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Abstract
Human advance on natural habitats is a major cause of biodiversity loss. This transformation process represents a profound change in wooded environments, disrupting original communities of flora and fauna. Many species are highly dependent on
forests, especially parrots (Psittaciformes) with almost a third of their species threatened by extinction. Most parrot species occur in tropical and subtropical forests, and
given the forest dependence of most species, this is the main reason why habitat
loss has been highlighted as the main threat for the group. Such habitat loss acts
in synergy with other important threats (e.g., logging and poaching), which become
especially problematic in certain developing countries along tropical latitudes. In this
study, we used available information on parrot distributions, species traits, IUCN assessment, habitat loss and timber extraction for different periods, and distribution
of protected areas, to determine conservation hotspots for the group, and analyze
potential changes in the conservation status of these species. We detected four conservation hotspots for parrots: two in the Neotropics and two in Oceania, all of them
facing different degrees of threat in regard of current habitat loss and agricultural
trends. Our results suggest that the future of the group is subject to policymaking
in specific regions, especially in the northeastern Andes and the Atlantic Forest. In
addition, we predicted that agricultural expansion will have a further negative effect
on the conservation status of parrots, pushing many parrot species to the edge of
extinction in the near future. Our results have conservation implications by recommending protected areas in specific parrot conservation hotspots. Our recommendations to mitigate conservation risks to this group of umbrella species would also
benefit many other coexisting species as well.
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1 | I NTRO D U C TI O N

approximately 39% of the Earth's total ice-free surface was converted into agricultural land and settlements, and an additional

Human advance on natural habitats is a major cause of biodiver-

37% of global land has become surrounded by anthropogenic bi-

sity loss (Ceballos et al., 2015). During the last three centuries,

omes (Ellis, Goldewijk, Siebert, Lightman, & Ramankutty, 2010).
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These processes of transformation represent a profound change

threat for the taxa in the Pacific Islands, a center of endemism for the

in wooded environments, where native communities of flora and

group with almost the half of them threatened (IUCN, 2018; Olah

fauna are often replaced by monocultures and invasive alien spe-

et al., 2018). These varied external factors often interact with species

cies (Ficetola, Mazel, & Thuiller, 2017). Many species of birds are

traits of parrots, such as large body size, narrow range of distribution,

highly dependent on forests. The order Psittaciformes (hereaf-

or forest dependence (Bennett & Owens, 1997). In fact, over 70% of

ter parrots) comprise one of the most threatened groups of birds

parrot species are forest dependent due to their feeding and breed-

(IUCN, 2018; Olah et al., 2016) and include a great proportion of

ing habits (i.e., parrots are secondary tree cavity nesters; Snyder

forest-dependent species. The order encompasses 398 species di-

et al., 2000; White, Collazo, & Vilella, 2005). Therefore, they are

vided into six families (Provost, Joseph, & Smith, 2017; but see del

strongly affected by different kinds of human activities in forested

Hoyo, Collar, Christie, Elliott, & Fishpool, 2014 for considering three

regions, and most of them are extremely sensitive to the reduction of

families), distributed across six continents, and representing one of

nesting sites caused by forest destruction (Newton, 1994).

the most species-rich groups of birds (Collar, 2018). Almost a third

Forests are highly threatened by agriculture and urbanization,

of the extant parrots (112 species) is threatened by extinction: 18

processes in which original habitats become heavily fragmented

Critically Endangered (CR), 39 Endangered (EN), and 55 vulnerable

or disappear entirely (Brooks et al., 2002; Hansen et al., 2013;

(VU; IUCN, 2018). Parrots are not only affected by habitat loss but

Laurance et al., 2012), seriously threatening biodiversity (Fischer

also by other human-induced threats. For example, many species

& Lindenmayer, 2007; Foley, 2005; Jetz, Wilcove, & Dobson, 2007;

are considered as valuable pets, mainly due to their colorful feath-

Sala et al., 2000). Although this process operates at the global scale,

ers, their capacity to mimic the human voice, and their tolerance to

its intensity and dynamic are temporally and spatially heteroge-

captivity (Forshaw, 2010). Human pressure on wild parrot popula-

neous. The most threatened areas are the tropical and subtropical

tions has contributed to the decline of many species since the begin-

forests, which are also the major reservoirs of global biodiversity

ning of the 19th century (Forshaw, 2010; Forshaw & Wright, 2017).

and hotspots of parrot diversity (Gibson et al., 2011; Laurance

Currently, the populations of 56% of parrot species are decreasing

et al., 2012; Olah et al., 2016; Scholes et al., 2018). The future per-

in numbers, and the advancing habitat destruction of tropical and

spectives of forest loss are highly dependent on both biophysical

subtropical forests represents the main threat to this group globally

and socioeconomic factors (Verburg, Ellis, & Letourneau, 2011), and

(Olah et al., 2016).

as almost all the countries harboring tropical and subtropical for-

Although parrots are threatened by several human-induced
factors, their long history of coexistence with human society is

ests are emergent or developing countries, their economies are supported by primary production (Sloan & Sayer, 2015).

also a consequence of their charismatic image and intelligence, and

Therefore, the main drivers of forest loss are commercial agri-

many of them can be used as flagship species to conserve highly

culture and subsistence agriculture (both including forest clearing

threatened regions (Fleishman, Murphy, & Brussard, 2000; Snyder,

for cropland), pasture and tree plantations, and permanent sub-

McGowan, Gilardi, & Grajal, 2000). Indeed, those characteristics

sistence and shifting cultivation (Hosonuma et al., 2012). Besides,

of parrots and their high level of threat have recently highlighted

forest clearing accelerates the human intrusion to adjacent forests

the importance of parrot conservation, and by now, it became

and allows the exploitation of additional resources such as timber,

evident that this group is the most threatened bird order today

bush meat, and animals (Cullen, Bodmer, & Pádua, 2000; Ripple

(see special issue on parrots in Emu—Austral Ornithology 2018;

et al., 2016; Torres et al., 2018). Logging and poaching are com-

Heinsohn, Buchanan, & Joseph, 2018). In 2010, the International

monly associated with the edges of deforested areas and usually

Ornithologists'

on

coexist (Brodie et al., 2014). While poaching for the illegal pet trade

Psittaciformes (www.internationalornithology.org/psittacifor mes).

directly impacts parrot populations by the extraction of individuals

As a consolidated international effort, this current study follows

(Pires, 2012), logging has an indirect but long-lasting negative ef-

the line of regional reviews on parrot extinction risk (Berkunsky

fect on these populations by reducing their nesting sites (Heinsohn,

et al., 2017; Martin et al., 2014; Olah et al., 2016, 2018), concerning

Murphy, & Legge, 2003; Olah, Vigo, Heinsohn, & Brightsmith, 2014).

the global threats of habitat destruction to parrots and evaluating

Forest loss (and its inherent human activities, such as logging and

their future in protected areas.

poaching) is expected to continue and increase in the future in the

Union

established

the

Working

Group

While agriculture, poaching, trapping, and logging have been

Americas, Africa, and Asia (following the model proposed by Chini,

highlighted as the most important drivers of parrot extinction risk

Hurtt, & Frolking, 2014; Hosonuma et al., 2012). In this regard, it is

(Olah et al., 2016; Wiley et al., 2004), their relative importance

unknown how these processes of forest loss and degradation will

strongly differs among regions (Olah et al., 2016). Agricultural

impact habitat availability for parrots and their distribution in the

practices are the main threat to the group, and this threat is espe-

future, but most likely negatively.

cially relevant in the Neotropics, one of the most species-rich areas

In the context of forest loss and other human disturbance (e.g.,

(Berkunsky et al., 2017; Olah et al., 2016). In other regions like Africa,

logging and poaching), protected areas (PAs hereafter) play a cru-

parrots, such as the Psittacus species, are heavily threatened by

cial role in maintaining biodiversity and are thus the cornerstone of

poaching and logging (Martin, 2018; Martin et al., 2014). In addition,

in situ conservation (Pollock, Thuiller, & Jetz, 2017). Unfortunately,

the introduction of alien species has been pointed out as the main

in the past, PAs have been allocated without proper assessments

|
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on species distribution or their ecological needs (Nori et al., 2015;

non-forest-dependent species (extracted from BirdLife International

Pressey, Whish, Barrett, & Watts, 2002; Rodrigues et al., 2004;

and Collar, 2018). We also included the altitudinal range occupied for

Venter et al., 2014; Vergara-Tabares, Lammertink, Verga, Schaaf,

each species to the attribute table. We calculated the distribution

& Nori, 2018; Vieira, Pressey, & Loyola, 2019). In general, PAs are

area for each species in km2.

designated due to their scenic beauty, or in areas where the value

Global land cover maps with a resolution of 300 m for the year

of land is cheap because of the low potential for extractive and/or

2000 were downloaded from European Space Agency—Climate

agricultural production (Pressey, Visconti, & Ferraro, 2015; Venter

Change Initiative (ESA, 2017; https://www.esa-landcover-cci.org/).

et al., 2014). The dominantly residual nature of PAs, in concor-

This source provides the highest resolution images of forest loss

dance with their management problems (Watson, Dudley, Segan, &

at global scale for this period. Then, the maps were reclassified in

Hockings, 2014), and their relatively high degree of human distur-

ArcGIS 10.3 to generate a new binary raster, discriminating those

bance (Jones et al., 2018) are the main reasons that PA networks

areas occupied by agricultural crops (i.e., pixels with at least 50% of

can be inadequate at representing and protecting biodiversity (see

their surface occupied by crops) and urban settlements from all the

Nori et al., 2015; Nori & Loyola, 2015; Rodrigues et al., 2004; Venter

other categories. For the current global land cover (i.e., 2018), we

et al., 2014). In that regard, birds are often poorly represented in

downloaded and compiled images provided by the Tree Cover Loss

PAs, and this representation of birds in PAs varies at different spa-

platform (Hansen et al., 2013; https://earthenginepartners.appsp

tial scales and in different locations (Prieto-Torres, Nori, & Rojas-

ot.com/science-2013-global-forest) with a resolution of 30 m. With

Soto, 2018; Vergara-Tabares et al., 2018). Given these patterns of

these images, we assembled a binary raster using the same taxo-

forest loss and other human disturbances, evaluating the represen-

nomic criteria as for the land cover for the year 2000 (see above).

tativeness of parrots within current PA networks may better inform

Given that the Tree Cover Loss platform only provides images of

policies for their conservation.

forest loss from 2000 to 2018 (but does not register forest loss pre-

In this study, we use parrots as our model group, given their high

vious to 2000), these images were combined with global land cover

forest dependency, the multiple anthropogenic threats they face,

from ESA (showing land cover from previous periods) to obtain an

and their potential as a surrogate group for conservation planning

image with the current complete picture of global forest loss. We

to explore how the temporal variation in forest loss (considering

also used predicted layers of forest loss and urban areas by the year

past and future land-use scenarios) affects the extinction risk of

2050 from the Harmonized Global Land Use (Chini et al., 2014) with

this group in a global context. Specifically, we aimed to (a) identify

a spatial resolution of 0.5 square degrees, which provided the first

hotspots for parrot conservation, based on forest-dependent species

consistent set of land-use change and emission scenarios for stud-

richness, their conservation status, and land-use trends; (b) analyze

ies of human impacts on the past and future global carbon-climate

potential changes in extinction risk of parrots considering land-use

system. Among the available future scenarios (combinations of dif-

change, human pressure (logging and poaching), forest dependency,

ferent socioeconomic pathways and radiative forcing scenarios), we

and population trends under the thresholds imposed by IUCN (focus-

selected “the middle of the road (SSP2)” as a socioeconomic pathway

ing on habitat availability); and (c) study the efficiency of the current

which considers that the world follows a path in which social, eco-

global network of PAs to represent parrot diversity worldwide.

nomic, and technological trends do not shift markedly from historical
patterns (see Chini et al., 2014 for technical details). We used the

2 | M E TH O DS
2.1 | Spatial database construction

RCP4.5 as radiative forcing scenario (Hayhoe et al., 2017) that considers medium carbon emission and medium mitigation actions, both
coherent with the selected socioeconomic pathways (SSP2) model.
To evaluate the influence of other human threats associated
with forest loss, we used a global map of timber extraction (Hurtt

After requesting online access, we received the link to download dig-

et al., 2011) as a proxy for logging. We downloaded this map for

ital range maps (extent of occurrence maps) for 398 parrot species.

2018 and 2050 from the Harmonized Global Land Use (Chini et al.,

This distribution data (digitalized maps in geodatabase format for

2014). These global layers are built under our SSP2 and radiative

use in GIS mapping software) is compiled by BirdLife International

forcing scenarios (RCP4.5). This source provides a temporal series

and Handbook of the Birds of the World (2018; see http://datazone.

of predicted timber extraction and allows to select the global pre-

birdlife.org/species/requestdis). Using the spatial join tool of ArcGIS

diction for any year between 2005 and 2100. These layers provide

10.3, we associated each range with the IUCN RedList conservation

an estimation of timber extraction per grid cell measured in Ton/

status of the species (from LC to CR), their recent population trend

km2 (1 metric ton = 1,000 kg), so we only considered those grid

(IUCN, 2018), and three different habitat needs of the species (here-

cells that belong to the third and fourth quartiles (i.e., areas with

after forest dependency). This corresponds with an international

the highest timber extraction). In addition, we reclassified the grid

and widely accepted classification, where experts classified birds

cells of the third quartile as high timber extraction and those of the

into three categories based on their dependence on forest environ-

fourth quartile as very high timber extraction categories (for details

ments: (a) highly forest-dependent species that only occupy forest

of model construction and timber extraction estimation, see Chini

environments; (b) medium forest-dependent species; and (c) low or

et al., 2014). From the different available environments for which
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wood harvest biomass can be calculated using Harmonized Global

were excluded from the final maps. We compared the final weighted

Land Use, we only considered the following: primary forest, primary

map of richness with the non-weighted map of richness (where all

non-forest (shrubs), secondary mature forest, secondary young for-

the species have an equal value of “1” independently of their con-

est, and secondary non-forest (degraded shrubs). In this way, we

servation status and forest dependency) to evaluate whether the

avoided including wood biomass from tree plantations into the anal-

inclusion of forest dependency and conservation status of species

yses, which could generate strong bias.

modify the non-weighted pattern of richness.

Finally, we obtained shapefiles of terrestrial PAs around
the globe from the World Database on PAs website (IUCN &
UNEP, 2019). We only selected those terrestrial PAs with the

2.2.2 | Changes of extinction risk over time

“designated” status (i.e., we did not consider PAs with “inscribed,”
“non-reported,” or “proposed” status), from I to IV management

The weighted map of parrot species richness was overlapped

categories defined by the IUCN (i.e., categories which have spe-

with binary rasters of human-dominated areas, and the por-

cific conservation objectives), totaling 85,378 protected areas.

tions of the maps of richness overlapping with these areas were

The shape file of the selected PAs was rasterized at a spatial reso-

extracted. Then, we superposed the map of richness in human-

lution of 1 km in ArcGis 10.3.

dominated areas with the original map of richness to generate a
bivariate global map, showing the value of weighted richness in

2.2 | Data analysis

both human-dominated and wild habitats. We generated a bivariate map of weighted richness for three time periods: 2000, 2018,
and 2050.

We used the “raster” (Hijmans et al., 2019) and “maptools” (Bivand

We calculated the distribution percentages for each species

et al., 2017) packages of R statistics (R Core Team, 2014) to minimize

overlapping with both categories of land cover (human-dominated

the inaccuracy of distributional polygons (see Ficetola et al., 2014).

and wild) for each period, using the “maptools” (Bivand et al., 2017)

We overlapped each polygon with a raster of altitude at spatial reso-

and “raster” (Hijmans et al., 2019) packages of R statistics (R Core

lution of 1 km, so we were able to extract those pixels of each distri-

Team, 2014). We overlapped the refined distributional map of each

bution inside the known altitudinal range occupied by species. This

species and the binary land cover raster of each period and calcu-

methodology allowed us to generate individual rasterized distribu-

lated those percentages. We also calculated the mean value of tim-

tion for each species by refining the information of their polygon

ber extraction per km2 across each parrot distribution for 2018 and

with ecological information of their altitudinal ranges.

2050.
We identified those forest-dependent species that currently

2.2.1 | Identifying hotspots for parrot conservation

had a decreasing tendency in population size and cross some of
the thresholds imposed by the criterion B1 of IUCN. The criterion
B is based on the geographic range of the species (B1 = extent of

To take into account species richness and also their extinction risk

occurrence and/or B2 = area of occupancy) and imposed several

and forest dependency in subsequent analyses, we performed a

thresholds to define their conservation category. To establish the

weighted map of parrot richness. First, we multiplied the individual

conservation status of a species based on criterion B, it is also nec-

raster of each species by a value corresponding to its conservation

essary to demonstrate at least two of the following conditions of

status. We used an ordinal scale for the conservation status (LC = 1;

their populations: (a) severely fragmented or known to exist at only

NT = 2, VU = 3; EN = 4; CR = 5) given that the trends in the result-

a certain number of locations; (b) continuing population decline; and

ing index are driven by a relatively large number of species (hence

(c) extreme fluctuations in occupancy, subpopulations, or mature in-

producing a more robust and representative index). This is because a

dividuals (IUCN, 2012). Although our approach to study the changes

species moving from LC to NT contributes just as much to the chang-

in extinction risk over time only considered the variation of the

ing score as a CR species going Extinct, and the numbers of species

geographic range and population tendencies of parrots, it has been

in each category (and the number moving in and out of each cat-

proven that habitat reduction induces fragmentation and increased

egory) increases disproportionately from LC to CR (Butchart et al.,

extinction risk of species (Brook, Sodhi, & Bradshaw, 2008; Hanski,

2004). After this, each resulted raster value was multiplied by the

Zurita, Bellocq, & Rybicki, 2013).

forest dependence of the species (low or no forest dependence = 0;
medium dependence = 1; high dependence = 2). Finally, these
“weighted” rasters of individual species were overlapped to generate

2.2.3 | Efficiency of global PA network

a raster of species richness weighted by the species’ conservation
status and forest dependency. We refer to the final values as “index

Using the same methodology as above, we overlapped the individual

value” representing not only the number of overlapping species but

raster of each species with the map of PAs and calculated the de-

also their conservation status and forest dependency. Because spe-

gree of representation for each species in the global network of PAs

cies with low or no forest dependency were multiplied by zero, they

(mean ± SD).
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Basin, portions of the Tropical Andes, small areas confined within
the Atlantic Forest, and the Cerrado; Figure 1a), and in Australasia

From the 398 parrot species, 76 had low or no forest dependency

(including the temperate forest of southern Australia and the New

and hence were excluded from subsequent analysis. Out of the in-

Guinea highlands; Figure 1b). The geographic pattern showed in the

cluded species, 68.9% (222 species) were categorized as non-threat-

maps of weighted richness (Figure 1) did not differ from the non-

ened (i.e., LC or NT; IUCN, 2018). From the 100 remaining species,

weighted maps using all parrot species (Figure S1).

48 were categorized as VU, 35 as EN, and 17 as CR. From the 76 non-

We found that human-modified environments are quickly en-

forest-dependent species, only 14.7% were categorized as threat-

croaching over the most important areas for parrots, when over-

ened, including seven VU, four EN, and one CR species.

laps between weighted richness and land-use changes in different

Both weighted and non-weighted maps of richness (Figure S1) in-

time-periods were analyzed. The most parrot species-rich areas in

dicated that the most important conservation hotspots for the group

South America (located in the eastern Amazon Basin) were practi-

are located at the northeast of the Amazon forest, in the southern

cally intact in 2000 but human-modified environments increased

Amazon Basin, with a maximum index value of 44 in the weighted

in 2018, and our forecast for 2050 indicated a stabilization of in-

map of richness and 31 species in the non-weighted map of richness.

tensive human activities in the region. Trends also indicated dra-

There are other areas with high index values ranging from 22 to 33.

matic increases in human-dominated lands in other important

These are located in South America (including the northern Amazon

Neotropical areas including the Brazilian Atlantic Forest, the Andes,

F I G U R E 1 Maps of conservation hotspots for parrot conservation in relation to land use. Color gradients indicate the overlap of
maximum existing/expected weighted richness for parrot species with different land use: green gradient represents non-modified areas;
purple gradient represents human-modified areas (intensive agriculture and urban areas). Darker areas indicate greater weighted richness
for both color gradients. Global maps cover (a) Central- and South America; (b) Australasia and Oceania; and (c) Africa, in three different
temporal scenarios analyzed. Box plots indicate the loss of area per conservation status including all parrot species distributed on the
associated map. Lines in boxes are medians, boxes indicate 25th and 75th percentiles, whiskers indicate the data range, and points are
outliers [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 2 Maps of conservation hotspots for parrot conservation in relation to timber extraction. Color gradients indicate the overlap of
maximum existing/expected weighted richness for parrot species with different levels of timber extraction: green gradient represents areas
with low or null timber extraction (proxy of logging and poaching); purple gradient represents areas with high timber extraction (defined by
the limits of the third quartile of timber extraction distribution); and red gradient represents areas with very high timber extraction (defined
by the fourth quartile of timber extraction). Darker areas indicate greater weighted richness for all color gradients. Global maps cover (a)
Central- and South America; (b) Australasia and Oceania; and (c) Africa. Box plots indicate the timber extraction (ton/km2) per conservation
status including all parrot species distributed on the associated map. Lines in boxes are medians, boxes indicate 25th and 75th percentiles,
whiskers indicate the data range, and points are outliers [Colour figure can be viewed at wileyonlinelibrary.com]

intermontane valleys in Colombia, and Central America toward 2050
(Figure 1a). On the other hand, trends in New Guinea and the central
and western portions of the Amazon Basin and the tropical Andes
indicated that parrot hotspots will not be heavily threatened by intensive human activities in the near future (Figure 1). The temperate
forest of Australia and the large islands of Indonesia were already
heavily degraded by human-modified landscapes in 2000, and the
trends toward 2050 indicate that additional changes due to human
activities will affect these regions in the near future (Figure 1b).
Finally, in Africa (with lowest parrot richness relative to the global
parrot distribution), the land-use change will advance mainly in the
west-central areas and in the mountains of the east-central part of
the continent in the future (Figure 1c).
We found that the most important hotspots for parrot diversity
(northwestern Amazon and western New Guinea) will suffer very
high rates of timber extraction (Figure 2a,c) by 2050. According to
our forecasts, this picture will be more extensive but less intense in
the Amazon basin (Figure 2a), and it will be greatly reduced in New

F I G U R E 3 Average overlap of the geographic range of parrot
species with protected areas, partitioned by global regions and
the conservation status of the species. The values were calculated
using the land cover map of 2018 [Colour figure can be viewed at
wileyonlinelibrary.com]

VERGARA-TABARES et al.
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F I G U R E 4 Current and predicted conservation status of forest-dependent parrot species. Internal circles represent each forestdependent parrot species that has less than 20,000 km2 of range distribution occupied by non-human dominated habitat. The surface of
each circle indicates the log of the surface in km2. External circles (in bold) represent the thresholds from the criterion B1 for conservation
status. The species circles were partitioned by geographic region and period (present and future). Species acronyms for 2050 in purple
letters indicate that the species will decrease habitat surface overstepping the threshold for conservation status (B1 criterion). Acronyms in
blue indicate an expected increase in habitat surface. Different colors of species circles indicate the current conservation status of IUCN.
Acronyms represent the following species for each region analyzed: Central and South America: Amazona agilis (AMAG), A. collaria (AMCO),
A. leucocephala (AMLE), A. petrei (AMPR), A. rhodocorytha (AMRH), A. ventralis (AMVE), Brotogeris pyrrhoptera (BRPY), Eupsittula nana (EUNA),
Forpus spengeli (FOSP), F. xanthops (FOXA), Hapalopsittaca fuertesi (HAFU), H. pyrrhops (HAPY), Pyrrhura albipectus (PYAL), P. caeruleiceps
(PYCA), P. calliptera (PYCAL), P. eisenmanni (PYEI), P. emma (PYEM), P. hoematotis (PYHO), P. hoffmanni (PYHOF), P. orcesi (PYOR), P. pfrimeri
(PYPF), P. rhodocephala (PYRH), P. subandina (PYSU), P. viridicata (PYVI), Rynchopsitta terrisi (RYTE), Touit costaricensis (TOCO), T. melanonotus
(TOME), and Triclaria malachitacea (TRMA). Australasia and Oceania: Aprosmictus jonquillaceus (APJO), Cacatua alba (CAAL), C. ducorpsii
(CADU), C. moluccensis (CAMO), Chalcopsitta cardinalis (CHCA), Charmosyna diadema (CHDI), C. margarethae (CHMA), C. meeki (CHME), C.
palmarum (CHPA), C. papou (CHPAP), C. toxopei (CHTO), Eos bornea (EOBO), E. cyanogenia (EOCY), E. histrio (EOHI), E. reticulata (EORE), E.
semilarvata (EOSE), E. squamata (EOSQ), Geoffroyus hyacinthinus (GEHY), Loriculus amabilis (LOAM), L. flosculus (LOFL), L. pusillus (LOPU),
Lorius albidinucha (LOAL), L. chlorocercus (LOCH), L. domicella (LODO), L. garrulous (LOGA), Micropsitta geelvinkiana (MIGE), M. meeki (MIME),
Prioniturus flavicans (PRFL), P. mada (PRMA), P. mindorensis (PRMI), P. montanus (PRMO), P. platenae (PRPL), P. verticalis (PRVE), P. waterstradti
(PRWA), Prosopeia personata (PRPE), P. splendens (PRSP), Psittacula calthrapae (PSCA), P. caniceps (PSCAN), Psitteuteles iris (PSIR), Psittinus
abbotti (PSAB), Tanygnathus gramineus (TAGR), Trichoglossus euteles (TREU), T. flavoviridis (TRFL), and T. johnstoniae (TRJO). Africa: Agapornis
lilianae (AGLI), A. nigrigenis (AGNI), Coracopsis sibilans (COSI), Poicephalus flavifrons (POFL), and Psittacus timneh (PSTI) [Colour figure can be
viewed at wileyonlinelibrary.com]
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Guinea by 2050 (Figure 2c). In contrast, there is currently intensive

Australia shows a great overlap with human-modified landscapes,

timber extraction in central Africa, which would become exacer-

with a substantial increase expected in the future. While the current

bated toward 2050 (Figure 2b). In addition, some important regions

overlap with human-modified environments is low in the northeast-

without intensive timber extraction at the moment (e.g., central

ern Andes, one of the most important parrot conservation hotspots,

Bolivia and northeastern Argentina) are expected to suffer a drastic

a great increase is expected by 2050. Most importantly, all parrot

increase in habitat destruction in the near future (Figure 2a). Finally,

conservation hotspots are affected by intensive timber extraction,

several scattered areas worldwide (including central-western Africa,

which also affect parrot populations by reducing availability of nest-

eastern India, and many islands of Indonesia) are likely to continue

ing sites and/or increasing the accessibility to poaching activities

extracting timber in a very high rate even in 2050 (Figure 2b,c).

(Brodie et al., 2014). Additionally, the size of the areas affected by

On average, only 10.2% (±13.4 SD) of the geographic range of

these threats is expected to increase in the near future, while the

all parrot species overlap with PAs. The results are similar when

intensity of timber extraction will vary greatly between regions. All

analyzed regionally, with the average overlap varying from 8% in

these results suggest that the future of parrots is subject to policy-

America to 23% in Africa. Finally, when we considered the conser-

making in specific countries, and so decision-making is especially im-

vation status of the species in the analysis, the least represented

portant in countries sharing the eastern Amazon Basin, New Guinea,

species in PAs were those classified as CR (with 4.46% in America

Indonesia, and Australia, as it was shown for many other key groups

and 12% in Australasia). The best represented groups of parrots in

of species (Miranda, Imperatriz-Fonseca, & Giannini, 2019; Soares-

PAs were those categorized as EN with average overlap of 15% in

Filho et al., 2006).

Australasia, and those categorized as VU with 11.1% in America and
14.5% in Africa (Figure 3).

We highlighted the northeastern Andes and southeastern
Australia as two of the most important hotspots for parrot conserva-

Regarding forest-dependent parrot species with decreasing

tion; however, the current situation of these areas is not reassuring.

population trends, our results show that some of these species in-

They had high deforestation rates during the last decades (Hansen

habiting America, Southeast Asia, and Oceania could change their

et al., 2013) and have a worrying future (Clerici et al., 2019; Sharples

conservation status by 2050, given the current land-use trends.

et al., 2016) under problematic conservation policies (Clerici

The species for which we expect a greater overlap with human-

et al., 2019). According to our predictions, the change in land-use

dominated environments will most probably cross at least one of the

could strongly compromise most of the distributions of threatened

thresholds imposed by the B1 criterion of IUCN. We identified 26

parrot species sensitive to these changes. This could have a drastic

species crossing these imposed thresholds: 10 in America and 16 in

effect on parrots by 2050 if we consider that many species will over-

Australasia and Oceania (Figure 4).

lap with the increased land-use, which in turn will increase their conservation status by crossing thresholds imposed by the B1 criterion

4 | D I S CU S S I O N

of IUCN. It is very important to take into consideration that we did
not consider the effect of climate change on species distributions,
which could have an accelerating effect on future land-use changes

In this work, we provide a global picture on the effect of human

(Miranda et al., 2019; Northrup, Rivers, Yang, & Betts, 2019), gen-

habitat transformation (for past, present, and future periods) for

erating even larger changes in the conservation status of parrots

the conservation of forest-dependent parrots, identifying particu-

to that estimated here. Considering the already Endangered and

lar areas where human encroachment would threaten important

Critically Endangered parrot species, this poses an extremely ele-

hotspots for their conservation. Some of these hotspots are heav-

vated extinction risk to them in the near future. The extinction of

ily threatened today or show an uncertain future, pushing this most

parrot species may entail the deterioration or loss of some ecological

threatened bird order further down on the slope of extinction, hence

functions, such as long-distance dispersal of large trees (e.g., Blanco

warning policymakers to generate more suitable conservation poli-

et al., 2016; Tella et al., 2015; Tella, Blanco, Dénes, & Hiraldo, 2019).

cies. Combining parrot richness with their conservation status and

The conservation of ecosystem function and the great diversity in

forest dependence, we detected four parrot conservation hotspots

these two regions may be planned using parrots as surrogate (or um-

worldwide. These areas are in concordance with previous studies

brella) species given several characteristics that the group represent

(e.g., Olah et al., 2016): two in the Neotropics (eastern Amazon Basin

(i.e., high richness and endemism, their conservation problems, the

and the northeastern Andes) and two in Australasia/Oceania (New

empathy that they generate in humans, and their usefulness as char-

Guinea and southeastern Australia). With respect to the land-use

ismatic fauna).

trends analyzed in this study, the current situation for parrot con-

Importantly, in the phylogenetic context of parrots, Australasia

servation clearly differs among these hotspots, with more worrying

and Oceania (especially New Guinea and southeast Australia) are

predictions in southeastern Australia and the northeastern Andes. In

especially relevant for their conservation (Provost et al., 2017),

addition, it is expected that these differences will increase in the fu-

hosting three endemic parrot families. The rough terrain of New

ture. The areas of New Guinea and the Amazon Basin have currently

Guinea indirectly protects many parrot species from land-use

a low overlap with human-modified landscapes, with little change

change, as they are mainly confined to its mountainous regions, but

expected by 2050. In contrast, the area located in southeastern

the western side of the island belonging to Indonesia is experiencing
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very high timber extraction that may represent an unevaluated

for parrots and is occurring in key areas for their conservation.

threat (Figure 1b). This further supports the assumptions of Olah

Considering that many timber extraction activities are illegal, and

et al. (2018) that the surprisingly low number of threatened parrot

when legal are frequently associated with other illegal activities

species in New Guinea is mainly given by the lack of information

like poaching, there must be strict governmental regulations of

about those species and the threats they are facing, and that fur-

timber extraction activities with efficient law enforcement, espe-

ther evaluation might lead to revisions of their conservation status.

cially in the mentioned key areas.

The situation of the Australian parrot conservation hotspot is much

The global system of PAs should also play an essential role in

more uncertain. Currently, this hotspot is mostly overlapped with

maintaining populations of threatened and key species free from hu-

human-modified landscapes (Figure 1b) and land-use increase is

man-modified encroachments. Unfortunately, this is not the case for

expected in this area (Verburg et al., 2011). Given the current situa-

parrots. We highlighted that, in fact, the most threatened group of

tion of shortage of forest remnants, the future of the group will de-

parrots (CR) is the least represented in PAs globally and also locally in

pend on the rate of forest loss and other stochastic factors as well

each region (Figure 3). It is important to consider that we worked with

as natural disturbances (e.g., frequency of fires which are especially

range map polygons, and despite the fact that they were corrected

high in the region) or biological invasions (Heinsohn et al., 2015).

using elevation ranges, our results could include some errors (see

Considering the predictions for agricultural expansions for the

Peterson, 2017). Hence, the overlap with PAs could be even smaller

near future, it is expected that land-use changes will have a great gen-

than reported here. This is an additional proof of the inefficiency

eral impact on the conservation status of parrots worldwide. Most

of PAs at the global scale, that is, not efficiently protecting nearly

of the forest-dependent parrot species that are expected to increase

85% of the threatened terrestrial vertebrates (Jones et al., 2018;

their conservation status considering the criterion B1 of IUCN by

Rodrigues et al., 2004; Venter et al., 2014), specifically the diversity

2050 (Figure 4) are mainly distributed in the Neotropics and south-

of birds (De Klerk, Fjeldså, Blyth, & Burgess, 2004; Vergara-Tabares

eastern Australia, and secondarily in the West Indies, the northeast-

et al., 2018). Historically, the conservation of biodiversity has not

ern Andes, and the Atlantic Forest regions. There are also many island

been the primal criteria for establishing PAs (Nori, Villalobos, &

endemic species expected to experience great habitat reductions.

Loyola, 2018; Pressey et al., 2002; Rodrigues et al., 2004), and today

From the 16 species that are expected to cross a threshold of IUCN

most of them are still located in residual places where the potential

in these regions, six are categorized as Least Concerned and four as

for extractive uses is low (Devillers et al., 2015). The predominantly

Near Threatened, with most of them distributed in archipelagos of

residual nature of PAs (mainly in developing and highly diverse coun-

the Moluccas, Timor, and the Solomon Islands. In addition, six species

tries) is one reason why species continue to go extinct, even when

with higher categories of threat are also distributed in the Solomon

most countries have increased the number and extent of established

Islands, Moluccas, the Philippines, and Fiji. Many of these species will

PAs over the past 10 years (Watson et al., 2014). Here, we are pro-

not only experience habitat reduction but also be threatened by inva-

viding important information about key and vulnerable places which

sive alien species that increase their extinction risk (Olah et al., 2018).

could be used to efficiently expand the current network of PAs.

Finally, regarding African parrots, there are only a few species inhab-

Analyzing parrot distributions, their diversity, habitat dependence,

iting small areas (close to 20,000 km2 in total), but a large proportion

and conservation status, here we have presented a global overview of

of them (3–6 species) will experience some habitat destruction, most

conservation hotspots and conservation trends of this highly diverse,

of which will predictably happen in central Africa.

charismatic, and most threatened group of birds. Unfortunately, the

Timber extraction is another important threat to parrots, which

degree of deterioration of many parrot conservation hotspots is (and

can adversely affect their natural populations in the long term,

will continue to be) high. In addition, it is expected that the current

given their strong dependence on nest hollows for reproduction.

global changes may generate further increases in the conservation

Traditionally, this threat was mainly evaluated locally on a case-

status of most parrot species, pushing many of them to the brink of

by-case basis (e.g., Heinsohn et al., 2003; Olah et al., 2014) but here

extinction. PAs seem not to play a significant role in reverting, stop-

we analyzed it on a global scale. The current trend is worrying, as

ping, or even slowing down this process at the moment. Our neg-

a very high rate of timber extraction occurs over a large area of

ative predictions may induce new challenges in the right moment,

the Amazon Basin, the most important hotspot for parrot conser-

when the concern for nature conservation is high and PAs are in-

vation. Additionally, timber extraction is directly associated with

creasing worldwide (Jones et al., 2018; Watson, Grantham, Wilson,

poaching, one of the main threats to neotropical parrot species

& Possingham, 2011). The future of wild living parrots is strongly

(Berkunsky et al., 2017). Moreover, our predictions showed that

subject to the future management of highlighted parrot conservation

timber extraction will affect an even larger area of the Amazon

hotspots, especially in southern Australia and the Amazon Basin. In

Basin by 2050, elevating this already important parrot conserva-

these hotspots, decision-makers should use the flagship image of par-

tion hotspot to an even higher priority. Other important hotspots

rots as a tool for guiding conservation policies.

for parrot conservation are also predicted to suffer a similar fate
due to timber extraction, including New Guinea, central Africa,
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