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ABSTRACT

It is important to document the knowledge possessed by rural people regarding the flora and fauna
species in their environment so that this knowledge can be incorporated into conservation efforts.
We investigated the traditional knowledge of the inhabitants of the Barranca de Metztitlan Biosphere
Reserve (BMBR) regarding the fauna in their environment, identifying the wild species they recognize
and determining the cognitive salience they assign to them. We also compared knowledge between
people who lived in the valley (El Valle) and the mountains (La Sierra), and between men and women,
to determine whether this knowledge differed. We conducted semi-structured interviews between April
2016 and February 2017. To evaluate the traditional knowledge, we used the Smith index because it
combines the frequency and order of mention of the elements listed. We found that the local people in
the BMBR recognized 37 wildlife species, including 25 mammals, nine birds, two reptiles, and one
unidentified species. Ethnozoological knowledge is structured by gender: while the men mentioned
100% of the species in the list generated by the interviews, women covered only 59.5%. Some wild
animals exhibited significant differences in cognitive salience between El Valle and La Sierra. The local
population has extensive knowledge about the wild species that inhabit the area, mainly mammals and
secondarily birds and reptiles. This knowledge should be incorporated into conservation plans for the

reserve.
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SIGNIFICANCE STATEMENT

This paper analyzes the relationships between humans and wildlife in a biosphere reserve in central Mexico.
While many animals are recognized by the local population, the mammals are dominant. Some animals have a
very different cognitive salience between the human sexes and different topographic areas (e.g. El Valle and La
Sierra). This study contributes to the understanding of the complex relationship between humans and fauna
and provides some ideas for improving their cohabitation. It also highlights local concerns, an aspect that is
particularly important in Biosphere Reserves.
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INTRODUCTION

The perception of conservation biology has
changed several times since its inception, from
conservation thinking focused on “nature for itself,”
through conceptual frameworks of “nature despite
people” and “nature for people”, to the most recent
thinking of “people and nature” (Mace, 2014; Campos
et al., 2021). The concept of “salience” could serve to
link different knowledge systems in a complementary
and mutually enriching way (for researchers, civil
authorities, and local populations). Salience involves
all the characteristics of organisms (phenotypic,
perceptual, ecological, and cultural) that explain why
people remember and recognize a species (Gosler
2017).

The importance of animal or plant species
for different human groups has been studied in
ethnobiology using concepts such as cognitive salience
(CS), which is “the place occupied by different
elements of nature in human cognition and is generally
obtained through the analysis of free listings” (Wajner
et al. 2019), also CS allows us to determine the
emic vision of a semantic domain. In the free list
technique (Bernard 2006), respondents are asked to
list organisms of interest to them. This method is
grounded in psychology (Quinlan 2005; Bernard 2006)
since the order in which these organisms are mentioned
(hereafter, order of mention) and the frequency with
which they are listed (frequency of mention) by the
respondents are indicators of their relative importance
or prominence (Smith and Borgatti 1998). Humans
tend to prioritize the items that are most meaningful
to us, and we tend to remember to items that are
important to us. It is important to note that these
items may have been listed as a result of both
positive and negative attributes, as demonstrated by
Tamburini et al. (2021).

The CS value of a taxon can be influenced
by the intrinsic or extrinsic characteristics of the
taxon. In the case of the former, the CS can be
influenced by the frequency of use, specificity of use,
spatial and temporal availability of the organism,
and how conspicuously it is based on its morphology
and/or behavior (Turner 1988). We utilize extrinsic
characteristics and refer to socioeconomic and cultural
factors (such as income, age, sex, and education
level) because they influence the transmission of
knowledge (Torres-Avilez et al. 2016; da Costa et
al. 2021). Gender-structured systems of knowledge
about taxa have been observed, especially in localities
with differentiated gender roles (Pfeiffer and Butz
2005; Torres-Avilez et al. 2016). Different parts of
the landscape and their associated species are known
and observed and therefore used and appropriated, in
different ways by women and men, depending on the

work they carry out and the landscape units most
frequently visited. Gender differences in knowledge
and use have been documented for animals (Randler et
al. 2021), plants (Torres-Avilez et al. 2016; da Costa et
al. 2021), and fungi (Ruan-Soto et al. 2007; Stryamets
et al. 2023).

Moreover, CS has been evaluated for different
wild organisms, particularly animals. Human-animal
relationships are complex and heterogeneous, varying
across cultures and time, for this reason the CS is
so different between places and people (Amiot and
Bastian 2015). Large wild mammals are perceived
by humans in different ways, depending on cultural,
environmental, social, and economic factors (Santos

et al. 2009; Avila—Najera et al. 2018; Tamburini et
al. 2021). Mammals are among the biological groups
with which humans are most familiar, both in terms
of differentiating species and understanding complex
aspects of their life histories (Sosa-Escalante et al.
2016). While wildlife plays an important role in
providing environmental and/or cultural services to
humans (Lacher et al. 2019), it is also perceived as a
potential risk to humans, particularly when large wild
mammals approach human settlements (Nyhus 2016).

Reports of such close encounters are becoming
increasingly common in various rural areas of Mexico,
where there has been a growing number of records
of large predators, such as jaguars (Hidalgo-Mihart
et al. 2019; Lavariega et al., 2020), cougars (Castro-
Campos et al. 2021), and black bears (Aguilar-Lopez
et al. 2019). Several initiatives have therefore been
implemented to facilitate coexistence between humans
and wildlife (Soulsbury and White 2016). Birds
provide services and some disservices to people, but
this is dependent on human density (Cox et al. 2018).
In Mexico, dissemination activities have facilitated the
harmonization of human-reptile relationships (Cupul-
Cicero et al. 2019; Fernandez-Badillo et al. 2021).
While these are valuable efforts, it is also necessary
to study the differential importance that wildlife can
represent for human beings since this has implications
for conservation.

The interactions between wildlife and human
populations are diverse and complex. Humans develop
a range of relationships with animal species, which
may be emotional or even religious. They recognize
their intrinsic value or consider them in their ecological
dimension. However, humans also appreciate fauna in
a utilitarian sense or associate them with harmful
factors. Animals have provided food, medicine,
companionship, decoration, traction, transportation,
materials to make tools or shelters, entertainment,
amulets and symbols of status, religion, and group
membership (Gutiérrez-Santillan et al. 2018; Alves
et al. 2018). Understanding which organisms are
considered important by a given social group, and why,
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is a fundamental aspect of biological conservation.
This is a prerequisite for the appropriate management
of fauna in areas of greatest interest for biological
conservation that are inhabited by humans, such as
biosphere reserves (BRs). The UNESCO Man and
Biosphere Program recognizes the BRs as a means
of protecting biodiversity, promoting solutions for
conservation through sustainable use, and fostering
research, education, and the enterprise (Halffter 2011).

The objective of this study was to investigate
the traditional knowledge of the inhabitants of the
Barranca de Metztitlan Biosphere Reserve (BMBR)
regarding fauna, to determine which wildlife species
they recognize and what cognitive salience they assign
to them. We also sought to determine whether there
were any differences in this cognitive salience between
individuals of different sexes (men and women) and
between those from two different topographic areas (El
Valle and La Sierra). Three hypotheses are proposed:

1) We expect that the inhabitants of BMBR, living
in long-established rural communities, will have
a detailed knowledge of different wild animals
irrespective of whether they have a positive or
negative connotation.

2) Since there is still a gender role in this rural area,
we expect that men will be able to name more
wildlife species than women since the former
work more frequently in the field.

3) We expect that La Sierra - with more coverage
of natural ecosystems - will harbor more species
of interest for conservation than La Vega, which
is dominated by an agricultural matrix.

This information can serve as a basis for the
development of a future management plan for reserves
or the development of new conservation strategies,
considering the needs of all actors involved in the
system, in terms of harvesting and maintaining their
natural resources.

MATERIAL AND METHODS

Study Area

The BMBR is located in the state of Hidalgo,
Mexico. It has an area of 96,042.94 ha and includes
eight municipalities (equivalent to counties) (Figure 1;
CONABIO and SEMARNATH 2021). This area
includes portions of the Mexican Altiplano and Sierra
Madre Oriental biogeographic provinces (Morrone
2001). The reserve includes two distinct forms of
topography, highly contrasting in terms of their
orography, the conservation status of their ecosystems,
and the economic activities carried out in them. The

region FEl Valle comprises valleys surrounding the
Venados River with an elevation of approximately
1100 masl (the lowest part of the basin found within
the BMBR). The main economic activities include
irrigated agriculture and commerce. In contrast, La
Sierra comprises canyons, rolling hills, and plateaus
of up to 2600 masl that harbor natural ecosystems.
The economic activities in this region include seasonal
(rain-fed) crop agriculture, livestock, and fishing
(CONABIO and SEMARNATH 2021). Additional File
1 presents a visual comparison between El Valle and
La Sierra.

In 2010, the estimated human population of the
region was 26,533, with 1533 individuals belonging
to indigenous groups (CONABIO and SEMARNATH
2021). These indigenous groups belong to the
Oto-Mangue linguistic family, which is the largest
and most diverse in the country: specifically, the
Otomi linguistic group and the Hnahna variant
("Otomi from the Mezquital Valley"). The indigenous
population is distributed across approximately 34
locations within the BMBR (INALI 2009; CONABIO
and SEMARNATH 2021). The Otomi people have
inhabited these territories since at least 1395 when
Chichimeca invaders commanded by Xolot forced
them to relocate to the present territory of Metztitlan
(Sanchez 2005).

In general, the climate is dry and warm. The mean
annual precipitation is 500 mm in the lower areas
and 600 to 700 mm at higher elevations. The rainy
season in this region lasts from June to September
(Vazquez-Cuevas and Roldan 2010). The dominant
vegetation types are xerophilous scrub and crassicaule
scrub (CONABIO and SEMARNATH 2021). The
BMBR hosts a total of 270 genera and 83 families of
vascular flora, including a number of economically and
culturally important plant species, such as the maguey
(Agave spp.), prickly pear (Opuntia spp.), palms
(Brahea dulcis) and old man cactus (Cephalocereus
senilis) (Pulido and Cuevas-Cardona 2013). The most
well-conserved patches of vegetation are found in La
Sierra.

The fauna of the region comprises fish belonging
to the families Poecilidae, Cichlidae, and Cyprinidae
(CONABIO and SEMARNATH 2021). There are also
seven species of amphibians, all belonging to the
order Anura, distributed across five families and seven
genera, 31 species of reptiles distributed across 14
families and 29 genera (Vite-Silva et al. 2010), and 271
bird species, belonging to 54 families and 17 orders.
The birds include 117 resident species, 88 migratory
species, 34 casual species, six species with resident
and migratory populations, and 26 species with no
determined status (Ortiz-Pulido et al. 2010). A total
of 69 species of mammals, belonging to 49 genera, 20
families, and 7 orders have been identified. Of these,
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the most diverse order is Chiroptera, with 30 species,
followed by Rodentia with 20 species, and Carnivora
with 13 species (Hernandez 2009).

Study design and sampling

To collect information at the scale of the BMBR,
17 communities were chosen to include locations at
different points in the BMBR polygon to represent
several vegetation types (Table 1) and include two
topographical areas: El Valle and La Sierra. In the
selected communities, 67 semi-structured interviews
were conducted from April 2016 to February 2017.
Thirty-four interviews were conducted in FEl Valle
and 33 in La Sierra. Of the interviewees, 24% were
women, and the rest were men, ranging from 20 to
80 years of age. Most of the interviewees work as
crop and/or livestock farmers or farm laborers. The
first contact in each case was with the community
authorities to make an initial introduction and ask
for the necessary permission. Interview subjects were
selected using the snowball method (Bernard 2006).
In all interviews, the interviewers made it clear that
any information received would be kept confidential.
We selected adults of legal age, who worked in the
field to some extent. The objective was not to make
a comparison between locations but rather to gain a
more regional perspective. Only those who agreed to
the analysis of their responses were interviewed. In this
case, a significant number of the women declined to
participate in the interview.

The survey (Additional File 2) included a) the
interviewee’s general information (i.e., name, age,
occupation, and education), b) livestock production
activity (since this is one of the main activities
practiced in the area), and ¢) knowledge about wildlife,
including the animals the informant knew, frequencies
and places of sighting, animals hunted, and the
purposes and uses of these animals. To ascertain
which wild animals the local population was aware
of, visual stimuli (photographs) were employed during
the interviews, as the interviewees often had their own
nomenclature for the animals. They were asked to
identify and describe each animal and then shown the
image to corroborate the identification.

Data analysis

The Smith index (SI) is a highly useful tool for
identifying the most important or salient elements
among a list of numerous items. For this, the SI
combines both the frequency and order of mention
of the listed elements (Arruda et al. 2018; Avila-
Najer et al. 2018; Chaves et al. 2019). The frequency
and position in which an item appears to have a
psychological significance for people (Bousfield and

Barclay 1950 cited by Gravlee 2002). The SI takes
values between 0 and 1. The items that receive a
numerical value closer to one are those that have
extremely high salience for the people, as they are
named more frequently and occupy the top places in
the list.

To obtain the SI in our study, a list was recorded
of the animals each interviewee mentioned in response
to the question “What are the wild animals of the
region that you know?”. The order in which the items
were mentioned was retained. This procedure yielded
a numerical value for each of the species mentioned,
providing a summary of their salience. To identify
which elements of a free list are more salient than
others, we employed a probabilistic method developed
by Chaves et al. (2019). This method compares the
real data with a null distribution for each item.
The null distribution was calculated by generating
1,000 simulated populations obtained by the Monte
Carlo method. For each population, 67 lists were
generated, each including all items at least once. The
lists generated were of different lengths, but always
fell in the range between the shortest and longest
lists recorded in the field data. The position of each
item and its frequency were randomly assigned. Items
with a p-value <0.05 were considered significant.
The analysis was conducted in the language R (R
Core Team 2020, R version 4.2.2) using the script
Salience V2. developed by Chaves et al. (2019).

The comparison between the null and observed
models can produce three possible results: 1) Species
with extremely high salience, defined as a high SI
value, and which differ significantly from the null
model; 2) Species whose salience does not differ
significantly from that expected by chance (p-value
>0.05), 3) Species with extremely low salience, defined
as a low SI value, and which differ significantly from
the null model (idiosyncratic species).

To analyze the discrepancy between the cognitive
salience of the fauna as perceived by men or women,
the free lists were analyzed separately according to
sex. Subsequently, the SI values for all the species
were graphed, with the values assigned by men on
one axis and those by women on the other. The null
model would have the value of this index being the
same for men and women for each organism, without
a sex effect, and the values for the different species
would thus fall along a straight line. Values that
are located at a distance from the line of the null
model with high residuals would indicate that the
corresponding organism has greater importance for
one sex than for the other. The cognitive salience
values of the fauna were also estimated and compared
between the areas of La Sierra and El Valle in the same
manner. The statistical differences in the mentions of
the different species of fauna between the sexes (female
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Hinh 1. Study area showing the location of Barranca de Metztitlan Biosphere Reserve, in Hidalgo, Mexico.
Labels (numbers) of study sites correspond to ID of Table 1.

and male) and between sites (El Valle and La Sierra)
were evaluated with a t-test. This was performed with
the number of species mentioned by each informant in
each case.

RESULTS

Fauna recognized by local people in the
BMBR

In the BMBR, local people recognized 37 wild
species, comprising 25 mammals, nine birds, two
reptiles, and one unidentified species. Most of these
species are known by a single common name in the
BMBR except for a few that are referred to by more
than one name. The latter is exemplified by the
cacomiztle (ring-tail cat, Bassariscus astutus), which
is also called the coapiote. Another example is the zorra
(gray fox), also known as the coluda (Table 2).

The degree of cultural salience of the 37
species varied considerably according to the Smith
index, with values ranging from 0.5874 to 0.0009.
The items identified as culturally salient were 11
species that were mentioned more frequently than
would be expected by chance. The list included:
the gray fox (Urocyon cinereoargenteus), raccoon

(Procyon lotor), coyote (Canis latrans), ring-tailed
cat (Bassariscus astutus), American hog-nosed
skunk (Conepatus leuconotus), Virginia opossum
(Didelphis virginiana), rock squirrel (Otospermophilus
variegatus), white-nosed coati (Nasua narica),
western spotted skunk (Spilogale gracilis), armadillo
(Dasypus novemcinctus), and hooded skunk (Mephitis
macroura) (Group 1 in Table 2). The second
set included animals with non-significant p-values,
signifying that the number of mentions of these
animals did not differ significantly from that expected
by chance (Group 2 in Table 2). The second set
included only the eastern cottontail (Sylvilagus
floridanus), bobcat (Lynz rufus), and mountain
lion (Puma concolor). The third group included the
remaining 65% of the species mentioned (Group 3
in Table 2). These species presented extremely low
salience (SI1<0.0069) and p-values of <0.05, indicating
that they were peripheral items from the perspective
of the people of the study communities, and were
named fewer times than would be expected by chance.
Birds and reptiles were only named in the third group.
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Bang 1. Number of respondents per community at the Barranca de Metztitlan Biosphere Reserve. ID of study
sites are indicated in Figure 1.

ID Community Municipality Population Interviewees Sierra/Vega
(2010 census) (men/women)
1 La Calera Acatlan 166 1 man Sierra
2 Los Reyes Atotonilco el Grande 123 1 man Sierra
3 Padre Nuestro Atotonilco el Grande 46 5 men/4 women  Sierra
4 San Martin Atotonilco el Grande 503 2 men/5 women  Sierra
5  La Punta de Hualula Eloxochitlan 67 3 men/2 women  Sierra
6 Barranca de Aguacatitla Huasca de Ocampo 267 2 men Sierra
7 San Bartolomé Huasca de Ocampo 148 1 man Sierra
8  Mesa Grande Metztitlan 146 1 man Sierra
9 San Pablo Tetlapayac Metztitlan 73 3 men Sierra
10  Tlaxco Metztitlan 602 2 men/1 woman  Sierra
11  La Nogalera Atotonilco el Grande 100 6 men/1 woman Vega
12 Mesa San Lucas Atotonilco el Grande 92 1 man Vega
13 Almolén Eloxochitlan 106 2 men/3 women Vega
14  Chacaya Eloxochitlan 62 6 men Vega
15 San Juan Amajaque Eloxochitlan 89 7 men Vega
16 San Agustin Metzquititlan 1673 1 man Vega
17 Tezisco Metztitlan 76 7 men Vega




Bang 2. List of wild species as perceived by the inhabitants of the BMBR and arranged in decreasing order of cognitive salience (Smith index). The
frequency is the percentage of respondents who mentioned that species. The average range is the position in which the people mentioned the species. The
Smith index was calculated according to the frequency and average range (u1). Group 1: salient; Group 2: no different to that expected by chance; Group

0DIXOA

3: very low but significant Smith Index.

Common name

Common name

# Frequency n Smith Index Group Class Order Family Species
(Spanish) (English)

1 Zorra Gray fox 61 4.2 0.587 1 Mammalia Carnivora Canidae Urocyon cinercoargenteus

2 Mapache Raccoon 60 4.45 0.556 1 Mammalia Carnivora Procyonidae Procyon lotor

3 Coyote Coyote 41 3.15 0.482 1 Mammalia Carnivora Canidae Canis latrans

4 Cacomixtle Ring-tailed cat 56 5.13 0.471 1 Mammalia Carnivora Procyonidae Bassariscus astutus

5 Zorrillo Albardén American hog-nosed skunk 51 5.33 0.413 1 Mammalia Carnivora Mustelidae Conepatus leuconotus

6 Tlacuache Virginia opossum 39 4.64 0.363 1 Mammalia Didelphimorphia Didelphidae Didelphis virginiana

7 Ardilla Rock squirrel 41 5.68 0.329 1 Mammalia Rodentia Sciuridae Otospermophilus variegatus

8 Coati White-nosed coati 31 4.13 0.308 1 Mammalia Carnivora Procyonidae Nasua narica

9 Manchado Western spotted skunk 36 6.22 0.257 1 Mammalia Carnivora Mustelidae Spilogale gracilis

10 Armadillo Armadillo 37 6.3 0.247 1 Mammalia Cingulata Dasypodidae Dasypus novemcinctus

11 Rayado Hooded skunk 28 6 0.211 1 Mammalia Carnivora Mustelidae Mephitis macroura

12 Conejo Eastern cottontail 17 5.47 0.153 2 Mammalia Lagomorpha Leporidae Sylvilagus floridanus

13 Gato montés Bobcat 23 7.09 0.144 2 Mammalia Carnivora Felidae Lynz rufus

14 Puma Mountain lion 12 6.92 0.072 2 Mammalia Carnivora Felidae Puma concolor

15 Tigrillo Margay 10 8 0.057 3 Mammalia Carnivora Felidae Leopardus wiedii

16 Onza Long-tailed weasel 12 8.17 0.054 3 Mammalia Carnivora Mustelidae Mustela frenata

17 Gavilan Sparrowhawk 6 5.83 0.045 3 Aves Accipitriformes Accipitridae Not Available

18 Culebras Snake 7 8.29 0.037 3 Reptilia Squamata nd Not Available

19 Corre caminos Greater roadrunner 6 7.67 0.036 3 Aves Cuculiformes Cuculidae Geococcyz californianus

20 Cascabel Rattlesnakes 4 5.25 0.032 3 Reptilia Squamata Viperidae Crotalus sp.

21 Liebre Black-tailed jackrabitt 3 5.33 0.025 3 Mammalia Lagomorpha Leporidae Lepus californicus

22 Jabali Collared peccary 2 2 0.025 3 Mammalia Artiodactyla Tayassuidae Pecari tajacu

23 Puerco espin Mexican porcupine 3 6 0.021 3 Mammalia Rodentia Erethizontidae Sphiggurus mezicanus

24 Aguila Eagle 4 7.25 0.020 3 Aves Accipitriformes nd Not Available

25 Zopilote Turkey vulture 2 7.5 0.017 3 Aves Accipitriformes Cathartidae Cathartes aura

26 Temazate Red brocket deer 2 7.5 0.016 3 Mammalia Artiodactyla Cervidae Mazama temama

27 Lobo ‘Wolf 2 6.5 0.014 3 Mammalia Carnivora Canidae Canis lupus

28 Cuervo Crow 2 8.5 0.012 3 Aves Passeriformes Corvidae Corvus sp.

29 Ardilla voladora Southern flying squirrel 4 10.6 0.010 3 Mammalia Rodentia Glaucomys volans

30 Tuza real Spotted paca 1 4 0.011 3 Mammalia Rodentia Cuniculidae Cuniculus paca

31 Tepachichi — 1 4 0.009 3 — — — —

32 Paloma Dove 2 9 0.009 3 Aves Columbiformes Columbidae Not Available

33 Tuza Gopher 1 9 0.005 3 Mammalia Rodentia Geomidae Not Available

34 Jaguarundi Jaguarundi 1 9 0.004 3 Mammalia Carnivora Felidae Puma yagouaroundi

35 Halcén Hawk 1 11 0.003 3 Aves Falconiformes Falconidae Not Available

36 Lechuza Owl 1 15 0.003 3 Aves Strigiformes Not Available Not Available

37 Garza Heron 1 17 0.001 3 Aves Pelecaniformes Ardeidae Not Available
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Culturally important wild animals

according to sex

The results of the interview indicated that
knowledge about the fauna of a region differed
between men and women within the BMBR. A
significant difference was found in the number of
species mentioned by the men (9.45, SD=2.641) and
women (8.00, SD=2.066), according to the t-test (t
(65) = 2.010; p < 0.05) (Table 3). Men mentioned the
37 species recorded, covering 100% of the list generated
by the interviews, while women only mentioned 22
species, which represents 59.5%.

The results were organized in descending order
of the SI, revealing the presence of three distinct
groups. The group with the highest salience for men
(ST between 0.6122-0.2193 and p <0.05) included 11
species. For women, this group (SI between 0.5407-
0.3775) comprised five species (see Figure 2). In a
second group, the next most salient three species
named by men (e.g. mountain lion) and the next 11
most salient species named by women (e.g. snake) had
non-significant p-values. Finally, there were 23 species
with an extremely low salience for the male group
(SI between 0.0743-0.0012). For women, this group
included only five species (SI between 0.0417-0.0063)
(see Figure 2).

Figure 2 presents a Cartesian comparison of the
salience values obtained for each animal, with the data
segregated according to sex. This figure shows three
large subgroups: animals with extremely high salience
for men and/or women (11 items Indicated with a
black and grey circle in Figure 2); animals that were
mentioned in a manner that did not differ from that
expected by chance (eastern cottontail, bobcat, and
mountain lion, indicated with a blue circle in Figure
2); and animals with extremely low salience for both
men and women (43 items — indicated by a white
circle in Figure 2). The first subgroup can be further
delineated into three categories: items with extremely
high salience for men and women (e.g. coyote — Figure
2), items with extremely high salience for women
only (nothing in this case), and items with extremely
high salience for men only (e.g. Virginia opossum —
indicated with a grey circle Figure 2).

Finally, the importance attributed to the same
species differed between men and women in many
cases, resulting in residuals that were greater than
those with the null model. This is reflected in a
Cartesian plane (Additional File 3). In comparison
to the women, the men assigned greater importance
to the raccoon and the ring-tailed cat. In contrast,
women identified the squirrel as important and the
eastern cottontail as very important. The points closer
to the trend line represent the species that presented
comparable values between men and women (e.g.

American hog-nosed skunk - Additional File 3).

Culturally important wild animals

according to site

A comparison between El Valle and La Sierra
(Figure 3) revealed differences in the importance of
the species but not in their total number. According
to the t-test, there was no significant difference in
the number of species mentioned between La Sierra
(mean = 8.575, SD = 2.784) and FEl Valle (mean
= 9.617, SD = 2.283) (t (65) = -1.677; p = 0.098)
(Table 4). The most representative species for the
inhabitants of the El Valle area were the white-nosed
coati, spotted skunk, and raccoon. For the area of La
Sierra, the most important species were the eastern
cottontail, rock squirrel, and gray fox (Figure 3).
Species with very similar values of importance between
sites, plotted close to the trend line, include the coyote,
and bobcat. Species that were not mentioned in the El
Valle zone were crows, wolves, gophers, and tepachichi.
In the La Sierra zone, there was no mention of the
heron, sparrowhawk, hawk, jaguarondi, owl, or gopher
(Figure 3).

The set of species with the highest salience varied
between La Sierra and El Valle. In La Sierra, species
with high salience (p <0.05) had SI values between
0.6125 and 0.2592 and included eight species (e.g. gray
fox - Figure 3). In El Valle, this set included eigth
species, some of which were shared with La Sierra (see
Figure 3), with a salience interval between 0.6429 and
0.2434. The non-significant species, e.g., those with
a salience that did not differ from that expected by
chance, numbered four in La Sierra (e.g. white-nosed
coati) and six in El Valle (e.g. armadillo). Finally,
the set with an extremely low salience (SI between
0.0578 and 0.0076) included 18 species in La Sierra.
In El Valle, this set with extremely low salience values
ranged from 0.0562 to 0.0017 and included 19 species
(see Figure 3).

The data presented above was plotted on a
Cartesian map, revealing the existence of three large
subgroups: the first comprised animals with high
salience for El Valle and/or La Sierra (11 items); the
second comprised animals that did not differ from that
expected by chance (hooded skunk, bobcat, mountain
lion, and sparrowhawk, indicated by a blue circle in
Figure 3); and the third subgroup consisted of animals
with extremely low salience, known as idiosyncratic
items (42 items — Figure 3). It should be noted
that the first subgroup includes items with extremely
high salience in both sites (e.g. Virginia opossum —
Figure 3, indicated by a black circles in Figure 3.),
in La Sierra only (e.g. armadillo, indicated by a grey
circle in Figure 3), and in El Valle only (e.g. white-
nosed coati — indicated by a red circle in Figure 3).
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In some instances, the importance attributed to the
same species differed between El Valle and La Sierra,
producing residuals that were greater than those of the
null model. The importance of the raccoon and white-
nosed coati is greater in El Valle than in La Sierra
(Additional File 4).

DISCUSSION

Wild fauna recognized by local people

The inhabitants of the region possess a substantial
amount of knowledge regarding the various species
that represent only a fraction of the biological
diversity found in the BMBR. These individuals
have developed complex relationships with the 37
animal species identified. The mammals, birds,
and reptiles mentioned here present three different
levels of cognitive salience (CS). This perception
appears to be positively or negatively influenced
by various attributes of the species, including their
ecological /biological characteristics (e.g., phenotype)
and the cultural uses attributed to them. This is
consistent with the findings of Wajner et al. (2019) and
Tamburini et al. (2021). Furthermore, their increased
positive or negative perception may be because these
are the most frequently observed species (Sanchez-
Rojas et al. 2016).

The species with the highest cognitive salience
values, i.e., those that people are most aware of,
are mammals that are perceived as common by the
inhabitants, who seem to be most aware of these
species because they live in close proximity or are
the animals most likely to be frequently observed
(group 1 in Table 2). During the interviews, the
respondents indicated that they recognized different
species, including their habitats, dietary habits, tracks,
and behavioral characteristics. They also mentioned
consumption of the meat of wild animals (e.g.,
raccoon, squirrel, armadillo).

In this manner, people within the BMBR, identified
the organisms that attract their attention for a variety
of reasons, be it for their usefulness, danger, or ease
of observation. However, numerous organisms were
overlooked in this process. For instance, of the 69
species of mammals documented within the reserve,
30 are bat species that are recognized generically, yet
none of the interviewees mentioned them. With regard
to the second most diverse group, the rodents with 20
species, the inhabitants only recognized five species
(gopher, spotted paca, rock Squirrel, flying squirrel,
and porcupine). However, people only named these
because they are used as food and therefore they are
perceived as important.

The CS is a parameter that captures multiple
valuations from the local inhabitants (Wajner et al.

2019). In our study, the gray fox is the first species to
be discussed. It appears to be the most representative
since, as the interviewees commented, these animals
can be seen at any time of day, on hills, on roads, or
near houses. People even see them in their yards or
corrals because the foxes hunt the hens and chickens.
This is to be expected result considering it is one of the
most abundant species in the area (Hernandez 2009).
The raccoon is well-known to the general population
due to its prevalence in the field and its reputation
as a pest (Gallegos et al. 2010). People can recognize
its tracks and comment that they are often seen near
bodies of water. The same species can be assigned
contrasting perceptions. In the case of the raccoon,
it is given a negative perception for the damage it
causes to crops and a positive perception for the use
of its meat. The coyote is identified very well by
its call, so the humans know when it is close, and
they take more care of their animals. It is known
that coyote’s prey on some domestic animals. This
is not unexpected, given that there have been cases
documented where the coyote is perceived as the main
predator of domestic animals, for example, in the
Perote valley (Gomez-Vasquez et al. 2004). Likewise,
the ring-tailed cat and three different species of skunks
are often seen in hen houses or people find their tracks
because people believe that the animals are looking for
chickens or eggs (Herndndez-Melo et al. 2021). The
opossum, armadillo, rock squirrel, and white-nosed
coati are included in this group of highest saliences
for a few reasons. They are often seen on roads or
found as roadkill, and consumption of their meat is
not uncomimon.

The species with a non-statistically significant p-
value; i.e., those for which their mention did not differ
from that expected by chance (group 2 in Table 2),
were the eastern cottontail, bobcat, and mountain lion.
The presence of the eastern cottontail is surprising
since it is one of the most appreciated species for the
consumption of animal protein in Mexico (Zarazia-
Carbajal et al. 2020). However, it is rare to observe
them or find traces of them in the reserve (Sanchez-
Rojas et al., 2016). While the two felines are known,
neither is mentioned in the first group, probably
because they are not frequently observed from day to
day nor are they used as food.

The species with the lowest cognitive salience
values, i.e., those considered idiosyncratic (group 3 in
Table 2), represent 65% of the total number of species
identified by the local people in the BMBR. This set of
species shares the attribute that they are more difficult
to observe and/or that the places they tend to inhabit
are difficult to access. This aspect was suggested by the
residents of the Reserve and may have caused people
to mention them less frequently and further down on
the lists. This may also be related to the fact that
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Hinh 2. Cultural importance of wild fauna as perceived by men and women of the Barranca de Metztitlan
Biosphere Reserve, from zero to the red line are the idiosyncratic species, between the red line and the dotted
line are the species with non-significant saliency, and beyond the dotted line are species with significant saliency.

Bang 3. Number of species mentioned by the interviewed population separated into male and female responses.

N Minimum Maximum Average Standard deviation Median t
t = 2.010
Men 51 5 17 9.45 2.641 9.000
p < 0.05
Women 16 5 12 8.00 2.066 7.500

these species are not assigned any positive or negative is possible that this was a confusion or that it was
perception (Martinez 2013) since the people do not use  an animal name know because it is mentioned in
them and they do not cause any issues. different media such as radio, TV or social networks.
The respondents also mentioned a species known as
“tepachichi”, which could not be identified. Only one
interviewee mentioned it, and that man described it as
a four-legged animal, small, like a domestic cat, yellow,

Within this last group, species that are not found
within the reserve were mentioned, such as wolves
(Canis lupus). In this case, the species was mentioned
by two of the respondents, a man and a woman. It
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Hinh 3. Wild fauna of the zones of La Sierra and El Valle ranked by the Smith index, from zero to the red
line are the idiosyncratic species, between the red line and the dotted line are the species with non-significant

saliency, and beyond the dotted line are species with significant saliency.

Bang 4. Number of species mentioned by the interviewed population separated into responses from La Sierra
and FEl Valle.

N Minimum Maximum Average Standard deviation Median t
t =-1.677
La Sierra 33 5 17 8.58 2.784 8.000
p= 0.098
El Valle 34 5 17 9.62 2.283 9.500

and not very large, that lives in the trees. Given this
description, the interviewee was shown pictures of the
night monkey or martucha (Potos flavus), as well as
the long-tailed weasel (Mustela frenata) and the tayra
(Flira barbara), but he said that it was not any of those.
The interviewee clarified that the “tepachichi” lives in
very remote places in the most conserved areas.
Several publications agree that the spotted paca,
collared peccary, white-tailed deer, and armadillo are

the mammalian species with the highest cultural
importance in Mexico (Racero-Casarrubia et al. 2008;
Garcia del Valle et al. 2015). These studies argue
that these animals have a higher frequency of mention
because of their importance as food and their good
flavor. Our results show a very different picture:
Since the red brocket deer, collared peccary, and
spotted paca are valued as food, they have a very
low density within the reserve (Sanchez-Rojas et al.
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2016) and are very rarely seen and used by the
residents at present. Furthermore, in our study, the
frequency of sightings and proximity to humanized
habitats appeared to determine the cognitive salience.
It should be noted that our study was conducted
in a dry area, in contrast to the other studies that
have traditionally been conducted in humid forests.
More studies are therefore required in desert and dry
scrub areas to draw accurate conclusions about the
factors that influence the cultural salience of the fauna,
particularly in Mexico (a country dominated by dry
areas).

Gender differences in the salience of wild
fauna

Gender differences were revealed among the BMBR
respondents in which women sometimes preferred that
their husbands answer the questionnaire because they
were shy or assumed that they would not know
the answers. This reflects, among other things, a
culture of machismo. In these cases, the interview was
not conducted and, consequently, a limitation of the
present study is that more men than women were
interviewed.

Given the bias from the outset in terms of the
number of women and men responding, the results
should be interpreted with caution. In the area, women
were much more reluctant to participate in the study,
mainly because they reasoned that a man (husband,
father, brother, etc.) would know more, even though a
woman (ZKZH) conducted the interviews, and that it
was not possible to equalize the sample size between
genders. Despite this, we believe that ethnozoological
knowledge is structured by gender in the BMBR.
While men mentioned all the species of wild animals
recorded through the interviews, women mentioned
only a portion (59.5%) of the species. In addition,
the cognitive salience value for some species was
assigned differently between men and women. One
of the factors behind this discrepancy is related to
the differences in roles between genders, which act to
influence knowledge (Pfeiffer and Butz 2005).

In this case, the men mentioned a longer list of wild
animals because they went to more places and carried
out more activities outside the home. For example,
they go to cultivate crops, graze animals, and hunt,
whereas women usually remain in spaces closer to their
homes and villages. While both men and women carry
out activities such as collecting firewood and grazing
goats, they do so in different places. As mentioned
by the men, they moved farther away, conducting
activities in more remote places, while the women did
so nearer the town.

Using the residuals from the comparison between
the men and women (Additional File 1), we found

that the men may assign greater cognitive salience
to the raccoon, ring-tail cat, western spotted skunk,
white-nosed coati, and mountain lion, compared to
the women. In contrast, the women named the rock
squirrel and cottontail. This is because squirrels are
frequently found where there are walnuts available,
and these tend to be in the anthropic spaces
close to the villages. When women take animals to
graze, they often observe eastern cottontails. When
hunting, men may recognize different wild animals
from those recognized by women since the men hunt
to simultaneously achieve two purposes: control of
conflictive species and acquisition of food (Rosales et
al. 2010). Knowledge also varies according to social
norms and beliefs, which is why women sometimes
limit their responses (Torres-Avilez et al. 2016). Our
second hypothesis was that knowledge between the
sexes would be biased by the role of gender, and our
data seem to support this.

Wildlife perceived with higher cognitive
salience between sites

The scrub and forest have greater coverage and
higher levels of conservation in La Sierra, while EIl
Valle is mainly covered by anthropic vegetation.
Therefore, according to the proposed hypothesis, there
would be a greater diversity of wild animals in the
La Sierra zone. According to the t-test, there was
no significant difference between the median number
of species mentioned by the inhabitants of Sierra
and the median number of species mentioned by
the inhabitants of El Valle. There were differences
in the composition of the wildlife species mentioned
by the people, so our third hypothesis was rejected.
The diversity of species obtained in FEl Valle can be
explained by the fact that wild animals can find a
greater availability of food in the zone of El Valle. For
example, raccoons and coatis feed on crops, and this
resource is more easily found there. In addition, these
species readily adapt to anthropogenic conditions. In
contrast, species such as the gopher are more selective
about both their food and the area in which they live.

The difference between La Sierra and El Valle
is not only biological and topographical, but also
economic since El Valle has a higher economic level
(Jimenez-Sierra et al. 2020), which is reflected in the
greater number of stores, butcher shops, pharmacies,
and services. The most important towns in the BMBR
are in El Valle (e.g., in the municipality of Metztitlén).
In contrast, in La Sierra, people are obliged to go to
El Valle to buy groceries, see a doctor, and earn their
daily wages. Animals such as the eastern cottontail
and the rock squirrel are more important in La Sierra,
where people mention that they still consume the
meat of wild animals. Although species such as the
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squirrel are present in areas of El Valle zone, since
these areas are more anthropic, people from there
report that it is rare for them to consume this type
of meat since they consider it more feasible to go
to the butcher shop to buy meat. This reflects the
fact that this Biosphere Reserve provides a variety of
animals that are important non-timber forest products
for local people, particularly for the poorest. This also
reflects the different perceptions that people may have
according to their interests, aspirations, or motivations
due to the heterogeneity of society (Tamburini et al.
2021). Another aspect that influences the variation in
perceptions is the traditional knowledge transmitted
between generations (Santos et al. 2009), which
reflects patterns of differences between people, groups,
localities, and regions (Parra-Colorado et al. 2014), in
this case between El Valle and La Sierra.

Implications for the conservation

Documenting the local knowledge of the species
that make up the flora and fauna of the system allows
us to determine and establish conservation objectives
since we can identify those species that are perceived
in a negative way (conflict). This opens an opportunity
to propose strategies that minimize conflict and
maximize coexistence. On the other hand, those
species that are perceived positively because they are
useful or that, through well-designed programs, could
become flagship species of sustainability and improve
the conditions of local populations. This exchange of
knowledge with researchers can be the key to joint
working that allows us to visualize common objectives
with the inhabitants.

CONCLUSION

The population of the BMBR has knowledge of
their local wild species; 37 species, 25 of which are
mammals, as well as birds and reptiles, inhabit the
area. The most salient of these were eleven mammal
species. Ethnozoological knowledge is structured by
gender: while men mentioned all the wildlife species,
women mentioned only some of the species. The
cognitive salience value for some species was assigned
differently between men and women. El Valle and
La Sierra produced similar mentions of animals, but
the Smith indices for some species differ considerably.
Further studies are required to understand the factors
that influence the cognitive salience of the wild
fauna, particularly in dry regions of Mexico. We
are convinced that evaluating the knowledge of local
people regarding different aspects of biodiversity is an
essential measure for conservation work; you cannot
love what you do not know.
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Add File 1. Visual comparison between La Sierra and El Valle at Barranca de Metztitlan Biosphere Reserve.
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Add File 2. Interview applied.
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Semi-structured interview applied (in Spanish).

Cldusula de confidencialidad: La informacion contenida en este cuestionario es de
cardcter confidencial y serd empleada uinicamente para los fines de la investigacion.
Agradecemos su tiempo para responderla

Fecha: # Cuestionario Encuestador:

Localidad: Municipio:

Datos demogréticos
1.Nombre:

2.Edad: a)de 15-24 b)de25-34 c)de35-44 d)ded5a54 e)deS5a65 f)mas
de 65

3. Género: a) Mujer b) Hombre
4. Escolaridad: a) Primaria incompleta b) Primaria completa ¢) Secundaria d) Med.Sup.
e) Superior

3. Tipo de propiedad: a) Privado b) Ejido ¢) Avecindado d) Lo desconozco

6.- Nombre del predio: 6 Extension: ha)
7. Tipo de Veg: 7 Cuerpos de agua en el predio: a) Si
b) No

8. Principal Actividad econémica: a) Agricultura b) Ganaderia c) Comercio d) Obrero
Otra:

9. Ocupacidn econdmica complementaria: a) Agricultura b) Ganaderia c) Comercio d)
Obrero Otra:

Produccion y manejo pecuario



10. Caracteristicas de produccion pecuaria

Cantidad de animales
Especie producida Cantidad actual muertos en el Gltimo Causa
afio

Ovinos

Caprinos

Vacunos

Equinos

Aves de Corral

Otro (cual)

11. Tipo de manejo: a) Intensivo b) Extensivo

12. ;Proposito de tenencia de sus animales? a) Autoconsumo b) Fondo de ahorro «c)
Costumbre d) Sustento econdémico principal

13. ;Cuénto tiempo invierte en el cuidado de sus animales?

a) Nada b) Todos los dias c¢) 1-3 dias a la semana d) cada semana ¢) Dos veces al mes
f) Una vez al mes

14. ; A qué hora acostumbra campear a sus animales? (para quienes tiene ganado vacuno y
ovino o caprino)

a) Mafiana b) Medio Dia c) Tarde  d) Noche e) No sale

15. ;Revisa el estado de salud de sus animales? a) Si  b) No
16. ; Tiene perros? A) Si  ;Cuantos? b) No
17. ;Cudl considera es el motivo principal de pérdida de sus animales?

a) Extravio b) Robo c)Enfermedad d) Mal Parto e) Depredacion f) Accidente g)
Sequia
Otro:

18. En el ultimo afio, ;Cuantos animales ha perdido por cada causa?

19. ;Qué medidas toma actualmente para evitar la pérdida de su ganado?:

Sobre Depredacion

20. En el ultimo afio ;Ha tenido pérdidas por depredacion? a) Si  b) No



21. Temporada de depredacion: (Mes): : a) lluvia b)
Secas

22. Hora en que ocurrio la depredacion:  a) Mafiana  b) Tarde c¢) Noche

23. ;Donde se encontraban sus animales al ser atacados?
a) Monte b) Corrales y/o establos ¢) Otro lugar: ;Cual?

(en caso de poder acceder y confirmar el sitio) Ubicacion (UTM):
Vegetacion

24, ;Qué animal fue el responsable del
ataque?:

25. ;Coémo identifica qué animal ataco a su ganado?

26. | En qué parte del cuerpo fue atacado su animal?

27. (Realiza algtn reporte sobre las pérdidas de su ganado por depredacion? (Solo pérdidas
por ganado vacuno y ovino)
a)Si  ;Doénde? No (Por qué?

28. (Considera que esas pérdidas las pudo haber evitado? a) Si  b) No
29, ;Coémo?:

30. ;Qué animales considera nocivos para sus animales?

a) Coyotes b)Puma c)Zorra d) Perros e) Otro

30°. ;Por qué?

31. [ Qué métodos ha empleado para el control de los depredadores?
32. ;Estaria de acuerdo en implementar medidas para la prevencion de las pérdidas?

a) Nada de acuerdo b) Poco de acuerdo c) No sé¢ d) De acuerdo e) Muy de acuerdo

33. ;Cuanto considera podria invertir en las medidas de prevencion de pérdidas?

a) Nada b)de 500-1000 c) de 1000-2000 d) de 2000 a 5000 e) Mas de 5000



Conocimiento sobre Fauna Silvestre

34. ;Qué animales silvestres o de monte sabe que hay en su comunidad?

35. ;Cada cuanto ve estos animales?: a) Diario b) 1-3 veces/semana c) cada semana d) cada
mes

36. ;En qué sitios es frecuente ver estos animales?:
a) Caminos/carreteras b) Cuerpos de agua c¢) Milpas d) Potreros ¢) Monte
37. ;Qué animales son cazados en su comunidad?

38. ;Caza animales de monte? a) Si  b) No
(Cuadles?

39. ;Con qué finalidad o uso?

40. ;Sabe si alguno de estos animales esta protegido por las leyes mexicanas? a) Si b)
No

41. ;Como obtuvo esa informacion?
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Add File 3. Cognitive salience of wild fauna as perceived by men and women of the Barranca de Metztitlan
Biosphere Reserve. The points close to the trend line represent the species that had similar perception values
for men and women. Dotted lines represent the residuals.
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Add File 4. Wild fauna of the zones of La Sierra and El Valle ranked by the Smith index. The points close
to the trend line represent the species that had similar perception values between El Valle and La Sierra. The
dotted lines represent the residuals.
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