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Abstract: This study analyzes the ornithological data available for the Brazilian state of Roraima, focusing on
sampling gaps. All ornithological data collected in Roraima up to the present were collated with the aim of
answering the following questions: (a) which sites have been well sampled? (b) Are there are any geographic gaps?
(c) What is the current extent of the scientific knowledge of avian diversity in Roraima? (d); Which regions and
vegetation types have been well-sampled, and which should be prioritized for future surveys? Ornithological data
were obtained from a total of 82 localities, including the Maraca Ecological Station (442 species), Virud National
Park (420 species), Colonia do Apiau (320 species), Mucajai (267 species), and Pacardima (212 species), which
were the five sites with the highest species counts. Over the past 20 years, only two localities in Roraima have
been added to the list of sites with reliable samples (at least 100 bird species recorded (study skins collected, tape
recordings and undocumented field observations) , the Virud National Park and Fazenda Paraense. Five regions of
the state were identified as sampling gaps, and should be prioritized in future ornithological surveys: the northwest,
on the border with Venezuela and the Brazilian state of Amazonas, the lower Rio Branco between the town of
Caracarai and the mouth of the river, the terra firme forests of the southeast, the savannas of the northeast, on the
border with Guyana, and the northern highlands, including montane forest and tepuis.
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SANTOS, M.P.D. Analise de lacunas da investigacdo ornitologica no estado de Roraima, Brasil. Biota
Neotrop. 12(2): http://www.biotaneotropica.org.br/v12n2/pt/abstract?article+bn01312022012

Resumo: Neste artigo, o esfor¢o de investigacao ornitoldgica no estado de Roraima serd investigado utilizando
abordagens de andlises de lacunas. Basicamente, apresentaremos uma sintese sobre todo o esfor¢o ornitolégico
feito até o momento em Roraima, visando responder as seguintes questdes: (a) quais os locais bem amostrados
para aves? (b) quais s@o as lacunas geograficas de investigagao? (c) em que estdgio de descobertas estd o inventdrio
das espécies de aves em Roraima? (d) quais sdo os macro-hdbitats prioritdrios para investigacdo? (e) quais os
tipos de vegetacao bem investigados e quais os que podem ser classificados como prioritarios para investigagdo?
Como resultados, detectamos Oitenta e duas localidades com algum tipo de informag@o ornitoldgica. Dentre essas,
a Estac@o Ecoldgica de Maracd (442 sp), seguido pelo Parque Nacional do Virud (420 sp), Coldnia do Apiad
(320 sp), Mucajai (267 sp), e Pacardima (212 sp), sdo as cinco localidades com maior grau de conhecimento
ornitolégico dentro do estado. Nos tltimos 20 anos apenas duas localidades ornitolégicas em Roraima podem
ser acrescidas a lista de sitios bem estudados de acordo com o critério de pelo menos 100 espécies registradas
(peles, gravacoes de voz e observagdes visuais): Parque Nacional do Virua e a Fazenda Paraense. Cinco areas
sdo aqui apontadas como lacunas de amostragem da avifauna de Roraima e devem receber prioridade para novos
inventdrios e estudos sobre a avifauna dessa regido, sdo elas: Noroeste do estado, nas dreas junto a fronteira com
a Venezuela e divisa com o Estado do Amazonas; Baixo Rio Branco, desde a cidade de Caracarai a sua foz;
Florestas de terra firme no sudeste do Estado; As savanas do nordeste junto a fronteira com a Guiana e as regides
de floresta montana e os tepuis.

Palavras-chave: amazonia, aves, conservagdo, Rio Branco, andlise de lacunas.
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Introduction

Birds constitute one of the most visible and well-studied
zoological groups. With around 9600 different species, birds are
found on all continents and oceans, and are generally quite effective
indicators of habitat quality (Gill 1995). While new bird species are
discovered every year, these additions make up only a very small
proportion of the known diversity, contrasting considerably with
most other groups of zoological taxa (Marini & Garcia 2005, Peres
2005). As birds are easily recognized and identified, they constitute
an extremely useful group for the quantitative assessment of the
sampling effort necessary for the delineation of a region’s biological
diversity, providing systematic guidelines for biological inventories
at national, regional, and local scales (Silva 1995a).

Despite being one of the planet’s most ecologically complex and
biologically richest regions, much of the Amazon basin is still largely
ornithologically unexplored (Oren 2001). Oren & Albuquerque
(1991) analyzed the sampling effort at sites throughout the Brazilian
Amazon, considering the collection of 100 specimens as the standard
minimum effort required for a reliable sample, and concluded that
the vast majority of the region remains virtually unknown, from
an ornithological viewpoint. While many ornithological surveys
have been conducted since then, raising the total number of reliable
inventories to 247, most of the areas considered then to be poorly
sampled by Oren & Albuquerque (1991) remain undersampled today
(Oren 2001, Aleixo 2009). Recently Vale (2007), evaluated how
spatial collecting bias affects patterns of bird richness, endemism,
and conservation in Amazonia and showed the bias in the location of
ornithological collections has a strong effect on bird richness patterns,

with the richness at collection localities being significantly higher
than expected at random, demonstrating that there are still gaps in
the ornithological knowledge of the region and little is known about
biodiversity in the Amazon.

The avifauna of Roraima although considered relatively well
studied, and the only state in the Brazilian Amazon with a well
established list of birds (Santos 2005, Naka et al. 2006), the situation
is nevertheless typical of the general Amazonian pattern found by
Vale (2007). In fact, Santos (2005) concluded that only a very few,
widely-distributed sites have been sampled adequately.

This study investigates the ornithological data available for
Roraima and evaluates sampling effort and deficiencies using in a
slight modification of the criterion used by Oren & Albuquerque
(1991). The study provides a systematic overview of the sampling
effort conducted until now, as an approach to the following
questions: (a) which sites have been well sampled? (b) are there are
any geographic gaps? (c) what is the current extent of the scientific
knowledge of the avian diversity in Roraima? (d) which regions and
vegetation types have been well-sampled, and which should be defined
as priority areas for future surveys?

Material and Methods

1. Study area

Roraima is the northernmost state of Brazil, covering an area
of 225,116 km? (Figure 1). The state is bounded to the north and
northeast by Venezuela, and to the east by Guyana, and is located
entirely within the basin of the Rio Branco. There are six distinct
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Figure 1. Geographic location of the state of Roraima within Brazil. Circles are all sites at which ornithological surveys have been conducted in the Brazilian

state of Roraima.
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altitudinal zones within the state, ranging from lowland areas (70 m
a.s.l. at the mouth of the Rio Branco), to montane regions (2875 m
a.s.l.) at the peak of Mount Roraima (Silva, 1997).

The state also encompasses three distinct climatic regions, Af,
Aw, and Am in the K&ppen classification system (Superintendéncia...
1984). In general terms, annual climate is divided in well-defined dry
and rainy seasons, with a mean annual temperature of approximately
26 °C (Barbosa 1997).

Roraima can be divided in two principal ecological domains:
the savannas and humid Amazonian ferra firme forests. Savannas
are found in areas where annual precipitation is less than 1700 mm,
most of which is concentrated into a period of 100-130 days (Barbosa
1997). Within these savannas, more arid areas are covered with dry
woodlands and gallery forests, while areas with more hydromorphic
soil support dense corridors of buriti palms (Mauritia flexuosa),
known as “buritizais”. Rainforest is found in areas where annual
precipitation is never less than 2000 mm. Grasslands (“‘campinas’)
and wetland savannas (“‘campinaranas”) are found on sandy soils
within these rainforest formations.

2. Data analyses

All localities where ornithological fieldwork has been conducted
were identified from the database available in Santos (2005). This
study includes all sites mentioned by Paynter & Traylor (1991),
in addition to those identified through a bibliographic review
(Appendix 1), and the localities visited by Santos (2005) and
Naka et al. (2006). The geographic coordinates were obtained from
Paynter & Traylor (1991), Vanzolini (1992), and Santos (2005).

Difterently the criterion used by Oren & Albuquerque (1991) (100
specimens collected), we used the criterion of 100 recorded species
to consider a locality as well sampled. We recognize as a valid record
three basic types of information available in the literature, museums
and field trips: skins, tape recordings and observations. Therefore
the ornithological localities of Roraima were selected using all
types of records available for each locality (skins, tape recordings,
observations). Based on these data, the sites were classified in one of
the following categories: (a) some ornithological data available; (b)
at least 50 species recorded; and (c) more than 100 species recorded.
The sites classified according to this scheme were mapped within the
state of Roraima using ArcGis 9.3, in order to visualize the distribution
of sampling effort within the state. This map was superimposed on
the IBGE (Instituto... 1993) vegetation map for the state, to allow
the visualization of sampling effort according to habitat, on which
the definition of research priorities was based.

To evaluate the current level of inventory completeness of the
avifauna of Roraima, cumulative species curves were prepared and
analyzed using the Excell software. These curves are widely used in
ecological studies, and indicate the cumulative number of species
recorded over time. The curve should reach an asymptote as the
number of species recorded approaches the total number existing
within the area surveyed. For this analysis, a database was prepared,
which included the name of each species and the year in which it
was first recorded in Roraima.

Silva & Santos (2005) found that the rate at which species are
recorded may vary considerably among habitat types. Therefore,
separate curves were prepared for three major ecological groups,
defined according to their dependence on forested habitats: (1)
independent — species that are only found in open (savanna)
formations; (2) semi-dependent — species that occur in both open
vegetation and forest; and (3) dependent — species found essentially
in forested habitats (terra firme forest, varzea, and campinarana). The
objective of this analysis was to provide a more systematic baseline
for the evaluation of research priorities. The three groups were based
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on the classifications of habitat use provided by Silva (1995b) and
Sick (1997), supplemented by Field observations by the author.

The taxonomic classification of the bird species followed CBRO
(Comité... 2011).

Results

The general species accumulation curve for bird species in
Roraima (Figure 2) indicates a long period of stagnation during the
initial years of exploration of the region, with a first spurt of records
at the beginning of the twentieth century, as a consequence of the first
major expeditions along the Rio Branco. During this period, however,
the curve grew in steps, coinciding with isolated surveys, rather than
any continuous or prolonged research effort. A second spurt in the
number of species recorded was observed only in the 1980s, and
resulted from major expeditions to Maracd Island, Colonia do Apiat,
Boa Vista, and the Brazilian-Venezuelan border. Despite the increase
in the number of species catalogued during recent years, the general
species accumulation curve does not show a clear tendency towards
stabilization (nonasymptotic), indicating that the total number of
bird species occurring in Roraima is still considered to be an under-
estimate (Figure 2).

The cumulative species curves for species not linked to forested
habitats (independent and semi-independent) grew slowly in the
first years of exploration, and continued to increase only gradually
in subsequent years (Figure 2). For the forest-dependent group, by
contrast, the curve has grown rapidly throughout the period, with no
clear tendency for stabilization. Considering the 28 species added
to the inventory of Roraima by Santos (2005), 22 (78.57%) are
forest-dependent, while four (14.28%) are independent, and only
two (7.14%) are semi-dependent. Of this total, 46.15% are non-
passeriformes, 46.15% are suboscines passerines, and 7.70% are
oscines passerines.

Ornithological data are available from 82 localities in the state of
Roraima (Figure 1; Appendix 1). Of these sites, the richest in species
is the Maracd Ecological Station, with a total of 442 species, followed
by the Virud National Park, with 420. The next most prominent sites
are Colonia do Apiau (320 species), Mucajai (267 species), and
Pacardima (212 species). However, 100 or more species were recorded
atonly 18 (21.1%) of the 82 sites, which are mainly distributed in and
around Boa Vista or Maracd Island (Figure 3). Even if the standard is
set at a minimum of 50 species, the number of sites is still only 31,
i.e. only 35.4% of the total number of sites (Figure 4).

Oren & Albuquerque (1991) identified only three localities in
Roraima at which the avifauna had been surveyed according to their
criterion of the collection of at least 100 specimens. Based on this
criterion, however, seven additional sites (Forte de Sao Joaquim, Boa
Vista, Mucajai, Serra da Lua, Colonia do Apiat, Maraca Ecological
Station, and Vila Sorocaima) could have been included in this total.
Twenty years later, only two additional localities can be added to this
list, the Virua National Park and the Fazenda Paraense, both of which
were surveyed by Santos (2005) (Figure 5).

In relation to the different types of vegetation found in Roraima
(Table 1), no ornithological data whatsoever are available for four
of the 13 categories. These include three types of savanna, and a
campinarana formation of the lower Rio Branco (Figure 6).

Discussion

The shape of the historic species accumulation curve for
the avifauna of Roraima suggests that many additional species
have yet to be recorded, especially in forested habitats, rather
than more open environments. This conclusion is also supported
by the fact that a large number of bird species with an ample

http://www .biotaneotropica.org.br



74 Biota Neotrop., vol. 12, no. 2

Santos, M.P.D.

800 -+
— il
700 - All species
== [orest-dependent species
600
== NoOnN-forest species
%) a . .
@ 500 — Semi-dependent species
3
Q.
2]
‘G 400
o
(9
e}
g
= 300
200
100
0
N ~ o (2} [oe] ~ © [T < ™ N — o [=2) o) N~ © o] < [se}
(32} <t 0 0 © N~ 0 D o - N [0 < < Yo © N~ [ce) [} o
[ce} [ee] [ce} [ee} [<e} [ee] 0 [c°) (<) [«2) (<) [«2) [« [« [« [« [e)) [} [} 8
Years

Figure 2. Historic cumulative species curves for the avifauna of the Brazilian state of Roraima.
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Figure 3. Sites at which at least 50 bird species have been recorded in the Brazilian state of Roraima.

distribution in northern South America and records from southern Phoenicircus nigricollis, Certhiasomus stictolaemus,
Venezuela and Guyana, have not yet been observed in Roraima Haematoderus militaris, Lepidothrix serena, Notharchus ordii,
(Naka et al., 2006). These species include Amazona autumnalis, Philydor erythrocercum, Lamprospiza melanoleuca,
Celeus undatus, Phylloscartes virescens, Lophotriccus vitiosus, Malacoptila fusca, Philydor erythropterum, and Selenidera nattereri.
Lurocalis semitorquatus, Myrmeciza pelzelni, Neopipo cinnamomea, The majority of the sites in Roraima from which ornithological
Dichrozona cincta, lodopleura isabellae, Phlegopsis nigromaculata, data are available have been sampled in only a minimal fashion, and
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Figure 4. Sites at which at least 100 bird species have been recorded in the Brazilian state of Roraima.
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Figure 5. Sites in Roraima at which at least 100 bird specimens have been collected prior to (black circles) and after (black stars) the study of Oren &

Albuquerque (1991).

considerable gaps can be observed within the state (Figure 3). Overall,
only 18 of the 82 sites can be considered to have been relatively well
sampled, according to the criterion adopted in the present study (at
least 100 species recorded - skins, tape records and observations).

http://www.biotaneotropica.org.br/v12n2/en/abstract?article+bn01312022012

Worse still, most of these sites are located in easily-accessible areas,
mainly along the Rio Branco and in the vicinity of Boa Vista. This
is, in fact, typical of the sites at which ornithological studies have
been conducted throughout the Amazon basin (Haffer 1974, Oren &

http://www .biotaneotropica.org.br
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Figure 6. Vegetation types in Roraima for which no ornithological data are available.

Albuquerque 1991). Silva (1995a) recorded a similar pattern in the
Cerrado savannas of central Brazil, where 70% of the region remains
poorly-studied by ornithologists. Overall, then, the scenario recorded
for Roraima twenty years ago by Oren & Albuquerque (1991) has
changed very little, and the same lacunas in ornithological sampling
are apparent in the present study.

These lacunas include five main areas, which should be given the

maximum priority for future ornithological surveys:

a. Northwestern corner of the state, on the border with Venezuela
and the Brazilian state of Amazonas. This region is dominated
by well-preserved terra firme and submontane forests;

b. Lower Rio Branco, between the town of Caracarai and
the mouth of the river. The varzea forests, campinas, and
campinaranas that dominate this landscape are extremely
diverse in biological terms, and may have an avifauna related
to those of the varzeas of the Amazon and the igapds of the
Rio Negro, which would include many species not yet recorded
in Roraima;

c. Terra firme forests of the southeast of the state, on the border
with Guyana and the Brazilian state of Pard. It seems likely
that many of the bird species recorded in the region of Manaus
by Cohn-Haft et al. (1997) may also occur in this area, further
increasing the state’s species list;

d. The northeastern savannas, on the border with Guyana. While
this region is relatively accessible, it is still poorly-known
from and ornithological viewpoint, and probably contains
many species found only in the savannas of northern
South America (Aratinga solstitialis, Synallaxis kollari,
Campylorhynchus griseus);

e. The montane forests and tepuis (isolated plateaus) of the
northern extreme of the state on the border with Venezuela.
Some areas are especially important, such as the slopes of
Mount Roraima, Pacardima, and tepuis such as Tapequén,
Surucucu, and Uafaranda.

The least-studied vegetation types in Roraima included three

savanna categories (seasonal woodland, forested steppe, and

http://www .biotaneotropica.org.br

Table 1. Number of ornithological studies conducted by vegetation type in
the Brazilian state of Roraima.

Type of vegetation Number of localities (N = 82)
Seasonal arboreal savanna 0
Seasonal parkland savanna 13

Seasonal grassland-shrub savanna 9
Forested steppe savanna 0
Woodland steppe savanna 0
Parkland steppe savanna 1
Rainforest campinarana 2
Woodland campinarana 3
Grassland-shrub campinarana 0
Sub-montane rainforest 23
Montane rainforest 10
Lowland rainforest 24
Seasonal, semi-deciduous Forest 1

woodland steppe) and grassland-shrub campinarana (Table 1). No
data whatsoever are available on the avifauna of these areas. With
the exception of the forested steppe, which is located within an area
dominated by conflicts between settlers and indigenous populations,
the lack of data from these savannas may be due to their relatively
small size, especially considering that they are all located in the
vicinity of highways, and are thus relatively easily accessible. Similar
factors may also account for the lack of studies in the campinarana,
which is close to the BR 174 highway, but also covers a relatively
small area.

Silva (1995a) has suggested that surveys in poorly-known regions
should initially prioritize areas of highly anthropogenically impacted,
considering the relatively high probability of local extinctions in
such areas. From this perspective, the five lacunas identified above,
together with the vegetation classes that lack data, can be ranked
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according to their relative vulnerability to anthropogenic pressures.
The regions a, b, and e in the north and northwest of the state and
on the lower Rio Branco are relatively well preserved and isolated
from human impacts. By contrast, region c, in the southeast of the
state, has suffered extensive deforestation due to the transformation
of natural habitats into pastures and agricultural fields, while vast
areas of the savannas and gallery forests of region d, in the northeast,
have been converted into rice and soybean plantations. This situation
can be even more worrying if we imagine in local extinctions
caused by fragmentation.Studies with birds in the north of Manaus
showed that the process of forest fragmentation produced sequential
extinctions in a time interval of 20 years and that over 30% of species
went extinct in 1-ha fragments, compared to about 5% in 100 ha
fragments (Stouffer et al. 2009). Bird et al. (2011) observed that the
incorporating projected deforestation into avian threat assessments
increases the number of species qualifying as threatened on the [UCN
Red List considerably and provides a more accurate reflection of the
extinction risk facing species in the region. These data reinforce the
need to carry out inventories in forest areas considered “bird gap”
in the state of Roraima.

Overall, the lacunas identified in the present study can be grouped
into two main classes of priority for ornithological inventory: (1)
areas of maximum priority, with high levels of habitat alteration, and
(2) areas of secondary priority, with relatively low levels of habitat
modification, but few ornithological data. The first group includes the
forests of the southeast of the state, and the savannas of the northeast.
The second group encompasses the forests of the northwest, the
campinaranas and flooded forests of the lower Rio Branco, and the
highlands and tepuis of the northern border with Venezuela.
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