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Abstract
Knowledge about the biodiversity of Baja California has been obtained mainly from natural protected 
areas (NPAs), while some unprotected natural areas have been poorly studied. The Sierra Cucapá in the 
northeast of the peninsula is one example. The objectives of this study are 1) to integrate existing knowl-
edge of bird, mammal, and reptile diversity in Cucapá from public databases, citizen science platforms, and 
information generated from fieldwork, 2) to identify the spatial distribution of records in the study area, 
3) to compare the composition of vertebrate species of Cucapá with that of NPAs of northern part of the 
peninsula, and 4) to assess the biological conservation value of Cucapá. We obtained records of 150 species 
of native vertebrates (102 birds, 34 mammals, and 14 reptiles) of which 10 species of birds, four mammals, 
and seven reptiles are included in a risk extinction category. The different sources of information contrib-
uted in a complementary way to the species inventories. Large areas in western and northern Cucapá lack 
records. The total difference in species composition between Cucapá and nearby NPAs ranged between 58 
and 69% for birds, 61 and 79% for mammals, and 69 and 87% for reptiles. The species richness of Cucapá, 
its particular species composition, the presence of species in risk extinction categories, and the number and 
size of unexplored areas indicate that this area represents an opportunity for biological conservation in the 
northern part of the Peninsula. This work provides compelling data for the protection of Cucapá.
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Introduction

The Baja California Peninsula (hereafter the Peninsula) in northwestern Mexico is a 
biologically important region with a remarkable species richness and high amount of 
endemism in various biological groups (Rojas-Soto et al. 2003; Riemann and Ezcurra 
2005; Ramírez-Acosta et al. 2012). For example, 514 species of birds (Erickson et al. 
2013), 70 mammals (Guevara-Carrizales et al. 2016), and 99 reptiles (Hollingsworth 
et al. 2015) have been recorded. However, biological diversity on the Peninsula has 
been evaluated mostly in natural protected areas (NPAs), with gaps in or knowledge of 
species richness especially in non-protected areas.

The NPAs system in the northern part of the Peninsula includes eight areas cover-
ing two main ecosystems types: arid environments under 100 m above sea level (a.s.l.) 
in the extreme northeast, and coniferous forests between 1500 and 1900 m a.s.l. in 
the Sierra de Juárez. Biological information on certain groups of terrestrial vertebrates 
is available for some of these NPAs under government administration (e.g. CONANP 
2007, 2011; Guevara-Carrizales et al. 2013; Hinojosa-Huerta et al. 2013). However, 
some NPAs under community or private management, as well as unprotected natural 
areas, lack species inventories, making difficult to evaluate their potential for biological 
conservation and consequently limiting the possibility of including unprotected areas 
in formal protection schemes.

The Sierra Cucapá (hereafter Cucapá) is an unprotected mountainous massif in 
the northeast of the Peninsula covering 36400 ha and extending approximately 60 km 
with a northwest–southeast orientation. Cucapá is known to harbor endemic species 
of flora and fauna (Grismer 2002; Webb and Salazar-Ceseña 2011) and is located in 
the proximity of several NPAs under different types of administration (government, 
private, and community). However, its biological diversity has not been character-
ized, and its potential contribution to the biological conservation of the region, or its 
complementarity to the existing NPAs system, has not been evaluated (Riemann and 
Ezcurra 2005; Lovich et al. 2009; Martínez et al. 2016). Northeast of Cucapá lies the 
city of Mexicali with a population > 1 million and considerable agricultural production 
(http://www.inegi.gob.mx). Furthermore, the region is experiencing a growing indus-
trial activity that includes renewable energy generation (Alemán-Nava et al. 2014). 
Thus, human activities around Cucapá represent a threat to its biodiversity.

Here we present the first comprehensive summary of the biological diversity of three 
groups of terrestrial vertebrates in Cucapá and the first analysis of its complementarity to 
the NPAs system of the northern Peninsula. Our objectives are 1) to integrate existing 
knowledge of bird, mammal, and reptile diversity in Cucapá combining information from 
public databases, citizen science platforms, and information generated from fieldwork, 2) 
to identify the spatial distribution of records into the study area, 3) to compare the species 
composition of birds, mammals, and reptiles of Cucapá with that of NPAs of northern 
part of the Peninsula, and 4) to assess the biological conservation value of Cucapá.

http://www.inegi.gob.mx
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Methods

Study area

Cucapá is located within the Gulf of Baja California Extensional Province, between 
the latitudinal and longitudinal ranges of 32°15'–32°39'N, 115°19'–115°47'W, re-
spectively (Fig. 1), and at an elevation range of ~0–1,030 m a.s.l. The climate is dry 
semi-warm, with low rainfall and surface water runoff less than 10 mm. The vegeta-
tion type is microphilous desert scrub, composed of shrubs such as the creosote bush 
(Larrea tridentata) and burrobush (Ambrosia dumosa), as well as large areas of desert 
ironwood (Olneya tesota) and California barrel cactus (Ferocactus cylindraceus). Cucapá 
is bordered to the north by the Mexicali Valley, to the south by the Sierra El Mayor, 
to the west by the Laguna Salada basin (a dry ephemeral lake), and to the east by the 
geothermal field of the Cerro Prieto Volcano (Chora-Salvador 2003).

Data collection

We compiled records of bird, mammal, and reptile species in Cucapá from three sourc-
es 1) the Global Biodiversity Information Facility database (GBIF; https://www.gbif.
org), 2) citizen science platforms iNaturalist (https://www.inaturalist.org), and eBird 
(https://www.ebird.org/), and 3) fieldwork.

Figure 1. Location of protected natural areas in northern Baja California: government NPAs 1) Parque 
Nacional Constitucion de 1857, 2) Reserva de la Biosfera Alto Golfo de California y Delta del Río Colo-
rado; Ramsar Sites 3) Humedales del Delta del Río Colorado, 4) Sistema de Humedales Remanentes 
del Río Colorado, 5) Laguna Hanson; Community NPAs 6) Rancho Rodeo del Rey, 7) El Doctor, and 
Private NPAs 8) Rancho Rodeo del Rey. * indicates the overlap zone between NPAs 2 and 3, + indicates 
the overlap zone between NPAs 2 and 4.

https://www.gbif.org
https://www.gbif.org
https://www.inaturalist.org
https://www.ebird.org/
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Both citizen science platforms were accessed between May and June 2020 and, in 
the case of iNaturalist, we only considered records tagged as having research quality 
that were accompanied with photographs in which species identity could be verified. 
We conducted fieldwork in four different periods (9–24 October 2017, 26 Febru-
ary–12 March 2018, 21 February–4 March 2019, 4 March– 8 June 2019), and, when 
a method involved captures (see below), all individuals were released after being meas-
ured, weighed, photographed, and identified to species.

Fieldwork

Bird sampling

During three seasons (autumn, winter, and spring), we obtained visual and acoustic re-
cords of birds along 43 linear transects of variable distance (Bibby et al. 1992; Ralph et 
al. 1996) conducted within the first four hours after sunrise. Our total sampling effort 
was of 172 hours and 358.1 km traveled; however, we also considered for analysis ad 
libitum records outside the transects. Additionally, six and eight mist nets (12 × 2.5 m) 
were placed at each of two stations monitored during the spring, which remained 
active from 06:00 to 10:00 h, and these nets were checked on average every 30 min 
(but the time interval between net checks was reduced when the number of captured 
individuals increased). Our total mist-netting effort was of 56 net-h.

Mammal sampling

We sampled small mammal diversity at 15 sites. At each site, we placed four paral-
lel lines 10 m apart with five Sherman traps each. We baited the traps with a mix-
ture of oats and vanilla, placed them at sunset (18:00 h) and checked them at dawn 
(06:00 h), for a total sampling effort of 1200 trap-nights. We recorded medium and 
large mammal species (i.e. > 500 g, Carrillo et al. 2000; Pozo-Montuy et al. 2019) 
using six camera traps (CuddeLink Long Range IR) per sampling period (Reid 2009). 
We placed the cameras at sites with indication of mammal presence (e.g. footprints, 
feces). The cameras were active 24 h/d for 13 d every sampling period, and we pro-
grammed them to take five photographs and a 10-s video at 1-min intervals. The 
total sampling effort with this method was of 320 trap-d. We also obtained direct 
observations of mammals or of their presence (e.g. tracks, excreta, remains), through 
18 diurnal transects (1–3 km long) that we conducted every sampling period between 
08:00–12:00  h, for total sampling effort of 72 h. We placed transects at suitable 
sites with different vegetation types (Rudran et al. 1996; Gallina-Tessaro and López-
González 2011).

We recorded the vocal signature of bats along six 2.5-km transects using a Song 
Meter SM2BAT (Wildlife Acoustics, Inc.; sampling frequency 384 kHz) coupled with 
an ultrasonic microphone SMX-U1. At each transect we recorded for 90 min starting 
at sunset (18:00 h), for a total sampling effort of 540 min of recordings. We analyzed 
the recordings with Batsound 3.1.0 (Pettersson Elektronik AB, Uppsala, Sweden), and 
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identified species comparing the obtained sonograms with those in the literature (Rizo-
Aguilar 2008; Orozco-Lugo et al. 2013).

Reptile sampling

We established 55 plots (500 × 10 m) to sample reptile diversity. At each plot, one per-
son searched for reptiles using the time-constrained technique (Crump and Scott 1994), 
surveying typical microhabitats used by species (e.g. under rocks, fallen logs, and cavities). 
We carried out three searches per day, in the morning (08:00 – 11:00 h), evening (16:00 – 
19:00 h), and night (20:00 – 23:00 h), with a total sampling effort of 495 person-hours.

Data analysis

We compiled records from all sources in a database that we updated according to re-
cent taxonomic changes. We only included records identified to the species level that 
also included its precise location (i.e. geographic coordinates). We checked the cur-
rently known geographic distribution of each species in the database and filtered out 
those records that did not overlap with it. We consulted taxonomic information and 
geographic distribution ranges on specialized platforms (http://www.reptile-database.
org/, Uetz et al. to 2020; https://www.iucnredlist.org/, IUCN 2020; http://www.ebird.
org) and bibliographic sources (Howell and Webb 1995; Rodríguez-Robles and Jesús-
Escobar 2000; Grismer and Hollingsworth 2001; Grismer 2002; Reid 2006; Schulte 
II et al. 2006; Leaché and Mulcahy 2007; McGuire et al. 2007; González-Bernal 2008; 
Medellín et al. 2008; Mulcahy 2008; Pyron and Burbrink 2009; Ceballo and Arroyo-
Cabrales 2012; Sibley 2014; Cox et al. 2018; O’Connell and Smith 2018; Bradley et 
al. 2019). We mapped the selected records with ArcGis 10.2.2 (ESRI 2014).

We obtained the conservation status of species from the list of species at risk of 
extinction (NOM-059-SEMARNAT-2010) published by the Ministry of the Environ-
ment and Natural Resources of Mexico (SEMARNAT 2010), which includes the fol-
lowing categories: Threatened (A; Amenazada), Subject to Special Protection (Pr; Sujeta 
a Protección Especial), Endangered (P; En Peligro de Extinción) and Probably Extinct 
in the Wild (E; Probablemente Extinta en el Medio Silvestre); and from the Red List of 
the International Union for Conservation of Nature (IUCN 2020), which includes the 
categories Vulnerable (VU) Endangered (EN), and Critically Endangered (CR).

We compiled records of bird, mammal, and reptile species in eight NPAs located 
in the north part of Baja California state, within a 63 km radius from Cucapá (Fig. 1) 
using GBIF, citizen science platforms, and specialized literature, giving the data the 
same treatment as described above. The NPAs included in the study are 1) Parque Na-
cional Constitución de 1857 (CONANP 2011), 2) Reserva de la Biosfera Alto Golfo 
de California y Delta del Río Colorado “RBAGC” (Guevara-Carrizales et al. 2013; 
Hinojosa-Huerta et al. 2013); Ramsar sites 3) Humedales del Delta del Río Colorado 
“HDRC” (Guevara-Carrizales et al. 2013), 4) Sistema de Humedales Remanentes del 
Río Colorado “SHRRC”, 5) Laguna Hanson; community NPAs 6) Rancho Rodeo 
del Rey, 7) El Doctor (Guevara-Carrizales et al. 2013), and private NPAs 8) Rancho 

http://www.reptile-database.org/
http://www.reptile-database.org/
https://www.iucnredlist.org/
http://www.ebird.org
http://www.ebird.org
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Rodeo del Rey. For each group of vertebrates, we conducted pairwise comparisons of 
species composition between all areas, Cucapá included, except for El Doctor and the 
private Rodeo del Rey, for which we did not obtain species records for any group. Simi-
larly, for the community NPA Rodeo del Rey, we only obtained bird species records, 
and hence we could not compare its mammal and reptile diversity with the other areas. 
We followed Baselga and Orme (2012) to estimate total species dissimilarity between 
pairs of sites with the Jaccard index (βjac) and its two components, species turnover 
(βjtu) and species nestedness (βjne), expressed with the formula:

2
2 2jac jtu jne

b c b c b a
a b c b a a b c b a

β ββ � �� �� �� � � � � � �� �� � � � � �� �� �

where a is the number of species shared between two sites, b the number of unique 
species from the poorest site, and c the number of unique species at the richest site. The 
total dissimilarity value ranges from 0 (when all species are shared) to 1 (when there are 
no shared species). The analysis was carried out using the language and environment 
for statistical computing R version 3.1.3 (Core Team 2015) and the betapart package 
(Baselga and Orme 2012).We only considered native species for analysis.

Results

We recorded a total of 150 species of vertebrates for Cucapá: 102 species of birds, taxonom-
ically grouped in 15 orders, 38 families and 83 genera; 34 species of mammals, grouped 
into six orders, 14 families and 26 genera, and 14 species of reptiles, belonging to one or-
der, five families and 12 genera (Tables 1, 2). Additionally, we recorded six species of exotic 
birds, but we did not include those in the analysis (Table 1). The best-represented families 
(by number of species) are Passerellidae in birds (11 spp.), Heteromidae in mammals (eight 
spp.), and Phrynosomatidae in reptiles (nine spp.). Sixteen, seven, and three bird, mam-
mal, and reptile families, respectively, were represented by a single species (Table 1).

In general, data sources contributed with multiple overlapping species (i.e. same spe-
cies reported in two or more data sources), but each source also contributed with unique 
species (Table 1). Of the 102 species of birds, we recorded 79 during fieldwork and 20 
of them were observed exclusively with this method; similarly, we obtained records of 23 
bird species from GBIF and five were not recorded in any other data source; and citizen 
science platforms contained records for 76 species, 19 of which were only reported there. 
In the case of mammals, we recorded 27 species during fieldwork, with 12 of them ob-
served exclusively with field efforts; similarly, GBIF and iNaturalist contained records for 
15 and 12 species respectively, five and one of which were only recorded respectively in 
each platform. For reptiles, five of the 10 species that we identified during fieldwork were 
not reported in other data source; however, three out of the nine species obtained from 
GBIF were not reported in any other data source. The four reptile species reported in citi-
zen science platforms from Cucapá were either observed in the field or reported in GBIF.
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Table 1. List of species and conservation status of birds, mammals and reptiles of Cucapá. The source of 
record: 1 = GBIF with collected specimens, 2 = iNaturalist and eBird observations (the second, only for 
birds), 3 = fieldwork. The risk extinction categories from NOM-059-SEMARNAT-2010 are A = Threat-
ened, Pr = Subject to Special Protection, P = Endangered, E = Probably Extinct in the Wild. The risk ex-
tinction categories from the IUCN Red List are: LC = Least Concern, NT = Near Threatened, VU = Vul-
nerable. * = exotic species.

Class/order/suborder/family/species Source NOM-059 IUCN
Class AVES
Order Anseriformes

Anatidae
Anas platyrhynchos 3 A LC
Spatula discors 3 LC
Order Galliformes

Odontophoridae
Callipepla gambelii 1,2,3 LC
Phasianidae
Phasianus colchicus* 2,3 LC
Order Columbiformes

Columbidae
Columbina inca 2 LC
Columba livia* 2,3 LC
Streptopelia decaocto* 2,3 LC
Zenaida asiatica 2,3 LC
Zenaida macroura 2,3 LC
Order Cuculiformes

Cuculidae
Geococcyx californianus 2,3 LC
Order Caprimulgiformes

Caprimulgidae
Chordeiles acutipennis 1,2,3 LC
Phalaenoptilus nuttallii 2 LC
Order Apodiformes

Apodidae
Aeronautes saxatalis 3 LC
Trochilidae
Calypte anna 2,3 LC
Calypte costae 2,3 LC
Selasphorus rufus 2,3 NT
Order Gruiformes

Rallidae
Fulica americana 3 LC
Gallinula galeata 3 LC
Porzana carolina 2,3 LC
Order Charadriiformes

Recurvirostridae
Himantopus mexicanus 2 LC
Charadriidae
Charadrius vociferus 2,3 LC
Scolopacidae
Calidris mauri 2 LC
Calidris minutilla 2,3 LC
Limnodromus scolopaceus 2 LC
Numenius americanus 3 LC
Tringa melanoleuca 2 LC
Laridae
Larus argentatus 2 LC
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Class/order/suborder/family/species Source NOM-059 IUCN
Larus californicus 2 LC
Larus delawarensis 2,3 LC
Larus fuscus 2 LC
Larus glaucescens 2 LC
Order Pelecaniformes

Ardeidae
Ardea alba 2,3
Ardea herodias 2,3 LC
Bubulcus ibis* 2,3 LC
Egretta thula 3 LC
Threskiornithidae
Plegadis chihi 2,3 LC
Order Cathartiformes

Cathartidae
Cathartes aura 2,3 LC
Order Accipitriformes

Accipitridae
Accipiter cooperii 2,3 Pr LC
Accipiter striatus 2,3 Pr LC
Buteo jamaicensis 2,3 Pr LC
Buteo lineatus 3 Pr LC
Buteo regalis 2 Pr LC
Circus hudsonius 2,3 LC
Elanus leucurus 2 LC
Parabuteo unicinctus 1 Pr LC
Order Strigiformes

Tytonidae
Tyto alba 2,3 LC
Strigidae
Athene cunicularia 2,3 Pr LC
Order Piciformes

Picidae
Colaptes auratus 2,3 E LC
Dryobates scalaris 2 LC
Melanerpes uropygialis 1 LC
Order Falconiformes

Falconidae
Caracara cheriway 1 LC
Falco mexicanus 2,3 A LC
Falco sparverius 2,3 LC
Order Passeriformes

Tyrannidae
Contopus sordidulus 3 LC
Myiarchus cinerascens 1,2,3 LC
Pyrocephalus rubinus 2,3 LC
Tyrannus verticalis 2 LC
Sayornis nigricans 2,3 LC
Sayornis saya 2,3 LC
Laniidae
Lanius ludovicianus 1,2,3 NT
Corvidae
Corvus brachyrhynchos 3 LC
Corvus corax 2,3 LC
Alaudidae
Eremophila alpestris 3 LC
Hirundinidae
Stelgidopteryx serripennis 2,3 LC
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Class/order/suborder/family/species Source NOM-059 IUCN
Hirundo rustica 3 LC
Petrochelidon pyrrhonota 2,3 LC
Tachycineta bicolor 2,3 LC
Remizidae
Auriparus flaviceps 1,2,3 LC
Troglodytidae
Campylorhynchus brunneicapillus 1,2,3 LC
Cistothorus palustris 2,3 LC
Salpinctes obsoletus 1,2,3 LC
Thryomanes bewickii 2,3 LC
Troglodytes aedon 3 LC
Polioptilidae
Polioptila caerulea 2,3 LC
Polioptila melanura 1,2,3 LC
Regulidae
Regulus calendula 2,3 LC
Turdidae
Catharus guttatus 2 LC
Catharus ustulatus 3 LC
Mimidae
Mimus polyglottos 1,2,3 LC
Toxostoma crissale 1 LC
Sturnidae
Sturnus vulgaris* 2,3 LC
Ptiliogonatidae
Phainopepla nitens 1,2,3 LC
Passeridae
Passer domesticus* 2 LC
Motacillidae
Anthus rubescens 2 LC
Fringillidae
Haemorhous mexicanus 1,2,3 LC
Spinus psaltria 2,3 LC
Passerellidae
Amphispiza bilineata 1,2,3 LC
Artemisiospiza belli 3 LC
Chondestes grammacus 2,3 LC
Junco hyemalis 1 LC
Melospiza lincolnii 3 LC
Melospiza melodia 2,3 LC
Melozone aberti 1,2,3 LC
Pooecetes gramineus 2 LC
Spizella passerina 1,3 LC
Spizella breweri 1,2,3 LC
Zonotrichia leucophrys 2,3 LC
Icteridae
Agelaius phoeniceus 1,2,3 LC
Icterus bullockii 3 LC
Molothrus ater 1,2,3 LC
Quiscalus mexicanus 2,3 LC
Sturnella neglecta 2,3 LC
Xanthocephalus xanthocephalus 3 LC
Parulidae
Geothlypis trichas 2,3 LC
Leiothlypis celata 2 LC
Leiothlypis ruficapilla 3 LC
Setophaga coronata 1,2,3 LC
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Class/order/suborder/family/species Source NOM-059 IUCN
Cardinalidae
Passerina caerulea 3 LC
Class MAMMALIA
Order Didelphimorphia

Didelphidae
Didelphis virginiana 3 LC
Order Lagomorpha

Leporidae
Sylvilagus audubonii 3 LC
Lepus californicus 2,3 LC
Order Rodentia

Cricetidae
Neotoma lepida 2,3 LC
Peromyscus eremicus 1,2 LC
Peromyscus maniculatus 2,3 LC
Peromyscus crinitus 1,2,3 LC
Geomyidae
Thomomys bottae 3 LC
Sciuridae
Ammospermophilus leucurus 1,3 LC
Xerospermophilus tereticaudus 3 LC
Heteromyidae
Dipodomys deserti 1 LC
Dipodomys merriami 1,2,3 LC
Chaetodipus baileyi 1 LC
Chaetodipus formosus 2,3 LC
Chaetodipus penicillatus 1,3 LC
Chaetodipus spinatus 1,2,3 LC
Perognathus longimembris 3 LC
Ondatra zibethicus 3 A LC
Order Carnivora

Mephitidae
Mephitis mephitis 2 LC
Canidae
Canis latrans 2,3 LC
Urocyon cinereoargenteus 3 LC
Vulpes macrotis 3 A LC
Procyonidae
Procyon lotor 3 LC
Felidae
Lynx rufus 3 LC
Order Artiodactyla

Bovidae
Ovis canadensis 1,2,3 Pr LC
Cervidae
Odocoileus hemionus 2,3 LC
Order Chiroptera

Molossidae
Tadarida brasiliensis 1,3 LC
Eumops perotis 1,3 LC
Vespertilionidae
Eptesicus fuscus 1 LC
Macrotus californicus 1 LC
Myotis californicus 3 LC
Myotis vivesi 1 P VU
Myotis yumanensis 3 LC



Terrestrial vertebrates of Sierra Cucapá 27

Class/order/suborder/family/species Source NOM-059 IUCN
 Parastrellus hesperus 1,3 A LC
Class REPTILIA
Order Squamata

Suborder Lacertilia
Phrynosomatidae
Callisaurus draconoides 1,2,3 LC
Crotaphytus grismeri 1,3 LC
Dipsosaurus dorsalis 3 LC
Phrynosoma platyrhinos 3 LC
Sauromalus ater 3 Pr LC
Sceloporus magister 1,3 LC
Urosaurus graciosus 3 LC
Urosaurus ornatus 3 LC
Uta stansburiana 1,2,3 A LC
Teiidae
Aspidoscelis tigris 1,2,3 LC
Suborder Serpentes
Colubridae
Masticophis flagellum 1 A LC
Natricidae
Thamnophis marcianus 1 A LC
Viperidae
Crotalus cerastes 1,2 Pr LC
Crotalus mitchellii 1 Pr LC

Table 2. Number of orders, families, genera, and species of birds, mammals and reptiles recorded 
in Sierra Cucapá and six NPAs of northern Baja California: Parque Nacional Constitución de 1857, 
Reserva de la Biosfera del Alto Golfo de California (RBAGC), Humedales Remanentes del Río Colo-
rado (HDRC), Sistema de Humedales Remanentes del Río Colorado (SHRRC), Laguna Hanson, Ro-
deo del Rey (community).

NPA/region Taxonomic group Orders Families Genera Species
Sierra Cucapá Birds 15 38 83 102

Mammals 6 14 26 34
Reptiles 1 5 12 14

Constitución 1857 Birds 18 45 116 174
Mammals 8 19 41 63
Reptiles 1 15 30 48

RBAGC Birds 22 58 174 320
Mammals 8 21 42 58
Reptiles 2 13 32 46

HDRC Birds 20 50 139 217
Mammals 7 13 26 30
Reptiles 2 10 17 21

SHRRC Birds 20 49 145 241
Mammals 6 10 18 24
Reptiles 1 12 25 28

Laguna Hanson Birds 18 44 110 165
Mammals 7 15 26 39
Reptiles 1 12 20 31

Rodeo del Rey (C) Birds 15 36 68 90
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Figure 2. Differences in species composition between Cucapá and the NPAs A birds B mammals 
C reptiles. Total difference in species composition (βjac; complete bar), proportion of the difference due to 
species turnover (βjtu; black portion of bar) and proportion of the difference due to nestedness (βjne; gray 
portion of bar).

In terms of number of records and locations, birds are the best represented group 
in the study area, followed by mammals, while reptiles are the group with the fewest 
records. The records are located mainly in the south, southeast, and central-west parts 
of the study area, covering the entire elevation range of Cucapá, while wide high areas 
with rugged terrain in the western portion, the northern area, and some low and flat 
areas to the east lack records (Fig. 1).

According to SEMARNAT (2010), 21 of the vertebrate species reported here 
are included in some risk of extinction category. In the case of birds, two species are 
Threatened, seven are Subject to Special Protection, and one is Probably Extinct in the 
Wild. For mammals, two species are Threatened, one is Subject to Special Protection, 
and one is Endangered. In the case of reptile species, four are Threatened and three are 
Subject to Special Protection. According to the IUCN Red List, only one species of 
mammal is Vulnerable (Table 1).
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Comparison of species richness and composition with natural protected areas

Bird species richness in Cucapá (102 spp.) is higher than richness in community NPA 
Rancho Rodeo del Rey (90 spp.), but lower than in the rest of the NPAs. Mammal spe-
cies richness in Cucapá (34 spp.) is higher than in HDRC (30 spp.) and SHRRC (24 
spp.), but lower than in the rest of the NPAs. For reptiles, species richness in Cucapá 
(14 spp.) was lower than for all NPAs (Table 2). The largest differences in bird species 
composition were between the community NPA Rodeo del Rey and RBAGC, Con-
stitución de 1857, and Laguna Hanson (βjac = 0.72 in all cases; Table 3A); for mammal 
and reptile species, the largest differences were between Laguna Hanson and HDRC 
(βjac = 0.81 and 0.89 respectively; Table 3B, C). The lowest total difference in species 
composition of birds, mammals and reptiles were between Laguna Hanson and Con-
stitución de 1857 NPA (βjac = 0.08, 0.42 and 0.34, respectively; Table 3A–C).

Total differences in species composition (βjac) between Cucapá and the NPAs 
ranged between 0.58–0.69 for birds (Table 3A; Fig. 2A), 0.61–0.79 for mammals 
(Table 3B; Fig. 2B), and 0.69–0.87 for reptiles (Table 3C; Fig. 2C). The differences in 
species composition between Cucapá and the NPAs were mainly explained by turnover 
of species in the comparisons with Laguna Hanson, Rodeo del Rey and Constitución 
1857, in the case of birds (βjtu = 0.55, 0.54, 0.53, respectively; Table 3A; Fig. 2A), for 
mammals in the comparisons with Laguna Hanson, HDRC and SHRRC (βjtu = 0.62, 
0.74, 0.58, respectively; Table 3B; Fig. 2B), and for reptiles in the comparisons with 

Table 3. Differences in species composition between pairs of sites. A birds B mammals C reptiles. The val-
ues outside the parentheses correspond to the total difference in species composition (βjac), the first value 
inside the parentheses indicates the difference due to species turnover (βjtu) and the second value indicates 
the proportion due to nestedness (βjne).

Sierra Cucapá Laguna Hanson HDRC SHRRC Const. 1857 RBAGC
A)
Laguna Hanson 0.68 (0.55+0.13)
HDRC 0.63 (0.28+0.35) 0.62 (0.53+0.09)
SHRRC 0.60 (0.09+0.51) 0.59 (0.44+0.15) 0.31 (0.25+0.06)
Const. 1857 0.69 (0.53+0.16) 0.08 (0.02+0.06) 0.61 (0.54+0.07) 0.56 (0.44+0.13)
RBAGC 0.69 (0.06+0.63) 0.61 (0.29+0.32) 0.33 (0.02+0.31) 0.33(0.12+0.21) 0.60 (0.31+0.29)
Rodeo del Rey 0.58 (0.54+0.04) 0.72 (0.55+0.17) 0.58 (0.02+0.56) 0.64 (0.08+0.56) 0.72 (0.53+0.19) 0.72 (0.02+0.70)
B)
Laguna Hanson 0.75 (0.62+0.13)
HDRC 0.79 (0.74+0.05) 0.81 (0.78+0.03)
SHRRC 0.61 (0.58+0.03) 0.79 (0.70+0.09) 0.65 (0.59+0.06)
Const. 1857 0.72 (0.24+0.48) 0.42 (0.05+0.37) 0.76 (0.57+0.19) 0.72 (0.34+0.38)
RBAGC 0.69 (0.24+0.45) 0.78 (0.70+0.08) 0.54 (0.12+0.42) 0.64 (0.15+0.49) 0.59 (0.56+0.03)
C)
Laguna Hanson 0.87 (0.78+0.09)
HDRC 0.74 (0.67+0.07) 0.89 (0.86+0.03)
SHRRC 0.69 (0.44+0.24) 0.77 (0.75+0.02) 0.63 (0.52+0.11)
Const. 1857 0.85 (0.60+0.25) 0.34 (0+0.34) 0.84 (0.71+0.13) 0.63 (0.44+0.19)
RBAGC 0.76 (0.25+0.51) 0.83 (0.78+0.05) 0.64 (0.18+0.46) 0.62 (0.40+0.22) 0.70 (0.69+0.01)
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Laguna Hanson, HDRC, SHRRC, and Constitución 1857 (βjtu = 0.78, 0.67, 0.44 
and 0.60, respectively; Table 3C; Fig. 2C). In contrast, the differences in composition 
were mainly explained by nestedness in the comparisons between Cucapá and HDRC, 
SHRRC, and RBAGC for birds (βjne = 0.35, 0.51, 0.63, respectively; Table  3A; 
Fig. 2A), for mammals in the comparisons between Cucapá with Constitución 1857 
and RBAGC (βjne = 0.48, 0.45 respectively; Table 3B; Fig. 2B) and for reptiles only in 
the comparison between Cucapá and RBAGC (βjne = 0.51; Table 3C; Fig. 2C).

Discussion

To our knowledge, this is the first study that integrates information on the diversity 
of terrestrial vertebrates that inhabit Cucapá and analyzes its conservation value. Our 
results indicate that Cucapá is home to a considerable number of bird, mammal, and 
reptile species. The number of species recorded in Cucapá represent 22% of the 473 
bird species (Erickson et al. 2013), 48.5% of the 70 species of mammals (Guevara-
Carrizales et al. 2016), and 14% of the 99 reptile species (Hollingsworth et al. 2015) 
reported from Baja California state. These percentages take on a greater importance 
considering that Cucapá occupies only 0.5% of the state.

The geographic distribution of bird, mammal, and reptile records available through 
GBIF, iNaturalist, and eBird indicates that large areas of Cucapá remain unexplored. 
Furthermore, some nearby NPAs (e.g. Parque Nacional Constitución de 1857 and 
Laguna Hanson) hold greater richness in considerably smaller areas. Thus, we consider 
that species richness of terrestrial vertebrates in Cucapá might actually be higher than 
what we report here, especially considering that at least 41, five, and 14 additional 
species of birds, mammals, and reptiles respectively have been recorded in nearby lo-
cations (Hathaway 2000; Guevara-Carrizales et al. 2013) and could inhabit Cucapá. 
Further efforts in unexplored areas of Cucapá are needed to complement the biologi-
cal inventory of terrestrial vertebrates presented here. Population-level studies in the 
region, especially of threatened and endangered species, would be desirable to deepen 
our understanding of the conservation value of this region. Considering that the low-
est elevation of Cucapá is essentially at sea level, future studies could consider climate 
change predictions in order to evaluate the persistence of species under future scenarios 
(e.g. with reptiles, see Lara-Reséndiz et al. 2021; Pérez-Delgadillo et al. 2021).

The inclusion of records from three different data sources provided complemen-
tary contributions to the inventory of Cucapá. The high percentage of bird, mammal, 
and reptile species recorded during fieldwork (78%, 79%, and 71%, respectively) and 
the percentage of species recorded exclusively by this method (20% for birds, 35% for 
mammals, and 35.7% for reptiles) indicate the importance of field sampling efforts to 
the species inventory for this relatively unexplored area. It also suggests the need for 
further fieldwork in areas that still lack information, but seasonal variations in spe-
cies composition and overall activity should be considered. In the case of birds, for 
instance, seasonal changes are particularly marked due to migratory processes (Dane-
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mann et al. 2002). The contribution of records from citizen science platforms was 
notable for birds, with 76% of all species that we recorded being reported there, and 
18% of species recorded exclusively with this data source. This demonstrates the util-
ity of such platforms for studies that integrate knowledge of species diversity and that 
evaluate the conservation value of areas that are poorly explored and of which little is 
known of their flora and fauna (Schmiedel et al. 2016). The effectiveness and precision 
of birdwatchers, for example on the eBird platform, have been linked to the experience 
and high level of interest in the group, since the identification skills of the participants 
have been inferred to be as good as those of ornithologists with scientific training 
(Lukyanenko et al. 2016).

The number of species listed in the NOM-059 (Table 1) highlights the value of 
Cucapá as an important area in the region for the conservation of terrestrial verte-
brates. In the case of birds, it is particularly important for the presence of raptor spe-
cies threatened with extinction (genera Accipiter, Buteo, Parabuteo, and Athene), and of 
species considered threatened throughout North America such as Athene cunicularia 
and Lanius ludovicianus (CCA 2000; SEMARNAT 2010), since several of these mi-
grant species require natural areas along their migration route. For mammals, it is 
worth highlighting the presence in Cucapá of threatened species that need large areas 
of land due to their environmental requirements, such as Ovis canadensis (SEMAR-
NAT 2010), which is considered a flagship species in the arid-mountainous ecosystems 
of Mexico (SPABC 2012) and whose Peninsular subspecies (Ovis canadensis nelsoni) 
is considered Endangered in the USA according to the U.S. Fish and Wildlife Service 
(https://ecos.fws.gov/ecp/species/4970). Cucapá is thus important for the conserva-
tion of this species in situ because of the extension of habitat it conserves and because it 
connects parts of the Sistema de Humedales Remanentes del Río Colorado located to 
the west and east of Cucapá (Fig. 1). In the case of reptiles, besides the presence of four 
Threatened and three Subject to Special Protection species, there is one particular spe-
cies not listed neither in the IUCN or NOM-059 which we consider makes Cucapá a 
priority area for conservation. This is Crotaphytus grismeri, a lizard endemic to Cucapá 
and Sierra El Mayor (McGuire 1994), which is another unprotected mountainous area 
south of Cucapá. Therefore, C. grismeri is not included in any NPA (Ramírez-Acosta 
et al. 2012). This illustrates that there is no need to wait until a species with particular 
ecological requirements is considered to be under a risk category to start protecting it.

The diversity of vertebrates and the number of species under risk categories re-
ported in this study suggest that Cucapá represents an important conservation region 
and an opportunity for biological conservation in the northern Peninsula. Currently, 
Cucapá is not under any legal protection scheme and is therefore not within the NPAs 
system, not even within the priority terrestrial regions of the state of Baja California 
(Arriaga et al. 2000a, 2000b) or any other initiative that would provide for its protec-
tion in the future. Both in the interior and in the surroundings of the Sierra, various 
anthropogenic activities threaten its biodiversity (e.g. mining, agriculture, off-road rac-
ing, and illegal looting of species for sale; Mellink 1995). Additionally, the recently ap-
proved Proyecto Integral EcoZoneMX will allow activities that include mining, com-

https://ecos.fws.gov/ecp/species/4970
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mercial construction, and a photovoltaic farm in an area of 14,782 ha (VRM 2015) 
that overlaps with more than 40% of Cucapá, which would have considerable negative 
effects on its biodiversity.

Comparison of species richness and composition with NPAs

For the three groups of vertebrates evaluated here, species richness in Cucapá is not 
higher than in the nearby NPAs with biological information (Table 2). However, we 
found that the difference in species composition between Cucapá and the NPAs is 
greater even than the differences between pairs of NPAs and, for each group, we also 
found a high species turnover between Cucapá and three or more NPAs (Table 3). This 
indicates that Cucapá offers a complementary conservation value to the NPAs system 
in the northern Peninsula. Thanks to its location, Cucapá can forms a biological cor-
ridor in the northern Peninsula in conjunction with the closest NPAs in the region 
(RBAGC, HDRC, and SHRRC), and with other unprotected natural areas such as 
Sierra El Mayor. If Cucapá were protected, this corridor would favor 1) the conserva-
tion of resident species populations (particularly those with small distribution ranges 
or that are endemic to this region, e.g. Crotaphytus grismeri), and 2) the transit of 
migrants (e.g. birds and certain species of bats), and of mammalian species with wide 
distribution ranges (e.g. bighorn sheep and mule deer).

Several studies have evaluated the role that the NPAs system in the northern 
Peninsula has for the conservation of biodiversity in the state of Baja California (Rie-
mann and Ezcurra 2005; Lovich et al. 2009; Ramírez-Acosta et al. 2012) and north 
of it (White et al. 2006; Barrows et al. 2013). These studies, however, did not include, 
or included tangentially, Ramsar sites, private or community NPAs, or natural areas 
that are not formally protected, such as Cucapá. This is possibly due to a lack of infor-
mation about the biological diversity that inhabits these spaces. For example, for the 
private NPA Rancho Rodeo del Rey and the community NPA El Doctor, we did not 
find species records for any of the vertebrate groups evaluated here (Table 2). There-
fore, we recommend further studies to collect biological information for these sites. 
Considering that this region is subject to multiple threats as habitat modification, 
pollution, introduction of exotic species, and other processes that are affecting eco-
systems (Valdés-Casillas et al. 1998; Quintero-Núñez and Moncada-Aguilar 2008; 
Rosete-Vergés et al. 2008; Andreu-Soler et al. 2014), we consider crucial that all 
NPAs are included in future evaluations of the conservation potential in the north-
ern Peninsula, regardless of their type of governance. Other studies have shown that 
non-government NPAs can have considerable complementarity with government 
NPAs, and that they contribute to secure the protection of a higher proportion of 
biodiversity (Ochoa-Ochoa et al. 2009; Muench and Martínez-Ramos 2016; García-
Bañuelos et al. 2020).

The current situation of Cucapá should draw attention of the urgent need to im-
plement strategies for the conservation of its biodiversity. Among the activities that 
have been effective at slowing the deterioration of other unprotected areas with high 
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biological diversity are the establishment of NPAs under non-government administra-
tion. Some examples include the Wildlife Management and Sustainable Use Units 
(UMA from its name in Spanish; Gallina-Tessaro et al. 2009; Pozo-Montuy et al. 
2017), private NPAs (Ortiz-Lozada et al. 2017; Villegas-Patraca et al. 2020), and com-
munity NPAs (Urquiza-Haas et al. 2011). It would be desirable to promote these 
alternatives for Cucapá.

Conclusions

We found that Cucapá harbors high bird, mammal, and reptile species richness. Con-
sidering the number and size of unexplored areas, as well as the cryptic behavior and 
generally low detection probabilities of some species or groups (e.g. reptiles), species 
richness could be even higher than what we report here. The Cucapá Sierra has a par-
ticular species composition of the three groups of vertebrates, with high species turno-
ver with three or more NPAs, and it harbors several species in risk extinction categories 
as well as endemic species. Taken together, these characteristics indicate that Cucapá 
has a complementary conservation value to the NPAs system of a region that has been 
severely transformed by various human activities. The lack of records in certain areas 
indicates the need to carry out further fieldwork to complement the species inventory 
reported here. In terms of conservation, we recommend the urgent establishment of 
strategies for the protection of Cucapá and its biodiversity.

Acknowledgements

We thank the technical staff of Unidad de Servicios Altamente Especializados del Insti-
tuto de Ecología, A.C. for help with fieldwork. Thanks are extended to Paulina García 
for producing the map. Milton Díaz Toribio, Rosaura Valdez and Sergio Cabrera pro-
vided helpful suggestions that improved this manuscript. Margaret Schroeder revised 
the English of the manuscript. The authors have no funding, and no conflicts of inter-
est to report.

References

Alemán-Nava GS, Casiano-Flores VH, Cárdenas-Chávez DL, Díaz-Chavez R, Scarlat N, Mahl-
knecht J, Dallemand J, Parra R (2014) Renewable energy research progress in Mexico: a re-
view. Renewable and Sustainable Energy Reviews 32: 140–153. https://doi.org/10.1016/j.
rser.2014.01.004

Andreu-Soler A, Ruiz-Campos G, Varela-Romero A (2014) Impacto de los peces exóticos sobre 
la condición somática del pez en peligro de extinción Cyprinodon macularius (Cyprino-
dontiformes: Cyprinodontidae) en la cuenca baja del Río Colorado. In: Low-Pfeng AM, 

https://doi.org/10.1016/j.rser.2014.01.004
https://doi.org/10.1016/j.rser.2014.01.004


Rafael Villegas-Patraca et al.  /  ZooKeys 1088: 17–39 (2022)34

Quión PA, Peters-Recagno EM (Eds) Especies Invasoras Acuáticas: Casos de Estudio en 
Ecosistemas de México. Secretaría de Medio Ambiente y Recursos Naturales, Instituto 
de Ecología y Cambio Climático, University of Prince Edward Island. Distrito Federal, 
México, 493–521.

Arriaga L, Espinoza JM, Aguilar C, Martínez E, Gómez L, Loa E (Coordinators) (2000a) Mapa 
de Regiones Terrestres Prioritarias de México. Escala de trabajo 1:1 000 000. Comisión 
Nacional para el Conocimiento y uso de la Biodiversidad, México. http://www.conabio.
gob.mx/conocimiento/regionalizacion/doctos/Tmapa.html

Arriaga L, Espinoza JM, Aguilar C, Martínez E, Gómez L, Loa E (Coordinators) (2000b) Re-
giones Terrestres Prioritarias para la Conservación. México, Comisión Nacional para el Co-
nocimiento y uso de la Biodiversidad, México. http://www.conabio.gob.mx/conocimiento/
regionalizacion/doctos/terrestres.html

Barrows CW, Gadsden H, Fisher M, García-De la Peña C, Castañeda G, López-Corrujedo 
H (2013) Patterns of lizard species richness within National Parks and biosphere reserves 
across North America’s deserts. Journal of Arid Environments 95: 41–48. https://doi.
org/10.1016/j.jaridenv.2013.03.012

Baselga A, Orme CDL (2012) Betapart: an R package for the study of beta diversity. 
Methods in Ecology and Evolution 3(5): 808–812. https://doi.org/10.1111/j.2041-
210X.2012.00224.x

Bibby CJ, Burgess ND, Hill D (1992) Bird Census Techniques. Academic Press, London, 
257 pp.

Bradley RD, Francis JQ, Platt II RN, Soniat JT, Álvarez D, Lindsey LL (2019) Mitochondrial 
DNA Sequence data indicate evidence for multiple species within Peromyscus maniculatus. 
Special Publications of the Museum of Texas Tech University 70: 1–59. https://www.depts.
ttu.edu/nsrl/publications/downloads/SP70.pdf

Carrillo E, Wong G, Cuarón AD (2000) Monitoring mammal populations in Costa Rican pro-
tected areas under different hunting restrictions. Conservation biology 14(6): 1580–1591. 
https://doi.org/10.1111/j.1523-1739.2000.99103.x

CCA (Comisión para la Cooperación Ambiental de América del Norte) (2000) Conservación 
de la biodiversidad. Conservación de las especies migratorias y transfronterizas de América 
del Norte. Conservación de especies de preocupación común en América del Norte. Com-
mission for Environmental Cooperation, Montreal, 98 pp. http://www.cec.org

Chora-Salvador JM (2003) Análisis Cinemático de Fallas Neogénicas Normales de Alto y 
Bajo Ángulo en la Sierra Cucapá, Baja California, México. Tesis de maestría, Centro de 
Investigación Científica y de Educación Superior de Ensenada (CICESE), Baja Califor-
nia, México.

CONANP (Comisión Nacional de Áreas Naturales Protegidas) (2007) Programa de Conser-
vación y Manejo Reserva de la Biosfera Alto Golfo de California y Delta del Río Colorado. 
Secretaría de Medio Ambiente y Recursos Naturales, Comisión Nacional de Áreas Natu-
rales Protegidas, México, 319 pp. https://www.conanp.gob.mx/que_hacemos/pdf/progra-
mas_manejo/Final_AltoGolfo.pdf

CONANP (Comisión Nacional de Áreas Naturales Protegidas) (2011) Programa de Manejo 
Parque Nacional Constitución de 1857. Secretaría de Medio Ambiente y Recursos Natu-

http://www.conabio.gob.mx/conocimiento/regionalizacion/doctos/Tmapa.html
http://www.conabio.gob.mx/conocimiento/regionalizacion/doctos/Tmapa.html
http://www.conabio.gob.mx/conocimiento/regionalizacion/doctos/terrestres.html
http://www.conabio.gob.mx/conocimiento/regionalizacion/doctos/terrestres.html
https://doi.org/10.1016/j.jaridenv.2013.03.012
https://doi.org/10.1016/j.jaridenv.2013.03.012
https://doi.org/10.1111/j.2041-210X.2012.00224.x
https://doi.org/10.1111/j.2041-210X.2012.00224.x
https://www.depts.ttu.edu/nsrl/publications/downloads/SP70.pdf
https://www.depts.ttu.edu/nsrl/publications/downloads/SP70.pdf
https://doi.org/10.1111/j.1523-1739.2000.99103.x
http://www.cec.org
https://www.conanp.gob.mx/que_hacemos/pdf/programas_manejo/Final_AltoGolfo.pdf
https://www.conanp.gob.mx/que_hacemos/pdf/programas_manejo/Final_AltoGolfo.pdf


Terrestrial vertebrates of Sierra Cucapá 35

rales, Comisión Nacional de Áreas Naturales Protegidas. México, 124 pp. https://www.
conanp.gob.mx/que_hacemos/pdf/programas_manejo/PM_constitucion.pdf

Cox CL, Rabosky ARD, Holmes IA, Reyes-Velasco J, Roelke CE, Smith EN, Flores-Villela O, 
MacGuire JA, Campbell JA (2018) Synopsis and taxonomic revision of three genera in the 
snake tribe Sonorini. Journal of Natural History 52(13–16): 945–988. https://doi.org/10.
1080/00222933.2018.1449912

Crump ML, Scott Jr NJ (1994) Visual encounter surveys. In: Heyer RW, Donelly MA, McDi-
armid RW, Hayek LC, Foster MS (Eds) Measuring and Monitoring Biological Diversity: 
Standard Methods for Amphibians. Smithsonian Institution Press, Washington and Lon-
don, 84–92.

Danemann GD, Carmona R, Fernández G (2002) Migratory shorebirds in the Guerrero Negro 
Saltworks, Baja California Sur, Mexico. Wader Study Group Bulletin 97: 36–41. https://
sora.unm.edu/node/121648

Erickson RA, Carmona R, Ruiz-Campos G, Marshall JI, Billings MJ (2013) Annotated check-
list of the birds of Baja California and Baja California Sur, Second Edition. North Ameri-
can Birds 66: 582–613.

ESRI (Environmental Systems Resource Institute) (2014) ArcInfo, version 10.2.2. Redlands, 
California.

Gallina-Tessaro S, López-González C (Eds) (2011) Manual de Técnicas para el Estudio de 
la Fauna, Volumen I. Universidad Autónoma de Querétaro, Instituto de Ecología A.C., 
Querétaro, México, 377 pp.

Gallina-Tessaro SA, Hernández-Huerta A, Delfín-Alonso CA, González-Gallina A (2009) Uni-
dades para la conservación, manejo y aprovechamiento sustentable de la vida silvestre en Mé-
xico (UMA). Retos para su correcto funcionamiento. Investigación Ambiental 1: 143–152.

García-Bañuelos P, Rovito SM, Pineda E (2020) Representation of threatened biodiversity in 
protected areas and identification of complementary areas for their conservation: pleth-
odontid salamanders in Mexico. Tropical Conservation Science 12: 1–12. https://doi.
org/10.1177/1940082919834156

González-Bernal A (2008) Distribución de la Zorra del Desierto (Vulpes macrotis) en Relación 
a sus Presas y a su Principal Depredador, el Coyote (Canis latrans). Tesis de Maestría. Insti-
tuto de Ecología, Xalapa, Veracruz, México.

Grismer LL (2002) Amphibians and Reptiles of Baja California Including its Pacific Islands and 
the Islands in the Sea of Cortés. University of California Press, Berkeley, 399 pp. https://
doi.org/10.1525/california/9780520224179.001.0001

Grismer LL, Hollingsworth BD (2001) A taxonomic review of the endemic alligator lizard 
Elgaria paucicarinata (Anguidae: Squamata) of Baja California, México with a description 
of a new species. Herpetologica 57: 488–496.

Guevara-Carrizales AA, Ruiz-Campos G, Escobar-Flores J, Martínez-Gallardo R (2016) 
Mamíferos terrestres de las ecorregiones áridas del estado de Baja California. In: Briones-
Salas M, Hortelano-Moncada Y, Magaña-Cota G, Sánchez-Rojas G, Sosa-Escalante JE 
(Eds) Riqueza y Conservación de los Mamíferos en México a Nivel Estatal. Instituto de 
Biología, Universidad Nacional Autónoma de México, Asociación Mexicana de Mastozo-
ología A.C., Universidad de Guanajuato, Ciudad de México, 63–90.

https://www.conanp.gob.mx/que_hacemos/pdf/programas_manejo/PM_constitucion.pdf
https://www.conanp.gob.mx/que_hacemos/pdf/programas_manejo/PM_constitucion.pdf
https://doi.org/10.1080/00222933.2018.1449912
https://doi.org/10.1080/00222933.2018.1449912
https://sora.unm.edu/node/121648
https://sora.unm.edu/node/121648
https://doi.org/10.1177/1940082919834156
https://doi.org/10.1177/1940082919834156
https://doi.org/10.1525/california/9780520224179.001.0001
https://doi.org/10.1525/california/9780520224179.001.0001


Rafael Villegas-Patraca et al.  /  ZooKeys 1088: 17–39 (2022)36

Guevara-Carrizales AA, Zamora-Gutiérrez V, Gonzáles-Gómez R, Martínez-Gallardo R (2013) 
Catálogo de los murciélagos de la región del delta del Río Colorado, México. Therya 4(1): 
47–60. http://www.revistas-conacyt.unam.mx/therya/index.php/THERYA/article/view/71

Hathaway SA (2000) An Exploratory Analysis of the biogeography Distribution of Herpeto-
fauna (Reptiles and Amphibians) and Environmental Variation in San Diego County using 
Museum Records and Survey Data. Master’s thesis, San Diego State University, San Diego.

Hinojosa-Huerta O, Soto-Montoya E, Gómez-Sapiens M, Calvo-Fonseca A, Guzmán-Olachea 
R, Butrón-Méndez J, Butrón-Rodríguez JJ, Román-Rodríguez M (2013) The birds of the 
Ciénega de Santa Clara, a wetland of international importance within the Colorado River 
Delta. Ecological Engineering 59: 61–73. https://doi.org/10.1016/j.ecoleng.2013.03.005

Hollingsworth BD, Mahrdt CR, Grismer LL, Lovich RE (2015) Herpetofauna of Baja Cali-
fornia. In: Lemos-Espinal JA (Ed.) Amphibians and Reptiles of the US – Mexico Border 
States / Anfibios y reptiles de los estados de la frontera México – Estados Unidos. Texas A 
and M University Press (No. 52 WL Moody Jr Natural History Series), College Station, 
Texas, United State, 15–33.

Howell, SNG, Webb S (1995) A Guide to the Birds of Mexico and Northern Central America. 
Oxford University Press, New York, 851 pp.

INEGI (Instituto Nacional de Estadística, Geográfica e Informática). http://www.inegi.gob.mx.
IUCN (International Union for Conservation of Nature) (2020) The IUCN Red List of Threat-

ened Species. Version 2020–1. http://www.iucnredlist.org.
Lara-Reséndiz RA, Galina-Tessaro P, Sinervo B, Miles DB, Valdez-Villavicencio JH, Valle-

Jiménez FI, Méndez-de la Cruz FR (2020) How will climate change impact fossorial lizard 
species? Two examples in the Baja California Peninsula. Journal of thermal Biology 95. 
https://doi.org/10.1016/j.jtherbio.2020.102811

Leaché AD, Mulcahy DG (2007) Phylogeny, divergence times and species limits of spiny 
lizards (Sceloporus magister species group) in western North American deserts and Baja 
California. Molecular Ecology 16(24): 5216–5233. https://doi.org/10.1111/j.1365-
294X.2007.03556.x

Lovich RE, Grismer LL, Danemann G (2009) Conservation status of the herpetofauna of 
Baja California, Mexico and associated islands in the Sea of Cortez and Pacific Ocean. 
Herpetological Conservation and Biology 4(3): 358–378. http://www.herpconbio.org/
contents_vol4_issue3.html

Lukyanenko R, Parsons J, Wiersma F (2016) Emerging problems of data quality in citizen sci-
ence. Conservation Biology 30(3): 447–449. https://doi.org/10.1111/cobi.12706

Martínez N, Espejel I, Martínez-Valdez C (2016) Evaluation of governance in the administra-
tion of protected areas on the peninsula of Baja California. Frontera Norte 28: 103–129.

McGuire JA (1994) A new species of collared lizard (Iguania: Crotaphytidae) from northeast-
ern Baja California, Mexico. Herpetologica 50: 438–450.

McGuire JA, Linkem CW, Koo MS, Hutchison DW, Lappin AK, Orange DI, Lemos-Espinal 
J, Riddle BR, Jaeger JR (2007) Mitochondrial introgression and incomplete lineage sorting 
through space and time: phylogenetics of crotaphytid lizards. Evolution 61(12): 2879–
2897. https://doi.org/10.1111/j.1558-5646.2007.00239.x

http://www.revistas-conacyt.unam.mx/therya/index.php/THERYA/article/view/71
https://doi.org/10.1016/j.ecoleng.2013.03.005
http://www.inegi.gob.mx
http://www.iucnredlist.org
https://doi.org/10.1016/j.jtherbio.2020.102811
https://doi.org/10.1111/j.1365-294X.2007.03556.x
https://doi.org/10.1111/j.1365-294X.2007.03556.x
http://www.herpconbio.org/contents_vol4_issue3.html
http://www.herpconbio.org/contents_vol4_issue3.html
https://doi.org/10.1111/cobi.12706
https://doi.org/10.1111/j.1558-5646.2007.00239.x


Terrestrial vertebrates of Sierra Cucapá 37

Medellín RA, Arita HT, Sánchez-Herrera O (2008) Identificación de los Murciélagos de Mé-
xico: Clave de Campo. Segunda edición. Instituto de Ecología, Universidad Nacional Au-
tónoma de México, Distrito Federal, 79 pp.

Mellink E (1995) The potential effect of commercialization of reptiles from Mexico’s Baja Cali-
fornia Peninsula and its associated islands. Herpetological Natural History 3: 95–99.

Muench C, Martínez-Ramos M (2016) Can community-protected areas conserve bio-
diversity in human-modified tropical landscapes? The case of terrestrial mam-
mals in southern Mexico. Tropical Conservation Science 9: 178–202. https://doi.
org/10.1177/194008291600900110

Mulcahy DG (2008) Phylogeography and species boundaries of the western North American 
nightsnake (Hypsiglena torquata): revising the subspecies concept. Molecular Phylogenetics 
and Evolution 46(3): 1095–1115. https://doi.org/10.1016/j.ympev.2007.12.012

Ochoa-Ochoa L, Urbina-Cardona JN, Vázquez L-B, Flores-Villela O, Bezaury-Creel J (2009) 
The effects of governmental protected areas and social initiatives for land protection on the 
conservation of Mexican amphibians. PLoS ONE 4(9): e6878. https://doi.org/10.1371/
journal.pone.0006878

O´Connell KA, Smith EN (2018) The effect of missing data on coalescent species delimitation 
and a taxonomic revision of whipsnake (Colubridae: Masticophis). Molecular Phylogenetics 
and Evolution 127: 356–366. https://doi.org/10.1016/j.ympev.2018.03.018

Orozco-Lugo L, Guillén-Servent A, Valenzuela-Galván D, Arita HT (2013) Descripción de 
los pulsos de ecolocalización de once especies de murciélagos insectívoros aéreos de una 
selva baja caducifolia en Morelos, México. Therya 4: 33–46. https://doi.org/10.12933/
therya-13-103

Ortiz-Lozada L, Pelayo-Martínez J, Mota-Vargas C, Demeneghi-Calatayud AP, Sosa VJ (2017) 
Absence of large and presence of medium-sized mammal species of conservation concern 
in a privately protected area of rain forest in southeastern Mexico. Tropical Conservation 
Science 10: 1–13. https://doi.org/10.1177/1940082917738093

Pérez-Delgadillo AG, Lara-Resendiz RA, Valdez-Villavicencio JH, Arenas-Moreno DM, 
Domínguez-Guerrero SF, Galina-Tessaro P, Méndez-de la Cruz F (2021) Thermal ecology 
of a thermophilic lizard Callisaurus draconoides through a latitudinal gradient. Journal of 
Arid Environments 195: e104634. https://doi.org/10.1016/j.jaridenv.2021.104634

Pozo-Montuy G, Álvarez-Flores JL, Cedillo-Álvarez CV, Bonilla-Sánchez YM (2017) Unidades 
de manejo para la conservación de la vida silvestre: oportunidades de conservación de pri-
mates y otras especies. In: Quintana-Morales PC, González-Christen A, García-Orduña F, 
Canales-Espinosa D (Eds) La Sierra de Santa Marta, Los Tuxtlas, Veracruz: Aprovechami-
ento, Diversidad de Mamíferos y Conservación de Primates. Instituto de Neuroetología, 
Universidad Veracruzana, Xalapa, 233–252.

Pozo-Montuy G, Camargo-Sanabria AA, Cruz-Canuto I, Leal-Aguilar K, Mendoza E 
(2019) Análisis espacial y temporal de la estructura de la comunidad de mamíferos 
medianos y grandes de la Reserva de la Biosfera Selva El Ocote, en el sureste mexi-
cano. Revista Mexicana de Biodiversidad 90: e902731 4. https://doi.org/10.22201/
ib.20078706e.2019.90.2731

https://doi.org/10.1177/194008291600900110
https://doi.org/10.1177/194008291600900110
https://doi.org/10.1016/j.ympev.2007.12.012
https://doi.org/10.1371/journal.pone.0006878
https://doi.org/10.1371/journal.pone.0006878
https://doi.org/10.1016/j.ympev.2018.03.018
https://doi.org/10.12933/therya-13-103
https://doi.org/10.12933/therya-13-103
https://doi.org/10.1177/1940082917738093
https://doi.org/10.1016/j.jaridenv.2021.104634
https://doi.org/10.22201/ib.20078706e.2019.90.2731
https://doi.org/10.22201/ib.20078706e.2019.90.2731


Rafael Villegas-Patraca et al.  /  ZooKeys 1088: 17–39 (2022)38

Pyron RA, Burbrink FT (2009) Systematics of the common Kingsnake (Lampropeltis getula; 
Serpentes: Colubridae) and the burden of heritage in taxonomy. Zootaxa 2241(1): 22–32. 
https://doi.org/10.11646/zootaxa.2241.1.2

Quintero-Núñez M, Moncada-Aguilar A (2008) Contaminación y control de las quemas agrí-
colas en Imperial, California, y Mexicali, Baja California. Región y Sociedad 20(43): 1–24. 
https://doi.org/10.22198/rys.2008.43.a494

Ralph CJ, Geupel GR, Pyle P, Martin TE, DeSante DF, Milá B (1996) Manual de métodos de cam-
po para el monitoreo de aves terrestres. Pacific Southwest Research Station, Forest Service, U.S. 
Department of Agriculture, California, USA, 46 pp. https://doi.org/10.2737/PSW-GTR-159

Ramírez-Acosta J, Castellanos A, Arnaud G, Breceda A, Rojas-Soto O (2012) Conservation 
of endemic terrestrial vertebrates in the protected areas of the Baja California Peninsula, 
Mexico. Natural Areas Journal 32(1): 15–30. https://doi.org/10.3375/043.032.0104

Reid FA (2006) Mammals of North America. Peterson Field Guides, New York, 592 pp.
Reid FA (2009) A Field Guide to the Mammals of Central America and Southeast Mexico, 2nd 

Edition. Oxford University Press, New York, USA, 346 pp.
Riemann H, Ezcurra E (2005) Plant endemism and natural protected areas in the penin-

sula of Baja California, Mexico. Biological Conservation 122(1): 141–150. https://doi.
org/10.1016/j.biocon.2004.07.008

Rizo-Aguilar A (2008) Descripción y análisis de los pulsos de ecolocación de 14 especies de 
murciélagos insectívoros aéreos del Estado de Morelos. Master’s thesis, Instituto de Ecología 
A.C., Xalapa, Veracruz.

Rodríguez-Robles JA, Jesús-Escobar JM (2000) Molecular systematics of New World gopher, 
bull, and pinesnakes (Pituophis: Colubridae), a transcontinental species complex. Molecu-
lar Phylogenetics and Evolution 14(1): 35–50. https://doi.org/10.1006/mpev.1999.0698

Rojas-Soto OR, Alcántara-Ayala O, Navarro AG (2003) Regionalization of the avifauna of the 
Baja California Peninsula, Mexico: a parsimony analysis of endemicity and distributional 
modelling approach. Journal of Biogeography 30(3): 449–461. https://doi.org/10.1046/
j.1365-2699.2003.00836.x

Rosete-Vergés FA, Pérez-Damián JL, Bocco G (2008) Cambio de uso del suelo y vegetación en 
la Península de Baja California, México. Investigaciones Geográficas, Boletín del Instituto 
de Geografía, UNAM 67: 39–58.

Rudran R, Kunz TH, Southwell C, Smith AP (1996) Observational techniques for non-volant 
mammals. In: Wilson DE, Cole FR, Nichols JD, Rudran R, Foster MS (Eds) Measuring 
and Monitoring Biological Diversity: Standard Methods for Mammals. Smithsonian Insti-
tution Press, Washington, D.C., 81–104.

Schmiedel U, Araya Y, Bortolotto MI, Boeckenhoff L, Hallwachs W, Janzen D, Kolipaka SS, 
Novotny V, Palm M, Parfondry M, Smanis A, Toko P (2016) Contributions of paraecolo-
gists and parataxonomists to research, conservation, and social development. Conservation 
Biology 30(3): 506–519. https://doi.org/10.1111/cobi.12661

Schulte II JA, Macey JR, Papenfuss TJ (2006) A genetic perspective on the geographic as-
sociation of taxa among arid North American lizards of the Sceloporus magister complex 
(Squamata: Iguanidae: Phrynosomatidae). Molecular Phylogenetics and Evolution 39(3): 
873–880. https://doi.org/10.1016/j.ympev.2005.04.033

https://doi.org/10.11646/zootaxa.2241.1.2
https://doi.org/10.22198/rys.2008.43.a494
https://doi.org/10.2737/PSW-GTR-159
https://doi.org/10.3375/043.032.0104
https://doi.org/10.1016/j.biocon.2004.07.008
https://doi.org/10.1016/j.biocon.2004.07.008
https://doi.org/10.1006/mpev.1999.0698
https://doi.org/10.1046/j.1365-2699.2003.00836.x
https://doi.org/10.1046/j.1365-2699.2003.00836.x
https://doi.org/10.1111/cobi.12661
https://doi.org/10.1016/j.ympev.2005.04.033


Terrestrial vertebrates of Sierra Cucapá 39

SEMARNAT (Secretaría del Medio Ambiente y Recursos Naturales) (2010) Norma Oficial 
Mexicana NOM-059-SEMARNAT-2010, Protección ambiental - Especies nativas de Mé-
xico de flora y fauna silvestres - Categorías de riesgo y especificaciones para su inclusión, 
exclusión o cambio - Lista de especies en riesgo. Diario Oficial de la Federación. 30 de 
diciembre de 2010, Segunda Sección, México. Modificación 14 de noviembre de 2019.

Sibley DA (2014) The Sibley Guide to Birds. Second edition. Knopf, New York, 598 pp.
SPABC (Secretaría de Protección al Ambiente del Estado de Baja California) (2012) Estrategia estatal 

para la conservación y el manejo sustentable del borrego cimarrón (Ovis Canadensis cremnobates) 
en Baja California. Secretaría de Protección al Ambiente de Baja California, Secretaría de 
Medio Ambiente y Recursos Naturales. http://www.spabc.gob.mx.

Uetz P, Freed P, Hošek J (Eds) (2020) The Reptile Database. http://www.reptile-database.org.
Urquiza-Haas T, Peres CA, Dolman PM (2011) Large vertebrate responses to forest cover and 

hunting pressure in communal landholdings and protected areas of the Yucatan Penin-
sula, Mexico. Animal Conservation 14(3): 271–282. https://doi.org/10.1111/j.1469-
1795.2010.00426.x

Valdés-Casillas C, Glenn EP, Hinojosa-Huerta O, Carrillo-Guerrero Y, García-Hernández 
J, Zamora-Arroyo F, Muñoz-Viveros M, Briggs M, Lee C, Chavarría-Correa E, Riley J, 
Baumgartner D, Condon C (1998) Manejo y Restauración de Humedales en el Delta del 
Río Colorado: Los primeros pasos. Publicación especial del CECARENA-ITESM campus 
Guaymas y el North American Wetlands Conservation Council, Mexico 32 pp.

Villegas-Patraca R, Muñoz-Jiménez O, Aguilar-López JL (2020) Diversity and conservation of 
bats in a private protected areas of southern México. Therya Notes 1: 95–100. https://doi.
org/10.12933/therya_notes-20-21

VRM (Viz Resource Management) (2015) Manifestación de Impacto Ambiental, Modalidad 
Regional: Proyecto Integral EcoZoneMx. Viz Resource Management, S.A. de C.V. México. 
281 pp.

Webb RH, Salazar-Ceseña JM (2011) Agave turneri (Agavaceae), a new species from north-
eastern Baja California, Mexico. Brittonia 63: 203–210. https://doi.org/10.1007/s12228-
010-9151-3

White MD, Stallcup JA, Comer K, Vargas-Téllez MA, Beltrán-Abaunza JM, Ochoa F, Morrison 
S (2006) Designing and establishing conservation areas in the Baja California-Southern 
California border region. In: Hoffman, K (Ed.) The U.S. Mexican Border Environment: 
Transboundary Ecosystem Management. Southwest Consortium for Environmental Re-
search and Policy Monograph Series, No. 15. San Diego State University Press, California, 
USA, 191–224.

http://www.spabc.gob.mx
http://www.reptile-database.org
https://doi.org/10.1111/j.1469-1795.2010.00426.x
https://doi.org/10.1111/j.1469-1795.2010.00426.x
https://doi.org/10.12933/therya_notes-20-21
https://doi.org/10.12933/therya_notes-20-21
https://doi.org/10.1007/s12228-010-9151-3
https://doi.org/10.1007/s12228-010-9151-3

	Diversity and conservation of terrestrial vertebrates (birds, mammals, and reptiles) of Sierra Cucapá, Mexicali, Baja California, Mexico
	Abstract
	Introduction
	Methods
	Study area
	Data collection
	Fieldwork
	Data analysis

	Results
	Comparison of species richness and composition with natural protected areas

	Discussion
	Comparison of species richness and composition with NPAs

	Conclusions
	Acknowledgements
	References

