiversidade

Além do conhecimento armazenado, que em partes permanece indisponivel, ainda
existem lacunas no conhecimento da biodiversidade porque parte dela ainda néo foi explorada
e/ou porque as amostragens realizadas sdo enviesadas temporalmente e espacialmente
(LADLE; HORTAL, 2013). As lacunas no conhecimento da biodiversidade séo definidas por
Hortal e colaboradores (2015) como as faltas entre o conhecimento existente e 0 conhecimento
completo dentro de um dominio biolégico, em um determinado tempo. Os mesmos autores
categorizam e descrevem sete lacunas no conhecimento da biodiversidade: Déficit Lineano
(Espécies), Déficit Wallaceano (Distribuicdo das espécies), Déficit Prestoniano (Populacéo),
Déficit Darwiniano (Evolucéo), Déficit Raunkierano (Caracteristicas funcionais e Fungdes
ecologicas), Déficit Hutchinsoniano (Tolerancias abioticas) e Déficit Eltoniano (InteracGes
ecoldgicas). Aqui, falaremos das lacunas sobre os dados primarios da biodiversidade, que sdo
o Déficit Lineano e o Wallaceano.
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A falta de conhecimento a respeito da descrigdo taxonémica das espécies e suas
distribuicbes geogréficas, prejudica a compreensdo de processos ecoldgicos em todo o
ecossistema, pois essas informacdes sdo a base para quaisquer estudos ecoldgicos (HORTAL
et al., 2007), especialmente estudos de modelagem e distribuicao de espécies (MARCER et al.,
2022). Adicionalmente os dados a respeito da distribuicdo de espécies sdo usados para criar
estratégias de conservacdo e para identificar areas prioritarias para a conservacdo em larga
escala (BROOKS et al., 2004).

As lacunas no conhecimento da biodiversidade sdo mais pronunciadas na regido
tropical (COLLEN et al., 2008), por se tratar de uma regido altamente diversa, muitos taxons
sdo poucos amostrados, enquanto outros poucos sdao mais explorados (FUNK et al., 2005).
Apesar de existir muitas instituices de pesquisa, 0 investimento para a amostragem da
biodiversidade € baixo e ainda existe o historico de colonizacdo e exploracdo de areas, que
modificam a estrutura e a configuracdo das paisagens (LAPOLA et al., 2014; JOLY et al.,
2014). Esses fatores podem e tém direcionado as amostragens para regides facilmente
acessiveis, 0 que diminui a burocracia para amostragem e/ou para remanescentes de habitats
naturais (SOBRAL-SOUZA et al. 2021b).

Os vieses no conhecimento da biodiversidade ja foram relacionados com a proximidade
com centros urbanos e/ou densidade populacional humana (ALMEIDA et al., 2021; LESSA et
al., 2019; SANCHEZ-FERNANDEZ et al., 2008), com a acessibilidade (CORREIA et al.,
2019; OLIVEIRA et al., 2016), com a presenca de instituicGes de pesquisa (LESSA et al.,
2019), com a configuracdo da paisagem (SOBRAL-SOUZA et al.,, 2021b), com areas
preservadas e unidades de conservacdo (ALMEIDA et al., 2021; SOBRAL-SOUZA et al.,
2021b). Esses vieses ocorrem porque nem sempre é possivel realizar amostragens em locais
remotos, isso demanda tempo, recurso financeiro elevado, e em muitas vezes, burocracias para
liberacdo de acesso. Além disso pesquisadores tendem a amostrar a biodiversidade proximo a
instituicdo de pesquisa a qual esta vinculado (MOERMAN; ESTABROOK, 2006, LESSA et
al., 2019). Em paisagens modificadas, as amostragens se concentram em grandes fragmentos
florestais, que geralmente sdo mais conectados e fornecem maior riqueza de espécies devido a
relacdo espécie-area (SOBRAL-SOUZA et al., 2021b). Logo, espacialmente, poucos lugares
sdo muito amostrados e muitos lugares carecem de inventarios sobre a biodiversidade, causando
lacunas no conhecimento da biodiversidade.

Essas amostragens enviesadas tornam o conhecimento limitado a algumas regides e
aumenta a incerteza sobre a distribuicdo de ocorréncia das espécies (HORTAL et al., 2015). O

conhecimento enviesado, prejudica quaisquer inferéncias sobre conservacao, biogeografia e
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macroecologia (BROOKS et al., 2004; SOUSA-BAENA et al., 2014), e afetam o poder
explicativo de fatores ambientais (YANG et al., 2013). Por isso, € necessario identificar as
lacunas e vieses para direcionar as futuras pesquisas, preenchendo as lacunas e melhorando as
estratégias de conservacao.

Uma forma de avaliar o0 que se conhece da biodiversidade é calculando a completude
do inventario para uma determinada area. Avaliar o nivel de completude de pesquisa em um
territério permite identificar unidades amostrais, que sdo consideradas bem amostradas, em uma
determinada resolucéo espacial (LOBO et al., 2018). Adicionalmente, esse método de avaliacdo
indica as lacunas na amostragem e permite direcionar futuras pesquisas. Uma outra alternativa
para amostrar a biodiversidade, sem que essas amostragens sejam tendenciosas, € incluir
heterogeneidade do habitat regional nas amostragens para amostrar comunidades com
composicao de espécies diferentes (FUNK et al., 2005; SCHMIDT et al., 2020; CARVALHO
et al., 2021). Adicionalmente amostrar a heterogeneidade ambiental permite conhecer o
gradiente ambiental que as espécies ocorrem e isso facilita a modelagem de distribuicdo dessas
espécies, bem como avaliar os efeitos das modificacbes do habitat sobre a distribuicdo das
espécies. Esses métodos ajudam a identificar e solucionar o problema do viés amostral, mas
muito ainda precisa ser feito para que os dados da biodiversidade sejam bem amostrados e
avaliados, pois o futuro da biodiversidade depende do conhecimento atual e do que ja foi

amostrado.

Pequenos mamiferos ndo voadores

As espécies de mamiferos brasileiros estdo organizadas em 11 ordens, 51 familias e 247
géneros, sendo que Rodentia € a ordem mais especiosa, com 267 espécies (ABREU et al., 2021).
Pequenos mamiferos ndo voadores, compreendem espécimes das ordens Didelphimorphia e
Rodentia que possuem peso corporal < 1,5 Kg. Das familias pertencentes a Ordem
Didelphimorphia, apenas espécimes da Familia Didelphidae possuem distribui¢éo para o Brasil
(REIS et al., 2011). Roedores é a ordem mais diversa e compreende mais de 42% das espécies
e 39% dos géneros (WILSON; REEDER, 2005). A ordem Rodentia possui sete familias com
distribuicdo no Brasil, sendo elas Caviidae, Ctenomyidae, Cricetidae, Echimyidae,
Erethizontidae e Sciuridae e algumas espécies exoticas da Familia Muridae.

Os espécimes da familia Didelphidae possuem habito terricola e arbdreo. As espécies
desta familia, geralmente possuem cauda longa e preénsil, com o comprimento maior que o

comprimento do corpo (ROSSI et al., 2011a). As maos possuem cinco dedos, todos providos
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de garras, os pés também possuem cinco dedos, sendo o polegar opositor e desprovido de garra
(ROSSI et al., 2011b). Em espécies arboreas os dedos e a cauda tendem ser maiores do que em
especies terrestres. Os espécimes da Ordem Rodentia também possuem habitos diversificados.
Podem ser arboricolas, terricolas, fossoriais e aquaticos (OLIVEIRA; BONVICINO, 2011).
Possuem cinco dedos nas m&os e nos pés, todos providos de unhas ou garras, 0 comprimento
da cauda varia de menor a maior que o comprimento do corpo (BONVICINO et al., 2008). Em
espeécies arbdreas as maos e pés sdo mais curtos e largos enquanto em espécies terrestres sao
longos e estreitos. Pequenos mamiferos que possuem habito semiaquéatico possuem membranas
interdigitais que auxiliam na locomogao.

A dieta dos pequenos mamiferos é onivora, incluindo frutos, néctar, artrépodes e
pequenos vertebrados (SHEPHERD; DITGEN, 2012; CLARO; HANNIBAL, 2022). Além de
consumirem sementes, eles também desempenham o papel de dispersores, pois algumas
sementes permanecem intactas mesmo depois do consumo (LESSA; COSTA, 2010).
Adicionalmente, os pequenos mamiferos atuam como dispersores de fungos (MANGAN;
ADLER, 2002, MIRANDA et al., 2019), sdo polinizadores (VOSS; JANSA, 2021) e servem
de consumo para outros vertebrados (MIGLIORINI et al., 2018).

A perda de habitats causada pelas agBes antropicas interfere na distribuicdo de
mamiferos (CEBALLOS; EHRLICH, 2002) e pode levar a defaunacdo de médios e grandes
mamiferos, modificando a composicdo de espécies locais, alterando a diversidade de espécies,
a diversidade funcional e a diversidade filogenética (GALETTI, DIRZO, 2013; BOVENDORP
etal., 2019). Em ambientes defaundados, os pequenos mamiferos podem desempenhar parte do
papel ecoldgico de grandes mamiferos, mas a auséncia de predadores, pode desencadear um
desequilibrio na composicao de espécies. Dentre os biomas brasileiros, a Mata Atlantica possui
a maior riqueza de espécies é uma das principais areas com maior riqueza na regido neotropical
(AMORI et al., 2013). Por possuirem habitos diversos, em ambientes mais complexos a
diversidade de espécies de pequenos mamiferos € maior, pois a estratificacdo vertical
disponibiliza mais nichos para serem ocupados (CAMARGO et al., 2018). A alteracdo na
configuracdo e na estrutura da paisagem pode afetar a qualidade do habitat, e isso tem sido
importante para a composi¢do de espécies de pequenos mamiferos (DELCIELLOS et al., 2016).

Dadas as ameacas que a biodiversidade esta sujeita, 0s pequenos roedores podem
apresentar diferentes respostas a elas (VIEIRA et al., 2009; BOVENDORP et al., 2019; PAISE
et al., 2020). Devido a suas interacdes com o0 meio ambiente e com outros organismos
(CARREIRA et al., 2020; MANCINI et al., 2019), por serem portador de zoonoses (WOLF et

al., 2016) e pelas funcdes desempenhadas nos ecossistemas terrestres (GRENHA et al., 2010;
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MIRANDA et al., 2019), os pequenos mamiferos podem ser elementos chave nos ecossistemas
(CARREIRA et al., 2020) e indicar a integridade do ecossistema (AVENANT et al., 2011).
Com o aumento do desmatamento, fragmentacao de habitats, e outras modificacdes do uso da
terra, conhecer as lacunas de conhecimento do grupo se faz ainda mais importante, pois como

saber o efeito dessas mudancas se ndo conhecemos a distribuicdo real dos espécimes?

Obijetivos

O objetivo geral desta tese é avaliar a distribuicdo espacial do conhecimento da
biodiversidade de pequenos mamiferos no Brasil. Consideramos o conhecimento de duas
maneiras: uma sendo a quantidade de artigos publicados com o grupo e a outra sendo a
completude do inventario baseada nos registros de ocorréncia espécies disponiveis. Os
objetivos especificos foram: (1) avaliar os vieses e lacunas de conhecimento biogeografico
relacionado a quantidade de artigos gerais e de fragmentacdo publicados com pequenos
mamiferos entre os biomas brasileiros e (2) avaliar os vieses e lacunas na distribuicao espacial
da amostragem de pequenos roedores na Mata Atlantica relacionando-os com a configuracédo
da paisagem e acessibilidade. Para o primeiro objetivo, esperamos que a quantidade de artigos
publicados seja proporcional a riqueza de espécies de pequenos mamiferos e a densidade
populacional humana entre os biomas brasileiros. Para o0 segundo objetivo, esperamos que 0S
locais bem amostrados para pequenos roedores, na Mata Atlantica, estejam espacialmente
enviesados para regides mais acessiveis, préximas a centros urbanos e estradas, e para grandes
fragmentos florestais, com maior cobertura florestal. Nesta tese, cada objetivo esté transcrito

em forma de capitulo, os quais foram submetidos para duas revistas cientificas.
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CAPITULO 1

Chapter 1

Biogeographic and fragmentation-related research biases on antbirds and non-flying

small mammals in Brazil

Artigo publicado na revista Journal of Tropical Ecology
https://doi.org/10.1017/S0266467421000250
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Biogeographic and fragmentation-related
research biases on antbirds and non-flying
small mammals in Brazil
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Gisele da S.F. Braga' (", Thiago J. lzzo? and Alberto L. Teixido?

Programa de Pés-Graduacdo em Ecologia e Conservacdo da Biodiversidade, Instituto de Biociéncias, Universidade
Federal de Mato Grosso, Av. Fernando Corréa 2367, E-TRO60-900 Cuiaba, Mato Grosso, Brazil and ‘Departamento de
Botanica e Ecologia, Instituto de Biociéncias, Universidade Federal de Mato Grosso, Av. Fernando Comréa 2367, E
T8060-900 Cuiaba, Mato Grosso, Brazil

Abstract

Major biogeographic and taxonomic biases are recurrent in biological surveys, including frag-
mentation studies. Detecting biases and subsequent gaps is crucial to steer future research and
suitable conservation policies. We evaluated biogeographic and fragmentation-related biases on
antbirds and non-flying small mammals in Brazil, two oversampled and vulnerable taxonomic
groups, by surveying papers in the Scielo and the Web of Science, We found 566 articles pub-
lished from 1945 to 2018, including 55 and 43 fragmentation studies for antbirds and small
mammals, respectively. Considering the species richness for each group across the Brazilian
biomes, the number of publications for small mammals tended to disproportionately increase
while increasing richness. The Atlantic Forest, the most degraded and densely populated biome,
contained the highest number of publications. However, the Amazon included a disproportion-
ately high number of papers considering its low population density. Conver sely, non-forest bio-
mes such as the Caatinga, Pampa and Pantanal were mostly overlooked. Our results show that
research effort for small mammals and antbirds in Brazil is biogeographically biased. We all
future research to consider more studies across non-forest biomes and vast unexplored areas
within forest biomes to overcome major knowledge gaps on diversity, distribution and ecology
of antbirds and small mammals in Brazil

Introduction

Sampling biases are persistent and pervasive issues in biodiversity and ecological research that
result in knowledge shortfalls across regions, taxa and species traits, with profound conse-
quences for biodiversity conservation and management strategies (Clark & May 2002,
Mokany & Ferrier 2011, Nemésio et al. 2013, Ribeiro ef al. 2016). For example, birds and mam-
mals are disproportionately more sampled in biodiversity research across the world (e.g., Shine
& Bonnet 2000, Trimble & Van Aarde 2010, Troudet ef al. 2017). Likewise, biogeographic biases
result in areas, countries or ecosystems neglected or undersampled, which is particularly appar-
ent in developing and in large countries wherein research institutions are unevenly distributed
(e.g, Deikumah ef al. 2014, Moerman & Estabrook 2006, Oliveira ef al 2016). Reviewing pub-
lished literature through electronic databases allows us to identify knowledge gaps, suggesting
future research effort towards neglected regions and taxa, which deserve further attention.

Research related to habitat loss and fragmentation is both biogeographic and taxonomically
biased across world's tropical forests (Deikumah et al. 2014). Given that habitat loss and frag-
mentation are among the most important threats to biodiversity (Fahrig 2003, Hanski 2015,
Kruess & Tscharntke 1994, Wintle et al. 2019), detecting unevenness in studies of these proc-
esses across regions and among taxa is of paramount importance to provide decision-making for
conservation policies (Deikumah et al. 2014). Although habitat loss and fragmentation usually
occur simultaneously, habitat loss is directly associated with habitat quantity (i.e., reduction in
the suitable habitat area in the landscape over time), whereas fragmentation per se is mostly
related to differences in landscape spatial configuration (i.e., subdivision of the natural habitat
in fragments) (Didham et al. 2012, Fahrig, 2003, 2017, Hanski 2015). However, fragmentation
per se can generate positive effects under particular landscape-level contexts (Fahrig 2017),
although the relative importance of negative versus positive effects caused by fragmentation
regardless of habitat loss remains in an intense debate (see Fahrig 2017, Fahrig ef al 2019,
Fletcher et al. 2018 for opposite views). Here, we embrace fragmentation in a broad sense, thus
including both habitat loss and fragmentation per se. We also focus on fragmentation-related
research biases without considering effects on biodiversity.

idade Federal do Amazonas, on 04 Aug 2021 at 1445459, subject to the Cambridge Core terms of use, available at
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groups in Brazil. Numbers on each bar show the total number
of fragmentation papers for each taxonomic group.

In this study, we aim to address biogeographic and fragmenta-
tion-related biases and knowledge gaps in antbirds (family
Thamnophilidae) and non-flying small mammals (hereafter, small
mammals, i.e., rodent species of the families Caviidae, Cricetidae,
Echimyidae and marsupials of the family Didelphidae, with a body
mass < 1.5 kg: Bovendorp ef al. 2017, Lopes & Mendes-Oliveira
2015, Mendes-Oliveira ef al. 2015, Mendonga ef al 2018, Paglia
ef al. 2012) across Brazilian biomes (Le, Amazon, Atlantic
Forest, Caatinga, Cerrado, Pampa and Pantanal). Brazilian biomes
are well-defined regional ecosystems characterised by a dominant
vegetation and similar floristic characteristics, climatic conditions
and geological structure, which have experienced the same histori-
cal processes of landscape formation (IBGE 1992, 2018a). Brazilian
biomes have the following equivalence in the classification of
Olson et al. (2001): Amazon and Atlantic Forest = Tropical and
Subtropical Moist Broadleaf Forests; Caatinga= Deserts and
Xeric  Shrublands; Cerrado and Pampa = Tropical and
Subtropical ~Grasslands, Savannas, and Shrublands; and
Pantanal = Flooded Srasslands and Savannas,

Biogeographic research biases were determined considering
both the species richness for each taxonomic group and human
population density across biomes. We focused on antbirds and
small mammals because of their overrepresentation in fragmenta-
tion research in Brazil and their vulnerability to anthropogenic
impacts on landscape. Mammals and birds together contain
=50% of fragmentation-related papers focused on fauna in
Brazil and, specifically, small mammals and antbirds represent
46% and 59% for each group, respectively (Teixido et al. 2020;
see also Figure 1). Antbirds and small mammals are also frequently
used as biological indicators, acting as good predictors of responses
to ecosystem changes (Avenant 2011, Pardini ef al. 2010, Piratelli
et al. 2008). Antbirds show the world’s highest diversity in the
Neotropical region (Lepage, 2018) and comprise species highly
sensitive to fragmentation due to their limited dispersal capacity
in non-forest areas (Sick 1997, Zimmer & Isler 2018), These bird
species are mainly insectivorous, thus regulating insect populations
and subsequently reducing herbivore-mediated plant damage
(Sekercioglu 2006, Van Bael et al. 2003, Whelan ef al 2015).
Small mammals are a diverse group widely distributed worldwide
(Eisenberg & Redford 1999, Reis ef al. 2011), including key com-
ponents of the trophic webs within communities and playing a
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Taxonomic groups

relevant role as seed dispersers, contributing to forest regeneration
and connectivity between forest remnants (Brewer & Rejminek
1999, Galetti ef al. 2015). Patch area, isolation and habitat quality
have been reperted in determining the abundance and composi-
tion of several small mammal species (Delciellos ef al. 201a,
Prugh et al 2008, Santos-Filho et al. 2012).

We used Brazil as a model system for manifold reasons. First,
Brazil is a megadiverse and huge country that contains hetero-
geneous ecosystems such as rainforests, savannas, grasslands
and seasonally dry woodlands (Myers ef al 2000, Overbeck
et al. 2015). This large diversity includes the Amazon, the world's
largest rainforest, the Pantanal, one of the world's largest tropical
wetlands, and two biodiversity hotspots, the Atlantic Forest and
the Cerrado (Myers ef al. 2000). However, these biomes have been
traditionally managed and human-induced changes have exten-
sively reduced the original vegetation (Lapola ef al. 2014).
Second, small mammals and antbirds are unevenly distributed
across these biomes (Paglia ef al. 2012, Piacentini et al. 2019),
which allows us to evaluate biogeographic research effort based
on species richness for each biome. Lastly, Brazilian biediversity
is undersampled and research is unevenly distributed among bio-
mes, concentrated near large cities (Oliveira ef al. 2016, Ribeiro
ef al. 2016, Teixido ef al. 2020). Our study can provide compelling
evidence to steer future research effort and to guide decision-mak-
ing for conservation policies on antbirds and small mammals,

Methods
Data source

We surveyed papers on 30 November 2018 in the Web of Science
(hereafter, WOS; www.webofkowledge.com) and the Scielo data-
base (www.scielo.br) to analyse biogeographic bias and subsequent
gaps on small mammal and antbird research across Brazilian bio-
mes (Amazon, Atlantic Forest, Caatinga, Cerrado, Pampa and
Pantanal). All papers provided by our survey were considered
{most recent paper from January 2019). The WOS is an online tool
that provides access to a large database comprising more than
9,000 journals about diverse knowledge areas. The Scielo is a
free-access database that includes the most relevant Brazilian jour-
nals published in English or Portuguese. For the small mammal
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and antbird research, we searched for ‘small mammals’ and ‘ant-
birds" or ‘Thamnophilidae’, respectively, and ‘Brazil, included in
the title, abstract and key words of papers. We also searched for
each of the biomes and included a specific survey using the key
words in Portuguese to include any paper missing exclusively pub-
lished in this language. Since several small mammal species are
largely used for laboratory experiments with medical purposes,
we filtered our selection criteria by selecting the following topics:
‘Biodiversity and conservation’, ‘Biology’, ‘Ecology’, ‘Environmental
sciences’, ‘Evolutionary biology', ‘Forestry’, ‘Parasitology’ and
‘Zoology'. Species richness was recorded in Bovendorp et al
(2017), Mendes-Oliveira ef al (2015), Mendonga ef al. (2018)
and Paglia et al. (2012) for small mammals, and Piacentini et al.
(2019) for antbirds. We also restricted our data to native species
included in those references, respectively. After literature survey,
we exclusively selected papers following our criteria (Le., studies
with small mammal or antbird species native to Brazil) based on
the title and abstract. Besides the papers found in the databases,
we completed the number of publications for small mammals
using three recently published reviews {(Bovendorp et al. 2017
for Atlantic Forest, Mendes-Oliveira ef al. 2015 for Amazon,
and Mendonga ef al. 2018 for Cerrado).

Subsequently, we selected the fragmentation papers for each
taxonomic group based on landscape ecology metrics (i.e., connec-
tivity, deforestation, edge effect, fragment number, fragment size,
habitat quality, habitat loss, land use change and matrix quality).
We excluded those papers conducted on naturally fragmented
landscapes (e.g., natural forest patch interspersed in a non-forest
ecosystem). The results of our criteria that included any of the
taxonomic groups are hereafter called ‘general papers’ (e, papers
intended to examine biogeographic biases), whereas those studies
exclusively related to fragmentation are denominated as ‘fragmen-

tation papers’. Therefore, general papers include fragmentation-
related studies.

Data analysis

To determine biogeographic research bias (i.e., across biomes), we
obtained geographic coordinates showed in the papers for each
taxonomic group. When coordinates were missing, they were pro-
cured from the studied sites by point plotting using the Google

I_IF.&M LI|||\|L|5

Earth satellite imagery. Subsequently, we sorted out the geographic
coordinates between general and fragmentation papers for each
taxon., We used the ArcGis 105 software (ESRI, Redlands,
California, USA) to assess the density of studies for each biome
by elaborating density raster layers by kernel interpolation
(Oliveira ef al. 2015, Ribeiro ef al. 2016, Yang ef al 2013) with a
resolution of 0.0083=("1 km). To do this, we used the geographical
coordinates included in the papers together with the coordinates
that we obtained from the study sites as explained above.
Therefore, each point in our kernel density maps corresponds to
a sampling point with a specific coordinate. The official limits of
the Brazilian biomes were acquired from the Brazilian Institute
of Geography and Statistics (IBGE 2010a). The kernel interpola-
tion method is based on the definition of circular areas of influence
around occurrence points (i.e., sampling points) of a phenomenon.
Within the area of influence, the occurrence of the phenomenon
decreases from the point tothe limits according to a Gaussian func-
tion (Silverman 1986). Thus, the kernel density calculates the den-
sity of points around each output raster cell and the kernel density
values indicate the studies’ density per square kilometre. For exam-
ple, the more the quantity of occurrence points within a given area
of influence, the higher the density, whereas the more the spread-
ing of points within a specific area, the larger the circular area
around the points. We calculated a default search radius (band-
width) based on the spatial configuration and number of input
points, showing the best visual result of the data distribution
(Silverman 1986). We generated four maps, each including either
general or fragmentation papers on small mammals and antbirds,
respectively, depicting areas with higher or lower density of studies
by a red-to-blue (Le, high-to-low) colour gradient. To determine
differences in density among biomes for each of maps, we gener-
ated 50,000 uniformly random points within the whole country
and subsequently calculated the mean kernel density values for
each biome (Ribeiro ef al, 2016). To test differences in mean kernel
density values among biomes for each map, we conducted a
Generalised Linear Model (GLM) assuming a quasi-Poisson distri-
bution with subsequent Tukey’s post hoc test to compare signifi-
cant differences among biomes, Within each map, we also included
a smaller map showing the most current data for human popula-
tion in Brazil (IEGE 2010b). Thus, cur maps depict areas with
higher or lower density of studies comparing with more or less
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Density map of general papers for small mammals

?G'DI'D'W E:'D"GI'CI'W ED"GI'U"W

D’EEI'U"

Amazon

10=[?'EI"S

Municipal population 2010 (IBGE)

2{I"E|]'U"S

30“(?'0"3

Pampas

T T T
ToToowW B0°00"W 50°00"W

dD"I:II'EI“W
kernel density
o High @ 21.249
L. _fg - Low:0
-aatinga [ £
Majaor cities in regions with the
highest kernel density
1- Balém
-Fo Xl
w 3 - Brasilia
L g 4 - Balo Horizonte
b 5-Alfreds Chaves
= - Rio du Jangiro
¥ - 540 Paulo
GLM test of the differences in mean
kerne| density among biomes
. (=]
Atlantic & 30
Forest | Feae
e a
E 0
- 1
]
g
) w10 .
Scale = : l P R
. 5 ! 1
0 250 500 1.000 AF Am Ca Ce P Pt
T Biome
40700 o

Figure 3. Mean kernel density across Brazilian biomes containing general papers for small mammals, The kernel density shows the number and distibution of sampling points
[i.e, geographical coordinates included in the papers together with the coordinates that we obtained from the study sites using Google Earth, represented by the black dots),
whichis proportional to the number of studies for each biome (Table 51). The smaller map on the lower left margin shows the human population following the Brazilian Institute of
Geography and Statistics [IBGE 2000b). Different letters in the boxplot show significant differences in mean kemel density [P < 0.05).

populated cities across the country, beyond merely showing
differences in kernel density among biomes. Although the maps
show sampling points rather than number of studies as most of
the papers included several sampling points with a specific coor-
dinate, density of studies is still depicted since the number of stud-
ies and sampling points were proportional for both antbirds and
small mammals for each biome (Table S1).

We also regressed the number of general papers for both small
mammals and antbirds against (1) the species richness for each
taxonomic group and (2) human population density, thus consid-
ering biome area and population, which influences on the number
of rescarch institutions in Brazil (Ribeiro ef al 2016), for each
biome. For both taxonomic groups, the percentages of papers
and richness per biome over the total number of articles and num-
ber of species, respectively, and the percentage of human popula-
tion density per biome were previously calculated and
subsequently squared root-transformed to improve normality
(Ribeiro et al. 2016). After the regression, a f-test was used to com-
pare the slopes between the expected (ie, b+ SE=120) and the
observed relationship for each biome (Zar 1999). When the
observed slope is significantly =1, the bias is positive (ie., the
increase in number of papers is disproportionately higher than
the increase in biome richness for each group), and when slope
is <1 the bias is negative (ie, the increase in number of papers
is disproportionately lower than the increase in biome richness
for each group). We followed the same procedure to evaluate

whether the number of fragmr:nl:a[ion papers is proportional to
the number of general papers. Thus, we regressed the squared
root-transformed percentage of the number of fragmentation
papers which each biome contributed against squared root-trans-
formed percentage of the number of papers that included that
biome. All analyses were conducted in R, version 3.6.2 (R Core
Development Team 2018).

Results

Our search for general papers for the two taxonomic groups
resulted in 566 articles published from 1945 to 2018, Small mam-
mals were the most studied group, containing four times the num-
ber of publications of antbirds (451 vs. 115, respectively; Figure 2).
The richness of small mammals and antbirds in Brazil is 254 and
188 species, respectively. However, some species occur in two or
more biomes, so richness per biome does not show endemicity
(Figure 2). The greatest richness of small mammals is recorded
for the Atlantic Forest, but both the Amazon and the Cerrado show
a number of species close to the Atlantic Forest (Figure 2A).
Otherwise, Amazon is clearly dominant for antbird richness in
relation to the other biomes (Figure 2B).

The Atlantic Forest, the most densely populated biome, con-
tained about 50% of general papers for both taxonomic groups,
which represents about two times more publications on small
mammals than the Amazon and the Cerrado, and 1.4 times more

do Amazanas, on 04 Aug 2021 at 1449458, subject to the Cambridge Core terms of use, available at
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Figure 4. Mean kernel density across Brazilian biomes containing general papers for antbirds, The kemel density shows the number and distnbution of sampling points ie.,
geographical coord inates included in the papers together with the coordinates that we obtained from the study sites using Google Earth, represented by the black dots), which is
propartional to the number of studies for each biome (Table S1). The smaller map on the lower left margin shows the human population following the Brazilian Institute of
Geography and Statistics (IBGE 2010b). Different letters in the boxplot show significant differences in mean kernel density [P < 0,08

general papers on antbirds than the Amazon (Figure 2). Overall,
the Atlantic Forest also showed the highest kernel mean density
{i.e, higher number and spatial coverage of studies and corre-
sponding sampling points), and studies were also mostly concen-
trated near the largest and most human-populated cities (Figures 3
and 4). However, the Amazon showed a disproportionately high
number of studies considering its low human population density,
whereas the biomes with the lowest number of species were also
less researched (i.e, Caatinga, Pampa and Pantanal), specially
for small mammals when comparing with the richest biomes
(Figure 2). Following these patterns, we found a trend for a positive
biogeographic bias for small mammals when considering their
richness, as the number of studies tended to disproportionally
increase with increasing the number of species across biomes
{Figure 5A). For antbirds, we found a propertional research effort,
that is, the number of studies tended to proportionately increase
with richness across biomes (Figure 5B). Otherwise, we detected
a biogeographic negative bias for both taxonomic groups when
considering human population density (Figure 5C,D). This implies
that less densely populated biomes {e.g., Amazon) contained dis-
proportionately more studies than most densely populated biomes
(e.g., Atlantic Forest).

The number of fragmentation papers involving antbirds and
small mammals was 55 and 43, respectively, published from
1989 to 2018. This entails about the half of general papers
(489%) for antbirds and near 10% for small mammals, Across
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the Brazilian biomes, most fragmentation papers studying small
mammals or antbirds were conducted in the Atlantic Forest
{about 70% for each group; Figure 2). The Caatinga and the
Pampa for small mammals and the Pampa and the Pantanal
for antbirds did not include any fragmentation-related paper
(Figure 2).

Similar to general papers, this biographic bias translated into
the highest kernel density in the Atantic Forest concentrated near
the most human-populated cities, but also near two cities in the
Amazon (Manaus and Alta Floresta) for both groups (Figures 6
and 7). The number of fragmentation papers showed a trend to
disproportionately increase in relation to the number of general
papers for antbirds across biomes, but it was proportional for small
mammals (Figure 8).

Discussion

Our study shows compelling evidence that research on small mam-
mals and antbirds in Brazil is geographically biased. We demon-
strate that the Atlantic Forest, the most densely populated
biome with the most human-populated cities, contained the high-
est number and density of publications for both taxonomic groups,
but studies included in the Amazon were disproportionately
numerous considering the low human population density of this
biome. Conversely, non-forest biomes were clearly undersampled,
especially the Caatinga, Pampa and Pantanal. These findings

do Amazonas, on 04 Aug 2021 at 14:49:49, subject to the Cambridge Core terms of use, available at
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reinforce the assumption that the Brazilian biodiversity research is
unevenly distributed among biomes, concentrated near large cities
(Oliveira ef al. 2016, Ribeiro ef al. 2016). In agreement with our
general results, the Atlantic Forest, the most fragmented biome
(Lapola et al. 2014), included a disproportional prevalence of frag-
mentation-related studies for small mammals and antbirds in rela-
tion to the number of fragmentation papers in other biomes.
Although the effects of fragmentation on these groups and the
number of threatened species considered were beyond of our
scopes, our findings show practical evidence to guide research
effort and overcome knowledge gaps, thus providing efficient man-
agement recommendations.

Several non-exclusive reasons are feasible to account for the
predominance of studies for small mammals and antbirds in the
Adantic Forest: the highest human population density and largest
cities (Rio de Janeire and Sio Paulo) in Brazil and, subsequently,
more research institutions, easy accessibility to sampling areas, and
high fragmentation rates. Oversampling in highly human-popu-
lated locations is a prevalent issue in biodiversity studies (e.g.,
Pautasso & McKinney 2007) and it has been previously reported
in Brazil (Arruda ef al. 2018, Oliveira ef al. 2016). Some of the main
research centres in the country (eg., USP, UNIFESP, UNESP,
UFR] or MNational Museum of Brazi) are in cities within the
Atantic Forest biome, so researchers therein tend to focus field
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collections and studies on sites near their institutions (see
Oliveira ef al. 2016). Likewise, the Atlantic Forest has been tradi-
tionally altered by human pressure, resulting in high fragmentation
rates of native vegetation {Lapola ef al. 2014). This elevated habitat
alteration asscciated with high human population density in this
biome may potentially explain the overrepresentation of fragmen-
tation-related studies for antbirds and small mammals in the
Atlantic Forest, mainly concentrated on forest remnants (see
Bovendorp ef al. 2017 for small mammals).

However, representation of studies in the Amazon, the largest
and least densely populated biome, showed a disproportional
increase in relation to the other biomes when considering human
population density. This finding suggests that accessibility, espe-
cially through navigable rivers, is not so restricted as previously
reported to perform research in the Amazon Basin (Mendes-
Oliveira et al. 2015, Oliveira et al 2016). Additionally, fragmenta-
tion research on antbirds and small mammals in the Amazon, con-
centrated near Manaus and Alta Floresta, demonstrates that
fragmentation-related studies have been mostly conducted by
two important research projects, the BDFFP (Biological
Dynamics of Forest Fragments Project) and the PETRA
(Plataforma Experimental para Gestdo dos Territdrios Rurais na
Amazinia Legal), respectively. Specifically, the BDFFP is the
world’s largest and ancient project about habitat fragmentation
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Density map of fragmentation papers for small mammals
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Figure 6. Mean kemel density across Brazilian biomes containing fragmentation papers for small mammals. The kernel density shows the number and distibution of sampling
points (ie., geographical coordinates included in the papers together with the coordinates that we obtained from the study sites using Google Earth, represented by the black
dots], which is proportional to the number of studies for each biome (Table 51). The smaller map on the lower left margin shows the human population following the Brazilian
Institute of Geography and Statistics (IBGE 2000b). Different letters in the boxplot show significant differences in mean kemel density (P < 0.05).

and its impacts on the Amazon biodiversity (Laurance ef al.
2011).

Studies for antbirds and small mammals were mostly over-
looked in the non-forest Brazilian biomes, especially in relation
to fragmentation. Biological and ecological research in non-forest
biomes in this country has been historically neglected (Overbeck
ef al. 2007, Santos ef al 2011), and a similar pattern has been
recently reported to fragmentation research (Teixido et al
2020), butthey include large areas ofnative vegetation transformed
into pasture and crops (Overbeck ef al. 2015). The intensive and
traditional land use for farming in the Caatinga and the Pampa
grasslands have resulted in high habitat loss rates in these biomes
{(IBGE 2018b). Even in the Pantanal, the Brazil's best-conserved
and least-populous biome, the spread of pastures and invasive spe-
cies has considerably reduced thearea of the native vegetation dur-
ing the last 30 years (MapBiomas 2017). The Cerrado, the second
largest and most densely human-populated biome, was especially
undersampled for antbirds. This pattern may be due to the low
number of specialists working on this group in the Cerrado, when
compared to its richness. Given that the Cerrado is a biodiversity
and priority conservation hotspot (Myers et al. 2000, Strassburg
et al. 2017), and the third most degraded biome in Brazil due to
increasing expansion of agriculture, livestock and mining
(Lapola ef al. 2014), the low number of studies conducted is some-
what worrying. Overall, our results reinforce the importance of
increasing research and overcoming knowledge gaps, as well as

Amaronas, on 04 Aug 2021 at 144549, subject to the Cambridge Core terms af use, a

monitoring fragmentation-related studies in the growing
anthropogenic degradation of non-forest Brazilian biomes.

The knowledge shortfalls in the studied animal groups resulting
from biased research in Brazil may depict subsequent gaps related
to biological, ecological and/or functional responses of species to
the impact of human-induced environmental changes and ecosys-
tem services they provide (Chapin IIT ef al 2000, Mason et al. 2005,
Whelan ef al 2015). Antbirds regulate insect populations and
reduce damage to plants due to their insectivorous diet
(Sekercioglu 2006, Van Bael et al. 2003, Whelan ef al. 2015),
whereas small mammals play important roles in the trophic web
and seed or mycorrhizal fungus dispersal (Galetti et al. 2015,
Grenha et al 2010). Therefore, overcoming knowledge gaps on
antbirds and small mammals and assessing their responses to frag-
mentation across different biomes are of paramount importance to
fully understand the consequences of habitat degradation in forest
and non-forest ecosystems.

In summary, the results reported here show that there are major
gaps resulting of uneven research onantbirds and small mammals,
mostly across non-forest biomes containing a lower number of
species, Still, these biomes have been traditionally managed or
are increasingly being degraded by anthropogenic actions and,
consequently, further research determining the effects of fragmen-
tation on these animal groups, especially relevant to ecosystem ser-
vices, is required. We call future investigation to consider more
studies across non- forest biomes and vast unexplored areas within
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Density map of fragmentation papers for antbirds
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Figure 7. Mean kernel density across Brazilian biomes containing fragmentation papers for antbirds. The kernel density shows the number and distribution of sampling points
(i.e., geographical coordinates included in the papers together with the coordinates that we obtained from the study sites using Google Earth, represented by the black dots),
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forest biomes (e.g, Amazon) to better understand the diversity,
distribution and ecology of antbirds and small mammals in

Brazil, a megadiverse, unevenly sampled, country.
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Abstract

Understanding the effects of habitat loss on species spatial distribution is a challenge mainly
because the species occurrences knowledge is biased. Some sites are more sampled than others
causing spatial sampling biases that are normally neglected. The needs to assess the sampling
biases urge particularly in threatened regions, as the global hotspots. Here, we aimed to assess
the spatial biases in the samplings of small rodents in the Atlantic Forest using an integrative
approach toward accessibility and landscape metrics. We hypothesized that the well-sampled
sites are spatially aggregated and closed to roads, urban centers, and larger fragments with a
major percentage of habitat cover. First, we found 9910 species occurrence records for the
Atlantic Forest including information from digital platforms and local communities databases.
We also calculated the inventory completeness of small rodents achieving 507 sites as well-
sampled sites that cover less than 1% of the Atlantic Forest spatial surface (in 1kmz2 cell-size
resolution). Spatially the well-sampled sites are aggregated, biased toward roads, urban centers,
larger fragments and habitat with major forest cover percentage. Our findings suggest that even
though the Atlantic Forest is highly diverse the spatial sampling knowledge of small rodents
remains absent for most of its spatial extension. These results may be important to biome

conservation tasks and sampling planning in still unknown regions.

Keywords: Biodiversity; Atlantic Forest; Inventory completeness; Macroecology; Wallacean

Shortfall.
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Introduction

Human-induced activities have modified landscapes directly affecting the spatial
species distribution worldwide (Ceballos and Ehrlich 2002; Chase et al. 2020). Currently, the
natural habitat modification is recognized as a factor causing defaunation (Dirzo et al. 2014),
species population decreasing and/or species extinction (Dirzo and Raven 2003; Hanski 2011).
Understanding how human-induced habitat changes drive biodiversity loss is still a challenge
for science, because there are many gaps in the biodiversity knowledge which need to be better
understood and quantified (Hortal et al. 2015).

The most studied biodiversity knowledge gap refers to spatial biases in the species
distribution pattern (Wallacean Shortfall) since the primary biodiversity data on species
occurrence are still scarce or biased (Girardello et al. 2018). The Wallacean Shortfall is
characterized by uneven variation of the species sampling effort in time and space. Some
localities are temporally more sampled and very sites are unsampled, generating a spatial
aggregated pattern in the biodiversity knowledge (Almeida et al. 2021; Hortal et al. 2015;
Sobral-Souza et al. 2021a). Like any other shortfalls, it is dependent on the spatial scale and
resolution at which it is evaluated (Hortal et al. 2015, Bosco et al. 2022 in press). Normally, the
bias in local scale occur because the sampling tends to be realized closed to access routes, either
terrestrial or aquatic ecosystems (Oliveira et al. 2016; Sousa-Baena et al. 2014) and close to
urban centers (Almeida et al. 2021; Lessa et al. 2019). Beyond accessibility-related biases there
are also landscape-related biases, including more samples towards large and connected forest
fragments (Sobral-Souza et al. 2021a) and/or in protected areas (Almeida et al. 2021). These
biases are explained by the interest of researchers in sampling a greater number of species
(Reddy and Davalos 2003; Sastre and Lobo 2009) in a short period of time, especially in

intensively modified landscapes.
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Global initiatives emerged to solve the problems of limited biodiversity data, such as
making biodiversity data available on accessible digital platforms (for example: Global
Biodiversity Information Facility — GBIF e SpeciesLink). The digital biodiversity knowledge
has been important to researchers' understanding of patterns in the spatial biodiversity
distribution. However, gaps and biases on biodiversity digital data can compromise descriptions
of large-scale biodiversity patterns (Hortal et al. 2007) problematizing conservation tasks
(Brooks et al. 2004; Sousa-Baena et al. 2014). The spatial bias can also distort the estimated
patterns (Hortal et al. 2008; Boakes et al. 2010; Yang et al. 2013) and impairs the use of niche-
based modeling techniques (Hortal et al. 2008), that also emerged as a technique to solve the
problem to use limited biodiversity data (Beck et al. 2014; Rocchini et al. 2011). The limitations
of biodiversity data are most prominent for impacted and biodiverse e regions, such as the
global hotspots.

The Atlantic Forest is a biodiversity hotspot (Myers et al. 2000) that even with a high
biodiversity index still lacks biodiversity knowledge (Collen et al. 2008; Dirzo et al. 2014). Due
to its history of colonization and natural resources exploitation, the number of endemic species
and the presence of large urban centers with many research institutions, the Atlantic Forest is
the most studied brazilian biome (Candeléria et al. 2021; Teixido et al. 2020). Even so, the
Atlantic Forest's biodiversity knowledge is biased for some regions (Sobral-Souza et al. 2021a).
Testing the biases and gaps of Atlantic Forest's biodiversity knowledge using well resolved
taxonomic groups, with extensive information of species distribution and inventories sampling,
such as the non-volant small mammals, can be an interesting step to improve the Atlantic Forest
conservation strategies.

The population reduction and/or species loss of large mammals induced by the
modification of natural habitats (Dirzo et al. 2014) increases the taxon vulnerability (Galetti et

al. 2017). Small rodents are widely distributed taxa (Wilson and Reeder 2005) and in the
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Atlantic Forest is considered a diverse group, with 94 species (Bovendorp et al. 2017; Galindo-
Leal and Camara 2003). Ordinarily, rodent species are generalists and can occupy different
habitat types (Bonvicino et al. 2008). The taxa also present different responses to local habitat
changes (Bergallo et al. 2005; Rosa et al. 2018), because they are dependent on habitat quality
(Delciellos et al. 2016). Even though the Atlantic Forest is the most sampled biome for small
rodents (Candelaria et al. 2021), the sampling bias and spatial gaps have not yet been evaluated.

In fact, problems related to biodiversity data quality and data limitation occur in all
domains of ecology (Hortal et al. 2015). Therefore, identifying biodiversity data gaps and biases
are important to indicate priority areas for sampling that can help us to understand large-scale
biodiversity patterns. Here, we aimed to evaluate the biases and gaps in the spatial distribution
of Atlantic Forest's small rodent samples. Specifically, we quantified the biodiversity
knowledge of small rodents for the Atlantic Forest; we also evaluated the pattern of spatial
distribution of rodent samplings to test how accessibility and landscape metrics can explain the
sampling biases and gaps. We expect that the rodent samples are spatially biased towards more
accessible regions, closed to urban centers and roads. The small rodents show different
responses to landscape modification being used as good models to test hypotheses related to
biodiversity and species loss. Based on this, we expect sampling bias regarding the fragment
size (ha) and forest cover in which larger fragments with a higher forest cover will be more

sampled than others.

Methods

Study area
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The Atlantic Forest extends from the northeastern to the southern of the Brazilian coast.
To the southwestern it extends into a small part of Paraguay and Argentina (Ribeiro et al. 2009;
Tabarelli et al. 2010). The historical and geological context of the Atlantic Forest explain the
environmental heterogeneity that contributed to a high species richness and high rates of
endemism (Ribeiro et al. 2009). Silva and Casteleti (2003) proposed some biogeographic
subdivisions for the Atlantic Forest, namely: Serra do Mar, Pernambuco, Bahia, Northeastern
Brejos, Diamantina, Interior Forests, Araucaria Forests and S&o Francisco. These subregions
are characterized by the presence of two or more endemic species with overlapping spatial
distributions and/or by the specificities of some habitats (Silva and Casteleti 2003). As for their
phytophysiognomies, the Atlantic Forest is mainly composed of Dense, Mixed and Open
Ombrophilous Forests and Seasonal Semideciduous and Deciduous Forests in the ecotonal
areas (Joly et al. 2014).

The Atlantic Forest is also known for its high biodiversity and long history of
deforestation (Joly et al. 2014). Since its colonization (more than 500 years) it has been
historically threatened by the expansion of human occupation and land use conversion (Cincotta
et al. 2000; Metzger 2009; Tabarelli et al. 2010) causing landscape fragmentation. Currently
the Atlantic Forest is located in one of the most populous regions of Brazil where we find the
three main Brazilian urban centers (Tabarelli et al. 2010). Even today, part of the Atlantic Forest
is lost due to population growth and the expansion of logistic infrastructure such as roads (Joly
et al. 2014). Currently, 28% of the Atlantic Forest is composed of small and isolated forest
remnants (Rezende et al. 2018). Among the biogeographic subregions, Serra do Mar is the most
conserved (about 36,5% from their area), while the Interior and Sao Francisco sub-regions are

the most degraded (< 8% of remaining forest area - Ribeiro et al. 2009).

Species dataset
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We compile occurrences of small rodent species from the Families Caviidae, Cricetidae,
Ctenomyidae, Echimyidae, Erethizontidae, Muridae and Sciuridae. Occurrence records of small
rodent species were obtained from different digital available databases. In addition, we also
obtained occurrence records from two databases published by Bovendorp et al. (2017) and
Figueiredo et al. (2017). These datasets compiled information on richness and abundance of
local communities of non-volant small mammals, from scientific articles, thesis and
unpublished data. We also use the occurrence data obtained from the Global Biodiversity
Information Facility (GBIF 2021- DOI https://doi.org/10.15468/dl.bnbeqo), speciesLink
(2021), Information System on Brazilian Biodiversity (Sistema de Informacdo sobre a
Biodiversidade Brasileira - SiBBr 2021) and Biodiversity Portal (Portal da Biodiversidade -
PortalBio 2021). We also included the occurrence records of six invasive species from the
Neotropical Invasive Mammals database (Rosa et al. 2020). After compiling the database, we
filtered the records considering: i) the accuracy of taxonomic identification (records that were
not identified at species level were removed), ii) the geographic location within the limits of
the Atlantic Forest (Muylaert et al. 2018), excluding occurrences outside this, and iii) deleting
duplicate records. All species found on digital platforms were searched for current taxonomy
and had their nomenclatures corrected, if necessary. For that, we use the ASM Mammals
diversity database da American Society of Mammalogists (ASM,
https://www.mammaldiversity.org/), Wilson and Reeder’s Mammal Species of the World, 3rd
edition (MSW3, http://www.departments.bucknell.edu/biology/resources/msw3/), and Patton

et al. (2015) as a way to obtain the synonymies of the species.

Inventory Completeness
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The inventory completeness is used to identify well-sampled sites at a given spatial
resolution and extension (Lobo et al. 2018). To assess the inventory completeness, we
calculated the completeness for cells with 1 km2 resolution in the Atlantic Forest delimitation
(Muylaert et al. 2018). We chose this spatial resolution because landscape (re)structure and
(re)configuration have been shaped by changes in land-use that occur and affect ecological
processes at narrow spatial scales (Benitez-Ldpez et al. 2010, Sobral-Souza et al. 2021a).

To calculate the inventory completeness for each 1km?2 cell-size resolution we
subdivided our database in two folding: i) digital databases with records of species occurrence
and; ii) the information compiled based on the richness and abundance of local communities.
As the information from the communities already measured the sampling effort, this database
was once considered to have a high completeness index. Thus, completeness was calculated by
only considering individual occurrence records from the GBIF, SpeciesLink, SiBBr, PortalBio
and Neotropical Aliens database.

We calculated the inventory completeness through the ratio between the number of
observed and predicted species where the number of predicted species for each 1km? resolution
cell was obtained through the species accumulation curve using the “Clench” function of the
KnowBr package (Lobo et al. 2018) in the R program (R Development Core Team 2021). The
inventory completeness metric ranges from 0 to 1 with 0 being no inventory and 1 the maximum
inventory completeness for each cell. We considered the as well-sampled site when i) it
contained more than 20 occurrence records and an inventory completeness equal to or greater
than 0.7 and ii) sites with communities sampling according to Bovendorp et al. (2017) and

Figueiredo et al. (2017).

Spatial bias
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We assess the spatial bias on the well-sampled based on accessibility and landscape
metrics. We use as accessibility metrics the i) roads distances (m) and ii) nearest distance to
urban center (m). The raster with the Euclidean roads distances was produced through the
shapefile of the federal and state roads of the National Department of Transport Infrastructure
(Departamento Nacional de Infraestrutura de Transportes - DNIT). The raster of Euclidean
distances from urban centers was produced by compiling shapes from the Brazilian Foundation
for Sustainable Development (Fundacdo Brasileira para o Desenvolvimento Sustentavel -
FBDS), SOS Atlantic Forest Foundation (Fundacdo SOS Mata Atlantica) and the Brazilian
Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatistica - IBGE).

We also used fragment size (ha) and percentage of habitat cover (%) to assess how
landscape configuration can influence spatial biases and gaps in small rodent samplings. To
calculate the fragment size each fragment was given an ID (fragment ID) and an area (fragment
size or area), calculated in hectares as the sum of the area of each cell. In the final map, each
cell of the same fragment presented the same value of the area of the whole fragment. Non-
fragment (= non-vegetation or vegetation corridors) cells were given a NULL value. To infer
the habitat cover (%) each cell presented a value of the proportion of habitat (forest) within a
square window with a given size, centered in the focal cell (= amount of vegetation cells/total
number of cells in the window). It varies between 0 and 100%. This metrics were calculated by
variables taken from Fundacédo Brasileira para o Desenvolvimento Sustentavel (FBDS),
Fundagdo SOS Mata Atlantica, Instituto Nacional de Pesquisas Espaciais (INPE) and
University of Maryland (Global Forest Change Project, Hansen et al. 2013). All metrics were
calculated for resolution of 30m x 30m and resampled to for 1km?2.

To test the accessibility bias on the well-sampled sites we compared the frequency
distribution between the road distance for the entire Atlantic Forest extension with the road

distance of the well-sampled sites. We did the same procedure to compare the distribution of
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frequency of distances for urban centers (between the entire Atlantic Forest and the well-
sampled sites). For the landscape metrics we compared the frequency of fragment sizes for the
entire Atlantic Forest with the frequency of fragment sizes of the well-sampled sites. We used
the same procedure to habitat cover (%) inferring the difference between the frequency of
habitat percentage of the entire Atlantic Forest and the well-sampled sites. We used the
Komolgorov-Smirnov analysis to test for differences between frequencies of entire Atlantic
Forest and well-sampled sites. All analyzes were performed in R (R Development Core Team

2021).

Results

The dataset of small rodents compiled by Bovendorp et al. (2017) resulted in 1499
records, the Figueiredo et al. (2017) dataset has 1115 occurrence records and Rosa et al. (2020)
1186 occurrence records. For digital platforms GBIF, SpeciesLink, SibBr and Portal da
Biodiversidade we also found 69657 small rodent occurrence records (see Table s1 and s2 in
the supplementary material). Of these, only 9910 were within the Atlantic Forest limits (Figure

1).
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Figure 1. Spatial distribution of small rodent occurrences compiled from databases (Bovendorp
et al., 2017 and Figueiredo et al., 2017) and digital platforms (GBIF, SpeciesLink, SibBr and

Portal da Biodiversidade) for the Atlantic Forest, proposed by Muylaert et al. (2018).

Considering the spatial resolution of 1 km2 only 507 sites of Atlantic Forest (out of
1,649,932 cells) were well-sampled. Thus, only 0.03% of the spatial surface of the Atlantic
Forest is well sampled for small rodents (Figure 2). Considering the Atlantic Forest
biogeographic subregions, proposed by Ribeiro et al. (2009), Serra do Mar is the best known
with 177 well-sampled sites (0.15% of the sub-region area). The Pernambuco and Bahia sub-
regions have between 0.7 and 0.9% of their areas well sampled. While the Araucaria, Florestas
do Interior and Diamantina sub-regions are known less than 0.05% of their areas. For the S&o
Francisco sub-region, there are no records of inventories with high completeness of small

rodents (Figure s1).
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Figure 2. Well-sampled sites for small rodent inventories in the Atlantic Forest.

Red dots
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69% of the biodiversity is known (n =41 and 91, respectively).
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The sampling of small non-volant mammals are biased towards sites close to roads (D
=0.1234, p = 3.948°") and urban centers (D = 0.10877, p = 1.236™; figure 3). In addition to
accessibility, the landscape configuration also interferes in the sampling bias. Well-sampled
sites are biased towards large fragments (D = 0.28178, p < 2.271%) with a higher percentage of

habitat cover (D = 0.41727, p-value < 2.271%) (figure 4).
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Figure 3. Spatial bias of the small rodents well-sampled sites related to city distance (m) and
road distance (m). The well-sampled sites are biased to locations closed to cities and roads. The
gray bars indicate the density of cities and road distances for extension Atlantic Forest (limit
proposed by Muylaert et al., 2018). Colored bars indicate the density of distance of (a) cities

centers and (b) roads of well-sampled sites.
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Figure 4. Spatial bias of the small rodents well-sampled site related to landscape. The well-
sampled sites are biased to locations closed to large fragments and higher percentage of habitat.
Colored bars indicate the percentage habitat (a) and density of fragment size (b) of well-sampled

site.

Discussion

Our findings suggest a spatial bias on the sampling sites of small rodents in the Atlantic
Forest. The well-sampled sites are close to urban centers, roads, large fragments and with
greater habitat (forest) cover. These results also indicate a sampling gap in small fragments with
low forest cover and sites far from cities and roads, precluding the inferences of relationship
between fragmentation and small mammal biodiversity on broad-scale perspectives. In
addition, based on data available on digital platforms the spatial aggregation of sampling efforts
generated a 99% of spatial gap in the knowledge of small mammals. The well-sampled sites
cover only 0.03% of the biome’s extension. Our results demonstrate that the small rodent's
knowledge in a broad-scale perspective is spatially limited which impairs inferences about the
factors that govern and change the spatial distribution, a key factor to propose conservation

tasks.
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Although the aim of digital accessible platforms is to provide more data on biodiversity
to increase the biodiversity knowledge (Devictor and Bensaude-Vincent 2016) and helping to
fill some gaps, the current available data is still limited (Hortal et al. 2007). The limitation of
biodiversity information occurs because the available data were collected in different ways, by
different researchers and with different purposes (Wuest et al. 2020). The imprecision in the
Atlantic Forest's small rodent data can be explained by the lack of taxonomic expertise in
identifying specimens in the field, by the retention of biodiversity data in museums or
undigitized private collections and by the temporal degradation of information (Ladle and
Hortal 2013; Meyer et al. 2015; Tessarolo et al. 2017). Additionally, there are imprecisions on
species spatial information. The lack of geographic coordinates or their imprecision contributes
to the increase of biogeographic ignorance. This imprecision makes part of the information
“unusable” for some analyzes (Hortal et al. 2008) such as inventory completeness. Therefore,
digitally accessible data, but with inaccurate information, also increases the biogeographic
ignorance (Tessarolo et al. 2021) instead of decreasing them. It would be interesting if there
was a validation, monitoring and mapping of biodiversity digital information so that it becomes
accurate, useful and reliable. The correct digitization of biodiversity information would allow
a better use of available data, cost reduction and promotion of new analyzes and/or
research/inventories increasing the possibility of macroecological pattern inferences and
conservation efforts based on the relationship between fragmentation and biodiversity loss.

Our findings also suggest a spatial bias from well-sampled sites to more accessible
regions. The proximity to access routes and urban centers are well-known factors in generating
bias in the biodiversity knowledge from different taxonomic groups (Almeida et al. 2021;
Correia et al. 2019; Oliveira et al. 2016). The historic natural exploitation of the Atlantic Forest
resources causes forest loss resulting in only 28% in forest original remnants (Rezende et al.

2018). The modification in the Atlantic Forest landscape resulted in a fragmented landscape
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with a high density of access routes and many cities (Lapola et al. 2014; Oliveira et al. 2016),
including also the Protected Areas that are easily accessible by roads. The Atlantic Forest
protected areas are spatially joint embracing the largests and conserved forest remnants that
being easily accessible to biodiversity sampling results on broad-scale spatial biases on both
accessibility and landscape perspectives. In addition, historically, the promotion of biological
research in the Atlantic Forest has favored projects on a local scale and with long-term sampling
(for example PELDSs). These projects were able to clarify and describe diverse ecological and
biodiversity patterns on a local scale, however failed to clarify patterns on a broad-scale which
can also be explained by the recent shift in the macroecology view (hierarchical approaches -
Guisan and Rahbek (2011), Sobral-Souza et al. (2021b). There is still a density of sites with a
distance greater than 15 km from urban centers and access routes that have not been sampled,
becoming priority sites for future sampling efforts.

The disadvantage of biodiversity sampling close to roads and cities is that it can be
underestimated mainly because these sites may not represent regional biodiversity (Benitez-
Lépez et al. 2010; Laurance et al. 2009) and may have the effect of biological invasion (Hobbs
etal. 2009). Access routes facilitate habitat degradation (Freitas et al. 2010) and for small rodent
changes on landscape configuration such as edge effect, change the species composition (Rosa
et al. 2018). On the other hand, sampling sites close to large centers and roads offers better
infrastructure, more qualified human resources and reduces costs for researchers with few
financial support (Lessa et al. 2019; Meyer et al. 2015).

We also found bias for larger fragments and with greater habitat (forest) cover. These
biases may be explained by the access facility, the greater environmental heterogeneity of larger
fragments and species-area ratio which are more likely to record a greater number of species in
a few sampling times (Sobral-Souza et al. 2021a). Additionally, in the Atlantic Forest, larger

fragments are more temporally stable and have less effects caused by human-induced landscape
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modification (Hansen et al. 2020). The human colonization and habitat fragmentation result in
a spatial configuration where the main forest remnants are on sites closed to high human density
(Ribeiro et al. 2009). Thus the largest forest fragments are spatially joint explaining the spatial
aggregation pattern of well-sampled sites. In the Atlantic Forest the main forest fragments are
also protected areas generating long term habitat stability and providing long-lasting, temporal
samplings with little human action.

The Serra do Mar is the most conserved biogeographic region (Ribeiro et al. 2009) with
35% of Atlantic Forest well-sampled sites within this region, covering 0.15% of the spatial
surface of this region. The Serra do Mar are located in the main large protected forest massifs
(such as Serra do Mar State Park and Carlos Botelho State Park), however, it is a geographically
extensive region that has large urban centers, such as Sdo Paulo city. Our findings highlight
that the Floresta do Interior is six times larger than the Serra do Mar and the biodiversity
knowledge is also smaller, with 0.02% of surface well studied. In the Floresta do Interior, the
sampling sites are spatially joint to the Serra do Mar bioregion, probably due to the presence of
large urban centers and researchers Institutes (Almeida et al. 2021; Candelaria et al. 2021; Lessa
etal. 2019). The biogeographic regions of the northeast are practically unknown, especially S&o
Francisco, which does not have well-sampled sites. These northeast regions are classified by
the degree of endemism, which attracts taxonomists to discover new species (Silva-Soares et
al. 2021) but even so areas with high rates of endemism are poorly sampled, such as Diamantina,
Bahia and Pernambuco. This can be explained by the low number of universities and Protected
areas in the region. The northeast is also known as an ecotone, having a vegetational mosaic
with Caatinga and Cerrado enclaves which can increase the complexity to sampling Atlantic
Forest taxa.

Biased biodiversity data also hamper the building of species distribution maps because

the maps will reflect the sampling bias and not the true species distribution (Rocchini et al.
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2011; Ladle and Hortal 2013). Landscape configuration also affects species dispersion (Fahrig
2005) and not knowing the true species distribution based on their sampling bias may be to
impairs inferences about the effects of landscape modifications on local and regional
biodiversity (Sobral-Souza et al. 2021b, Santos et al. 2020). Like any other deficit on
biodiversity knowledge, the Wallacean Shortfall is dependent on the spatial scale on which it
is assessed. At high spatial resolution for a wide spatial scale the knowledge of biodiversity can
be considered complete as all grid cells would have enough occurrences to reach a high degree
of completeness (Lobo et al. 2018). But at low spatial resolution, as here, we infer that there are
many spatial gaps in the knowledge of the biodiversity of small mammal in the Atlantic Forest.

Currently, the biodiversity knowledge of small rodents in the Atlantic Forest is
insufficient to understand how landscape modification affects the spatial species distribution
on a large scale. The bias highlighted here demonstrated a biodiversity knowledge gap for small
fragments, with little habitat (forest) coverage and far from roads and cities. Most of the Atlantic
Forest area is represented by small fragments, with little forest cover, as they are composed of
secondary forests or in forest recovery (Ribeiro et al. 2009). In addition, the well-sampled sites
are spatially aggregated, not covering the entire range of accessibility and landscape conditions
of the Atlantic Forest. Therefore, samplings of small rodents need to be directed to sites of
difficult accessibility, away from cities, in small fragments and with little forest habitat cover
in order to contribute to the increase of the inventory completeness through the landscape
configuration spectrum mainly due to the dependence on responses that small rodents can

present with the landscape human-induced modification.
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CONCLUSAO FINAL

O objetivo dessa tese foi avaliar o conhecimento sobre a distribuicdo espacial das
amostragens da biodiversidade de pequenos mamiferos, bem como os seus vieses e lacunas. No
primeiro capitulo nosso objetivo foi abordar os vieses biogeograficos e relacionados a
fragmentac&o e as lacunas de conhecimento em pequenos mamiferos ndo voadores nos biomas
brasileiros. Nés encontramos evidéncias que as pesquisas com pequenos mamiferos no Brasil
sdo geograficamente enviesadas. A Mata Atlantica, o bioma mais densamente povoado,
continha o maior nimero e densidade de publica¢des. Por outro lado, os biomas ndo florestais
foram claramente subamostrados, especialmente a Caatinga, Pampa e Pantanal. Esses achados
reforcam a suposicdo de que as pesquisas sobre biodiversidade brasileira estdo distribuidas de
forma desigual entre os biomas. Quando comparamos a quantidade de artigos de fragmentacéo
para pequenos mamiferos, essa foi desproporcionalmente maior para a Mata Atlantica, em
relacdo ao nimero de trabalhos de fragmentagdo em outros biomas.

Sabendo que o conhecimento era enviesado geograficamente e que a Mata Atlantica era
0 bioma mais pesquisado. No segundo capitulo n6s quantificamos o conhecimento da
biodiversidade de pequenos roedores para a Mata Atlantica e avaliamos o padrao espacial da
distribuicdo de amostragens para testar como a acessibilidade e métricas de paisagem explicam
0s vieses e lacunas. Como esperado, encontramos um Vviés espacial nos locais de amostragem
de pequenos roedores, sendo os locais bem amostrados proximos a centros urbanos, estradas,
fragmentos grandes e com maior cobertura de habitat (floresta). Esses resultados nos indicaram
uma lacuna amostral em pequenos fragmentos com baixa cobertura florestal e locais distantes
de cidades e estradas. Adicionalmente, com base em dados disponiveis em plataformas digitais,
a agregacao espacial dos esforcos de amostragem gerou uma lacuna espacial de 99% no
conhecimento de pequenos mamiferos. Os locais bem amostrados cobrem apenas 0,03% da
extensdo do bioma. Esses resultados demonstram que o conhecimento dos pequenos roedores
em uma perspectiva ampla é espacialmente limitado.

Ja no primeiro capitulo vimos que o conhecimento da biodiversidade é enviesado
geograficamente. Ao considerarmos os biomas brasileiros vimos que os biomas florestados
(Mata Atlantica e Amazoénia) tendem a apresentar maior numero de artigos do que biomas nao
florestais. Adicionalmente, o tamanho da populacdo humana é uma das variaveis que interferem
na quantidade e densidade de artigos, indicando um viés relacionado a presenca de centros
urbanos. Os pequenos mamiferos foram mais pesquisados na Mata Atlantica em artigos gerais
e em artigos relacionados a fragmentagdo, mostrando que o bioma mais fragmentado também

€ 0 mais pesquisado para o tema. Porém, no segundo capitulo, ao avaliarmos a completude do
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inventario para a Mata Atlantica, vimos que mesmo sendo o bioma mais pesquisado, a maior
parte da extenséo desse bioma permanece desconhecida para 0s pequenos roedores.

O vieés para biomas florestais no primeiro capitulo e o viés para fragmentos florestais
grandes e com maior cobertura vegetal, encontrado no segundo capitulo, indicam que as
amostragens de pequenos roedores tendem a ser realizadas em ambientes florestais. Esses
resultados podem ser alarmantes para os biomas néo-florestais. Sendo assim, indicamos a
necessidade de mais trabalhos que compilem informacdes sobre a ocorréncia de espécies e que
calculem a completude do inventario, para que possamos avaliar com mais precisdo os locais
bem conhecidos, assim como os vieses relacionados a eles, e direcionar as novas amostragens
para areas desconhecidas. Adicionalmente, sugerimos que as novas amostragens de pequenos
roedores, na Mata Atlantica, sejam realizadas em fragmentos pequenos, longe de estradas e
centros urbanos. Essas acBes sdo necessarias para que as avaliacdes sobre a atual crise da
biodiversidade sejam realizadas com mais precisdo e que as estratégias de conservagdo sejam

melhores aplicadas.
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Biogeographic and fragmentation-related research biases on antbirds and non-flying

small mammals in Brazil

Table S1. Number of studies and sampling points per Brazilian biome for each animal group
studied used for each of maps (Figures 3, 4, 6 and 7). For general papers for small mammals,
seven studies were conducted in more than one biome, containing 34 sampling points overall,
and were not included in this table.

Map (Figure) Biome Number of Number of sampling
studies points or coordinates
(mean per study)
General papers for Amazon 85 279(3.28)
small mammals Atlantic Forest 241 523(2.17)
(Figure 3) Caatinga 12 34(2.83)
Cerrado 96 194(2.02)
Pampa 4 3(0.75)
Pantanal 13 16(1.23)
Total 451 1049(2.33)
General papers for Amazon 38 52(1.37)
antbirds (Figure 4)  Atlantic Forest 56 155(2.77)
Caatinga 6 8(1.33)
Cerrado 5 9(1.80)
Pampa 5 0(0.00)
Pantanal 5 4(0.80)
Total 115 228(1.98)
Fragmentation papers Amazon 8 8(1.00)
for small mammals  Atlantic Forest 30 26(0.87)
(Figure 6) Caatinga 0 0(0.00)
Cerrado 4 4(1.00)
Pampa 0 0(0.00)
Pantanal 1 1(1.00)
Total 43 39(0.91)
Fragmentation papers Amazon 14 13(0.93)
for antbirds (Figure  Atlantic Forest 38 34(0.89)
7) Caatinga 1 1(1.00)
Cerrado 2 2(1.00)
Pampa 0 0(0.00)
Pantanal 0 0(0.00)
Total 55 50(0.91)
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Spatial bias in sampling small rodents in the Atlantic Forest: a landscape and accessibility perspective
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Table s1. Number of occurrence records of small rodent species by family and digital platform

i i ; el Portal da
Family Gbif SibBr SpeciesLink Biodiversidade
Caviidae 2099 3037 180 1629

Cricetidae 34247 26940 20659 3115
Ctenomyidae 3131 74 324 7
Echimyidae 2207 6905 2225 433

Erethizontidae 74 628 72 113
Muridae 1617 732 1180 265
722 1427 183 128

Sciuridae
Total 44097 39743 24823 5690
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Table s2. Number of occurrence records removed from the databases due to lack of identification at the species

level, lack of geographic coordinates or for being of species whose body weight is > 1.5 kg.

Family Unidentified records Absence of geographic coordinates Species records > 1.5 Kg
p&?;trar:m GBif SiBBr SpLink PortalBio |GBif SiBBr SpLink PortalBio| GBif SiBBr SpLink PortalBio
Caviidae 359 283 19 0 0 620 0 0 493 1312 49 842
Cricetidae 6468 7960 4509 0 0 11259 0 0 0 0 0 0
Ctenomyidae 1054 31 11 0 0 35 0 0 0 0 0 0
Echimyidae 125 1816 134 0 0 4286 0 0 0 0 0 0
Erethizontidae 27 185 9 0 0 44 0 0 46 362 39 107
Muridae 268 403 17 0 0 329 0 0 0 0 0 0
Sciuridae 136 228 34 0 0 792 0 0 0 0 0 0
8437 10906 4733 0 0 17361 0 0 539 1674 88 949

Total
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Figure s1. Small rodent well-sampled sites in the Brazilian Atlantic Forest biogeographic subregions proposed by

Silva and Casteleti (2003).



