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Abstract

Data generated by citizen science is particularly valuable in ecological research. If used dis-
cerningly with data from traditional scientific references, citizen science can directly contrib-
ute to biogeography knowledge and conservation policies by increasing the number of
species records in large geographic areas. Considering the current level of knowledge on
south Brazilian avifauna, the large volume of data produced by uncoordinated citizen sci-
ence effort (CS), and the growing need for information on changes in abundance and spe-
cies composition, we have compiled an updated, general list of bird species occurrence
within the state of Parana. We have listed extinct, invasive and recently-colonizing species
as well as indicator species of the state’s vegetation types. We further assess the degree of
knowledge of different regions within the state based on data from traditional scientific refer-
ences, and the effect of including CS data in the same analysis. We have compiled data on
766 bird species, based on 70,346 individual records from traditional scientific references,
and 79,468 from CS. Extinct and invasive species were identified by comparing their occur-
rence and abundance over a series of three time periods. Indicator species analysis pointed
to the existence of three areas with bird communities typically found within the state: the
Semideciduous Tropical Forest, the Tropical Rainforest and the junction of Grassland and
Araucaria Moist Forest. We used rarefaction to measure sampling sufficiency, and found
that rarefaction curves reached stabilization for all vegetation types except in Savanna. We
observed differences in the level of knowledge of bird biodiversity among the microregions
of the state, but including CS data, these differences were mitigated. The same effect was
observed in other exploratory analyzes conducted here, emphasizing the fundamental
importance of including CS data in macroecological studies. Production of easily accessible
data and its unrestricted availability makes CS a very important tool, especially in highly
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diverse regions as the Neotropics, as it can offer a more accurate picture of bird composition
in comparison to the exclusive use of traditional scientific references.

Introduction

Information on bird species composition in the southern Atlantic Forest is available from sev-
eral published sources, the avifauna of the state of Parana being one of the best known in Brazil
[1], [2], [3], [4], [5]. Naturalists’ field notes thoroughly describing the landscape of the state
[6], [7], bird specimens housed at different research centers (see S1 Table), and studies focused
on different aspects of Parana’s avifauna [8], [9], [10], [11], are among the traditional scientific
references. Part of this information has been systematically compiled and organized over the
last decades. Detailed and extensive studies about Parana’s ornithological history [4], [12],
[13], [14], [15], [16], as well as local, regional and state species list compilations are available in
several technical publications [12], [17].

More recently, the acquisition of ornithological records via citizen science has proven to be
a valuable tool that directly contributes, for example, to biogeography studies and conservation
actions in large areas and over long periods of time [18], [19], [20], [21]. This approach, as in
other parts of the world [18], [22], [23], has played an important role in increasing the amount
of available information and documentation of bird species occurrence in Parana [24], [25],
[26], [27], both via citizen science programs and uncoordinated citizen science effort (i.e.
casual records gathered without a specific academic research goal, for instance records made
by birdwatchers and nature photographers).

Despite the large amount of available information on avifauna of Parana, there is still need
for studies that simultaneously use citizen science data and evaluate the effects of its inclusion
on regional avifauna knowledge. For instance, approaches that explicitly evaluate records in
a spatio-temporal context, and that show differences in the avian composition in different
regions within the state, are necessary to improve characterization of Parana birds. In addition,
for such characterization, and since vegetation is a known determinant factor for the establish-
ment of bird species composition in the Neotropics [28], it is also necessary to identify species
occurring in distinct vegetation types and species which are expanding their distributions and/
or were introduced. Such evaluations, that report changes both in abundance and in the com-
position of species over space and time, are fundamentally important [29]. Once these changes
are reported they can be related to factors such as human land use intensity or climate change,
that make it possible to understand the potential causes for the alterations in structure, compo-
sition and spatio-temporal distribution of communities, as well as to use this knowledge in
increasingly necessary conservation actions [29].

Considering the above, this work aims to congregate bird records in Parana, accessible
through published data (i.e., from traditional scientific references and gathered via unco-
ordinated citizen science effort—CS), and consolidate a unified and updated list indicating
the vegetation types of each species’ occurrence. Also, we classify and group species according
to qualitative, quantitative and temporal data within the following categories: a) locally and
regionally extinct, b) recently-colonizing species (i.e., species that occur in Brazil, in the initial
stages of their invasion or colonization of Parana), c¢) non-native invasive species (i.e., allo-
chthonous species, with established and expanding populations), d) native invasive species
(i.e., species that occur in Parand, with both established and expanding populations), and e)
indicator species for each vegetation type. Furthermore, we compare the level of avifaunal

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 2/27


https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

knowledge, through the number of records, species, sources of information and localities,
within geopolitical regions of the state, and finally we evaluate the effect of including CS data
on all the above mentioned variables.

Methods
Database and species list

Data were acquired by means of an intensive search and compilation of Parana records avail-
able from museum biological collections (M) (S1 Table) and in the technical literature (B) (52
Table); these two sources were defined as traditional scientific references (BM). Museum spec-
imens were accessed through online databases, and we have finished our consultation at 2015
August 31 (see S1 Table). Thus, new records might have been incorporated into these data-
bases, in addition to some specimens that may lack online information for several reasons.
However, given that we have included all available records at the time of collection consulta-
tion, we believe that our dataset includes the vast majority of known museum records from
the state. Records available on Wiki Aves [27] (WA) were considered as CS data, and were
retrieved in November 2015. We only used this database because all the records can be vali-
dated through photographs and sound recordings, which is not possible in the same manner
(i.e. it allows independent verification of bird identifications) using other CS sources (e.g.,
eBird [30], Taxeus [31]). Furthermore, Wiki Aves stores more than two million documented
records of Brazilian birds (data from July 2017), currently the largest repository of ornithologi-
cal records in this region. We thus believe that records from this data source alone sufficiently
represent the current effort of uncoordinated citizen science effort, as defined by the authors.
In addition, the following records were not included in our dataset: i) records with taxonomic
identities that could not be attributed to single species (i.e., citations of genera alone); ii) rec-
ords with geographic coordinates that could not be retrieved from any source (e.g., maps,
topographic charts, gazetteers); iii) unreliable records, geographically displaced in relation to
the habitat and the known distribution of the species in Parana (for details see comments on
each record in S5 Table).

Whenever information of date and location was available in each source, we used their orig-
inal information. For long-term studies, when there was no specified date for each record, we
used the starting date of the sampling period. Each record was assigned geographic coordi-
nates, either provided by the source or by consulting maps and topographic charts. We com-
plemented geographic coordinates by consulting specific ornithological gazetteers from Brazil
[32], [33]. For records in which the only geographical information available was the munici-
pality, we used the coordinates of the municipal headquarters.

All species were classified according to type of record from which the species occurrence
could be inferred, following the established criteria of the Brazilian Ornithological Records
Committee [34] and Scherer-Neto et al. [17], and assigned to one of the following lists: Pri-
mary List-species with at least one record supported by proper documentation, in the form of
full or partial specimen (i.e. feathers or body parts that allow taxa identification by indepen-
dent researchers), photographs, audio or video recordings that allow independent and guaran-
teed assessment of the taxon’s identity; Secondary List-species with records not supported by
proper documentation, but whose occurrence in the state is corroborated by distribution and/
or habitat preferences; Tertiary List—species with undocumented records and with improbable
occurrence in Parand considering the known geographic range and habitat of the species.
Allochthonous species without established populations in the state were assigned to the Ter-
tiary List. Records listed in S5 Table, which need further documentation in the vegetation
types listed, were excluded from our database due to being displaced from their known
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geographic distribution within the state. These records were not included in Tertiary List,
since these species have documented records in other regions of the state.

Based on these procedures we built two bird species lists with cited occurrences in Parana:
one containing species that belong to the Primary or Secondary lists (S3 Table) and a second
list with all species from the Tertiary list (S4 Table). Nomenclature and taxonomic ordering
in these lists follow those proposed by the Brazilian Committee for Ornithological Records
(CBRO) [35]. Corrections of the names published in the original source followed technical lit-
erature [35], [36], [37], [38]. Species from the Primary and Secondary lists are accompanied by
the sources of information, the number of records that exist in each vegetation type, and status
alterations in relation to the latest state list available [17] (i.e., new records for the state, and
species that were transferred from the Secondary or Tertiary lists to the Primary list; S3 Table).

To determine vegetation type for each record we overlaid individual records on a phytogeo-
graphic map of Parana state [39] (Fig 1) using QGIS software [40]. Vegetation types included
in our analysis were: i) Grassland (EGL), ii) Semideciduous Tropical Forest (FES), iii) Tropical
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Rainforest (FOD), iv) Araucaria Moist Forest (FOM), and v) Savanna (SA). Waterbirds and
shorebirds, with records outside the coastal zone, were assigned according to the vegetation
type designated above. Seabirds (Sphenisciformes, Procellariiformes, some of the Suliformes,
and some of the Charadriiformes; S3 Table) were not attributed to any of these vegetation
types and were, therefore, excluded from quadrat and indicator species analyses, described
below.

To assess if bird species composition is related to vegetation type, we divided the study area
in 15°x15’ lat-long quadrats. In order to avoid using under-sampled quadrats (bias due to low
richness), or that harbor a composition of species representative of more than one vegetation
type (bias due to the mixture of distinct fauna compositions due to spatial scale), we only ana-
lyzed quadrats containing at least 50 bird species recorded, regardless of the number of indi-
vidual bird records, and having a single vegetation type covering over 80% of its total area,
measured with QGIS software (Fig 1). Incomplete quadrats (i.e., with part of their area in
the ocean or in other states) that meet the two inclusion criteria (i.e., at least 50 bird species
recorded and 80% of the land area in Parana state covered by a single vegetation type) were
used in the analysis. Thus, Savanna (SA) was not included in quadrat analyses due to its small
coverage area in the state. We used Permutational Multivariate Analysis of Variance (PERMA-
NOVA) [41] to assess differences amongst bird species composition using vegetation type as
the predictor variable. A dissimilarity matrix was built by only considering binary data of spe-
cies’ presence in each quadrat, using the Raup-Crick index [42]. This dissimilarity index
should be able to handle unknown and variable sample sizes, using the available species pool
and each quadrat’s richness to perform random permutations and determine how often a
comparable level of similarity occurs [43]. We evaluated species composition differences
among quadrats by plotting the first two axes of a Principal Coordinates Analysis (PCoA) [44].
This analysis was performed twice, excluding and including CS data from our dataset, in order
to assess the influence of CS when interpreting bird community composition differences.

We determined indicator species (i.e., species restricted to one or a few habitat types [45])
for each vegetation type by calculating the species’ Indicator Value [46], considering each year
separately, between 1820 and 2015, thus excluding years for which no bird records were pres-
ent (see S6 Table). The two components of the indicator value (i.e., specificity and fidelity)
were examined [45], [46], and the specificity value, when equal to 1.0, was used to assign spe-
cies that are exclusive to each vegetation type. We performed these analyses using the indval (=
multipatt) function from indicspecies package in software R [45], [47], [48], [49]. This function
finds the indicator species for each vegetation type (i.e., EGL, FES, FOD, FOM, SA) and for
every possible combination of vegetation types (e.g., EGL+FOM, FOM+FOD+FES) [48], [46].
This procedure allows the identification of vegetation types or combinations of vegetation
types that have characteristic bird communities (i.e., high number of indicator species and
exclusive species). The analysis of all possible combinations is informative given that even spa-
tially discontinuous vegetation types may have common indicator and exclusive species due to
factors other than proximity, such as ecological or historical factors (e.g., dispersal history of
vegetation types in southern Brazil).

To detect local or regional extinctions, recently-colonizing and invasive species, both native
and non-native, all records from each vegetation type were grouped into three time periods: a)
1820-1959; b) 1960-1989; and c) 1990-2015. These time periods were chosen based on critical
moments (and the elapsed time of those moments) in the history of land use development in
Parand, namely according to the percentage of forest areas that were replaced by agriculture
and pastures (see [50]): a) less than 65% of the forest habitat in the state had been suppressed
[51], [52]; b) from 65% to 85% of the forest had been suppressed [51], [52]; and ¢) more than
85% of the forest had been suppressed [53]. Thus, the time period from 1960 to 1989 is
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characterized by maintaining forest cover at nearly the extinction threshold (i.e., around 30%
of natural vegetation cover [54]), and we expect local and regional extinctions to occur from
this point forward. In this manner, these time periods allow us to evaluate the effects of
anthropic impact on bird community composition, especially with regards to species turnover.

Species for which there were no records in the second and/or third time periods were con-
sidered extinct in a specific vegetation type or in the whole state, as appropriate. Species that
inhabit open vegetation formations and/or anthropogenic habitats, with known populations
occurring in neighboring areas around the Parana (i.e., Argentina, Paraguay and the states of
Santa Catarina, Sdo Paulo and Mato Grosso do Sul in Brazil), autochthonous and with first rec-
ords documented after 1989, were classified as recently-colonizing. Only species that inhabit
open habitats were included in this category, since those species were likely the most capable
to reach and colonize anthropogenic habitats that prevail in Parana (see [55] and [56]).
Allochthonous species, with over 20 records and/or recorded at five or more sites, were classi-
fied as non-native invasive species with established populations in Parana.

To determine native invasive species, we evaluated the increase in the number of records
within each vegetation type during the three time periods. Since the number of records is
closely linked to the number of individuals in a species (i.e., its relative abundance), to sam-
pling effort, and to the species’ detectability, we expect that an increase in the number of rec-
ords for any given species will represent an increase in the number of individuals and/or in
sampling effort. Thus, considering that the number of records can be used as a proxy of the
sampling effort, the variation in sampling effort between pairs of time periods was calculated,
for each vegetation type, by dividing the total number of records from the more recent time
period by the number of records from the older time period. We considered that increases in
bird records represented increases in population numbers in each vegetation type and time
periods in the following cases: i) when the increase in the number of records, among the three
time periods, was greater than the sampling effort variation in only one vegetation type, we
considered that the species local population increased; ii) when the increase occurred in two
or more vegetation types, among the three time periods, we considered that the species
regional population increased, and it expanded its range (i.e., a native invasive species, see
[57], [58]). We did not conduct this analysis on SA due to the lack of records prior to 1960 and
to their scarcity between 1960 and 1989.

We used Wilcoxon signed-rank tests to compare the effect of including CS data on the
number of species, the number of locally or regionally extinct species, the number of native
invasive species, and the number of indicator species in each vegetation type.

Avifauna knowledge level

To assess the adequacy of the sampling effort applied in Parana for the characterization of its
avifauna, rarefaction-by-sample curves [59] were constructed using the species listed in the
primary and secondary lists and the information on their occurrence dates. The curves were
constructed using ten-year time interval as sample units, starting at the first compiled record
found. We built curves considering data from the entire state and, separately, for each vegeta-
tion type, in the Past software (Paleontological Statistics, ver. 1.34; [60]). Two sets of curves
were created, both including and excluding CS data.

Differences in the level of knowledge of avifauna in the different regions of the state were
evaluated through representation, using QGIS software [40], of the number of records in each
microregion of Parana (sensu [61]). Microregions were used, instead of other administrative
divisions or of vegetation types, because they allow evaluation of bird diversity at a smaller
scale in the state. In each microregion the following variables were represented: i) number of
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species; ii) number of records; iii) number of sources of information (i.e., literature references,
museums with deposited specimens and record owners on Wiki Aves); and iv) number of sites
(localities or municipalities) with at least one bird record. For every one of the four variables
evaluated, a numeric class was attributed, representing the level of knowledge: 1) Very Low, 2)
Low, 3) Average, 4) High, 5) Very High. In order to reduce variance within the classes and aug-
ment variance between the classes, we used the Jenks natural breaks method [62] to establish
limits for the five classes above, which resulted in the following thresholds: i) Number of species
—Very Low: <43, Low: 44-117, Average: 118-204, High: 205-338, Very High: >339; ii) Num-
ber of records—Very Low: <537, Low: 538-1443, Average: 1444-2963, High: 2964-7660, Very
High: >7661; iii) Number of sources of information—Very Low: <6, Low: 7-14, Average: 15—
27, High: 28-54, Very High: >55; iv) Number of sites with at least one bird record—Very Low:
<10, Low: 11-21, Average: 22-36, High: 37-71, Very High: >72. The microregions are com-
posed of mosaics of different vegetation and land use types, and none of the microregions are
covered exclusively by a single species-poor vegetation type (i.e., EGL or SA). Thus, the differ-
ence in richness between vegetation types should not affect richness differences among micro-
regions in this analysis.

To determine the overall level of knowledge on the avifauna in each microregion, we used
the arithmetic mean of the numeric classes of the four variables evaluated. To determine the
level of knowledge in the whole state, we used the arithmetic mean of the level of knowledge of
every microregion. We used Wilcoxon signed-rank tests to compare the effect of including CS
data on the number of species, number of records, number of sources of information and
number of sites.

Results
Species list

We found 766 bird species with known occurrences in the state, included in the primary (n =
726) and secondary (n = 41) lists (S3 Table), and other 50 species included in the tertiary list (S4
Table). The bird database with assigned coordinates included 70,346 records ranging from 1820
to 2015, corresponding to 747 species, which derived from traditional scientific references
(BM), and 79,468 records ranging from 1986 to 2015 (95% of the which ranged from 2010 to
2015), belonging to 675 species, which derived from CS data. We excluded from this database
371 records found in the literature due to: i) the impossibility of attributing geographic coordi-
nates; ii) records being unreliable, geographically displaced with respect to the habitat and the
known distribution of the species in Parana (for details see comments on each record in S5
Table); and iii) species being only included in the tertiary list of birds of the state (S4 Table).
The number of species with records in each vegetation type was 475 (excluding CS data—
BM) and 506 (including CS data—BM+CS) in EGL; 535 (BM) and 569 (BM+CS) in FES; 497
(BM) and 523 (BM+CS) in FOD; 501 (BM) and 528 (BM+CS) in FOM; and 244 (BM) and 277
(BM+CS) in SA. Other 48 (BM) and 53 seabirds (BM+CS) are also present in the species list.
PERMANOVA analysis indicated that bird composition differs significantly among the vegeta-
tion type, both excluding (F = 7.37, p = 0.001; Fig 2A) and including CS data (F =9.59, p =
0.001; Fig 2B). The number of indicator species in each vegetation type, and in different combi-
nations of types, is presented in Table 1, and the corresponding list of species in S7 Table.
When only considering records from traditional scientific references (BM), we identified
12 extinct species in the whole state and 48 considering each vegetation type separately. These
numbers decreased when CS data was included (n = 10 and n = 25 respectively; Table 2). The
same species can be considered extinct in more than one vegetation type at the same time
period, and thus the total number of species extinct in a given time period is not the direct
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Fig 2. Analysis of avifaunal composition among vegetation types. Scores from the first two axes of a
PCoA applied on a Raup-Crick dissimilarity matrix, showing differences in bird communities in Parana among
vegetation types, both excluding (A) and including (B) CS data. Vegetation types: EGL—Grassland, FES—
Semideciduous Tropical Forest, FOD—Tropical Rainforest, FOM—Araucaria Moist Forest.

https://doi.org/10.1371/journal.pone.0188819.g002

sum of species from all vegetation types (a complete list of extinct species is presented in S8
Table). No extinct species were identified in SA, both excluding and including CS data. The
number of extinct species in all vegetation types, comparing BM and BM+CS, are similar in
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Table 1. Indicator species of each vegetation type. Number of species, indicator species and exclusive species for each vegetation type individually and
in different combinations of types, both excluding (BM) and including CS data (BM+CS). Vegetation types: EGL-Grassland; FES—Semideciduous Tropical
Forest; FOD-Tropical Rainforest; FOM—Araucaria Moist Forest; SA—Savanna. Data presented in descending order of number of indicator species (BM+CS).

Grouping
One typology
FOD
FES
SA
FOM
EGL
Two typologies
EGL+FOM
FES+FOD
FES+FOM
EGL+SA
FES+SA
EGL+FOD
FOD+FOM
FOD+SA
EGL+FES
FOM+SA
Three typologies
EGL+FES+FOM
EGL+FOD+FOM
EGL+FOM+SA
FES+FOD+FOM
FES+FOM+SA
EGL+FES+SA
EGL+FES+FOD
EGL+FOD+SA
FES+FOD+SA
FOD+FOM+SA
Four typologies

EGL+FES+FOD+FOM
EGL+FES+FOM+SA
EGL+FOD+FOM+SA
FES+FOD+FOM+SA

Total

Total N° SP.
497
535
244
501
475

536
650
617
484
553
593
595
545
617
511

637
619
540
680
623
620
688
601
663
604

696
640
623
686
699

https://doi.org/10.1371/journal.pone.0188819.t001

BM BM+CS
N’ Indicators SP. N° Exclusive SP. Total N° SP. N’ Indicators SP. N° Exclusive SP.

81 38 523 103 44
45 27 569 80 37
25 3 277 14 2
3 0 528 4 0
4 0 506 3 1
48 5 563 41 5
10 2 676 23 3
2 0 640 12 2
5 1 515 8 1
12 1 584 6 1
0 0 614 2 0
5 1 616 2 1
3 0 567 2 0
0 0 641 0 0
1 0 540 0 0
3 1 656 27 3
15 0 641 24 3
46 0 568 13 1
7 1 700 12 1
3 0 645 3 0
0 0 644 1 0
2 0 704 0 0
0 0 621 0 0
4 0 685 0 0
0 0 626 0 0
4 2 711 44 11

31 5 659 38
10 0 645 4 0
0 0 704 1 0
369 87 713 467 122

1960-1989 and lower in 1990-2015. Also, considering only CS data, the number of extinctions
in each vegetation type was higher in 1960-1989 and lower in 1990-2015. Species with mar-
ginal occurrences in each vegetation type, migrants, partial migrants and species that perform
seasonal dispersal, nomadic species or other with poorly known mobility [63] were excluded
from the list (63 in total). The complete list of extinct species, indicating excluded species, is
presented in S8 Table.

We identified 14 species that have recently colonized the Parana (Aratinga nenday, Buteo
nitidus, Campylorhynchus turdinus, Fluvicola nengeta, Gampsonyx swainsonii, Icterus crocono-
tus, Myiopsitta monachus, Myiozetetes cayanensis, Paroaria dominicana, Rhea americana,
Saltator coerulescens, Schistochlamys melanopis, Theristicus caerulescens and Tyrannus albogu-
laris) as well as three non-native invasive species (Columba livia, Estrilda astrild and Passer
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Table 2. Extinct bird species in Parana. Number of extinct bird species (per time period and total) and percentage of the total number of extinct species rel-
ative to the total number of species in each vegetation type, both excluding (BM) and including CS data (BM+CS). Some species were extinct in more than
one vegetation type, and a complete list of extinct species is presented in S8 Table. Vegetation types: EGL-Grassland; FES—Semideciduous Tropical Forest;
FOD-Tropical Rainforest; FOM—Araucaria Moist Forest; SA—Savanna. Data presented in descending order of total number of regionally extinct species.

Vegetation Types
1960-1989
FES 19
FOD 1
FOM 3
EGL 3
Extinction in State 6

https://doi.org/10.1371/journal.pone.0188819.t002

Number of regionally extinct species

BM BM+CS
1990-2015 Total N° SP. % 1960-1989 1990-2015 Total N° SP. %
9 28 5.2 16 3 19 3.3
15 16 3.2 0 3 3 0.6
4 0.8 2 1 3 0.6
4 0.8 1 0 0.2
6 12 1.6 4 6 10 1.3

domesticus; S3 Table). Two native allochthonous species with established populations were
also detected: Paroaria coronata (all known records in the state are considered allochthonous)
and Amazona aestiva (allochthonous records correspond to Grasslands, and all records from
Tropical Rainforest and Araucaria Moist Forest; Semideciduous Tropical Forest records of this
species are considered autochthonous). Two additional species, Brotogeris tirica and Myiopsitta
monachus, were not classified as allochthonous, even though some local introductions
occurred in the state. This decision was taken due to historical records and/or their occurrence
in areas neighboring these records, making it impossible to accurately determine whether the
records represent introduced birds.

Among the three time periods, we identified 151 (BM) and 163 (BM+CS) species with a
number of records higher than that expected from the corresponding sampling effort increment
in Parand. Of these, 94 (BM) and 110 (BM+CS) were classified as species with a local population
increase and 57 (BM) and 53 (BM+CS) as native invasive species (S9 Table). Considering vege-
tation types separately, 47 (BM) and 45 (BM+CS) species were classified as native invasive in
FES, 37 (BM) and 34 (BM+CS) in FOM, 30 (BM) and 30 (BM+CS) in EGL and 31 (BM) and 18
(BM+CS) in FOD. The inclusion of CS data rendered differences in the number and identity of
species in both categories, i.e., local population increase and native invasive species (S9 Table).

Comparison between datasets excluding and including CS data showed significant differ-
ences in species richness by vegetation type (W: 15, z: 2.023, p<0.05, Fig 3A) and in the num-
ber of locally and/or regionally extinct species (W: 15, z: 2.023, p<0.05, Fig 3B). There was no
significant difference in the number of native invasive species (W: 6, z: 1.604, p>0.05, Fig 3C)
or indicator species in each vegetation type (W: 10.5, z: 0.813, p>0.05, Fig 3D).

Avifauna knowledge level

The first available records on Parana avifauna date from 1820, from Johann Natterer’s expedition
to Brazil [1], [64]. Sample-based rarefaction curves, created decade by decade starting in 1820,
showed a trend for stabilization when considering the entire state, and for each vegetation type,
with the exception of SA (Fig 4). This result holds true regardless of the inclusion of CS data.

The level of avifaunal knowledge in Parana showed large variations among microregions,
ranging from 2 species, 2 publications and 3 records in the microregion of Capanema; to 545
species, 154 publications and 7,660 records in the microregion of Paranagua, considering only
data from traditional scientific references (S10 Table). When we included CS data in this anal-
ysis, a notable increase was observed for all variables (e.g., Capanema microregion now has
222 species, 2 publications, 20 owners of images and sounds on Wiki Aves and 632 records;
S10 Table). This same pattern was observed throughout the state, with the level of regional
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Fig 3. Comparisons between traditional scientific references data by themselves and including CS data. Boxplots
comparing: (A) number of species per vegetation type, (B) number of indicator species per vegetation type, (C) number of extinct
species per vegetation type and in the whole state of Parand, and (D) number of native invasive species per vegetation type, both
excluding and including CS data. * Statistically significant differences. Open circles represent extreme values found for some
vegetation types. SA—Savanna, FES—Semideciduous Tropical Forest.

https://doi.org/10.1371/journal.pone.0188819.g003

knowledge going from Low (BM) to High (BM+CS). The location of the microregions and
their classification for the level of avifauna knowledge are shown in Fig 5.

All variables under analysis showed significant differences when including CS data (Fig 6):
number of records (W: 780, z: 5.443, p<0.05), number of species (W: 780, z: 5.443, p<0.05),
number of sources of information (W: 780, z: 5.443, p<0.05) and number of sites (W: 780, z:
5.447, p<0.05).

Discussion
Species list

The growing number of birdwatchers and wildlife photographers has produced a considerable
increase in the volume of information about Parana’s avifauna (79,468 records for 675 species)
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Fig 4. Sample-based rarefaction curves comparing bird species richness in Parana. Specimen occurrences were
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in a short period of time (1986, first year for which CS data is available in Wiki Aves, to 2015,
with 95% of the records ranging from 2010 to 2015), which quantitatively exceeds the last 195
years of formal ornithological research (70,346 records for 747 species). This demonstrates the
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Fig 5. Mapping the level of avifaunal knowledge in Parana. Maps indicate the level of avifaunal knowledge in the microregions
of Parana state considering (A) only data from traditional scientific references, and (B) including CS data.

https://doi.org/10.1371/journal.pone.0188819.9005

great potential and importance of CS data for obtaining documented faunal records and mak-
ing them freely available (e.g., through digital databases), especially for charismatic and easily
observed groups, such as birds. On the other hand, considering that CS has been developed
only recently, consulting traditional scientific references is still important, as they provide his-
torical reference, and help understand trends and plan future conservation actions.

The effect of including CS data in qualitative and quantitative analyses, reported as positive
by different authors (e.g., [18], [19] and [23]), is noticeable in almost all aspects evaluated
here (see Figs 3 and 6), fills large gaps of information and brings important contributions
to the data available from other sources. This kind of data can be used to track changes in
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Fig 6. Comparisons between traditional scientific references data alone, and including CS data. Boxplots comparing: (A)
number of records per microregion, (B) number of species per microregion, (C) number of sources of information per microregion,
and (D) number of sites with records per microregion, both excluding and including CS data. For ease of representation, due to the
large range of values, logarithmic scale was used. * statistically significant differences. Open circles represent extreme values found
for microregions.

https://doi.org/10.1371/journal.pone.0188819.g006
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populations, communities and ecosystems (see [65], [66], [67] and [68]), and allows under-
standing of ecological patterns at larger scales (e.g., changes in species distributions, migration
patterns, effects of climate change and landscape modification, etc.) [23].

When we considered traditional scientific references data jointly with CS data, we found an
increase in the number of bird species recorded in Parana with respect to the latest list pub-
lished [17], from 743 (cited as 744 in the original text) to 766. Of the 23 species included on the
basis of this analysis, documentation for 14 came exclusively from CS data. Six other species
were moved from the tertiary list to the primary list, and 22 were moved from the secondary
list to the primary list based on image or voice records available in the Wiki Aves database.

The unreliable records—those of species geographically displaced in relation to habitat and
the known distribution (S5 Table)—point to identification problems (e.g., Trogon viridis in
FES [69], [70], [71], [72], misidentification of Trogon rufus [73]). The verification and correc-
tion of records, as pointed out previously [73], is crucial, as it would help to avoid replication
of erroneous or dubious records and their misuse in ecological studies, resulting in erroneous
or deceptive conclusions and recommendations [74]. Thus, we recommend that records con-
tained in S5 Table are not to be replicated or used until new documented records are obtained
(i.e., collected specimens, photographic images and/or voice recordings).

Species lists in both traditional scientific references data and CS data sources that are with-
out proper documentation may contain misidentifications. Further, considering the large
amount of data available in CS databases collected by non-experts, verification and validation
of these records are important to detect misidentifications. In this sense, databases with avail-
able documentation for all records (e.g., Wiki Aves) can contribute to this detection. On the
other hand, in databases where records can be contributed without any accompanying docu-
mentation (e.g., eBird, Taxeus) verification is hindered, rendering a higher chance of misiden-
tifications going unrecognized. Even with the use of some mechanisms for validating records,
such as verification of records by local specialists used in eBird, the lack of documentation of
all records makes the proliferation of mistakes a more probable occurrence (for instance, mis-
identifications of species in a given region may go unnoticed and/or new records in an area
may be marked as dubious).

The number of species with records in each vegetation type ranged from 506 (BM+CS) to
569 (BM+CS), except for SA, which reached 277 species (BM+CS). Despite little change in the
total number of species, species composition varied significantly among EGL, FES, FOM and
FOD. This result indicates a pattern of notable variation in the composition of bird communi-
ties which could be due to differences in the structure and composition of the vegetation, as
pointed out by [75] and [76] and observed in several ecological studies (e.g., [77], [78], [79],
[80], [81], [82]. The reduced number of species with records in SA may be associated with fac-
tors such as the small representation of this discontinuously distributed vegetation in the state
[39], [51], coupled with the small number of studies carried out in this area compared to the
effort expended in other vegetation types (S2 Table). This effect is also reflected in our rarefac-
tion curve, which did not show a tendency towards stabilization of observed richness.

The reduced number of indicator and exclusive species in EGL (n = 3 and n = 1, respec-
tively) and FOM (n = 4 and n = 0) suggests that these vegetation types house, almost exclu-
sively, widely distributed species that are common to other vegetation types. However, the
association between EGL and FOM is represented by 41 indicator and 5 exclusive species, thus
indicating a bird community typical of these two vegetation types when taken together. This
pattern is confirmed by the similarity overlap between the EGL and FOM points in Fig 2. Con-
versely, FES and FOD individually exhibit large numbers of indicator (n = 80 and n = 103,
respectively) and exclusive species (n = 37 and n = 44), which indicates that each one is home
to specific bird communities.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 15/27


https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

This result supports the traditional areas of bird endemism established by Cracraft [83],
named Parand Center (covering EGL and FOM) and Serra do Mar Center (FOD). Cracraft
[83] also pointed that some species listed as endemic to Parand Center are not restricted to this
area, and the inclusion of Serra do Mar Center along with Parand Center would comprise a
well-defined area of endemism. However, the combination of these vegetation types (EGL,
FOM and FOD), in our analysis, holds only 24 indicator and 3 exclusive species, fewer than
FOD alone (n = 103 indicator and 44 exclusive) and EGL+ FOM together (n = 41 and 5). Also,
a third vegetation type (FES), not recognized by Cracraft [83] as an area of bird endemism,
showed a large number of indicator (n = 80) and exclusive species (n = 37) in this study.

Another bird endemism area, identified by Silva et al. [74] and named Serra do Mar,
extends from the far east to the north-central region of Parana state and covers FOD and part
of EGL, FOM and SA (based on maps available in Silva et al. [74]). Together, these four vegeta-
tion types have only four indicator and no exclusive species, suggesting that the bird commu-
nities in these areas are not, in their majority, exclusive of this geographic sector. The two
endemic species used by Silva et al. [74] to define this area, Orthogonys chloricterus and Dacnis
nigripes, occur in regions that do not cover the north-central area of the state, and the species
occurrences in these sectors are based on misidentifications published in [69] (see S5 Table).
The differences found between bird endemism areas that cover the state of Parana, proposed
by other authors [74], [83], and the number of indicator and exclusive species obtained in our
analysis, highlight the effect that variations in the databases (e.g., lack of records, misidentifica-
tions) can have on the detection and delimitation of these areas.

Considering the number of indicator and exclusive species for each vegetation type or their
combinations, three areas with peculiar bird communities can be identified in Parana, partly
differing from those proposed by Silva et al. [74] and Cracraft [83], which cover the areas occu-
pied by: 1—FES; 2—FOD; and 3—EGL + FOM. This division corresponds, within Parand, to
the ecoregions proposed by Olson et al. [84]—High Parand Atlantic forests (FES), Serra do Mar
coastal forests (FOD) and Araucaria moist forests (EGL + FOM). Also, they are compatible
with biogeographical areas proposed for other non-vertebrate taxa [85], i.e., three provinces
within the Parana sub-region—Parand Forest (FES), Brazilian Atlantic Forest (FOD) and Arau-
caria angustifolia Forest (EGL + FOM). These vegetation types are included within Brazils
Atlantic Forest biodiversity hotspot [86], [87].

Associations between FES and FOD and between FES and FOM presented the second and
third highest number of indicator (23 and 12, respectively) and exclusive species (3 and 2,
respectively) among the pairs of vegetation types. Geographical proximity and the presence of
large ecotone areas between FES and FOM [39], [51] might explain this association. However,
the discontinuity between FES and FOD in Parana [39], [51] suggests that the occurrence of
indicator and exclusive species for these two vegetation types is related to other factors-both
ecological and historical (e.g., dispersal history of vegetation types in southern Brazil, see [88],
[89]). Given that processes in ecological systems are highly dependent on spatial scale [90],
[91], [92], future studies using different sample unit sizes and/or different subdivisions of vege-
tation types should be conducted to evaluate how the spatial scale of analysis affects our under-
standing of the relationship between species and environments.

The percentage of extinct species in each vegetation type, including CS data, ranged from
0% in SA to 3.6% in FES. The absence of extinction events in SA can be associated with the
small representation of this vegetation type [39], [51] and with the small number of studies
conducted in this area, especially before 1990 (see S2 Table). Considering habitat loss to be a
major cause of rising global extinction rates [93], [94], [95], [96], the highest percentage of
extinct species in FES can be associated with accentuated suppression and fragmentation of
this forest compared with other vegetation types [51], [97]. The areas occupied by FES are
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characterized by flat reliefs and fertile soil [51], which contributed to the almost total conver-
sion of this forest into agricultural lands.

Similarly, the highest percentage of extinct species from 1960 to 1989 can be associated with
accentuated suppression and fragmentation of the forests during this time period, compared
with 1990-2015 [51], [52], [97]. In 1960-1989 from 65% to 85% of the forest had been sup-
pressed [51], [52], and in 1990-2015 from 85% to 88% of the forest had been suppressed [53],
[97]. Therefore, the time period from 1960 to 1989 is characterized by reaching and surpassing
the percentage of forest cover at nearly the extinction threshold (i.e., around 30% of natural
vegetation cover [54]), and a higher number of extinctions is expected in the 1960-1989 time
period. Rates of local extinction increase as forest cover is reduced, when dispersal between
fragments become highly limited by distance among remnants [54]. Studies with different tax-
onomic groups and in different parts of the world indicate that this is especially important in
landscapes with less than 30% of their natural cover [98], [99], [100], [101], wherein the aver-
age distance between the fragments increases exponentially with habitat loss [54].

The current conservation status of the bird communities in Parana - 69 threatened species
[102]—added to the high level of threat and a large number of species and rate of endemism in
the Atlantic Forest [86], reinforce that the vegetation types analyzed in the study area are some
of the most threatened in the world [86], [87], [103].According to the International Union for
Conservation of Nature (IUCN) [104], among the 25 species considered regionally extinct
(BM+CS), four are categorized as threatened and 21 as least concern species at the time of this
study. Also, according to local threatened species lists [102], nine are categorized as threatened
and 16 as non-threatened species (i.e., near threatened, data deficient or not evaluated). The
fact that the vast majority of the species are non-threatened suggests that the effects of land-
scape modifications are so pronounced that not only rare and admittedly threatened species
are becoming locally or regionally extinct, but all species are being affected to some extent.
Furthermore, considering the extent of these modifications, it can be expected that other non-
bird taxa are also affected.

Among those species considered regionally extinct, a caveat should be made concerning
migratory species and those whose geographical distribution only marginally encompass the
state within the indicated vegetation types (S8 Table). The absence of recent records for these
species may be associated with the irregular specimen occurrence (i.e., with a small chance of
detection), and not due to local or regional extinction events. The inclusion of CS data altered
the number of species considered regionally extinct (48 BM to 25 BM+CS) and extinct in the
state (12 BM to 10 BM+CS), demonstrating a failure of traditional scientific references data
alone to truly represent species’ occurrences in a timely manner, and reinforcing the impor-
tance of CS for accurate bird assessments in the state.

Of the 14 species classified as recently-colonizing, 13 had records in FES (Aratinga nenday,
Buteo nitidus, Campylorhynchus turdinus, Fluvicola nengeta, Gampsonyx swainsonii, Icterus
croconotus, Myiopsitta monachus, Myiozetetes cayanensis, Paroaria dominicana, Rhea ameri-
cana, Saltator coerulescens, Schistochlamys melanopis and Tyrannus albogularis), five in FOM
(Fluvicola nengeta, Gampsonyx swainsonii, Myiopsitta monachus, Theristicus caerulescens and
Tyrannus albogularis), two in SA (Schistochlamys melanopis and Gampsonyx swainsonii), and
one in EGL (Myiopsitta monachus) and FOD (Fluvicola nengeta). Whereas the original distri-
butions of these species cover regions to the north and/or west of the state, and in the case of
Myiopsitta monachus, Rhea americana, Theristicus caerulescens and Saltator coerulescens also to
the south of Parana [63], we identified a colonization trend, which has been occurring in the
north-south direction, and more so in the northwest portion of the state. These species are
commonly associated with open habitats (grasslands, savannas and wetlands) or areas with
vegetation in the early stages of development and are found in the western, northwestern and
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northern Parana, where original forest cover (FES) has been replaced by pastures and planta-
tions. Such environments offer conditions that allow the establishment of new populations,
increasing the species’ distribution area, especially for species that are able to exploit anthropo-
genic environments [105], [106], [107]. Still, recent expansions may also be associated with
climate processes such as global warming [108], which allows lower latitudes and warmer cli-
mate taxa to expand their distributions to higher latitudes, previously inaccessible due to origi-
nally cooler weather [109], [110], [111], [112]. This pattern may corroborate the fact that
observed colonization has occurred in the north-south direction, even though open habitats
and species associated with them are also present in neighboring regions south of Parand [84].

We expect that other bird species associated with open habitats, and also occurring north
and northwest of Parana, may colonize the state in the future. These colonization events
should follow an expansion path from the boundaries of these species’ distribution, as a
response to climate (i.e., global warming, see [108], [113], [114]), and habitat change (i.e., FES
in Parana) mediated by human action ("Leading-edge dispersal", [115]). Species with large dis-
tributions, high local abundance, with small body sizes, high fertility, high genetic variability,
rapid dispersion rates and presenting commensalism with humans [116], [105], fall into this
category and should be given special attention in future studies. This colonization process can
contribute to the population reduction of native species populations by predation, competi-
tion, disease transmission and other problems related to biological invasions, aggravating the
conservation status of the local avifauna and especially of endangered and endemic species
[117], [118], [119], [120].

Some of the species considered as presenting local population expansion do not allow a
direct interpretation of population growth based on the increase in record numbers. This is
particularly true for species of conservation interest, as it could be just reflecting species over-
sampling (i.e., increased effort to record certain species, greater than the average effort for a
given vegetation type). Threatened species (i.e., Aburria jacutinga, Carpornis melanocephala,
Ramphastos vitellinus, and Sporophila frontalis) and uncommon species in the state (e.g., Falco
peregrinus, Ramphocaenus melanurus, Spizaetus tyrannus) are examples of apparent local pop-
ulation expansion probably related to oversampling. Among birds classified as native invasive
species there are many that thrive in anthropic areas (e.g., Coragyps atratus, Patagioenas pica-
zuro, Rupornis magnirostris, Sicalis flaveola, Tyrannus melancholicus, Vanellus chilensis,
Zenaida auriculata, Zonotrichia capensis; see [121]), including pastures, plantations and urban
zones [25], [26]. In addition, four species known to tolerate some degree of disturbance, but
not primarily associated to altered areas, were also listed as native invasive species: Emberi-
zoides herbicola, Nyctibius griseus, Pachyramphus validus and Xenops rutilans.

The largest number of native invasive species in FES (45 species; BM+CS), followed by
FOM (34, BM+CS) and EGL (30, BM+CS), may be related to the replacement of many of these
formations by anthropogenic environments (pastures and crops) favoring their occupation by
generalist birds [107], [121]. On the other hand, the lowest number of native invasive species
in FOD (18 species; BM+CS) may reflect the higher degree of conservation of this vegetation
type within the state [97].

The lists of regionally extinct, native and non-native invasive species is an important first
step in understanding the processes leading to bird community changes [29]. A more detailed
examination of the effects of habitat loss on birds is necessary to characterize the changes in spe-
cies composition over time. Another aspect yet to be evaluated is the gradual replacement of
regionally distinct communities (composed of many endemic species) by cosmopolitan com-
munities, and how these changes may lead to increased similarity between vegetation types over
time (i.e., biotic homogenization; [122], [105], [123]). The numbers of extinct, native and non-
native invasive species observed in this study are indicative of this process, which is intensified
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with the reduction of natural environments mediated by human action. Habitat reduction can
affect animal populations in many ways, especially reducing resource availability, such as food
and nest-site sources [124], as well as modifying the behavior and distribution of territorial spe-
cies. These changes can also favor the colonization of altered habitats by generalist birds that
can cope and benefit from the new conditions imposed by anthropogenic action [125].

Avifaunal knowledge level

Despite the fact that bird sampling efforts in the state were initiated over two centuries ago, the
level of knowledge within microregions is quite heterogeneous. The lack of formal studies and,
consequently, bird records in certain regions, when compared to other well-sampled areas, is
evidence of this heterogeneity. The inclusion of CS data decreases this difference, reinforcing
the importance of citizen scientists as sources of information, and pointing out that using mul-
tiple sources for species occurrence and distribution analyses is crucial [18].

First documentation for many species in the state have been obtained by citizens, as is the
case for Myiopsitta monachus [126] and Theristicus caerulescens [127] in the micro region of
Cascavel; Myiozetetes cayanensis in Capanema [128], Contopus cooperi in Prudentépolis [129]
Sporophila ruficollis in Maringa [130], Tyrannus albogularis in Apucarana [131] and Paroaria
dominicana in Jacarezinho [132], all available through Wiki Aves [27]. These examples dem-
onstrate the importance of using CS data to characterize bird species composition of vast
regions, especially in the Neotropics. Furthermore, this source of data can provide quicker bio-
diversity assessments, compared to data from traditional scientific references, and could be a
particularly important tool when rapid decisions are needed (e.g., conservation actions).

The inclusion of CS data significantly alters the level of knowledge about birds, not only at
the microregions level but throughout the state—from Low (BM) to High (BM+CS). The fill-
ing of information gaps in regions that had been under sampled by traditional research is one
of the main contributions made by CS, which is especially important for studies that focus on
species distribution and biogeography. The effect of using these data for large areas and with
great biodiversity, as pointed out by [18], [19] and [23], was hereby confirmed. Nevertheless,
even after the inclusion of this information, there are still microregions in Parana with Low
levels of knowledge. Bird species composition within these regions (Assai, Cianorte, Faxinal,
Florai, Goioeré, Ibaiti, Pitanga and Wenceslau Braz) should be considered insufficiently
known, deserving special attention of both researchers and citizens.

As a result of including CS, we can build a more realistic picture of the avifaunal composi-
tion in the state, compared to one that uses only data from traditional scientific references
(technical literature and museum collections). This is evinced in the increased number of spe-
cies in each microregion, in the whole state and in vegetation types individually found when
including CS data. In addition, logistical and financial inability to carry out systematic sam-
pling over large areas, especially in highly diverse regions such as the Neotropics, make the
work of citizens, as demonstrated here, even more valuable.

Conclusions

Our data indicated the presence of characteristic bird communities in three regions of Parana
state, covering the areas occupied by FES; FOD; and EGL + FOM. Among them, FES lost
more species (local extinct species), and received more recently-colonizing and native invasive
species compared to other vegetation types. This scenario reflects the intense forest loss that
occurred in this region, resulting in a remarkable change of its birdlife. This change may be
leading to a growing and irreversible process of biotic homogenization, increasing similarity
with other typologies and reducing beta diversity. Still, the large number of indicator species in
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FES, and the presence of birds that are unique to it within the state, raises particular concern
about the conservation of forest remnants of this vegetation type.

Parand’s avifaunal knowledge significantly increased in the last decade and especially over
the past five years, with many contributions of citizens (birdwatchers and nature photogra-
phers) documenting ornithological records. The production of such data and its unrestricted
availability makes CS a very important and extremely useful tool that provides new informa-
tion and contributes to close knowledge gaps about the occurrence and distribution of numer-
ous species.

Supporting information

S1 Table. Natural history museums from which data was used to build the Parana state
bird database.
(DOCX)

S2 Table. Literature references used to build the Parana state bird database.
(DOCX)

$3 Table. Primary and secondary (within square brackets) lists of species with records in
Parana state, indicating the number of records in each vegetation type (see also S1 Table
and S1 Table). Notes: I-introduced non-native species with recently estabilished populations
in the state; C-recently-colonizing species; N-species included in our primary and secondary
lists but not mentioned in Scherer-Neto et al. [17]; N(S)-species included in our primary and
secondary lists, and mentioned in the terciary list of Scherer-Neto et al. [17]; SP-species trans-
ferred from the secondary list of Scherer-Neto et al. [17] to our primary list. Environments
and Vegetation types: MAR-Seabirds; EGL-Grassland; FES-Semideciduous Tropical Forest;
FOD-Tropical Rainforest; FOM-Araucaria Moist Forest; SA-Savanna. Source: WA-Wiki
Aves database. Nomenclature and taxonomic order follow CBRO [35].

(DOCX)

$4 Table. Terciary list of bird species in the state of Parana. Vegetation types of records
(when available): EGL-Grassland; FES-Semideciduous Tropical Forest; FOD-Tropical Rain-
forest; FOM-Araucaria Moist Forest; SA-Savanna. Comments: “probably misidentification”
and “probably scaped” are based on Klemann-Junior personal observations. Nomenclature
and taxonomic order follow CBRO [35]. * Escaped from captivity, established population con-
firmation is required.

(DOCX)

S5 Table. Individual occurrences that need further documentation in the vegetation types
listed and were thus excluded from our database due to being displaced from their known
geographic distribution within the Parana state. Vegetation types: EGL-Grassland; FES-
Semideciduous Tropical Forest; FOD-Tropical Rainforest; FOM-Araucaria Moist Forest;
SA-Savanna. Actual taxon: misidentifications were corrected following author’s knowledge
and expertise in Parana avifauna, and/or when misidentifications were obvious given the habi-
tat preferences among congeners. Comments: distributions based on [27], [61].

(DOCX)

S6 Table. Years with bird records in each vegetation type in Parana state considering only
data from traditional scientific references (BM), and including CS data (BM+CS). Vegeta-
tion types: EGL-Grassland; FES-Semideciduous Tropical Forest; FOD-Tropical Rainforest;
FOM-Araucaria Moist Forest; SA-Savanna.

(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 20/27


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s006
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

S7 Table. Indicator species and their Indicator Values (IndVal) in each vegetation type in
Parana state followed by specificity, fidelity and p-values considering only data from tradi-
tional scientific references (BM), and including CS data (BM+CS). Vegetation type: EGL-
Grassland; FES-Semideciduous Tropical Forest; FOD-Tropical Rainforest; FOM-Araucaria
Moist Forest; SA-Savanna. The total number of species in each vegetation type is presented
within brackets.

(DOCX)

S8 Table. Extinct species in each vegetation type in Parana state considerding only data
from traditional scientific references (BM) and including CS data (BM+CS). *Species
extinct in the state of Parana. Excluded species: ' Species of marginal occurrence in shown veg-
etation type. > Migrants, partial migrants and species that perform seasonal dispersal, nomadic
or other with poorly known mobility [61]. ® Seabirds. Vegetation type: EGL-Grassland; FES—
Semideciduous Tropical Forest; FOD-Tropical Rainforest; FOM-Araucaria Moist Forest.
Species are organized in alphabetical order. Global and of Parana state (PR) threat categories
of the species, according to IUCN [96] and Straube et al. [94]: LC-Least Concern; NT-Near
Threatened; VU-Vulnerable; EN-Endangered; CR-Critically Endangered; RE-Regionally
Extinct; DD-Data Deficient; - -Not Evaluated.

(DOCX)

S9 Table. Species that show local population increases and native invasive species (regional
population and geographic distribution increases) in each vegetation type in Parana state
considering only data from traditional scientific references (BM), and including CS data
(BM+CS). Vegetation type (Veg. type): EGL-Grassland; FES-Semideciduous Tropical Forest;
FOD-Tropical Rainforest; FOM-Araucaria Moist Forest.

(DOCX)

S10 Table. Level of avifaunal knowledge in Parana state. Number of records, species, sources
of information and sites per microregions in Parana considering only data from traditional sci-
entific references (BM), and including CS data (BM+CS). Microregions are presented in alpha-
betical order.

(DOCX)

Acknowledgments

We appreciate the improvements in English usage made by Peter Lowther through the Associ-
ation of Field Ornithologists’ program of editorial assistance. We thank the Brazilian National
Council for Scientific and Technological Development (CNPq) for providing constant finan-
cial support. JRSV thanks the National Council for Scientific and Technological Development
(CNPq) for providing the Research Productivity grants.

Author Contributions
Conceptualization: Louri Klemann-Junior, Pedro Scherer-Neto, Jean Ricardo Simoes Vitule.
Data curation: Louri Klemann-Junior.

Formal analysis: Louri Klemann-Junior, Marcelo Alejandro Villegas Vallejos, Pedro Scherer-
Neto, Jean Ricardo Simdes Vitule.

Methodology: Louri Klemann-Junior, Marcelo Alejandro Villegas Vallejos, Pedro Scherer-
Neto, Jean Ricardo Simdes Vitule.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 21/27


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188819.s010
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

Writing - original draft: Louri Klemann-Junior, Marcelo Alejandro Villegas Vallejos, Pedro
Scherer-Neto, Jean Ricardo Simées Vitule.

Writing - review & editing: Louri Klemann-Junior, Marcelo Alejandro Villegas Vallejos, Jean
Ricardo Simées Vitule.

References

1. Pelzeln A. von. Zur ornithologie Brasiliensis. Resultate von Johann Natterers Reisen in den Jahren
1817 bis 1835. Viena, Witwe & Sohn; 1871.

2. Chrostowski T. Kolekcja ornitologiczna ptakéw paranskich. CR Soc Scient Var. 1912; 5:452-500.

3. Tossulino MGP, Margarido TCC, Straube FC, Moura-Leite JC de, Morato SAA., Bérnils RS, et al.
Lista vermelha de animais ameagados de extingdo no Estado do Parana. Curitibba, SEMA/GTZ;
1995.

4. Straube FC, Scherer-Neto P; Historia da Ornitologia no Parana, Straube FC ED. Ornitologia sem fron-
teiras, incluindo os Resumos do IX Congresso Brasileiro de Ornitologia (Curitiba, 22 a 27 de julho de
2001). Curitiba, Fundagéo O Boticério de Protecdo a Natureza; 2001:43-116.

5. Mikich SB, Bérnils RS. Livro Vermelho da Fauna Ameagada no Estado do Parana. Curitiba: Instituto
Ambiental do Parana & Mater Natura; 2004.

6. Staden H. Duas viagens ao Brasil (1547—-1555). Tradugédo de Guiomar de C.Franco. Sao Paulo,
EDUSP. Vol. 17. Colecédo Reconquista do Brasil; 1988.

7. Cabezade Vaca AN. Naufragios y comentarios. Madri, Calpe; 1922.

8. Straube FC. Contribuicdo ao conhecimento da avifauna da regido sudoeste do Estado do Parana
(Brasil). Biotemas. 1988; 1(1):63-75.

9. Straube FC, Bornschein MR, Scherer-Neto P. Coletanea da avifauna da regido noroeste do Estado
do Parana e areas limitrofes (Brasil). Arq Biol Tecnol. 1996; 39(1):193-214.

10. Anjos L, Bocon R. Bird communities in natural forest patches in southern Brazil. Wilson Bull. 1999;
111(3):397-414

11. Poletto F, Anjos L, Lopes EV, Volpato GH, Serafini PP, Favaro FL. Caracterizagdo do microhabitat e
vulnerabilidade de cinco espécies de arapacus (Aves: Dendrocolaptidae) em fragmento florestal do
norte do estado do Parana, sul do Brasil. Ararajuba. 2004; 12(2):89-96

12. Scherer-Neto P, Straube FC. Aves do Parana: histéria, lista anotada e bibliografia. Campo Largo,
Logos Press; 1995.

13. Straube FC. Ruinas e urubus: Histéria da Ornitologia no Parand. Periodo Pré-Nattereriano (1541 a
1819). Curitiba, Hori Consultoria Ambiental. Hori Cadernos Técnicos n° 3; 2011.

14. Straube FC. Ruinas e urubus: Histdria da Ornitologia no Parana. Periodo de Natterer, 1 (1820 a
1834). Curitiba, Hori Consultoria Ambiental. Hori Cadernos Técnicos n° 5; 2012.

15. Straube FC. Ruinas e urubus: Histdria da Ornitologia no Parana. Periodo de Natterer, 2 (1835 a
1865). Curitiba, Hori Consultoria Ambiental. Hori Cadernos Técnicos n° 6; 2013.

16. Straube FC. Ruinas e urubus: Histdria da Ornitologia no Parana. Periodo de Natterer, 3 (1866 a
1900). Curitiba, Hori Consultoria Ambiental. Hori Cadernos Técnicos n° 8; 2014.

17. Scherer-Neto P, Straube FC, Carrano E, Urben-Filho A. Lista das aves do Parana: edigdo comemora-
tiva do Centenario da Ornitologia do Parana. Curitiba: Hori Consultoria Ambiental; 2011.

18. Lepczyk CA. Integrating published data and citizen science to describe bird diversity across a land-
scape. J Appl Ecol. 2005; 42(4):672—-677.

19. Devictor V, Whittaker RJ, Beltrame C. Beyond scarcity: citizen science programmes as useful tools for
conservation biogeography. Divers Distrib. 2010; 16(3):354—-362.

20. Crall AW, Jordan R, Holfelder K, Newman GJ, Graham J, Waller DM. The impacts of an invasive spe-
cies citizen science training program on participant attitudes, behavior, and science literacy. Public
Underst Sci. 2013; 22(6):745-764. https://doi.org/10.1177/0963662511434894 PMID: 23825234

21. Roy HE, Rorke SL, Beckmann B, Booy O, Botham MS, Brown PMJ, et al. The contribution of volunteer
recorders to our understanding of biological invasions. Biol J Linn Soc. 2015; 115(3):678-689.

22. Lepczyk CA, Boyle OD, Vargo TL, Gould P, Jordan R, Liebenberg L, et al. Citizen science in ecology:
the intersection of research and education. Bull Ecol Soc Am. 2009; 90(3):308-17.

23. Dickinson JL, Zuckerberg B, Bonter DN. Citizen science as an ecological research tool: challenges

and benefits. Annu Rev Ecol Evol Syst. 2010; 41:149-72.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 22/27


https://doi.org/10.1177/0963662511434894
http://www.ncbi.nlm.nih.gov/pubmed/23825234
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44.

45.

46.

47.

48.

49.

Straube FC, Vallejos MAV, Deconto LR, Urben-Filho A. IPAVE- 2012: inventario participativo das
aves do Parana. Curitiba: Hori Consultoria Ambiental; 2013.

Straube FC, Carrano E, Santos REF, Scherer-Neto P, Ribas CF, Meijer AAR, et al. Aves de Curitiba:
coletanea de registros. 22 Edigdo. Curitiba: Hori Consultoria Ambiental; 2014.

Vallejos MAV, Padial AA, Vitule JRS. Human-induced landscape changes homogenize Atlantic Forest
bird assemblages through nested species loss. PLOS ONE. 2016; 11(2):e0147058. hitps://doi.org/
10.1371/journal.pone.0147058 PMID: 26840957

Wiki Aves [Internet]. Wiki Aves—A Enciclopédia das Aves do Brasil. [cited 2016 Feb 17]. Available
from: http://www.wikiaves.com.

Straube FC, Di Giacomo A. A avifauna das regides subtropical e temperada do Neotrdpico: desafios
biogeograficos. Ciéncia & Ambiente. 2007; 35:137—166.

Magurran AE. How ecosystems change: Conservation planning must accommodate changes in eco-
system composition to protect biodiversity. Science. 2016; 351(6272):448—449. https://doi.org/10.
1126/science.aad6758 PMID: 26823412

eBird [Internet]. eBird. [cited 2016 Feb 17]. Available from: http://ebird.org.

Téxeus [Internet]. Taxeus: Listas de espécies. [cited 2016 Feb 17]. Available from: http://www.taxeus.
com.br.

Paynter RA, Traylor MA. Ornithological gazetteer of Brazil. Cambridge: Harvard University Press;
1991.

Vanzolini PE. A supplement to the Ornithological gazetteer of Brazil. Sdo Paulo: Museu de Zoologia
da Universidade de Sao Paulo; 1992.

Piacentini VQ, Aleixo A, Agne CE, Mauricio GN, Pacheco JF, Bravo GA, et al. Annotated checklist of
the birds of Brazil by the Brazilian Ornithological Records Committee / Lista comentada das aves do
Brasil pelo Comité Brasileiro de Registros Ornitoldgicos. Brazilian Journal of Ornithology; 2015. 23
(2):290-298.

CBRO—Comité Brasileiro de Registros Ornitologicos [Internet]. Lista das aves do Brasil. 11a edigao:
1° de janeiro de 2014; 2014. [cited 2015 Aug 17]. Available from: http://www.cbro.org.br.

Pinto OMO. Catalogo das Aves do Brasil e lista dos exemplares que as representam no Museu Pau-
lista. Rev Mus Paulista. 1938; 22:1-566.

Pinto OMO. Catalogo das Aves do Brasil. Pt.2. Passeriformes. S&o Paulo: Publicagdes do Departa-
mento de Zoologia, Secretaria de Agricultura, Industria e Comércio; 1944,

Pinto OMO. Novo Catélogo das Aves do Brasil: primeira parte: Aves néo Passeriformes e Passeri-
formes nao Oscines, com exclusdo da familia Tyrannidae. Sao Paulo, Empresa Grafica da Revista
dos Tribunais; 1978.

ITCG—Instituto de Terras, Cartografia e Geociéncias [Internet]. Mapa Fitogeografico do estado do
Parana 1989/1990; 1990. [cited 2015 Aug 17]. Available from: http://www.itcg.pr.gov.br.

QGIS Development Team. QGIS Geographic Information System. Open Source Geospatial Founda-
tion; 2009. [cited 2016 Fev 17]. Available from: http://qgis.osgeo.org.

Anderson MJ. A new method for non-parametric multivariate analysis of variance. Austral Ecol. 2001;
26(1):32—46.

Raup DM, Crick RE. Measurement of faunal similarity in paleontology. J Paleontol. 1979; 53(5):1213—
1227.

Anderson MJ, Crist TO, Chase JM, Vellend M, Inouye BD, Freestone AL, et al. Navigating the multiple
meanings of beta diversity: a roadmap for the practicing ecologist. Ecol Lett. 2011; 14(1):19-28.
https://doi.org/10.1111/j.1461-0248.2010.01552.x PMID: 21070562

Gower JC. Some distance properties of latent root and vector methods used in multivariate analysis.
Biometrika. 1966; 53(3/4):325-338.

Céceres M, Legendre P. Associations between species and groups of sites: indices and statistical
inference. Ecology. 2009; 90(12):3566—-3574. PMID: 20120823

Dufréne M, Legendre P. Species assemblages and indicator species: the need for flexible asymmetri-
cal approach. Ecol Monogr. 1997; 67(3):345-366.

R Core Development Team. R: a language and environment for statistical computing. Vienna: R
Foundation for Statistical Computing; 2012.

Céceres M, Legendre P, Moretti M. Improving indicator species analysis by combining groups of sites.
Oikos. 2010; 119(10):1674-1684.

Caceres M. How to use the indicspecies package (ver. 1.7.1). Tutorial; 2013.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 23/27


https://doi.org/10.1371/journal.pone.0147058
https://doi.org/10.1371/journal.pone.0147058
http://www.ncbi.nlm.nih.gov/pubmed/26840957
http://www.wikiaves.com
https://doi.org/10.1126/science.aad6758
https://doi.org/10.1126/science.aad6758
http://www.ncbi.nlm.nih.gov/pubmed/26823412
http://ebird.org
http://www.taxeus.com.br
http://www.taxeus.com.br
http://www.cbro.org.br
http://www.itcg.pr.gov.br
http://qgis.osgeo.org
https://doi.org/10.1111/j.1461-0248.2010.01552.x
http://www.ncbi.nlm.nih.gov/pubmed/21070562
http://www.ncbi.nlm.nih.gov/pubmed/20120823
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

ITCG—Instituto de Terras, Cartografia e Geociéncias [Internet]. Mapa de Uso do Solo do Parana
2001/2002; 2002. [cited 2015 Aug 17]. Available from: http://www.itcg.pr.gov.br.

Maack R. Geografia fisica do estado do Parana. Ed. Olympio José, Rio de Janeiro; Universidade
Federal do Parana, Curitiba; 1981.

Gubert-Filho FA. O Desflorestamento do Estado do Parana em Um Século. Anais da Conferencia do
Mercosul sobre Meio Ambiente e Aspectos Transfronteiricos. Curitiba: Instituto Ambiental do Parana;
1993. p. 61-69.

ITCG—Instituto de Terras, Cartografia e Geociéncias [Internet]. Mapa de Uso do Solo do Parana
1989/1990; 1990. [cited 2015 Aug 17]. Available from: http://www.itcg.pr.gov.br.

Andren H. Effects of habitat fragmentation on birds and mammals in landscapes with different propor-
tions of suitable habitat: A review. Oikos. 1994; 71(3):355-366.

Gascon C, Lovejoy TE, Bierregaard-Junior RO, Malcolm JR, Stouffer PC, Vasconcelos HL, Laurance
WF, Zimmerman B, Tocher M, Borges S. Matrix habitat and species richness in tropical forest rem-
nants. Biol Conserv. 1999(2-3); 91:223-229.

Prevedello JA, Vieira MV (2010) Does the type of matrix matter? A quantitative review of the evidence.
Biodivers Conserv. 19(5):1205-1223.

Valéry L, Fritz H, Lefeuvre J-C, Simberloff D. Invasive species can also be native. .. Trends Ecol Evol.
2009a; 24(11):585.

Valéry L, Fritz H, Lefeuvre J-C, Simberloff D. Ecosystem-level consequences of invasions by native
species as a way to investigate relationships between evenness and ecosystem function. Biol Inva-
sions. 2009b; 11(3):609-617.

Colwell RK, Mao CX, Chang J. Interpolating, extrapolating, and comparing incidence-based species
accumulation curves. Ecology. 2004; 85(10):2717-2727.

Hammer O, Harper DAT, Rian PD. Past: Paleontological statistics software package for education and
data analysis [Internet]. Version. 1.37; 2001. [cited 2014 Nov 12]. Available from: http://palaeo-
electronica.org/2001_1/past/issue1_01.htm.

IBGE—Instituto Brasileiro de Geografia e Estatistica [Internet]. Microrregides do Brasil; 2010. [cited
2015 Set 10]. Available from: http://www.forest-gis.com.

Jenks GF. 1967. The data model concept in statistical mapping. International Yearbook of Cartogra-
phy. 1967; 7:186—190.

del Hoyo J, Elliott A, Sargatal J, Christie DA; de Juana E, editors. Handbook of the birds of the world
alive. Lynx Edicions, Barcelona; 2014.

Pelzeln A von. Uber neue Arten der Gattungen Synallaxis, Anabates und Xenops in der kais. Ornitolo-
gischen Sammlung nebst auszungen aus Johann Natterer’s nachgelassenen Notizen— Uber die von
ihm Brasilien gesammelten arten der subfamilien: Furnariinae und Synallaxinae. Sitzungsber Kaiserl
Akad Wiss,Wien. 1959; 34:99—-137.

Freeman SN, Noble DG, Newson SE, Baillie SR. Modelling population changes using data from differ-
ent surveys: the common birds census and the breeding bird survey. Bird Study. 2007; 54(1):61-72.

Link WA, Sauer JR. Seasonal components of avian population change: joint analysis of two large-
scale monitoring programs. Ecology. 2007; 88(1):49-55. PMID: 17489453

Link WA, Sauer JR, Niven DK. Combining breeding bird survey and Christmas Bird Count data to eval-
uate seasonal components of population change in Northern Bobwhite. J Wildl Manag. 2008; 72
(1):44-51.

Zuckerberg B, Porter WF, Corwin K. The consistency and stability of abundance-occupancy relation-
ships in large-scale population dynamics. J Anim Ecol. 2009; 78(1):172-81. https://doi.org/10.1111/j.
1365-2656.2008.01463.x PMID: 18717742

Anjos L, Schuchmann KL. Biogeographical affinities of the avifauna of the Tibagi river basin, Parana
drainage system, southern Brazil. Ecotropica. 1997; 3:43-65.

Anjos L. Bird communities in five Atlantic forest fragments in southern Brazil. Ornitol Neotrop. 2001; 12
(1):11-27.

Anjos L. Forest bird communities in the Tibagi River Hydrographic Basin, southern Brazil. Ecotropica.
2002; 8(1):67-79.

Volpato GH, Anjos L, Mendonca LB, Lopes EV, Berndt RA. Aves da Fazenda Monte Alegre: Um
Estudo da Biodiversidade. Londrina: EDUEL; 2009.

Vallejos MAV, Morimoto D. The importance of data verification: Unchecked errors in basic natural his-
tory sampling may greatly impair conservation research. Biol Conserv. 2012; 157:437—438.

Silva JMC, Sousa MC, Castelletti CHM. Areas of endemism for passerine birds in the Atlantic forest,
South America. Global Ecol Biogeogr. 2004; 13(1):85-92.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 24/27


http://www.itcg.pr.gov.br
http://www.itcg.pr.gov.br
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://www.forest-gis.com
http://www.ncbi.nlm.nih.gov/pubmed/17489453
https://doi.org/10.1111/j.1365-2656.2008.01463.x
https://doi.org/10.1111/j.1365-2656.2008.01463.x
http://www.ncbi.nlm.nih.gov/pubmed/18717742
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

75.
76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

96.

97.

98.

99.

100.

101.

Elton CS. Animal ecology. New York, Macmillan Co.; 1927.
Odum EP. Fundamentals of Ecology, second ed. Saunders, Philadelphia, Pennsylvania, USA. 1958.

Cody ML. Habitat selection in birds: The roles of vegetation structure, competitors, and productivity.
BioScience. 1981; 31(2):107-113.

Rotenberry JT. The role of habitat in avian community composition: physiognomy or floristics? Oecolo-
gia. 1985; 67(2):213-217. https://doi.org/10.1007/BF00384286 PMID: 28311311

Wardell-Johnson G, Williams M. Edges and gaps in mature karri forest, south-western Australia: log-
ging effects on bird species abundance and diversity. For Ecol Manag. 2000; 131(1-3):1-21.

Berry L. Edge effects on the distribution and abundance of birds in a southern Victorian forest. Wildl
Res. 2001; 28(3):239-245.

Backer J, French K, Whelan R. The edge effect and ecotonal species: bird communities across a natu-
ral edge in southeastern Australia. Ecology. 2002; 83(11):3048-3059.

Dewalt SJ, Maliakal SK, Denslow JS. 2003. Changes in vegetation structure and composition along a
tropical forest chronosequence: implications for wildlife. Forest Ecol Manag. 2003; 182(1-3):139-151.

Cracraft J. Historical biogeography and patterns of differentiation within the South America avifauna:
Areas of endemism. Ornithol Monogr. 1985; 36:49-84.

Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND, Powell GVN, Underwood E C, et al. Ter-
restrial ecoregions of the world: a new map of life on Earth. Bioscience. 2001; 51(11):933-938.

Morrone JJ. Biogeographic areas and transition zones of Latin America and the Caribbean Islands
based on panbiogeographic and cladistic analyses of the entomofauna. Annu Rev Entomol. 2006;
51:467-494. https://doi.org/10.1146/annurev.ento.50.071803.130447 PMID: 16332220

Myers N. Threatened Biotas: “Hot Spots” in Tropical Forests. Environmentalist. 1988; 8(3):187-208.
PMID: 12322582

Myers N, Mittermeier CG, Fonseca GAB, Kent J. Biodiversity hotspots for conservation priorities.
Nature. 2000; 403:853-858. https://doi.org/10.1038/35002501 PMID: 10706275

Rizzini CT. Nota prévia sobre a divisdo fitogeografica (floristico-socioldgica) do Brasil. R Bras Geogr.
1963; 25(1):3-64.

Rizzini CT. Tratado de fitogeografia do Brasil. 2nd ed. Rio de Janeiro: Ambito Cultural Edicdes Ltda;
1997.

Willis KJ, Whittaker RJ. Species diversity—scale matters. Science. 2002; 295(5558):1245—1248.
https://doi.org/10.1126/science.1067335 PMID: 11847328

Pearson RG, Dawson TP. Predicting the impacts of climate change on the distribution of species: are
bioclimate envelope models useful? Global Ecol Biogeogr. 2003; 12(5):361-371.

Eiserhardt WL, Svenning JC, Kissling WD, Balslev H. Geographical ecology of the palms (Arecaceae):
determinants of diversity and distributions across spatial scales. Ann Bot-London. 2011; 108(8):1391—
1416.

Purvis A, Jones KE, Mace GM. Extinction. Bioessays. 2000; 22(12):1123—-1133. https://doi.org/10.
1002/1521-1878(200012)22:12<1123::AID-BIES10>3.0.CO;2-C PMID: 11084628

Sodhi NS, Brook BW. Southeast Asian biodiversity in crisis, Cambridge University Press; 2006.

Brook BW, Sodhi NS, Bradshaw CJA. Synergies among extinction drivers under global change.
Trends Ecol Evol. 2008; 23(8):453—460. https://doi.org/10.1016/j.tree.2008.03.011 PMID: 18582986

Loehle C, Eschenbach W. Historical bird and terrestrial mammal extinction rates and causes. Divers
Distrib. 2012; 18(1):84-91.

Fundagdo SOS Mata Atlantica [Internet]. Atlas dos remanescentes florestais da Mata Atlantica. Peri-
odo 2012-2013; 2014. [cited 2015 Dec 15]. Available from: http://www.sosmataatlantica.org.br.

Lindenmayer DB, Fischer J, Cunningham RB. Native vegetation cover thresholds associated with spe-
cies responses. Biol Conserv. 2005; 124(3):311-316. https://doi.org/10.1016/j.biocon.2005.01.038

Pardini R, Bueno ADA, Gardner T, Prado Pl, Metzger JP. Beyond the fragmentation threshold hypoth-
esis: regime shifts in biodiversity across fragmented landscapes. PLOS ONE. 2010; 5(10):e13666.
https://doi.org/10.1371/journal.pone.0013666 PMID: 21060870

Suarez-Rubio M, Wilson S, Leimgruber P, Lookingbill T. Threshold responses of forest birds to land-
scape changes around exurban development. PLOS ONE. 2013; 8(6):€67593. https://doi.org/10.
1371/journal.pone.0067593 PMID: 23826325

Lima MM, Mariano-Neto E. Extinction thresholds for Sapotaceae due to forest cover in Atlantic Forest
landscapes. Forest Ecol Manag. 2013; 312:260-270.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 25/27


https://doi.org/10.1007/BF00384286
http://www.ncbi.nlm.nih.gov/pubmed/28311311
https://doi.org/10.1146/annurev.ento.50.071803.130447
http://www.ncbi.nlm.nih.gov/pubmed/16332220
http://www.ncbi.nlm.nih.gov/pubmed/12322582
https://doi.org/10.1038/35002501
http://www.ncbi.nlm.nih.gov/pubmed/10706275
https://doi.org/10.1126/science.1067335
http://www.ncbi.nlm.nih.gov/pubmed/11847328
https://doi.org/10.1002/1521-1878(200012)22:12<1123::AID-BIES10>3.0.CO;2-C
https://doi.org/10.1002/1521-1878(200012)22:12<1123::AID-BIES10>3.0.CO;2-C
http://www.ncbi.nlm.nih.gov/pubmed/11084628
https://doi.org/10.1016/j.tree.2008.03.011
http://www.ncbi.nlm.nih.gov/pubmed/18582986
http://www.sosmataatlantica.org.br
https://doi.org/10.1016/j.biocon.2005.01.038
https://doi.org/10.1371/journal.pone.0013666
http://www.ncbi.nlm.nih.gov/pubmed/21060870
https://doi.org/10.1371/journal.pone.0067593
https://doi.org/10.1371/journal.pone.0067593
http://www.ncbi.nlm.nih.gov/pubmed/23826325
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

116.

117.

118.

119.

120.

121.

122,

123.

124.

Straube FC, Urben-Filho A, Kajiwara D. Aves. In: Mikich SB, Bérnils RS, editors. Livro Vermelho da
Fauna Ameacada no Estado do Parana; 2004. [cited 2016 Fev 17]. Available from: http://www.pr.gov.
br/iap.

Mittermeier RA, Myers N, Mittermeier CG. Hotspots: Earth’s Biologically Richest and Most Endan-
gered Terrestrial Ecoregions Conservation International. Graphic Arts Center Publishing Company;
2005. Available from: https://en.wikipedia.org/wiki/Special:BookSources/9789686397581.

IUCN. The IUCN Red List of Threatened Species. Version 2016—1. [cited 2016 Fev 17]. Available
from: http://www.iucnredlist.org.

McKinney ML, Lockwood JL. Biotic homogenization: a few winners replacing many losers in the next
mass extinction. Trends Ecol Evol. 1999; 14:450-453. PMID: 10511724

La Sorte FA, McKinney ML. Compositional changes over space and time along occurrence-abun-
dance continuum: anthropogenic homogenization of the North American avifauna. J Biogeogr. 2007;
34(12):2159-2167.

Bregman TP, Sekercioglu CH, Tobias JA. Global patterns and predictors of bird species responses to
forest fragmentation: Implications for ecosystem function and conservation. Biol Conserv. 2014;
169:372-383.

Gillings S, Balmer DE, Fuller RJ. Directionality of recent bird distribution shifts and climate change in
Great Britain. Glob Change Biol. 2015; 21(6):2155-2168

Walther GR, Post E, Convey P, Menzel A, Parmesan C, Beebee TJC., et al. Ecological responses to
recent climate change. Nature. 2002; 416(6879):389-395. https://doi.org/10.1038/416389a PMID:
11919621

Parmesan C, Yohe G. A globally coherent fingerprint of climate change impacts across natural sys-
tems. Nature. 2003; 421(6918):37—42. https://doi.org/10.1038/nature01286 PMID: 12511946

Tamis WLM, Van't Zelfde M, Van der Meijden R, De Haes HAU. Changes in vascular plant biodiversity
in the Netherlands in the 20th century explained by their climatic and other environmental characteris-
tics. Clim Change. 2005; 72(1):37-56.

Putten WHV, Macel M, Visser ME. Predicting species distribution and abundance responses to cli-
mate change: why it is essential to include biotic interactions across trophic levels. Phil Trans R Soc B.
2010; 365(1549):2025-2034. https://doi.org/10.1098/rstb.2010.0037 PMID: 20513711

Virkkala R, Lehikoinen A. Patterns of climate-induced density shifts of species: poleward shifts faster
in northern boreal birds than in southern birds. Glob Change Biol. 2014; 20(10):2995-30083.

Aue SK, King DI. Ecological and life-history traits explain recent boundary shifts in elevation and lati-
tude of western North American songbirds. Glob Ecol Biogeogr. 2014; 23(8): 867—875.

Wilson JRU, Dormontt EE, Prentis PJ, Lowe AJ, Richardson DM. Something in the way you move: dis-
persal pathways affect invasion success. Trends Ecol Evol. 2009; 24(3):136—144. https://doi.org/10.
1016/j.tree.2008.10.007 PMID: 19178981

Lockwood JL. Using taxonomy to predict success among introduced avifauna: relative importance of
transport and establishment. Conserv Biol. 1999; 13(3):560-567.

Freed LA, Cann RL. Negative effects of an introduced bird species on growth and survival in a native
bird community. Curr Biol. 2009; 19(20):1736—1740. https://doi.org/10.1016/j.cub.2009.08.044 PMID:
19765990

Lapointe NWR, Pendleton RM, Angermeier PL. Acomparison of approaches for estimating relative
impacts of nonnative fishes. Environ Manage. 2012; 499(1):82-95.

Vitule JRS, Freire CA, Vazquez DP, Nuiiez MA, Simberloff D. Revisiting the Potential Conservation
Value of Non-Native Species. Conserv Biol. 2012; 26(6):1153-1155. https://doi.org/10.1111/j.1523-
1739.2012.01950.x PMID: 23083005

Martin-Albarracin VL, Amico GC, Simberloff D, Nufiez MA. Impact of Non-Native Birds on Native Eco-
systems: A Global Analysis. PLOS ONE. 2015; 10(11):e0143070. https://doi.org/10.1371/journal.
pone.0143070 PMID: 26576053

Morante-Filho JC, Faria D, Mariano-Neto E, Rhodes J. Birds in anthropogenic landscapes: The
Responses of Ecological Groups to Forest Loss in the Brazilian Atlantic Forest. PLOS ONE. 2015; 10
(6):€0128928. https://doi.org/10.1371/journal.pone.0128923 PMID: 26083245

Vitousek PM, Mooney HA, Lubchenco J, Melillo JM. Human domination of Earth’s ecosystems. Sci-
ence. 1997; 277(5325):494—-499.

Olden JD, Rooney TP. On defining and quantifying biotic homogenization. Global Ecol Biogeogr.
2006; 15(2):113-120.

Morante-Filho JC, Faria D, Mariano-Neto E, Rhodes J. Birds in Anthropogenic Landscapes: The
Responses of Ecological Groups to Forest Loss in the Brazilian Atlantic Forest. PLOS ONE. 2015; 10
(6):€0128928. https://doi.org/10.1371/journal.pone.0128923 PMID: 26083245

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 26/27


http://www.pr.gov.br/iap
http://www.pr.gov.br/iap
https://en.wikipedia.org/wiki/Special:BookSources/9789686397581
http://www.iucnredlist.org
http://www.ncbi.nlm.nih.gov/pubmed/10511724
https://doi.org/10.1038/416389a
http://www.ncbi.nlm.nih.gov/pubmed/11919621
https://doi.org/10.1038/nature01286
http://www.ncbi.nlm.nih.gov/pubmed/12511946
https://doi.org/10.1098/rstb.2010.0037
http://www.ncbi.nlm.nih.gov/pubmed/20513711
https://doi.org/10.1016/j.tree.2008.10.007
https://doi.org/10.1016/j.tree.2008.10.007
http://www.ncbi.nlm.nih.gov/pubmed/19178981
https://doi.org/10.1016/j.cub.2009.08.044
http://www.ncbi.nlm.nih.gov/pubmed/19765990
https://doi.org/10.1111/j.1523-1739.2012.01950.x
https://doi.org/10.1111/j.1523-1739.2012.01950.x
http://www.ncbi.nlm.nih.gov/pubmed/23083005
https://doi.org/10.1371/journal.pone.0143070
https://doi.org/10.1371/journal.pone.0143070
http://www.ncbi.nlm.nih.gov/pubmed/26576053
https://doi.org/10.1371/journal.pone.0128923
http://www.ncbi.nlm.nih.gov/pubmed/26083245
https://doi.org/10.1371/journal.pone.0128923
http://www.ncbi.nlm.nih.gov/pubmed/26083245
https://doi.org/10.1371/journal.pone.0188819

@° PLOS | ONE

Comparison of traditional and citizen science data on Atlantic Forest birds

125.

126.

127.

128.

129.

130.

131.

132.

Luniak M. Synurbanization—adaptation of animal wildlife to urban development. In: Shaw WW, Harris
LK, Vandruff L, editors. Proceedings of the 4th International Symposium on Urban Wildlife Conserva-
tion. Tucson, AZ; 2004. p. 50-55.

Cestari MV. WA116729, Myiopsitta monachus (Boddaert, 1783) [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2006. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/116729.

Felippe V. WA495778, Theristicus caerulescens (Vieillot, 1817) [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2011. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/495778.

Pieri A. WA1345925, Myiozetetes cayanensis (Linnaeus, 1766) [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2014. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/1345925.

Klosovski SR. WA1528077, Contopus cooperi (Nuttall, 1831) [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2014. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/1528077.

Fernandes E. WA915732, Sporophila ruficollis Cabanis, 1851 [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2013. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/915732.

Lorin D. WA550357, Tyrannus albogularis Burmeister, 1856 [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2012. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/550357.

Cortez RB. WA1756917, Paroaria dominicana (Linnaeus, 1758) [Internet]. Wiki Aves—A Enciclopédia
das Aves do Brasil; 2015. [cited 2016 Jan 04]. Available from: http://www.wikiaves.com/1756917.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188819 December 11, 2017 27/27


http://www.wikiaves.com/116729
http://www.wikiaves.com/495778
http://www.wikiaves.com/1345925
http://www.wikiaves.com/1528077
http://www.wikiaves.com/915732
http://www.wikiaves.com/550357
http://www.wikiaves.com/1756917
https://doi.org/10.1371/journal.pone.0188819

