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Protected areas (PAs) are a conservation mainstay and arguably the most effective conservation strategy
for species protection. As a ‘megadiverse’ country, Peru is a priority for conservation actions. Peruvian
legislation allows for the creation of state PAs and private/communal PAs. Using publicly available species
distribution and protected area data sets we evaluated the coverage of Threatened terrestrial vertebrate
species distributions and ecoregions provided by both kinds of PA in Peru. Peru's state PA system covers
217,879 km? and private/communal PAs cover 16,588 km?. Of the 462 species of Threatened and Data
Deficient species we evaluated, 75% had distributions that overlapped with at least one PA but only 53%
had >10% of their distributions within PAs, with inclusion much reduced at higher coverage targets. Of
the species we evaluated, 118 species are only found in national PAs and 29 species only found in private/
communal PAs. Of the 17 terrestrial ecoregions found in Peru all are represented in PAs; the national PA
system included coverage of 16 and private/communal PAs protect 13. One ecoregion is only protected in
private/communal PAs, whereas four are only covered in national PAs. Our results show the important

role private/communal PAs can play in the protection of ecological diversity.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The current global extinction crisis is predicted to increase in
severity in the coming decades (Ceballos et al., 2015; Lewis, 2006;
Purvis et al, 2000; Scheffers et al., 2016). Caused largely by
anthropogenic activities (Asner et al., 2009; Estrada et al., 2017;
Godfrey and Irwin, 2007; Moran and Kanemoto, 2017), current
trends suggest that the world's tropical regions, home to the ma-
jority of terrestrial biodiversity (Dirzo and Raven, 2003; Myers
et al, 2000), will be severely affected. A large loss of tropical
vertebrate species diversity could have severe consequences for
general ecosystem health (Hooper et al., 2005; Petchey, 2000).
Other immediate consequences will be those effecting local human
populations, including the loss of traditional natural resources,
culturally important species and development opportunities from
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tourism and other forms of exploitation (Chapin Iii et al., 2000;
Gascon et al., 2015).

Peru is considered one of the world's ‘megadiverse’ countries
(McNeely et al., 1990; Noss, 1990). Its high level of species diversity
is a result of the diversity of its ecosystems which are distributed
between 19 terrestrial ecoregions (Fig. 1) (Olson and Dinerstein,
1998; Olson et al., 2001). The vast majority of Peru's vertebrate
species are found in the Amazonian lowlands and Andean montane
and pre-montane cloud forests (Pacheco et al, 2009). The
remaining species are found distributed between its coastal de-
serts, dry forests, Andean Puna, and other habitats (ONERN, 1976;
Rodriguez and Young, 2000).

Protected areas (PAs) have been a conservation mainstay for
decades and are arguably the most effective conservation strategy
for species protection (Gray et al., 2016; Hoffmann et al., 2010;
Tognelli et al., 2008; Waldron et al., 2013). The locations of PAs
are often chosen to protect representative ecosystems (Watson
et al,, 2010) or are based on socio-political criteria. This has often
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Fig. 1. Peru’'s major ecoregions, based on Olson and Dinerstein (1998) and Olson et al. (2001).

led to inadequate and unrepresentative coverage of species di-
versity, and does not prioritize Threatened species (Khan et al.,
1997; Tognelli et al., 2008; Watson et al., 2010). Estimates suggest
that globally only 15% of Threatened vertebrate species are
‘adequately’ covered by PAs (Venter et al., 2014). Previous studies in
Peru have also reported inadequate coverage for a majority of
species evaluated (Fajardo et al., 2014; Swenson et al., 2012; Young
et al., 2009).

Conservation initiatives involving PAs in Peru have increased
dramatically over the past few decades (Jenkins and Joppa, 2009;
SERNANP, 2017). Protected area legislation in Peru began by
following the traditional ‘fines and fences’ approach (Adams, 2004;
Brockington, 2002; Hutton et al., 2005) but now also includes more
inclusive conservation models, such as community conservation
initiatives; those run by local stakeholders (Horwich and Lyon,
2007; Horwich et al., 2015; Kitamura and Clapp, 2013; Shanee
et al., 2014), which include private/communal PAs (Hajek et al.,
2011; Monteferri and Coll, 2009; Shanee et al, 2014; Stolton
et al,, 2014). Government PAs are divided between those that are
run by the state (National Parks, National Sanctuaries, etc) and
those run by regional governments (Regional Conservation Areas)
(Monteferri and Coll, 2009). In Peru non-government PAs can be
awarded to those with land titles, such as owners of family plots or

on communally held lands, as a Private Conservation Areas (ACP)
through application to the Ministry of the Environment (Law No.
26834 of 1997) or through conservation agreements based on the
civil code. On un-titled lands with forest cover, individuals and
organizations can request non-timber forestry concessions. The
two most common are Conservation Concessions (CC) and
Ecotourism Concessions (CE) (Law No. 29763 of 2015). There is no
limit to the size of a CC, although CEs are limited to areas of
<10,000 ha and are subject to an annual fee.

The first state PA, the 8214 ha Parque Nacional de Cutervo, was
created in 1961. In contrast the first private PA, the 34,412 ha ACP
Chaparri, wasn't created until 2001 as legal frameworks for ACPs
were not previously available. The first Conservation Concession,
the 135,955 ha Los Amigos CC, was also granted in 2001. The first
Ecotourism Concessions weren't created until 2004, when four
were formalized in the same year.

We use publicly available data to evaluate coverage of the dis-
tributions of terrestrial mammal, bird, reptile and amphibian spe-
cies listed in one of the IUCN Red List Threatened categories or as
Data Deficient (IUCN, 2016), and ecoregions (Olson and Dinerstein,
1998; Olson et al., 2001) provided by state and private/communal
PAs in Peru. We pay particular attention to species and ecoregions
that are found in only one type of PA.
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2. Methods

Peru lies between 0°05'5” and 18°25’3” degrees south and
69°52/14" and 81°26'25" degrees west, covering ~1,285,216 km?,
with elevations ranging from sea level up to 6768 m above sea level
(m.a.s.l.) (ONERN, 1976; Rodriguez and Young, 2000). Major
terrestrial ecosystems found in Peru include mangrove, desert, dry
forests, high mountain Sierras, Puna, montane and pre-montane
cloud forests, terra firme and varzea Amazonian rainforests
(ONERN, 1976; Rodriguez and Young, 2000). Thirty of 32 world
climates are found in Peru with temperatures ranging from bellow
0 °C in the Andean peaks to 38 °C in the northern coastal deserts,
rainfall is similarly variable with 10 mm annual rainfall in the
southern coastal deserts to over 2800 mm in the north eastern
Amazonian rainforests (www.senamhi.gob.pe). Habitat loss across
Peru is high (Llactayo et al., 2013a, b). Approximately 7 million
hectares of the country's humid forests were lost by the year 2011
(Llactayo et al., 20133, b).

We gathered data on species distribution for amphibians,
mammals and reptiles from the IUCN Redlist (IUCN, 2016), birds
from Birdlife International (BirdLife International and NatureServe,
2015) and ecoregions from the World Wildlife Foundation (Olson
and Dinerstein, 1998; Olson et al., 2001). All species and ecor-
egion data layers were clipped within the national boundary. From
these we extracted the geographic distributions of all species in
Threatened categories (Vulnerable, Endangered and Critically En-
dangered) and those considered Data Deficient. We included Data
Deficient species following recommendations for the use of the
IUCN red list categories that Data Deficient species should not be
considered as non Threatened as they have not been evaluated
(IUCN, 2001), and as many DD species are rare or have restricted
ranges they have a high chance of falling within one of the
Threatened categories (IUCN, 2001).

For analysis we only considered species and ecoregions present
on the Peruvian mainland, discarding marine, primarily aquatic and
island taxa (for example marine turtles, seals and sea birds). Marine
and aquatic animals were not evaluated as marine areas cannot be
included in CCs, CEs or ACPs. Similarly larger bodies of water are
less likely to be included in private land titles, and as such the in-
clusion of fresh water species would skew results. We cross refer-
enced distribution data from other sources (Amphibiaweb, 2016;
Cornell lab of Ornithology, 2016; ebird, 2016; Eisenberg and
Redford, 1999; Emmons and Feer, 1997; AMONH, 2016; IUCN,
2016; Pacheco et al., 2009; Rowe and Myers, 2012; Schulenberg
et al,, 2010; Wilson et al., 2013; Xeno-canto, 2016) and our own
expert knowledge. This enabled us to avoid possible errors in pre-
dicted distributions (Ocampo-Penuela et al., 2016; Rodrigues,
2011), particularly important as the coarse nature of maps often
meant that distributional limits were not accurately mapped, for
example species limited by rivers along national boundaries
showing false positive presence in Peru.

Geographic data on state PAs (Table 1) and private conservation
areas (ACPs, Table 2) was taken from the Peruvian Ministry of the
Environment (http://www.sernanp.gob.pe). Geographic data on
CCs and CEs (Table 2) were taken from the Organismo de Supervision
de los Recursos Forestales (http://sisfor.osinfor.gob.pe/visor/). We
did not include Communal Reserves (Reserva Communal) as part of
the Private/Communal PA category as these areas are state funded
initiatives with participation of indigenous communities and so do
not qualify under our definition of private/communal PAs. We did
not include Cotos de Caza (hunting areas) in analyses as, although
considered part of the state PA system they are gazetted for the
breeding of species for trophy hunting and not for species
conservation.

To analyze levels of PA coverage we overlaid the PA layers (State,

Table 1
Number and terrestrial coverage of different state PAs in Peru.

Type No Size % of country
National Park 14 8,170,748 6.2
National Sanctuary 317,367 0.25
Historic Sanctuary 4 41,279 0.03
National Reserve 15 4,652,449 3.62
Wildlife Refuge 3 20,775 0.02
Protected Forest 6 389,987 0.30
Scenic Reserve 2 711,819 0.55
Communal Reserve 10 2,166,588 1.38
Hunting Area 2 124,735 0.10
Reserved Zone 12 1,505,921 2.74
Regional Conservation Area 18 28,000 0.02
Total 77 19,456,761 17.27
Table 2

Number and terrestrial coverage of private/communal protected areas in Peru.

Type No Size % of country
Private Conservation Area 100 349,500 0.27
Conservation Concession 57 1,200,800 0.93
Ecotourism Concession 47 108,400 0.08
TOTAL 204 1,658,100 1.29

ACP, CC and CE) on the species distribution and ecoregion layers
and extracted overlapping areas, calculating how much of each
species’ distribution was within PAs. We set four simple coverage
targets 1) any coincidence of species distribution or ecoregions
with PAs 2) >10 area within PAs, based on IUCN threat criteria A2, 3
and 4 for CR category 3) >17% of area within PAs, based on Aichi
target 11 and 4) >50% are within PAs, based on IUCN threat criteria
A2, 3 and 4 for VU category (CBD, 2014; IUCN, 2001, 2014;
Rodrigues et al., 2004).

3. Results

Our analysis shows that the national PA system of Peru,
including all categories of PA covers 217,879 km? of terrestrial
habitats (17% of Peru's total land surface) (Fig. 2). Within this,
28,800 km? (13.2%) are in Regional Conservation Areas and
21,682 km? (10.0%) in Communal Reserves. Private/communal PAs
cover 16,588 km? (1.29% of Peru's total land surface and 7.6% of the
PA network), of which 3495 km? (21.1%) are in Private Conservation
Areas, 12,009 km? (72.4%) in Conservation Concessions and
1085 km? (6.5%) in Ecotourism Concession.

Available data for the 486 possible terrestrial and mainland
vertebrate species that we included in this study are incomplete
and we were only able to get geographic distribution data for 462
species (95%). This included 247 Amphibians, 102 Birds, 86 Mam-
mals and 27 Reptiles, all of which were used in analysis. Of these
347 (75%) had distributions that at least partially overlapped with
at least one PA (Table 3). When including our three conservation
target levels this fell to 53% for >10% coverage, 45% for >17%
coverage and only 13% for >50% coverage. Of the groups of
terrestrial vertebrates included in our analysis mammals received
the best coverage at all target levels except >50% (Table 4). The PA
network performed considerably worse for reptiles and amphib-
ians at all target levels, except >50% coverage provided for Am-
phibians (Table 4). There was also considerable variation in
coverage of different IUCN categories by PAs, with PAs performing
best for EN and VU species in most categories (Table 4). PA coverage
for CR species was worst at all levels except >50, although this only
included 17% of CR species (Table 5).

The national PA system overlapped with 68% (315) of species,
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Fig. 2. Distribution of the Peruvian protected area system, showing state and Private/Communal PAs.

Number of Threatened and Data Deficient species and ecoregions with distributions that overlap with different PAs management types in Peru.

15

Class Total IUCN Category Present in State PA (%) Present Private/Communal PA (%) Total (%)
Amphibian 27 CR 7 (26) 4 (15) 8 (30)
Amphibian 42 EN 25 (60) 18 (43) 31(74)
Amphibian 39 VU 27 (69) 16 (41) 26 (67)
Amphibian 139 DD 69 (50) 41 (29) 85 (61)
Bird 9 CR 8 (89) 3(33) 8 (89)
Bird 27 EN 25 (93) 18 (67) 25 (93)
Bird 66 VU 60 (91) 53 (80) 63 (95)
Bird 0 DD - - —
Mammal 3 CR 1(33) 2 (67) 2 (67)
Mammal 10 EN 10 (100) 8 (80) 10 (100)
Mammal 34 vu 33(97) 29 (85) 33(97)
Mammal 39 DD 36 (92) 26 (67) 37(95)
Reptile 2 CR 1(50) 0(0) 1(50)
Reptile 3 EN 2 (67) 1(33) 3(100)
Reptile 3 vu 3(100) 2 (67) 3(100)
Reptile 19 DD 8 (42) 5(26) 8 (42)
Ecoregion 17 — 16 (94) 13 (76) 17 (100)
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Table 4

Percentage coverage of Threatened and Data Deficient species distributions and ecoregions by PA network in Peru.

Class Total IUCN Category Overlapping distribution (%) >10% coverage (%) >17% coverage (%) >50% coverage (%)
Amphibian 27 CR 8(30) 5(19) 4(15) 3(11)
Amphibian 42 EN 30 (71) 22 (52) 17 (40) 7 (17)
Amphibian 39 VU 28 (72) 19 (49) 17 (44) 4(10)
Amphibian 139 DD 85 (61) 62 (45) 57 (41) 29 (21)
Total 247 151 (61) 108 (44) 95 (39) 43 (17)
Bird 9 CR 8 (89) 5 (56) 5 (56) 4 (44)
Bird 27 EN 24 (89) 19 (70) 16 (59) 5(19)
Bird 66 VU 63 (95) 45 (68) 36 (55) 7 (11)
Bird 0 DD - — - —
Total 102 95 (93) 69 (68) 57 (56) 16 (16)
Mammal 3 CR 2(67) 1(33) 1(33) 0(0)
Mammal 10 EN 10 (100) 6 (60) 6 (60) 0(0)
Mammal 34 VU 33 (97) 27 (79) 20 (59) 4(12)
Mammal 39 DD 37 (95) 29 (74) 28 (72) 5(13)
Total 86 82 (95) 63 (73) 55 (64) 9(11)
Reptile 2 CR 1 (50) 0(0) 0(0) (0)
Reptile 3 EN 3 (100) 1(33) 1(33) 1(33)
Reptile 3 VU 3 (100) 1(33) 0(0) 0(0)
Reptile 19 DD 8 (42) 5 (26) 4(21) 1(5)
Total 27 12 (44) 7 (26) 5(19) 2(7)
Ecoregion 17 — 17 (100) 8(47) 6 (35) 0(0)
Table 5 Although the network at least partially overlaps the distributions of
Percentage coverage by Peruvian PA network for different IUCN threat categories. 76% of species, this is much reduced when including our target
Category Total Overlapping distribution (%) >10(%) >17 (%) >50 (%) protection levels, with just over half of species receiving at least 10%
R o 19 (46) 1127 10024 7017) coverage of their distributions, the minimum .nee.ded.to maintain
EN 82 67 (82) 48 (60) 40(49) 13 (15) them above CR status and only 16% of species distributions covered
VU 142 131(92) 100 (70) 74(52) 18(13) to over 50%. Similarly only 35% of ecoregions are covered to Aichi
DD 197 130 (66) 96(49)  89(45) 35(18) target 11 level (Table 4). The national parks system overlaps with
Total 462 347 (75) 255(55) 213 (46) 73 (16)

while private/communal PAs overlapped with 49% (226) of species.
The distributions of 118 species only overlapped with the national
PA system (Table 3). Similarly, there were 29 species whose dis-
tributions only overlapped with private/communal PAs (Table 3). Of
Threatened and Data Deficient species found within PAs, there
were 10 (53%) Critically Endangered species, 22 (33%) Endangered
species, 24 (19%) Vulnerable species and 58 (45%) Data Deficient
Species in Peru that are only protected within state PAs
(Supplementary Table 1). Similarly, there is 1 (5%) Critically En-
dangered species, 7 (10%) Endangered species, 4 (3%) Vulnerable
species and 21 (16%) Data Deficient species that are only protected
within private/communal PAs (Supplementary Table 1).

All 17 terrestrial ecoregions (Olson et al., 2001) found in Peru are
represented within PAs. The national PA system includes coverage
of 16 (89%) terrestrial ecoregions, whereas private/communal PAs
included 13 (72%). One terrestrial ecoregion, Rio Maranén dry for-
est, is only protected in private/communal PAs, whereas three
ecoregions are only covered by the national PA system (Table 3). PAs
provided >17% (Aichi target 11) coverage for six ecoregions (35%)
(Table 4).

4. Discussion

The Convention on Biological Diversity Aichi Target 11 is to have
17% coverage of terrestrial land area in PAs by 2020 (CBD, 2014;
Venter et al., 2014), increasing from the 10% target set in 2003
(Brooks et al., 2004), with an additional target (12) of preventing
the extinction of Threatened species (Venter et al., 2014). Based on
our results, Peru has already passed the Aichi target (11) of 17% of
its territory in PAs, three years ahead of schedule. However our
results show that Peru's PA network does not provide coverage
representative of the diversity of Threatened terrestrial vertebrates.

69% of species and 16 of 17 ecoregions. However, there still remain
many Threatened species that would lack protection without the
presence of the substantial number of private/communal PAs in
Peru. This is also true for the Rio Maranén dry forest which is
restricted to Peru (Fig. 1) and only protected in private/communal
PAs.

Previous studies have evaluated PA coverage of species distri-
butions in Peru and neighboring countries. Young et al. (2009)
found that 77% of birds species endemic to the eastern Andean
slopes of Peru and Bolivia had minimal protection (>1000 km?
within PAs, or 80% coverage for species with distributions
<1000 km?). In another evaluation of 800 endemic birds, mammals,
amphibians and plants, across the eastern Andes in Peru and
Bolivia, Swenson et al. (2012) found that a third of species they
evaluated were not protected at all and that 40% of ecological
systems had <2% coverage in PAs. Although differences in methods
and conservation targets used make direct comparison difficult, we
found lower coverage, even at the minimal 10% target for Threat-
ened vertebrates as well as for ecoregions. Fajardo et al. (2014)
evaluated coverage of 2869 species of terrestrial amphibian,
reptile, mammal, birds, helicoiine butterflies and plants in Peru,
modeling species distributions and overlaying their models on a
state PA layer, evaluating coverage scaled for species distribution
size between 5% for species with distributions >200,000 km? and
25% for species with distributions <1000 km?. They found that 71%
of species were well represented in the PA network but that only
28% of Threatened and Data Deficient species met conservation
goals, lower than our results.

At the global level, previous studies have found between 75 and
88% PA coverage of Threatened species distributions (Brooks et al.,
2004; Butchart et al., 2015; Rodrigues et al., 2004; Venter et al.,
2014). This places Peru below the global average, highlighting one
of the issues raised about targets based on area coverage of PAs,
such as Aichi target 11 (Gaston, 2000; Kamdem-Toham et al., 2003;
Pressey, 1994) which do not consider distributions of Threatened
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species. Brooks et al. (2004) found that globally, mammals were the
best protected group, followed by amphibians and then birds. They
did not evaluate reptiles as a whole, only turtles, finding that this
group was the best protected (Brooks et al., 2004). Fajardo et al.
(2014) found that in Peru birds and amphibians were best pro-
tected followed by reptiles and mammals. In contrast, we found
mammals and birds are the best protected and less than half of
Threatened amphibians reach even the >10% target.

The important contribution made by private/communal PAs is
highlighted by the additional coverage provided to Peru's Threat-
ened vertebrates and ecoregions. Our analyses show that there are
Threatened species from all vertebrate groups and ecoregions that
are only represented in private/communal PAs, including some
amphibians that receive up to 99% coverage of their known dis-
tributions in these types of PA (Supplementary Table 1). Species
protection in PAs is more difficult in areas of high human popula-
tion density. In such areas more small PAs are needed to provide
protection where PAs of large geographic scale are not viable or are
un-common (Bergl et al., 2007; Garcia et al., 2005; Gaston, 2000;
Hansen and Rotella, 2002; Muench and Martinez-Ramos, 2016;
Pressey, 1994). Many species requiring the most urgent conserva-
tion action are restricted range, endemic species (Brooks et al.,
2006; Peterson et al., 2000; Peterson and Navarro-Sigiienza,
1999). For such species perhaps the only practicable protection is
through private/communal PAs, especially for those species only
found in comparatively densely populated areas (Bergl et al., 2007;
Muench and Martinez-Ramos, 2016; Rodrigues et al., 2004; Shanee
et al., 2011; Venter et al., 2014). This is particularly important as
only 20% of areas of high endemism and 20% of irreplaceable areas
in the eastern Andes of Peru and Bolivia were found to be protected
(Swenson et al., 2012) and at least 5 species of endemic bird in the
same area are completely up-protected (Young et al., 2009).

Publicly available distribution maps are limited and open to
error (Butchart et al., 2015; Gaston et al., 2008; Gray et al., 2016; Le
Saout et al., 2013), particularly from extrapolation often based on
geographically uneven sampling effort which can generate
geographic and taxonomic bias (Soberén and Peterson, 2004).
These inaccuracies in distribution maps can lead to errors of
omission or commission (Ocampo-Penuela et al., 2016; Rodrigues,
2011). That being said, they still remain the best option for large
scale modeling when considering the difficulties of accurately
modeling distributions. We reduced the possible effect of these
errors in this analysis by cross referencing distribution data with
published and un-published sources.

Most previous studies using publicly available data of PAs only
included PAs in IUCN categories I-IV (IUCN, 2017), which exclude
protected landscapes (category 5) and PAs with sustainable use of
natural resources (Category 6). We used a more inclusive approach,
including these types of reserves, as this better represents the
actual state of PA coverage in Peru. The trend for PAs that include
use is growing globally (Breunig, 2006; Buscher and Whande,
2007; Stolton and Dudley, 2010), with Peru enthusiastically pro-
moting such schemes. The current WDPA database does not include
any CCs or CEs for Peru, although it does include ACPs. One study
conducted in southern Peru (Vuohelainen et al., 2012) found that
these initiatives provided more effective protection then other
types of PA; and therefore should be included in the WDPA
database.

Previous studies have found the global distribution of PAs, both
geographically and in species coverage to be un-representative of
biodiversity (Watson et al., 2010, 2014) and that often the most
Threatened species and habitat types are poorly represented in PA
systems (Beresford et al., 2011; Bergl et al., 2007; Rodriguez and
Young, 2000; Tognelli et al, 2008; Watson et al., 2010).
Conversely, one study showed that species endemism was the best

predictor of PA presence (Loucks et al., 2008) and that, in the
Neotropics, Threatened status was a good predictor of PA presence
(Loucks et al., 2008). Globally the majority of PAs are found in areas
of low economic value and/or human population densities (Garcia
et al., 2005; Gaston, 2000; Hansen and Rotella, 2002; Pressey,
1994). It has been suggested that new PAs and expansion of exist-
ing PAs and PA networks should be targeted to areas of highest
pressure and greatest need (Bergl et al., 2007; Butchart et al., 2015).

One study showed that with just a 6% expansion of PA coverage,
to 17.8%, Australia's PA network (Watson et al., 2010), and a global
increase to between 22 and 31%, would provide coverage for all
Threatened vertebrates (Gray et al., 2016). These targets are within
Peru's reach; especially if private/communal PAs are prioritized in
areas of high human population density. Expansion has been sug-
gested to be prohibitively expensive (McCarthy et al., 2012) and
meaningful levels of protection in expanded PA networks may not
be possible considering that many existing PAs are poorly protected
and managed (Bruner et al., 2001; Le Saout et al., 2013; Leverington
et al,, 2010; Scheffer et al.,, 2015; Watson et al., 2014). Similarly
various studies suggest that current PA networks, including Peru's,
are inadequate for species protection (Butchart et al., 2015; Khan
et al.,, 1997; Swenson et al., 2012; Tognelli et al., 2008; Watson
et al., 2010; Young et al.,, 2009). This is especially important to
consider as political concerns and development demands mean
that some countries are falling behind Aichi targets and even
decreasing PA coverage (Bernard et al., 2014; Watson et al., 2014).

The current global coverage for terrestrial protected areas
stands at 12.5%, with an additional 12% in indigenous reserves
(IUCN, 2014; UNEP-WCMC, 2014). Although our analysis shows that
Peru has already reached the 2020 Aichi target 11, coverage is not
representative of species' conservation needs and so may fail to
achieve Aichi target 12. Previous studies have suggested that tar-
gets based on percentage PA coverage are not desirable as they fail
to take into account the distribution of species and habitat types
(Pressey, 1994; Gaston, 2000; Kamdem-Toham et al., 2003; Rodri-
gues et al., 2004). This should be of particular importance for
‘megadiverse’ countries such as Peru (McNeely et al., 1990; Noss,
1990), where the high percentage of endemic species with
limited geographical ranges (Pacheco et al., 2009) means un-
targeted PA coverage is unlikely to lead to adequate levels of pro-
tection, for both Threatened and non-threatened species, which is
further compounded by gaps in knowledge of species distributions
(Fajardo et al., 2014; Soberén and Peterson, 2004). As such,
achievement of Aichi target 11 will be insufficient for species con-
servation in Peru and similarly biologically diverse countries.

We found that the PA network in Peru is lacking in coverage of
Threatened species and ecoregions at even minimum target levels.
Furthermore presence within state PAs does not ensure species
protection as many of Peru's PAs can be considered “paper parks”,
where staff and funding are scarce and physical state presence
absent (Naughton-Treves et al., 2006; Swenson et al., 2011). This
has been exacerbated by the spate of creating of new state PAs, 21 of
62 state PAs have been created since 2007 (SERNANP, 2017), as such
many of Peru's PAs suffer from legal and illegal mining operations,
extraction of hydrocarbons, logging, forest clearing, hunting, land
trafficking and road construction, among other threats (Shanee and
Shanee, 2016; Swenson et al., 2011; Vuohelainen et al., 2012).

More funding and improved management of existing PAs is
required to successfully meet conservation targets (Gray et al.,
2016; Waldron et al., 2013; Watson et al., 2014) and all types of
private/communal PAs should appear in national strategies and
action plans (Butchart et al., 2015). The additional coverage pro-
vided to Threatened species and ecoregions by private/communal
PAs could provide increased protection in priority areas where
traditional, large, state PAs are not viable (Butchart et al., 1995;
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Horwich et al., 2013, 2015; Shanee et al., 2014). It must be high-
lighted that we did not include any measure of quality of protection
or management in this study. Including these additional variables
would certainly reduce measures of effectiveness of the Peruvian
PA system, for both state and private/communal PAs. Both kinds of
PA can suffer from deficiencies related to many aspects of their
management (Leverington et al., 2010). In some cases private/
communal PAs can provide better protection for forests than state
PAs thanks to good monitoring practices and good relations with
surrounding communities (Vuohelainen et al., 2012). These kinds of
PAs can also provide specific management solutions for local-level
threats and politics (Le Saout et al., 2013). This is important if
countries, including Peru, are to meet conservation targets and
provide cost-effective avenues for the expansion of PA systems
(Gray et al.,, 2016; Loucks et al., 2008).

Covering an area less than one order of magnitude of that
covered by state PAs in Peru, private/communal PAs still provide
important coverage in areas that lack state PAs. We recommend
that conservation planners and funders focus more attention on the
benefits of private/communal PAs. In Peru formal registration of
private conservation initiatives is hindered by a complex and
expensive legal process which discourages creation of private/
communal PAs (Shanee, 2016; Shanee et al., 2014, Submitted).
Facilitating legal mechanisms to ease the creation, management
and reporting requirements would ease the burden on local
stakeholders who often lack the proper education and access to
economic resources currently required. Conservation funders
should overhaul application processes, reducing focus on academic
qualifications, in order to facilitate access to necessary resources,
particularly for long term management. This is especially true as
globally communities protect as much area as official reserves
(Kothari, 2006).
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