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Preface

First of all I want to thank the Editorial IntechOpen for having placed their trust in
order to act as Academic Editor of the book Endemic Species. I also want to thank
the help given to the co-editors of this book, who have acted generously, using 
part of their time in this project; and of course my deepest thanks to the group
of authors who have participated in this book, without which it would have been
impossible to edit.

The value of this book is in its content and in the thematic diversity it contains. 
It is a book that focuses on various topics concerning the concept of endemicity. 
It presents studies of endemic plant and animal species from different territories
of the world, highlighting the specific richness of the study territories and their
conservation status. It also opens up to other health-related topics, such as certain
endemic diseases. Readers will enjoy reading updated scientific topics related to
botany, zoology and medicine.

This book aims to bring the reader up-to-date topics, mainly about endemic plants
and animals of the world, and in particular about those places on the planet that
act as hot spots due to their high rate of endemism. Endemism is a phenomenon of
stenochoria, therefore it has a distribution area more or less restricted to a given
territory.

The first author who used the term endemic in a botanical sense was De Candolle, 
who applied the term to families and genera that grew up in a single country. 
Endemic taxa are highly attractive to researchers and scientists, since they are very
rare plants or animals that occupy a certain area and are frequently in danger of
extinction, a fact that has bothered botanists such as Favarger, who commented, “If
an endemic species is destroyed, this represents an irreversible loss, equivalent to
genocide.” Braun-Blanquet indicates that the study and exact interpretation of the
endemism of a territory is the supreme criterion for any consideration regarding the
origin and age of the plant population. Endemism is therefore a phenomenon that
has always attracted the attention of researchers; for this reason the edition of this
work is justified.

I want to thank IntechOpen for having placed their trust in me and asking me to act
as Academic Editor for this volume. I also want to thank my co-editors, who have
acted generously and donated their time to this project. And finally, my deepest
thanks go to the group of authors who contributed to this book.

Eusebio Cano Carmona and Ana Cano Ortiz
University of Jaen,

Spain

IV

Carmelo Maria Musarella
“Mediterranea” University of Reggio Calabria,

Italy
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Chapter 1

Introductory Chapter: Endemism 
as a Basic Element for the 
Conservation of Species and 
Habitats
Eusebio Cano Carmona, Ana Cano Ortiz  
and Carmelo Maria Musarella

1. Introduction

A number of chapters have been submitted to the book Endemic Species by 
different authors. Many of them are of interest for conservation, as they deal 
with species located in special situations, which are in most cases under threat 
from human activity. Other authors have promoted conservation and exploitation 
simultaneously, which is an idea of key importance, as these two practices are not 
mutually exclusive. In fact the reverse is true: using certain species in a reasonable 
or sustainable way may even enhance the state of conservation.

The chapter entitled Instrumental Methods for Detection of Lipophilic Marine 
Toxins in Endemic Species from Pacific Austral Fjords, containing a detailed descrip-
tion on procuring toxins for certain species of dinoflagellates, is important from 
the social sanitary point of view. The work on endemisms in Bolivia examines the 
distribution and megadiversity in the country, with particular emphasis on the 
Bromeliaceae and Orchidaceae families. The works on endemic flora in Mexico 
are very important, as is the case of The Endemism of the Vascular Flora of Mexico 
Present in Comarca Lagunera, an Agricultural Region in the Chihuahuan Desert, 
which studies over 300 species for very special territories such as deserts. These are 
precisely the areas that will be most seriously affected by climate change. Climate 
change could be mitigated by means of cultivation techniques and the creation of 
bioclimatic optimisation models; this is why the work on Mexican Indigenous Species 
with Agroecological Uses is particularly interesting, as it examines certain species 
that were cultivated in the past and are currently being recovered. The excellent 
study on Salvia ceratophylloides Ard. (Lamiaceae), an exclusive endemic species of 
southern Italy, alerts to the endangered situation of this species and points to the 
need for special conservation measures while noting that its threatened status is 
due to unregulated urban development. In the conclusions, the authors propose 
the establishment of micro-reserves and the possibility of creating a seed bank and 
local botanical gardens to favour conservation. These botanical gardens should have 
a phytosociological character, with a prior study of the plant association or associa-
tions in which this taxon is included.

Other territories such as Madagascar have over 10,000 endemic species. 
Australia has its own species, genera and botanical families, as this continent 
has three major climate types, tropical, desertic and Mediterranean, along with 
Central America and many other areas on earth. In areas in Central America, the 
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endemic flora is of particular importance for conservation. The origin of this flora 
varies in different areas of the planet and may consist of taxa with ancient origins 
(paleoendemics) or young taxa formed by the evolutionary process after becom-
ing isolated (neoendemics). Plate tectonics and the Alpine orogeny that gave 
rise to seas, oceans and mountain chains are among the causes of the isolation of 
populations, which has allowed the genesis of new species. However, the greatest 
impact on the emergence of endemic species occurred with the glaciations in the 
Quaternary era, as they took refuge in more southerly environments and subse-
quently become isolated.

The highest rate of endemism can be found in major mountain chains and 
on islands in the tropical-subtropical belt. The following are areas of particular 
interest: Spain, Madagascar, Malaysia, South Africa, Australia, Central America, 
and particularly Mexico and the Caribbean. Of all the Mediterranean countries 
in the EU, Spain has the highest rate of endemic plants due to its orography and 
geological and climatic diversity, as it is situated between the Atlantic Ocean and 
the Mediterranean Sea and favoured by migratory routes from the northern ter-
ritories in Europe and Africa. However, Spain is among the countries that suffered 
the greatest extinction of species during the Quaternary glaciations as a result of 
the configuration of its mountain systems, which should alert us to the fact that the 
climate change that is already underway could trigger a similar phenomenon.

2. Methodology

The study of endemism is analysed in several areas and related with the habitat, 
and fieldwork is conducted in several American and European territories (Mexico, 
Hispaniola, Spain, Portugal, Italy, Palestine etc.), consisting of compiling phytoso-
ciological relevés. The results are various works on vegetation that describes a num-
ber of plant associations [1–9], all of great interest due to their endemic character. 
Other results include works on endemism [10] and a series of studies on the flora of 
the island published in the journal Moscosoa, together with the Flora of Hispaniola 
by [11]. This present research is a continuation of the aforementioned works, and 
we corroborate the bioclimatic and biogeographical studies [1, 7, 12, 13].

3. Results and discussion

Species become isolated through different causes, including geological, geo-
graphic, climatic and biological barriers, and throughout history many authors 
have taken this phenomenon as the basis for understanding the situation of Mexico, 
Panama, Honduras, Guatemala and the Caribbean Islands—all of which can be 
considered hotspots and are of great interest for conservation. This is essentially 
due to the fact that the extinction of species during the Quaternary era was less 
widespread than in the old European continent due to the configuration of the 
mountain chains, which acted as corridors for plants and animals. A similar phe-
nomenon occurred with the geological barriers in Hispaniola, part of the Greater 
Antilles in the Antillean arc. Large mountain chains were formed in the Cretaceous 
era that was subsequently linked by Tertiary and Quaternary sediments. The 
Cordillera Central range is siliceous in character and has the highest altitude in the 
whole of the Caribbean region (Pico Duarte: 3175 m); other mountain chains also 
originated during the Cretaceous era but have a lower altitude and a calcareous 
character, with patches of serpentines, which contain a high rate of serpenticolous 
edaphisms [5, 10].
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Examples of this are the islands of Cuba and Hispaniola, which despite their lim-
ited territorial extension each have over 6000 plant species of which over 33% are 
endemic. Five sectors and 19 biogeographical districts have been described for the 
specific case of Hispaniola, and a series of works have been published on its flora 
and vegetation [6, 14], highlighting the interest of this island due to its high diver-
sity of flora and vegetation. Of the 6000 species described on the island, a little over 
33% are endemic, with a predominance of tree, shrub, vine and epiphyte biotypes; 
endemic plant species number more than 2000. This high diversity of endemic 
flora includes their own species and even genera. This is the case of Tortuga Island 
with Tortuella abietifolia and Salvia montecristina, which is exclusive to the Morro 
de Montecristi, Eugenia samanensis on the Samaná peninsula and Pereskia quisqu-
eyana and Melicoccus jimenezii on the eastern plain (eastern Caribbean sector). The 
geological origins of the Caribbean led to the creation of the Antillean arc, which 
enabled the migratory route from Florida and the Lesser Antilles and favoured the 
arrival of species to the large mountain ranges. Their subsequent isolation due to the 
lack of genetic flow between individuals resulted in speciation and the emergence 
of endemism.

Climate change is causing territorial climate irregularities and an increase in 
extreme climate statistics. Certain territories in which species have been adapted to 
the climate for thousands of years are unable to withstand such sweeping changes in 
this new rapidly changing climate scenario. It is precisely the endemic species with 
less plasticity that are most at risk.

However, in spite of the influence of climate change on endemic animals and 
plants, the greatest threat may come from humans, as human pressure on habitats 
is increasing by the day in spite of the various protection policies, which are more 
declarations of intent than actual facts. Agricultural and livestock farming areas are 
maintained almost all over the planet, and there are very few sustainable farming 
operations. This is for several reasons: first, the need in some countries today and in 
the past to obtain food and energy, which throughout history has led to mass defor-
estation, and, second, the current proliferation of forest fires, which are responsible 
for the loss of biological diversity. It is evident that endemic species form part of 
some kind of habitat, which points to the need to protect that habitat, as this will 
also protect the species. It can therefore be said that endemic species are key to the 
establishment of conservation policies. In places on the planet that are considered 
hotspots due to their high rate of endemics, we need to know the plant associations 
in which these species occur. If this information is not available, we believe it is 
crucial to conduct research to increase the knowledge of these plant communities. 
Some authors have studied the vegetation in Cuba, as is the case of [15–18], and 
numerous diverse endemic syntaxa have been included in the phytosociological 
classes of Byrsonimo-Pinetea caribaeae, Caseario-Pinetea cubensis and  
Phyllantho-Neobracetea valenzuelanae. In the case of the island of Hispaniola, 
where we only know of our own recent studies, there is a wide diversity of endemic 
syntaxa as a result of the high rate of endemic species [19]. In previous years we 
studied the high-mountain forests of Pinus occidentalis and formulated several 
endemic associations for the island, Dendropemon phycnophylli-Pinetum occidentalis, 
Coccotrino scopari-Pinetum occidentalis and Leptogono buchii-Pinetum occidentalis, 
which are included in the class Byrsonimo-Pinetea caribaeae. A detailed vegetation 
study was carried out in arid/semiarid and dry environments [20], and the syntaxa 
Harrisia nashii-Prosopidetum juliflorae and Neoabbottio paniculatae-Guaiacetum 
officinalis were described—among others—and included in the class Cercidi-
Cereetea. A similar situation occurs elsewhere on Earth such as in the Mediterranean 
region, whose characteristic climate is dry with cold winters and hot summers, and 
whose orography and geology allowed the arrival of Arctic species (Sierra Nevada) 
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3. Results and discussion
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graphic, climatic and biological barriers, and throughout history many authors 
have taken this phenomenon as the basis for understanding the situation of Mexico, 
Panama, Honduras, Guatemala and the Caribbean Islands—all of which can be 
considered hotspots and are of great interest for conservation. This is essentially 
due to the fact that the extinction of species during the Quaternary era was less 
widespread than in the old European continent due to the configuration of the 
mountain chains, which acted as corridors for plants and animals. A similar phe-
nomenon occurred with the geological barriers in Hispaniola, part of the Greater 
Antilles in the Antillean arc. Large mountain chains were formed in the Cretaceous 
era that was subsequently linked by Tertiary and Quaternary sediments. The 
Cordillera Central range is siliceous in character and has the highest altitude in the 
whole of the Caribbean region (Pico Duarte: 3175 m); other mountain chains also 
originated during the Cretaceous era but have a lower altitude and a calcareous 
character, with patches of serpentines, which contain a high rate of serpenticolous 
edaphisms [5, 10].
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eyana and Melicoccus jimenezii on the eastern plain (eastern Caribbean sector). The 
geological origins of the Caribbean led to the creation of the Antillean arc, which 
enabled the migratory route from Florida and the Lesser Antilles and favoured the 
arrival of species to the large mountain ranges. Their subsequent isolation due to the 
lack of genetic flow between individuals resulted in speciation and the emergence 
of endemism.

Climate change is causing territorial climate irregularities and an increase in 
extreme climate statistics. Certain territories in which species have been adapted to 
the climate for thousands of years are unable to withstand such sweeping changes in 
this new rapidly changing climate scenario. It is precisely the endemic species with 
less plasticity that are most at risk.

However, in spite of the influence of climate change on endemic animals and 
plants, the greatest threat may come from humans, as human pressure on habitats 
is increasing by the day in spite of the various protection policies, which are more 
declarations of intent than actual facts. Agricultural and livestock farming areas are 
maintained almost all over the planet, and there are very few sustainable farming 
operations. This is for several reasons: first, the need in some countries today and in 
the past to obtain food and energy, which throughout history has led to mass defor-
estation, and, second, the current proliferation of forest fires, which are responsible 
for the loss of biological diversity. It is evident that endemic species form part of 
some kind of habitat, which points to the need to protect that habitat, as this will 
also protect the species. It can therefore be said that endemic species are key to the 
establishment of conservation policies. In places on the planet that are considered 
hotspots due to their high rate of endemics, we need to know the plant associations 
in which these species occur. If this information is not available, we believe it is 
crucial to conduct research to increase the knowledge of these plant communities. 
Some authors have studied the vegetation in Cuba, as is the case of [15–18], and 
numerous diverse endemic syntaxa have been included in the phytosociological 
classes of Byrsonimo-Pinetea caribaeae, Caseario-Pinetea cubensis and  
Phyllantho-Neobracetea valenzuelanae. In the case of the island of Hispaniola, 
where we only know of our own recent studies, there is a wide diversity of endemic 
syntaxa as a result of the high rate of endemic species [19]. In previous years we 
studied the high-mountain forests of Pinus occidentalis and formulated several 
endemic associations for the island, Dendropemon phycnophylli-Pinetum occidentalis, 
Coccotrino scopari-Pinetum occidentalis and Leptogono buchii-Pinetum occidentalis, 
which are included in the class Byrsonimo-Pinetea caribaeae. A detailed vegetation 
study was carried out in arid/semiarid and dry environments [20], and the syntaxa 
Harrisia nashii-Prosopidetum juliflorae and Neoabbottio paniculatae-Guaiacetum 
officinalis were described—among others—and included in the class Cercidi-
Cereetea. A similar situation occurs elsewhere on Earth such as in the Mediterranean 
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whose orography and geology allowed the arrival of Arctic species (Sierra Nevada) 
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and African species (southern Iberian Peninsula) during the Quaternary era. The 
isolation of species occurred as a result of climate change during the Quaternary era 
and due to the numerous soil niches that have acted as centres of origin (dolomites 
in the Sierra de las Almijaras, serpentines in the Sierra Bermeja, etc.). All these 
Iberian territories that are considered of interest due to their flora have endemic 
plant associations, which have been prioritised by the EU in its Directive 92/43/
EC. This excellent regulation enables these places to be conserved, so it is important 
to extrapolate it to other places on the planet and particularly to hotspots.

It is evident that the immense majority of endemisms are located within a 
particular habitat and that this habitat contains one or several plant associa-
tions. Paleoendemisms are adapted to very specific environments that occupied 
greater extensions in the past but have since been restricted as a consequence of 
climate change, whereas due to their plasticity, neoendemisms may occupy less 
strict ecological niches and, as noted by [21], be prepared to increase their area of 
distribution. This implies that the habitat in which these species are located can be 
catalogued as either paleohabitats or neohabitats. Paleohabitats should be consid-
ered as a restricted area, which formerly covered a greater territory and in theory 
date from the Eocene and Oligocene eras. If the current climate trend was evolving 
towards the climate of those periods, the paleohabitat would expand, and if the 
reverse was true, it would disappear and so would the endemic species in conse-
quence. Neohabitats have been generated more recently, appearing between the 
Miocene, Pliocene and Pleistocene eras, and include endemic species with a greater 
distribution area. The current climate trend could increase or reduce their area of 
distribution.

4. Conclusions

Habitat conservation measures must be established to safeguard the flora, and 
particularly the flora threatened by anthropic actions and climate change. Although 
human actions cannot be eliminated completely, it is possible to implement a 
system of sustainable management that mitigates habitat deterioration caused by 
anthropic action and climate change. This management must have two aspects: the 
first is local management, which integrates humans in the natural environment 
by raising educational standards and encouraging the public to value and respect 
the landscape for which it is essential for people to be familiar with these habitats. 
It is therefore crucial to have knowledge of plant associations, as certain non-
endangered syntaxa can be used and exploited by humans, while others must be 
strictly monitored for their conservation, as is the case of those we have mentioned 
previously in this work. In second place, it is important to implement the appropri-
ate national and international policies against fire and climate change.
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Chapter 2

Salvia ceratophylloides Ard. 
(Lamiaceae): A Rare Endemic 
Species of Calabria (Southern Italy)
Giovanni Spampinato, Valentina Lucia AstridLaface,  
Ana Cano Ortiz, Ricardo Quinto Canas  
and Carmelo Maria Musarella

Abstract

Salvia ceratophylloides Ard. is a very precious narrow endemism of Southern 
Italy. It grows in the suburban surroundings of Reggio Calabria, on coastal strip 
hilly ridges between 250 and 450 m a.s.l. At the beginning of 1900, it was pres-
ent in several localities, as evidenced by literature, where it was already very rare. 
Afterward, despite the research carried out by various botanists, the species was no 
longer found, due to its disappearing in the places mentioned in literature result-
ing from the intense environmental transformations suffered by the territory. 
Therefore, the species since 1997 was included in the “Red Book of the flora of 
Italy” among the extinct species. The successive research carried out in 2008 made 
it possible to ascertain new localities at about 10 km of distance from those reported 
in the literature. The actual population consists of about 1000 individuals, and 
according to IUNC criteria, the conservation status is critically endangered (CR). 
The threats to survival and spread of the species are different, but above all, it is the 
habitat destruction due to urbanization to threaten this species.

Keywords: endemism, reggio calabria, critically endangered species, Italy

1. Introduction

The genus Salvia has a cosmopolitan distribution and is probably the rich-
est in species of the Lamiaceae family. Many species have considerable economic 
importance for medicinal, food, or ornamental uses. The authors that have dealt 
with this genus estimate that it contains between 900 and 1000 species [1, 2]. The 
Mediterranean and Western Asia, with about 240 species, are one of the diversity 
centers of the genus Salvia [2]. The Italian flora includes 20 species of the genus 
Salvia [3] among which Salvia ceratophylloides Ard., is a rare endemism of a small 
hilly area close to the city of Reggio Calabria in Southern Italy (Figure 1).

Until 2008, Salvia ceratophylloides was considered “extinct in the wild” (EW) by 
the “Red regional lists of Italian plants” [4], by the “Atlas of endangered species” 
of Italian flora [5], and by authors who have studied the genus Salvia in Italy [6]. 
The intense urbanization of the areas surrounding the city of Reggio Calabria has 
led to profound changes in the landscape with the reduction, degradation, and 
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longer found, due to its disappearing in the places mentioned in literature result-
ing from the intense environmental transformations suffered by the territory. 
Therefore, the species since 1997 was included in the “Red Book of the flora of 
Italy” among the extinct species. The successive research carried out in 2008 made 
it possible to ascertain new localities at about 10 km of distance from those reported 
in the literature. The actual population consists of about 1000 individuals, and 
according to IUNC criteria, the conservation status is critically endangered (CR). 
The threats to survival and spread of the species are different, but above all, it is the 
habitat destruction due to urbanization to threaten this species.
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1. Introduction

The genus Salvia has a cosmopolitan distribution and is probably the rich-
est in species of the Lamiaceae family. Many species have considerable economic 
importance for medicinal, food, or ornamental uses. The authors that have dealt 
with this genus estimate that it contains between 900 and 1000 species [1, 2]. The 
Mediterranean and Western Asia, with about 240 species, are one of the diversity 
centers of the genus Salvia [2]. The Italian flora includes 20 species of the genus 
Salvia [3] among which Salvia ceratophylloides Ard., is a rare endemism of a small 
hilly area close to the city of Reggio Calabria in Southern Italy (Figure 1).

Until 2008, Salvia ceratophylloides was considered “extinct in the wild” (EW) by 
the “Red regional lists of Italian plants” [4], by the “Atlas of endangered species” 
of Italian flora [5], and by authors who have studied the genus Salvia in Italy [6]. 
The intense urbanization of the areas surrounding the city of Reggio Calabria has 
led to profound changes in the landscape with the reduction, degradation, and 
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disappearance of natural habitats. All this caused the extinction of the species from 
the places where it was collected until the beginning of 1900 by various authors [7].

Field surveys carried out in the last decade have, however, allowed us to verify 
the presence of the species in other localities and to define its taxonomic and 
ecological characteristics as well as the conservation status [8].

Salvia ceratophylloides currently occurs in small and isolated populations, which 
are expected to face extinction mainly due to the habitat destruction.

We present a study on the distribution, taxonomy, and conservation status of S. 
ceratophylloides, aimed at identifying the criteria for the management and conserva-
tion of this rare species of Italian flora.

A B 

D

C

Figure 1. 
Salvia ceratophylloides Ard. (A) habit, (B) inflorescence, (C) leaves, and (D) flower.
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2. Materials and methods

We define the distribution of Salvia ceratophylloides by several ways such as 
analysis of herbarium collections, literature data, and through a deep field investi-
gation carried out from 2010 until 2018. To map the distribution, all sites of species 
were geo-referenced in the field and the coordinates archived in a geographical 
information system (GIS).

The morphological traits were measured on 10 herbarium specimens with a ste-
reomicroscope. The specimens are kept at the “Mediterranea” University of Reggio 
Calabria Herbarium (REGGIO). To assess population size and the habitat, several 
surveys were carried out on the S. ceratophylloides biotope. Conservation status was 
assessed according to the IUCN Red List criteria [9], which is actually the more 
widely used in the world to assess extinction risk. The nomenclature of the species 
is according to [10].

3. Historical vicissitudes

The first news on this species dates back to the pre-Linnaean period and is due 
to Cupani [11], a Franciscan monk, an expert on Sicilian flora, who in his monu-
mental work “Panphyton siculum” published the iconography and description of 
many species of Sicilian flora. The work published posthumously by the publisher 

Figure 2. 
Iconography from the “Panthyton Siculum” by Cupani of 1713 related to Salvia ceratophylloides.
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in 1713 [12] contains an iconography (t 186) clearly referable to Salvia ceratophyl-
loides (Figure 2) that Cupani describes with the phrase “Sclarea verbenae petalis 
purpurates florae.” Cupani described many species in his book that he collected 
spontaneously in Sicily, but also non-native, grown at the botanical garden of 
Misilmeri in Sicily, of which he was the curator [13]. This has created confusion 
in Sicilian botanists who for a long time have attributed this species also to the 
Sicilian flora [14].

The species was described with the binomial system by Pietro Arduino (1728–
1805) [15] as Salvia ceratophylloides, in “Animadversionum botanicarum specimen 
alterum” (Figure 3).

Arduino for the description used plants grown at the Botanical Garden of Padua, 
obtained from seeds that received from a friend from Sicily as he says “Ex semini-
bus e Sicilia ab amico delatis, et in horto hoc nostro satis quinque anni sab hinc nata 
est.” Also for this reason, Sicily was considered for a long time the place of origin 
of this species, although no one has ever collected samples in the wild. Arduino 
attributed to this sage the epithet “ceratophylloides” to highlight the similarity that 

Figure 3. 
Iconography of Salvia ceratophyllales from Arduino [15].
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in his opinion, this species has with Salvia ceratophylla L., a species distributed in 
the Irano-Turanian region absent in Italy (from the Greek εἷδος eidos appearance, 
resemblance). Arduino describes the species as: “Salvia ceratophylla sed luxuriantis 
similis; forte diversa ac distincta”).

Arduino deposited the type specimens used for the species description, in its 
herbarium of Vicenza, which unfortunately was destroyed during the Second 
World War. He sent some herbarium samples to Linnaeus in 1763, still preserved at 
the Linnaean herbarium at London. The sample sent and inserted by Linnaeus in his 
herbarium No. 42.55 (Figure 4) shows the name of the species and connected to a 
list attached to some exsiccata sent by Arduino to Linnaeus.

Lacaita [7] organized the taxonomic framework of Salvia ceratophylloides, 
clarifying the real place of origin of the species. He pointed out that the species has 
never been found spontaneously in Sicily and that the few specimens present in 
various herbaria are all coming from southern Calabria or from crops obtained by 
seeds always coming from these localities.

Lacaita [16] found that the samples named by Linnaeus as Salvia ceratophylla  
L. and by subsequent authors as S. ceratophylloides L. are, in fact, to be attributed to 
Salvia ceratophylloides Ard. Therefore, S. ceratophylloides L. is a synonym of  
S. ceratophylloides Ard., which has a nomenclatural priority.

Figure 4. 
The herbarium specimens of Salvia ceratophylloides sent by Arduino to Linnaeus in 1763 and stored in the 
Linnaean herbarium at London (LINN 42.55).
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Until the beginning of 1900, Salvia ceratophylloides was collected by various 
botanists [7, 17, 18] from some locations around Reggio Calabria: Gallico Superiore, 
Terreti, Straorino, Ortì, Vito Superiore, Pietrastorta, even then the species was 
very rare [7]. In the following decades, the species was not found again despite the 
research carried out by various botanists, as the profound environmental transfor-
mations due to the urban expansion of the city of Reggio Calabria determined the 
destruction of the habitat and disappearance of the species. In 1997, the species was 
considered extinct and included in the “Red Book of the flora of Italy” as extinct 
species (EX) [4–6, 19]. Field research started in 2008, however, allowed to discover 
some small new populations of S. ceratophylloides around Reggio Calabria (Puzzi, 
Cataforio) [20]. Later were found other small populations in places hardly acces-
sible, always in the surroundings of Reggio Calabria [21].

4. Morphological trait

Salvia ceratophylloides (Figures 1, 3 and 4) is a perennial herbaceous plant (scapose 
hemicryptophyte), densely pubescent for both glandular and simple patent hairs. The 
plant is 30–90 cm tall, has upright or ascending stems, normally lignified and much 
ramified at the base. The leaves are pinnate-partite, with toothed lobes, the basal of 
10–12 × 4–6 cm, and the cauline of 3–4 × 1–2 cm. The leaf blade, wrinkled on both 
sides, is glandular and pubescent, more evident on the lower one. The inflorescences 
are very showy, 20–30 cm long, normally ramified at the base, and are made up of 
5–6 verticillaster each with 4–6 flowers. The calyx, 8–10 × 3–5 mm, is zygomorphic, 
ferruginous, and covered with numerous sessile or pedicel glandular hairs. The bilabi-
ate corolla, violet, 15–25 mm long (three times the calyx) has an upper lip strongly 
folded to the cap on the stamens pubescent-glandular on the outside. The two stamens 
are 10 mm long and the style 20–30 mm long, protrudes over 10 mm from the upper 
lip and has a deeply bifurcated purple-colored stigma at the extremity. The fruit is 
a peculiar schizocarp: a microbasarium made up of four dark brown, spherical to 
ovoidal mericarps; each mericarp, 2–3 mm long, has a thickened margin.

Salvia ceratophylloides has a main flowering period in spring from April to June 
and a second flowering period in autumn from October to November. The fruiting 
occurs after some flowering weeks.

It is a strongly aromatic plant, rich in essential oils [22], and of future potential 
economic interest. The composition of volatile substances produced by glandular 
hairs suggests that these substances are involved in chemical defense against insects.

5. Taxonomic remark

The taxonomic rank of S. ceratophylloides is controversial. Hedge [23] considers 
it a synonym of Salvia pratensis subsp. pratensis, instead the greater number of the 
authors indicate it as a good species [19, 24]. The species is reported with different 
taxonomic classification in the Italian floras: Fiori & Paoletti [25] reported  
S. ceratophylloides as a variety of S. pratensis, Tenore [17] and Pignatti [3], consider-
ing it as an autonomous species. The most recent checklists of the Italian flora [10] 
and the authors who dealt with the taxonomy of the Salvia genus in Italy [6] also 
consider S. ceratophylloides an autonomous endemic species of Southern Calabria.

Salvia ceratophylloides Arduino Animad. Bot. Spec. Alt. 12, tab 2.1764.
Synonyms: Salvia ceratophylloides L., Mantissa Pl., 26, 1767; Salvia pratensis  

L. var. ceratophylloides (Ard.) Fiori e Paoletti, Flora Analitica d’Italia, 5: 255, 1909; 
and Salvia ceratophylloides Ten. var. A Ten., Flora Napolitana 3: 25, 1829.
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Salvia ceratophylloides belongs to Subgenus Sclarea (Moench) Benth., Section 
Plethiosphace Benth., characterized by a campanulate calyx, above two furrowed, 
concave, with three conniving teeth and corolla with a crescent-shaped upper lip 
and compressed. It is a part to the group of S. pratensis present in Italy with: S. 
pratensis L. subsp. pratensis, S. pratensis L. subsp. saccardina (Pamp.) Poldini, 
 S. haematodes L., S. virgata Jacq., and S. ceratophylloides Ard. [3]. S. ceratophylloides 
is well distinguished from the other sages species of the Salvia pratensis group, 
above all for the pinnate-partite leaf with toothed lobes. Table 1 shows the main 
morphological differences between the species of Salvia pratensis group in Italy.

The type of Salvia ceratophylloides was lost because the Arduino herbarium 
was destroyed during the Second World War. Del Carratore et al. [26] carried out 
the lectotyping of S. ceratophylloides Ard. Among all the samples, present in the 
various legally recognized herbarium, they are indicated as the lectotype of Salvia 
ceratophylloides, the specimen that Arduino sent to Linnaeus stored in the Linnaean 
Herbarium of London at N° 42.55 (Figure 4).

6. Habitat

Salvia ceratophylloides grows near Reggio Calabria, on the hills of the west-
ern side of the Aspromonte facing the Strait of Messina (Southern Italy), at 
altitudes between 250 and 400 m a.s.l. especially on the cooler slopes with the 
north or northwest exposition. The geology of the area is characterized by layers 
of loose sand alternating with benches of soft calcarenites of Pliocene origin. 
The soils have a sandy texture with a basic pH and fall into the group Calcaric 
Cambisols [27].

The area has a typically Mediterranean climate with average annual tempera-
tures of 18°C and average annual rainfall of 600 mm, concentrated in the autumn 

Plant Lamina of the 
cauline leaves

Inflorescence Corolla

S. ceratophylloides 30–90 cm high, 
pubescent and 
very glandular

Pinnate-partite 
with serrated 
lobes

Wide, very 
branched

15–25 mm long 
with numerous 
glandular hairs

S. pratensis subsp. 
pratensis

30–60 cm high 
pubescent and 
little or not 
glandular

Ovate-oblong 
with slightly 
crenate or 
incised lobed 
margin

Cylindrical, 
little, or not 
branched

13–20 mm 
long without 
or with few 
glandular hairs

S pratensis subsp. 
saccardiana

50–110 cm high, 
pubescent, and 
glandular

Cordate-ovate, 
with lobed-
crenate margin

Cylindrical, 
little, or not 
branched

28–25 mm 
long, with 
numerous 
glandular hairs

S. haematodes 50–120 cm high, 
pubescent and 
very glandular

Triangular, with 
crenate margin

Wide, very 
branched

28–35 mm
with numerous 
glandular hairs

S. virgata 30–100 cm 
high, pubescent 
and glandular 
especially in the 
upper part

Ovate-oblong 
with slightly 
crenate or 
incised lobed 
margin

Wide, very 
branched with 
arcuate-erect 
branches

13–16 mm 
glandular only 
at the margin

Table 1. 
Main morphological differences between species of Salvia pratensis group in Italy.
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months of November and December, and a summer dry period of about 5 months. 
According to Rivas Martinez et al. [28], the macro-bioclimate is “Mediterranean 
pluviseasonal oceanic, with thermo Mediterranean bioclimate” (upper thermo 
Mediterranean thermotype and a lower subhumid ombrotype).

Salvia ceratophylloides grows spontaneously in the habitat of the EEC directive 
43/93:“5330 thermo Mediterranean and predesert scrub” subtype “32.23 Diss-
dominated garrigues.” This habitat includes Mediterranean steppe and garrigue 
dominated by Ampelodesmos mauritanicus (Poir.) Dur. & Schinz. or Artemisia 
campestris L. subsp. variabilis (Ten.) Greuter (Figure 5) [29, 30]. The most 
frequently growing species with S. ceratophylloides, in addition to the aforemen-
tioned species, are some grasses (Lagurus ovatus L., Avena barbata Link, Briza 
maxima L., Hyparrhenia hirta (L.) Stapf., Dasypyrum villosum (L.) P. Candargy), 
several dwarf shrubs (Cistus creticus L., Cistus salviifolius L., Micromeria graeca 
(L.) Benth. ex Rchb., Thymbra capitata (L.) Cav., Phlomis fruticosa L.), and 
some shrubs (Cytisus infestus (C.Presl) Guss. subsp. infestus, Spartium junceum 
L.). Mostly, they are widespread species in the steppic grassland and in the 
Mediterranean garrigues.

7. Distribution and abundance of the population

The field researches conducted in 2008–2010 allowed discovering four small 
new populations of S. ceratophylloides around Reggio Calabria (Puzzi, Cataforio). 
Each population consisted of a few dozen individuals, for a total census of 100 
mature individuals [20, 31]. After looking everywhere, in recent years, other eight 
small populations of S. ceratophylloides in places hardly accessible were found, 
always in the surroundings of Reggio Calabria (Figure 6). The total area occupied 
by the 12 sites is about 4200 m2. In these sites, the plants are distributed as follows: 
601 breeding without flowers or fruits, 22 flowering individuals, 3 fruiting indi-
viduals, 216 seedlings, 259 juvenile individuals nonbreeding, and 17 dead individu-
als. For a total of about 1100 individuals [21]. The distribution of plants in the 
fragmented subpopulations is very irregular in relation to the quality of the habitat. 
In some sites, the number of plants is more abundant, with about 250 individuals; 
in other sites, the individuals do not exceed 3 units.

Figure 5. 
Habitat of Salvia ceratophylloides.
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8. Conservation status

As a consequence of population disappearance from the historical places where 
Salvia ceratophylloides was collected at the beginning of the 1900s, it was considered 
extinct globally (EX) [4, 5]. In 2010, after the discovery of some sites, an assessment 
was made from Crisafulli et al. [20], and according to the IUCN criteria, the species 
was ascribed to the “critically endangered” risk categories (CR). Research carried 
out more recently by Laface et al. [21] ascertained an increasing population size in 
number of breeding adults and in the area of occupied populations. Nevertheless, 
the new assessment, using the IUCN criteria B, C, and D, confirmed the status of 
“critically endangered” species. So, S. ceratophylloides is seriously threatened, facing 
an immediate high risk of extinction.

S. ceratophylloides has a naturally small population and therefore susceptible to 
damaging influences. The remarkable fragmentation of the habitat, also due to the 
environmental transformations caused mainly by various anthropic activities, is the 
major conservation problem.

According to EIONET classification [32], the threats that influence the survival of 
this sage can be codified as follows: F01: conversion from other land uses to housing, 
settlement or recreational areas (excluding drainage and modification of coastline, 
estuary, and coastal conditions); A02: conversion from one type of agricultural land 
use to another (excluding drainage and burning); A03: conversion from mixed farming 
and agroforestry systems to specialized (e.g., single crop) production; A15: tillage prac-
tices (e.g., plowing) in agriculture; A16: other soil management practices in agricul-
ture; A17: harvesting of crops and cutting of croplands; B01: conversion to forest from 
other land uses, or afforestation (excluding drainage); C01: extraction of minerals 
(e.g., rock, metal ores, gravel, sand, shell); A11: burning for agriculture; A13: burning 
for forestry; I02: other invasive alien species (other than species of Union concern); 
and L06: interspecific faunal and floral relations (competition, predation, parasitism, 
pathogens). The latter threat, due to insects that feed on fruits and flowering stems, is 
particularly serious and strongly compromises the reproductive capacity of the species.

Salvia ceratophylloides currently is not safeguarded in situ from protected areas 
or from Sites of Community Importance (SCI) according to Directive CEE 43/92. 

Figure 6. 
(a) Distribution map of Salvia ceratophylloides: red dot—populations cited in the literature and extinct; 
yellow dot-population currently existing found after 2008. (b) Mediterranean Basin: black dot-distribution 
area and (c) Southern Italy.
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The ex situ conservation is carried out in the Messina Botanical Garden “Pietro 
Castelli,” where it is successfully reproduced by seed and where currently there are 
about thirty individuals.

Some environmental organization proposed the inclusion of S. ceratophylloides 
in the lists to the laws of the Calabria Region on the autochthonous flora protec-
tion (L.R. n.30 of 26/11/2001; L.R. n.47 of 07/12/2009) [33]. Researchers from the 
Department of Agriculture of the Mediterranean University of Reggio Calabria have 
initiated, on its own initiative, monitoring and research on the biological conserva-
tion of this rare sage [21].

9. Conclusion

Endemic species have a high conservation priority, as they are exclusive to a 
geographically restricted and limited territory. Being often rare and ecologically 
infrequent, any unfavorable change can cause their rapid extinction [34]. The 
exclusive endemisms deserve the conservation priority since the disappearance of 
the local populations caused the complete extinction of these species. Considering 
the regional responsibility for the conservation of species [35] and that  
S. ceratophylloides is one of the most endangered rare endemic plants, this species 
should be the subject of specific in situ and ex situ conservation actions.

The involvement of local authorities (Calabria region and metropolitan city of 
Reggio Calabria), responsible for the conservation of natural resources and the 
environment, is essential to take concrete actions aimed at the conservation of this 
species.

To protect populations of this species and preserve them over time, the estab-
lishment of microreserves, following the example applied in Spain [36], could be a 
good solution for the in situ conservation of this rare sage. These are small protected 
areas created in order to ensure the future study and monitoring of the endangered 
endemic flora plants, which can be entrusted to environmentalist associations or to 
the landowner.
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Chapter 3

Endemic Plant Species of Bolivia
and Their Relationships with
Vegetation
Mónica Moraes R., Carla Maldonado and
Freddy S. Zenteno-Ruiz

Abstract

The inventory of Bolivia’s vascular plants lists 2402 endemic species (ca. 20%
of 12,339 of native flora). Among angiosperms, there are 2263 species from 124
families and 641 genera, whereas among pteridophytes, there are 139 species from
16 families and 29 genera. Seven families with the greatest number of endemic
species are Orchidaceae (418), Asteraceae (246), Bromeliaceae (147), Cactaceae
(127), Poaceae (92), and Piperaceae (81). Cleistocactus and Puya have 14 and 55
endemic species, respectively, so representing 82.3 and 84.6% of the species in these
genera. Bolivia’s endemic species show distribution patterns associated with past
geological events, orographic dynamics (of the Andes and in the Cerrado), as well
as areas of diversification. Dry xeric and humid regions host local and regional
endemics in specific families and biogeographic regions of high conservation
importance. Humid montane forests in the Yungas and dry inter-Andean valleys are
rich in endemic species with 51 and 22% of the total recorded in the respective
regions. Nevertheless, there are still many lesser known geographical areas that may
generate new information in the short and medium term. Only 165 endemic
species (6.9%) have been evaluated for their conservation status following IUCN
categories with 49% assessed as endangered (EN).

Keywords: angiosperms, humid montane forests, ferns, dry valleys, Cerrado

1. Introduction

The Bolivian biota and its endemicity are derived from the influence of four
biogeographic provinces, the Amazonian, the Andes, the Gran Chaco, and the
Cerrado, generating several encounters of mixed elements [1]. For example, in the
mountains of the Eastern Cordillera with the mixture of Andean and Amazonian
flora, while in the Pantanal area (SE Bolivia) where there are Amazonian, Chaco
and Cerrado elements took place. Amazonia is found in the alluvial plain from
center to the north of the country, the Andes in mountain ranges in the west side,
Cerrado on Precambrian shield in the east (in which it is also circumscribed to the
Chiquitanía), and the Gran Chaco on plains and Andean foothills in the south.
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These four biogeographical provinces together with the physiography of Bolivia
combine in general opportunities for isolation, speciation, and restricted distribu-
tion, especially in geological periods, such as the uplift of the Andes and the con-
formation of valleys [1–3]. The floristic elements of each biogeographic province
derive from radiation and dispersion processes during geological ages, whose adap-
tation has been consolidated in current landscapes.

Endemic species in Bolivia are associated with a wide range of diverse habitats
and originated from different processes that have modeled the natural landscape in
the past, particularly in the montane formations lying on the Andean and Brazilian
lithospheres, specifically the uplift of the central Andes [4] 18 million years ago in
the west and the slow weathering of the Precambrian Brazilian shield in the east, for
example, through three biogeographical models of speciation in central Andes:
vicariance of Andean uplifts, dispersal during the Pleistocene, and vicariance in
both eastern and western slopes during glacial periods [5]. The rocky outcrops
exposed in the Cerrado (or “brasileño-paranaense”) of Bolivia have been identified
as centers of plant endemism, where microhabitats are formed with specific micro-
climatic conditions [6, 7].

In the present contribution, we update the record of endemic vascular plants of
Bolivia and evaluate general striking features and patterns of endemic plants and
their relationships with vegetation types of the country, as a baseline for further
studies.

2. Methodology

A large part of the information collected in the country is concentrated in
databases and botanical collections of the National Herbarium of Bolivia (acronym,
LPB in the Index Herbariorum). Due to a constant communication with experts
and specialists from different groups of plants, publications and other valid and
current scientific denominations about recent taxonomic works are available. This
support constitutes our main source of references. Recently, an intense data com-
pilation process has resulted from the information gathered for the “Catálogo de
las Plantas Vasculares de Bolivia,” published in 2014 [8] which mainly continues to
be updated in Tropicos (www.tropicos.org, revised until November 7, 2018), as
well as in other recent publications. The botanical inventory of Bolivia has been
documented based on 650,000 herbarium specimens. The distribution of the col-
lections covers a higher density in regions of the eastern slopes of the Andes, which
includes the humid forests and the fragmented forests of the dry inter-Andean
valleys (Figure 1). Recent publications and taxonomic updates to the Bolivian flora
of vascular plants were the basis for this work [9–17].

In the highlands of the Andes toward the southwest and also in ravines and
hills of the eastern Andean mountains, Polylepis (Rosaceae) forests (Figure 2a) are
found, which are considered to be the highest in the world. However, they have
been excluded here as a major vegetation formation because they are distributed
in both a fragmented and azonal pattern in different vegetation formations, such
as montane forests, dry puna, and humid puna. Therefore, a slightly modified
map according to two vegetational classifications [8, 18] was elaborated
(Figure 3).

The consideration of the endemic species follows in relation to the vegetation
formations in which they are represented, which allows an evaluation on the distri-
bution and striking characteristics of the families represented. This information is
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subsequently taken care of according to the biogeographical implications of the
Bolivian flora. Finally, a number not exceeding to 200 endemic species occur in
uncertain vegetation formations.

According to the Bolivian plant checklist [8], there are four major geographical
regions in Bolivia: the Andes, Altiplano, lowlands, and uncertain. However this is an
arbitrary delimitation that does not recognize local differences. The Andes, for
example, has an altitude range of 500–3500 m and includes the Yungueñan
“páramo” and both humid and dry forests in the Andean foothills. The Altiplano lies
above 3500 m, whereas the lowlands include Amazonian rainforests, savannas,
the Pantanal, and the Chaco xeric forest from 150 to 400 m, as well as the Precam-
brian mountain ranges of 600–1200 m altitude.

Figure 1.
Density cover of botanical collections in Bolivia at LPB (grid 5 � 5 km).
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The conservation status of endemic Bolivian plants has been evaluated in the
four published red books [19–22] focused on plants of the Cerrado, wild relatives of
cultivated plants, threatened plants of the Andean zone, and threatened plants of
the lowlands.

Figure 2.
Vegetation formations of Bolivia. (a) Polylepis forest, (b) humid forest, (c) the Yungas, (d) Tucumanian-
Bolivian forests, (e) “Campos cerrados,” and (f) Chaqueñan foothills forests.
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3. Results: what do we know to present?

3.1 Diversity and distribution

The endemic floristic elements represent biogeographic provinces that are
found in Bolivia (Table 1). The highest representativeness comes from the Andes
with 81% for the endemic plants of Bolivia, followed by the Amazon (16%), the
Cerrado (9%), and the Gran Chaco (3%), whereas in four reported natural regions
registered for each specimen in www.tropicos.com, trends in endemism are shown:
the Andes (69.4%), lowlands (22.3%), Altiplano (6.6%), and uncertain (1.65%).

Although there are many mixtures of floristic elements in the country, it is
generally recognized that certain vegetation formations are related to biogeograph-
ical affinities. The Amazonian province includes in general four vegetation types:
northern and southern Beni savannahs, humid forest, and Amazonian camps, rang-
ing from 100 to 400 m elevation. Both dry and humid “punas,” Polylepis forests,
dry inter-Andean valleys, Tucumanian-Bolivian forest, the Yungas, and the
Yungueñan “páramo” make up the Andean province with 1500–5500 m elevation.
For the Cerrado, the vegetation formations of the “campos cerrados” and the
semideciduous Chiquitanian forest are included, between 400 and 1100 m eleva-
tion. And finally, both dry Chaqueñan forest and Chaqueñan foothills forest belong

Figure 3.
Vegetation formations of Bolivia (modified from [18, 8]).

Floristic elements

Andean
province

Aa (5), Adesmia (1), Aspidosperma (1), Baccharis (13), Capsicum (3), Catasetum (8),
Croton (4), Festuca (17), Nototriche (8), Passiflora (22), Protium (1), Solanum (20),
Stevia (25)

Amazonian
province

Annona (1), Andropogon (3), Attalea (1), Axonopus (2), Diospyros (2), Ficus (1),
Heliconia (1), Machaerium (3), Nectandra (2), Neea (5), Paspalum (4), Sloanea (1)

Cerrado
province

Acosium (1), Arachis (7), Borreria (4), Bromelia (1), Calea (3), Cordia (1), Discocactus
(2), Frailea (2), Oxypetalum (4), Syagrus (1), Vellozia (1)

Gran Chaco
province

Bulnesia (1), Cereus (3), Cnidoscolus (2), Gaya (3), Izozogia (1), Pereskia (3),
Portulaca (2)

Table 1.
Some characteristic genera of the four main biogeographic provinces in Bolivia. The number of endemic species
is indicated in brackets.
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to the Gran Chaco at 400–700 m. The meeting point of biogeographic Amazonian
and Andean elements is mostly represented in the Yungas of the eastern slopes of
the Andes, between 1500 and 3000 m elevation.

The endemic species of Bolivia make up a diverse group of life forms and
taxonomic groups that contribute to the diversity of natural landscapes. Among
these are trees (Annonaceae, Arecaceae, Erythroxylaceae, Fabaceae, and
Lauraceae), tree ferns (Cyatheaceae), shrubs (Melastomataceae, Piperaceae), and
subshrubs (Asteraceae and Ericaceae), as well as vines (Passifloraceae) and succu-
lents (Cactaceae). There are also numerous herbaceous plants (Cyperaceae,
Gesneriaceae, Iridaceae, and Poaceae), forbs (Heliconiaceae and Marantaceae),
prostrate and scandent herbs (Aristolochiaceae, Convolvulaceae, and
Cucurbitaceae), ferns (Dryopteridaceae and Polypodiaceae), aquatics
(Eriocaulaceae and Isoëtaceae), and epiphytes (Loranthaceae and Orchidaceae).

Endemic plants were recorded from all 14 vegetation types known from Bolivia
(see some examples in Figure 2). In terms of the richness of endemic species found
in different vegetation formations, the trend is similar to that of plant families.
The vegetation formation of the Yungas (humid mountains of the eastern Andes)
hosts the highest concentration of endemic plant with 1218 (51% of the total num-
ber of endemic plants, Figure 4); it is followed by the dry inter-Andean valleys with
518 species and humid forests with 375. There are less than 50 endemic species
found in vegetation formations in the alluvial plains of the lowlands (northern and
southern Beni savannahs and “campos amazónicos”). Below is a synopsis of a
sample on six vegetation formations represented in Bolivia with the largest number
of endemic species recorded in relation to the ten families with highest level of
endemism listed in in Figure 5. Most endemic species are restricted 1(�2) to a
specific vegetation formation, but 1.26% are distributed in four or more contiguous
formations (Table 2).

The Yungas: It is located along the eastern slopes of the Andean mountain
ranging between 1000 m and 3500 m. It includes the timberline at higher elevations
where it forms the Yungueñan “páramo” or cloud and humid montane forests at
middle altitudes and sub-Andean and lowland forests at lower altitudes. The height
of the forests decreases with increasing elevation, and, especially in cloud forests,
the trees are covered with mosses and other epiphytic plants (Figure 2c). The
diversity of tree species is higher at low elevations and decreases as altitude
increases. Bamboos (Chusquea spp.) and tree ferns (Cyathea spp.) are also fre-
quently found here.

A total of 139 families are found in the Yungas (Figure 5a). Orchidaceae is the
most abundant in species numbers (with 294), followed by Asteraceae (130) and
Piperaceae (51). Among the more important genera are Lepanthes (Orchidaceae)
with 50 species, Peperomia (Piperaceae) with 35, and Elaphoglossum
(Dryopteridaceae) with 29.

Dry Andean forest: The vegetation is often deciduous as a result of the long dry
season. Most of the native vegetation occurs in isolated populations due to an
intensive agricultural expansion or the widespread plantation of exotic species, such
as Eucalyptus spp., Phragmites spp., and Pinus radiata D. Don.

Of more than 3000 species recorded for this region, almost 16% are endemic. A
total of 139 families are represented with Asteraceae having the highest number of
species (97) followed by Cactaceae (83) and Bromeliaceae (52) (Figure 5b). Among
the most important genera are Stevia (Asteraceae),Tillandsia (Bromeliaceae) with
24 species, and Puya (Bromeliaceae) with 20.

Humid forest: It mostly covers the alluvial plains in the lowlands of Bolivia. The
topography is relatively flat from about 500 m at the lower limits of the Yungas
forests down to 100 m elevation in the north, mostly evergreen with continuous
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tree canopy and characterized by their high diversity (Figure 2b). Associations of
monotypic or impoverished forests dominated by large bamboos (Guadua spp.) or
palm trees (Mauritia flexuosa L.f., Oenocarpus bataua Mart.) that successfully sup-
press the growth of other species are also found here.

Of the 5663 species recorded, almost 6% are endemic coming from 138 families.
Orchidaceae is the most important family (with 57 species) followed by Piperaceae
(35) and Bromeliaceae (24) (Figure 5c). Piper and Peperomia (Piperaceae) are the
genera with more endemic species, 18 and 17 species, respectively. Fosterella
(Bromeliaceae) is another genus with several (10) endemic species.

Figure 4.
Distribution of a number of endemic plants of Bolivia in major vegetation types, including highlands and
lowlands.
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to the Gran Chaco at 400–700 m. The meeting point of biogeographic Amazonian
and Andean elements is mostly represented in the Yungas of the eastern slopes of
the Andes, between 1500 and 3000 m elevation.
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tree canopy and characterized by their high diversity (Figure 2b). Associations of
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Orchidaceae is the most important family (with 57 species) followed by Piperaceae
(35) and Bromeliaceae (24) (Figure 5c). Piper and Peperomia (Piperaceae) are the
genera with more endemic species, 18 and 17 species, respectively. Fosterella
(Bromeliaceae) is another genus with several (10) endemic species.

Figure 4.
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Yungueñan “páramo”: Between 3500 and 4200 m elevation, this formation
forms belts of grass and scrubs fed by nearly permanent precipitation. The most
common genera include Jarava, Festuca, Brachyotum, Clinopodium, Mutisia,
Chuquiraga, Baccharis, Calceolaria, and Gnaphalium. Other notable species include
communities of Puya raimondii Harms and many species of the Ericaceae family.

Here a total of 846 species with ca. 22% endemics is found. The largest number
of endemic species belongs to the family Orchidaceae (with 52 species), followed by
Asteraceae (19) and Bromeliaceae (15) (Figure 5d). Among genera with the most
numerous endemic species are Puya (Bromeliaceae) and Gentianella (Gentianaceae)
with 15 and 13 species, respectively.

Tucumanian-Bolivian forest: Both humid to semi-humid forests cover the
eastern slopes of the Andes in southern Bolivia between 500 and 1300 m elevation
(Figure 3d). Among the more important elements are patches of Polylepis hieronymi
Pilger (Rosaceae) and Podocarpus parlatorei Pilg. (Podocarpaceae) at higher alti-
tudes; also are characteristic Polylepis crista-galli Ruiz & Pav., Alnus acuminata
Kunth (Betulaceae) and Juglans australis Griseb. (Juglandaceae).

A total of 1647 species has been recorded here, of which close to 10% are
endemic. Among the 130 families reported with endemic species, the most spec-
iose are Orchidaceae (with 25), Asteraceae, and Bromeliaceae (21) (Figure 5e).

Figure 5.
The ten families with the largest number of endemic species in six vegetation formations of Bolivia.

Endemic species

With four contiguous
vegetation types

Acianthera boliviana (Rchb. F.) Pridgeon & M.W. Chase, Aechmea
kuntzeana Mez, Aegiphila herzogii Moldenke, Aristida friesii Hack. Ex
Henrard, Bellucia beckii S.S. Renner, Cleistocactus samaipatanus (Cárdenas)
D.R. Hunt, Croton abutilifolius Croizat, Furcraea boliviensis Ravenna,
Gentianella inaequicalyx (Gilg) J.S. Pringle, Hippeastrum evansiae (Traub &
I.S. Nelson) H.E. Moore, Lepidaploa tarijensis (Griseb.) H. Rob.,
Lonchocarpus pluvialis Rusby, Lupinus buchtienii Rusby, Maytenus tunarina
Loes. ex Kuntze, Nassella holwayii (Hitchc.) Barkworth, Paranephelius
asperifolius (Muschl.) H. Rob. & Brettell, Pitcairnia cardenasii L.B. Sm.,
Schoepfia tetramera Herzog, Steinbachiella leptoclada Harms, Stevia sarensis
B.L. Rob.,Tillandsia hegeri Ehlers,Trichogonia capitata (Rusby) B.L. Rob.

With five contiguous
vegetation types

Festuca fiebrigii Pilg., Gentianella silenoides (Gilg) Fabris, Machaerium
latifolium Rusby, Recordia boliviana Moldenke, Stevia setifera Rusby ex B.L.
Rob.

With six types Bougainvillea modesta Heimerl, Paspalum ekmanianum Henrard

Table 2.
List of endemic species represented in less geographically restricted sites.
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Begonia (Begoniaceae) and Puya (Bromeliaceae) are the genera with most endemic
species (nine and eight, respectively).

Semideciduous Chiquitanian forest: It includes deciduous and semideciduous
forests that are located throughout the Chiquitanian region in the department of
Santa Cruz, between 400 and 700 m of elevation. Some characteristic species of the
Chiquitania are Machaerium nyctitans (Vell.) Benth. (Fabaceae), M. acutifolium
Vogel, Amburana cearensis (Allemão) A.C.Sm., Schinopsis brasiliensis Engel
(Anacardiaceae), Handroanthus lapacho (K. Schumann) Sandwith (Bignoniaceae),
and Pseudobombax marginatum (A. St.-Hil., A. Juss. & Cambess.) A. Robyns
(Malvaceae).

Almost 6% are endemic, and the most common families with endemic species
are Fabaceae (with 27 species), Asteraceae (16), and Malvaceae (14) (Figure 5f).
Within the Fabaceae, the genus Arachis has the highest level of endemism with
seven species.

3.1.1 Taxonomic groups

Among ferns and fern allies (Pteridophyta) together with the angiosperms of
Bolivia, there are 2396 endemic species, in 670 genera and 141 families (Table 3).
Seven angiosperm families account for 50% of the total (Figure 6): Orchidaceae,
Asteraceae, Bromeliaceae, Cactaceae, Fabaceae, Poaceae, and Piperaceae. In the
case of the Pteridophyta, two families comprise slightly less than 50% of the total:
Dryopteridaceae with 43 species and Polypodiaceae with 26. Among the genera
with the highest number of endemic species are Puya (Bromeliaceae, 55 species),
Lepanthes (Orchidaceae, 52), Peperomia (Piperaceae, 51), Solanum (Solanaceae, 44),
and Tillandsia (Bromeliaceae, 37), among others (Figure 7). In any case, the repre-
sentation of four genera of the Orchidaceae has in total 134 endemic species.

If we relate the number of endemic species per family to the total numbers
represented in Bolivia, the patterns show different percentages (Table 4).
Orchids comprise the family with the highest number of endemic species, but this
represents only 32.5% of the total; in Asteraceae the figure is 20.2%, whereas in the
Bromeliaceae the endemic species amount to 45.8% of the total, and in the
Cactaceae it rises to 55.9%. In Triuridaceae and Tropaeolaceae, the number of
endemics amounts to about 50%, but the first has only 2 native species with
1 endemic, while the second has 14 species with 7 endemic. In addition there is
another group where the percentage of endemism is low, ranging from 9 to 20% in
families such as Fabaceae, Arecaceae, Poaceae, Amaranthaceae, and others.

In the case of species sorted by genera, various trends can be discerned
(Table 5) as follows: 84.6% of Puya spp. (Bromeliaceae) are endemic, whereas in
Begonia (Begoniaceae) the figure is 48.1%, Piper (Piperaceae) 30.1%, Solanum
(Solanaceae) only the 23.7%, and Trichilia (Meliaceae) a mere 5.3%. Three genera,
each with 25 endemic species, show very different trends in endemism, such as for
Masdevallia (Orchidaceae) 78.1%, for Siphocampylus (Campanulaceae) 56.8%, and
for Miconia (Melastomataceae) 17.7% (Figure 8).

Families/genera/species % from the total

Angiosperms 125/641/2263 89/96/94

Pteridophyta 16/29/139 11/4/6

Table 3.
Bolivian endemic vascular families, genera, and species and percentage from the total.
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The records of endemic species of Bolivia are accompanied by a brief photo-
graphic synopsis that illustrates the characteristics of selected taxa (Figures 9–12).
We present four groups of photographs: endemic palms [11], endemic plants of
the Madidi region [10], endemic plants of the Bolivian Cerrado [16], and inter-
Andean valleys with dry forests [23]. Tree palms and acaulescent species are
represented here by Attalea blepharopus Mart. that grows in very humid forests in
central Bolivia (Figure 9a) and then three species of the genus Syagrus: S. petraea
(Mart.) Becc. from the plains and rocky hills of the Cerrado (Figure 9b), S.
yungasensis M. Moraes from the drier montane forests (Figure 9c), and S. cardenasii
Glassman from the alluvial plains, as well as in sub-Andean highlands (Figure 9d).

Among endemic Bolivian plants of the Madidi National Park in the NW of the
country (mostly comprising Yungas vegetation), Prestonia leco A. Fuentes & J. F.
Morales (Apocynaceae) is a liana found in the humid submontane forest
(Figure 10a). Passiflora madidiana P. Jørg., Cayola & Araujo-Murak.
(Passifloraceae) is an endemic climber of the dry forests of the Tuichi river basin
(Figure 10b). Stenostephanus suburceolatus J.R.I.Wood (Acanthaceae) is a terrestrial

Figure 6.
Angiosperm plant families with the highest number of endemic species in Bolivia.
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herb (Figure 10c), known from a single population of seasonally moist low altitude
Andean forest. Finally,Tristerix rhodanthus Kuijt (Loranthaceae) is a hemiparasite
collected in cloud forest fragments (Figure 10d).

The Chiquitanian endemic examples are as follows: Blepharodon crabrorum
Goyder (Apocynaceae), a subshrub that blooms all the year and is found in rock

Figure 7.
Genera with the highest number of endemic species in Bolivia.

Plant family Endemic species Representativeness in the family (%)

Cactaceae 127 55.9

Triuridaceae, Tropaeolaceae 1,
7

50.0

Begoniaceae 26 48.1

Bromeliaceae 147 45.8

Zygophyllaceae 3 40.0

Proteaceae 5 38.5

Piperaceae 79 36.6

Orchidaceae 415 32.5

Acanthaceae 49 28.3

Dioscoreaceae 11 23.9

Asteraceae 243 20.2

Solanaceae 61 19.2

Euphorbiaceae 39 13.0

Amaranthaceae 14 11.4

Poaceae 81 9.5

Arecaceae 9 9.3

Fabaceae 92 8.9

Table 4.
Comparison of the level of endemism in some families of Bolivian native plants.
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crevices on vertical cliff faces (Figure 11a); Mimosa crasspedisetosa Fortunato &
Palese (Fabaceae) a branched shrub or subshrub in scattered places in the plains of
“campos cerrados” (Figure 11b); Frailea chiquitana Cárdenas (Cactaceae), a small
and wooly cactus common in the slabs (Figure 11c); Centratherum cardenasii (I.S.
Nelson & Traub) Van Scheepen (Amaryllidaceae), a perennial herb that grows in
sandy Cerrado (Figure 11d); Hippeastrum starkiorum (I.S.Nelson & Traub) Van
Scheepen (Amaryllidaceae), a rare bulbous herb that grows in rock crevices in
campo rupestre and on hills (Figure 11e); and Pitcairnia chiquitana R. Vásquez &
Ibisch (Bromeliaceae), cespitose plant, which is locally abundant on rock platforms
and in campo rupestre (Figure 11f).

Endemic plants from dry forests in Andean valleys are as follows:
Cardenasiodendron brachypterum (Loes.) F.A. Barkley (Anacardiaceae)
(Figure 12a), a tree that grows on dry hillsides on rocky soils below 2600 m;
Mastigostyla cardenasii R.C. Foster (Iridaceae) (Figure 12b), an herb of these valleys
that reaches the humid puna; Ipomoea exerta Goyder & Fontella (Apocynaceae), a
very rare herb and grows in dispersed zones at 2500 m (Figure 12c); Oxypetalum
fuscum Epling (Lamiaceae), a short vine that is frequent in thickets (Figure 12d);
Lepechinia bella, a small shrub that grows on rocky slopes (Figure 12e); and Puya
weddelliana (Baker) Mez (Bromeliaceae) (Figure 12f), a rosette plant, which grows
in groups on rocky slopes.

The most endangered species fall into three categories: critically endangered
(CR) with 19 endemic species, followed by threatened (EN) with 80, and vulnera-
ble (VU) with 66 (Figure 12). The total of 165 endemic plants that have been
evaluated as threatened in Bolivia indicates that only 6.9% of the total number of
endemic species has been assessed. A sample of 14 endemic species from Bolivia
along with the category they belong to is shown in Table 6.

Plant genus Endemic species Representativeness in the genus (%)

Cleistocactus 14 82.3

Puya 55 84.6

Masdevallia 25 78.1

Lepanthes 52 74.3

Monnina 16 69.6

Arachis 12 63.1

Siphocampylus 25 56.8

Gentianella 27 50.0

Begonia 26 48.1

Peperomia 51 41.5

Tillandsia 37 35.2

Piper 28 30.1

Elaphoglossum 33 26.0

Solanum 44 23.7

Miconia 25 17.7

Pavonia 6 13.0

Trichilia 1 5.3

Table 5.
Comparison of the level endemism in some genera of Bolivian native plants.
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4. Discussion

Our knowledge of the floristic composition of Bolivia and its richness has
increased in the last 20 years although there are still changes, such as new species and
endemics; in addition, the level of our understanding has resulted from the intensifi-
cation of botanical collections and fieldwork in geographical areas that are botanically
less known. Until 1992, a list of 20 endemic monotypic genera of Bolivia in 13 families
of vascular plants that existed was the first basis and a large number of herbarium
specimens that had not been identified [1]; in the case of mosses, Bolivia has an

Figure 8.
Major biogeographic regions represented in Bolivia (adapted from [3]).
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Plant genus Endemic species Representativeness in the genus (%)
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Puya 55 84.6

Masdevallia 25 78.1

Lepanthes 52 74.3

Monnina 16 69.6

Arachis 12 63.1

Siphocampylus 25 56.8

Gentianella 27 50.0

Begonia 26 48.1
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Tillandsia 37 35.2

Piper 28 30.1

Elaphoglossum 33 26.0

Solanum 44 23.7

Miconia 25 17.7

Pavonia 6 13.0

Trichilia 1 5.3

Table 5.
Comparison of the level endemism in some genera of Bolivian native plants.
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4. Discussion

Our knowledge of the floristic composition of Bolivia and its richness has
increased in the last 20 years although there are still changes, such as new species and
endemics; in addition, the level of our understanding has resulted from the intensifi-
cation of botanical collections and fieldwork in geographical areas that are botanically
less known. Until 1992, a list of 20 endemic monotypic genera of Bolivia in 13 families
of vascular plants that existed was the first basis and a large number of herbarium
specimens that had not been identified [1]; in the case of mosses, Bolivia has an

Figure 8.
Major biogeographic regions represented in Bolivia (adapted from [3]).
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inventory of 920 species, of which 55 are endemic [24]. In contrast in 2014, 2343
species of vascular plants were reported as endemic to Bolivia from a total of 12,165
species in 286 families [8], and 13.6% endemics were reported in the fern family
Polypodiaceae and 33% for orchids but in the gymnosperms and in the angiosperms.
Currently the number has risen to 12,239 native species of vascular plants (www.

Figure 9.
Endemic palms of Bolivia. (a) Attalea blepharopus, (b) Syagrus petraea, (c) Syagrus yungasensis, and
(d) Syagrus cardenasii (Arecaceae). Photographs: Mónica Moraes R.
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tropicos.org), and the present work reports a total of 2402 endemic plants of Bolivia;
this means that in 4 years it has increased by 2.5%.

As in other botanical cases, it is very important to update the knowledge about
the endemic flora. With the example of the 20 species in monotypic genera reported
by Moraes and Beck [1], the number of endemisms for Bolivia was reduced to 14,
and only 5 are monotypic: Cardenasiodendron brachypterum (Loes.) F.A. Barkley,
Polyclita turbinata (Kuntze) A.C. Sm., Rusbya taxifolia Britton, Boelckea beckii
Rossow, and Recordia boliviana Moldenke; only Cardenasiodendron brachypterum
(Loes.) F.A. Barkley was assessed as VU by Navarro et al. [21].

On the eastern slope of the Andes and in the Amazon basin in Peru and Bolivia,
435 species in four plant groups, Anacardiaceae, Chrysobalanaceae, Inga
(Fabaceae), and Malpighiaceae, were found to be endemic in the lowlands [25].
Acanthaceae presented its highest point of endemism at medium elevations, and
nine plant groups, Aquifoliaceae, Brunelliaceae, Campanulaceae, Ericaceae,
Loasaceae, Marcgraviaceae, Fuchsia (Onagraceae), and Passifloraceae, presented
their highest point of endemism at elevations above 2000 m. Probably 20–25% of

Figure 10.
Endemic plants of Madidi National Park. a. Prestonia leco (Apocynaceae), b. Passiflora madidiana
(Passifloraceae), c. Stenostephanus suburceolatus (Acanthaceae) and d. Tristerix rhodanthus
(Loranthaceae). Photographs, a,c-d: Alfredo Fuentes, b: Alejandro Araujo-Murakami.
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the total vascular plants of Bolivia could be restricted to the country [26], the family
with the highest number of endemic species being the Orchidaceae (35%, [27]).
Plant endemism ranges between 59 and 85% of the species sampled in three areas of
the Bolivian Chaco region [28], whereas only 18% of species in dry inter-Andean
valleys of the western side of the country are endemic [29].

Our results support former conclusions by other authors. According to [26, 30],
the highest concentration of plant endemism is registered in the Andean mountains,
where both the Yungas (humid forests) and inter-Andean dry forests are found.
Moreover, the major record of scientific collections and knowledge comes from the
eastern slopes of the Andes from the NW toward the center of the country, where
Bolivia’s greatest biodiversity is higher [31]. Also the distribution of endemic palms

Figure 11.
Endemic plants of the Chiquitano and Cerrado region. (a) Blepharodon crabrorum (Apocynaceae),
(b) Mimosa crasspedisetosa (Fabaceae), (c) Frailea chiquitana (Cactaceae), (d) Centratherum cardenasii
(Asteraceae), (e)Hippeastrum starkiorum (Amaryllidaceae), and (f) Pitcairnia chiquitana (Bromeliaceae).
Photographs: John Wood.
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(Arecaceae) is associated with the eastern Andes [32]. But high-priority areas for
representativeness of ecosystems and species, the Yungas forests, stand out as the
main center of biological diversity in Bolivia due to the greater richness of species
and better state of conservation with local centers of endemism, in addition to the
Tucumano-Bolivian forest, Llanos de Moxos, and Amazonian forests with up to

Figure 12.
Endemic plants of dry forests in inter-Andean valleys. (a) Cardenasiodendron brachypterum
(Anacardiaceae), (b) Mastigostyla cardenasii (Iridaceae), (c) Ipomoea exerta (Convolvulaceae),
(d) Oxypetalum fuscum & Fontella (Apocynaceae), (e) Lepechinia bella (Lamiaceae), and (f) Puya
weddelliana (Bromeliaceae). Photographs: John Wood.
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15% representativeness, while in the Altiplano, more fragmented and dispersed
areas were identified [30].

Worldwide there is increasing evidence confirming that endemism is a powerful
tool for use in global conservation efforts: hotspots based on levels of endemism
cover more number of species than richness-based hotspots and are closely related
to the degree of threat [33]. Therefore, a positive relationship between endemism
and species richness might be expected [34]. Although Bolivia has not been
completely surveyed floristically, 2403 endemic species have been recognized, and
this may indicate that species richness may be greater than it has been documented.
However, it is essential to establish the state of conservation of these species in
order to increase efforts and generate more responsible actions to safeguard the
natural heritage.

The confirmation on the presence of species and their status as endemics repre-
sents a greater effort by scientists and is an ongoing work. Each study and botanical
survey contributes to the documentation of the flora of Bolivia. To develop an
adequate conservation strategy, it will be necessary to assess this large residue to
understand the threat level they face. However, there is very limited information
and few collections of most endemic species. The humid montane forests are a
hotspot in the tropical Andes that constitute a very rich region in endemism and
would be supported by a greater total richness of plants. Therefore, it is essential to
intensify the survey of species throughout their range, especially when there are still
a large percentage of well-conserved landscapes and the threats are more locally
concentrated, but the incidence of global warming against them with consequences
can be catastrophic.

5. Conclusions

In terms of the concentration of the botanical collections made in Bolivia, there
are large areas that still need to complete the surveys and records of species.

Endemic species Family Category

Abarema centiflora Barneby & J.W. Grimes Fabaceae EN

Acanthosyris asipapote M. Nee Santalaceae CR

Arachis ipaensis Krapov. & W.C. Greg. Fabaceae EN

Begonia baumannii Lemoine Begoniaceae VU

Brunellia boliviana Britton ex Rusby Brunelliaceae VU

Nasa herzogii (Urb. & Gilg) Weigend Loasaceae EN

Passiflora chaparensis R. Vásquez Passifloraceae CR

Philibertia zongoensis Goyder Apocynaceae CR

Polylepis neglecta M. Kessler Rosaceae VU

Parajubaea sunkha M. Moraes Arecaceae EN

Roupala filiflora K.S. Edwards & Prance Proteaceae CR

Siphocampylus reflexus Rusby Campanulaceae EN

Trichocereus werdermannianus Backeb. Cactaceae VU

Zanthoxylum aculeatissimum Engl. Rutaceae EN

Table 6.
Endemic plants of Bolivia and UICN categories, based on [21, 22].
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Therefore, it is expected that the total of endemic species will increase, especially in
inter-Andean valleys with humid forests, as well as in the different formations that
are represented in the east on Precambrian rocks of the Cerrado region in the
country.

At the moment, the trends that have been interpreted according to the 2402
endemic plants are indicative with respect to the families and genera with the
greatest number of species. 50% is represented by seven families; among them the
Orchidaceae (418 spp.), Asteraceae (246 spp.), and Bromeliaceae (147) stand out.
The representativeness on the total of native species is the following: Orchidaceae
with 32.5%, Asteraceae 20.2%, and Bromeliaceae 45.8%, while among the genera,
Puya (Bromeliaceae) presents 55 endemic species (representing 85% of the total
native species of Bolivia), Lepanthes (Orchidaceae) with 52 (means 74%), and
Peperomia (Piperaceae) with 51 (41.5%).

Although more than 80% of the plants come from the biogeographic region of
the Andes, the landscape with the largest number of species (69%) is restricted to
the eastern slopes (from 500 to 3500 m altitude), leaving the altiplanic landscape
with only 7%. The geographical pattern that concentrates the 51% of endemisms in
the humid montane forests of Yungas, where both Andean and Amazonian ele-
ments converge, is also fundamental. This feature of endemic plants also has rele-
vance for the 22% that is represented in dry forests in Andean valleys, which
corresponds to one-fifth of the total represented in Bolivia.

Finally, regarding the evaluation of the state of conservation of endemic plants
in Bolivia, the efforts are still incipient. A total of 154 endemic species (6.9%) were
evaluated in their conservation status according to IUCN categories, with the
majority in threatened state (EN, 48.5%), followed by the vulnerable (VU, 40%)
and in critical condition (CR, 11.5%).
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Chapter 4

The Endemism of the Vascular 
Flora of Mexico Present 
in Comarca Lagunera, an 
Agricultural Region in the 
Chihuahuan Desert
Alberto González-Zamora and Rebeca Pérez-Morales

Abstract

A study of the distribution of 321 taxa of endemic vascular plants of Mexico 
distributed in Comarca Lagunera, a region of northern central Mexico within the 
Chihuahuan Desert, was conducted. The analysis consisted in detecting the areas 
of high richness and with this information propose areas for the conservation of 
plant biodiversity in this region. The study includes an analysis of species richness 
at the level of political units (municipalities), vegetation types, and grid cells of 
10 × 10 km. Additionally, the corrected weighted endemism index was calculated 
using the grid cells. The sites with the richest taxa are located in the mountain areas; 
however, these do not coincide with the sites with the highest index of endemism 
since a high percentage of taxa have a restricted distribution to one of the proposed 
units. Thirty-six taxa are recognized with restricted distribution to the boundaries 
of Comarca Lagunera, most of them considered as microendemics, which have 
been described in recent years. Therefore, it is necessary to establish biodiversity 
conservation programs in the region since much of Comarca Lagunera territory is 
dedicated to agricultural and industrial activities.

Keywords: biodiversity informatics, conservation, Coahuila, 
corrected weight endemism index, Durango, north of Mexico, 
chorological analysis, semiarid vegetation

1. Introduction

Biodiversity informatics is a set of tools that allows free and rapid access to 
knowledge accumulated in different sources and media such as biological collections 
and specialized literature, which has facilitated the arrangement, management, 
analysis, and interpretation of biodiversity in addition to the generation of models; 
many of them focused on the conservation of biodiversity [1, 2]. The increase in 
knowledge of biodiversity is seen in a large amount of information from different 
databases available on the Internet, of which the Global Biodiversity Information 
Facility (GBIF–www.gbif.org) stands out, housing more than 1000 million records 
of species distribution (October 2018). This number of records continues growing, as 
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it improves the quality control of the data hosted because more and more institutions 
deposit their data on that platform. Another tool that is very useful in biodiversity 
informatics is the Biodiversity Heritage Library (BHL—www.biodiversitylibrary.org),  
which allows free access to millions of published historical documents related to 
taxonomy, biogeography, and ecological aspects of the groups that form the bio-
diversity, among other items; thanks to these platforms, it is now easier to consult 
information that in the past was difficult to access for many research groups.

In Mexico, the National Commission for Knowledge and Use of Biodiversity 
(CONABIO) carried out one of the first attempts to gather and make available informa-
tion to researchers about the distribution of Mexican species. Currently, the National 
System of Information on Biodiversity (SNIB) is one of the most reliable databases 
that houses information on the distribution of a large number of species of virtually 
all biological groups known to Mexico; this database gathers information from a large 
number of Mexican collections in which the taxonomic information has been reviewed, 
identified, and determined by specialists, and it also has a high level of quality in the 
revision phase of the georeferencing of the localities of distribution, so its reliability 
is very high [3]. The effort made by different institutions to learn about biodiversity 
allows Mexico to contribute to one of the objectives of the Systematic Agenda [4].

Although Mexico has a great botanical tradition and the knowledge of the flora in 
several regions is relatively well known, such as the north of the country and mainly 
the Chihuahuan Desert [5, 6], there are areas that do not still have an inventory of 
their flora, and therefore the distribution of the endemic elements is unknown, 
which is an impediment to carry out conservation plans. One of the regions in which 
a complete inventory of the flora is not yet made is Comarca Lagunera, a region 
located in the northern center of Mexico, within the Chihuahuan Desert (Figure 1).

The boundaries of Comarca Lagunera differ depending on the approach consid-
ered, and in this chapter, the limits proposed by Sánchez [7] are taken, which recog-
nize that Comarca Lagunera is composed of 15 municipalities that share particular 
natural and socioeconomic attributes. Five of these municipalities belong to the state 
of Coahuila (Francisco I. Madero, Matamoros, San Pedro, Torreón, and Viesca) and 

Figure 1. 
Localization of Comarca Lagunera in México and its principal mountain zones.
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10 to the state of Durango (General Simón Bolívar, Gómez Palacio, Lerdo, Mapimí, 
Nazas, Rodeo, San Juan de Guadalupe, San Luis del Cordero, San Pedro del Gallo, 
and Tlahualilo) (Figure 2). Under these limits, Comarca Lagunera covers an area of 
just over 43,000 km2, which is equivalent to the total territory of Denmark.

The climate of Comarca Lagunera is semiarid to very arid, according to García 
[8] (Figure 3), with an average annual temperature of 20–22°C and an annual 
rainfall of 200–300 mm. The climate types are BS1hw (semiarid-semiwarm), 
BS1kw (semiarid-tempered), BS0hw (arid-semiwarm), BS0kw (arid-tempered), 
and BWhw (arid-semiwarm). The relief of the region is composed of small hills and 
low elevations, as well as adjacent depressions [9], among the main elevations are 
the mountains of Candelaria, El Rosario, El Sarnoso, España, Jimulco, La Campana, 
Las Cadenas, Las Delicias, Mapimí, and Tlahualilo.

Mexico has a richness flora and vegetation as a result of the great diversity of 
ecological conditions, which in turn has been shaped by the complex geological 
history of its territory. The different types of vegetation that are recognized are 
based on ecological, floristic, and physiognomic affinities; although some consider 
the edaphological, geological, and topographic aspects of greater importance [10]. 
The different vegetation types according to the National Institute of Statistic and 
Geography (INEGI) are based on [11, 12]. The land use and vegetation informa-
tion elaborated by the INEGI is a reliable element in terms of information and its 
feasibility; therefore, they are used as a basic framework by government agencies, 
the private sector, and academia, and it is a basic input for the implementation of 
institutional programs as a reference for the preparation of reports on the state of 
plant cover in Mexico [13]. The diversity of types of vegetation in Mexico is so wide 
that it is difficult to find an equivalence with those that exist in other places [14], 
including those of North America in northern Mexico [15].

Figure 2. 
Municipalities that form Comarca Lagunera, according to Sánchez [7].
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According to the National Institute of Statistic and Geography (INEGI) [13], 
the land use and vegetation types in the area are 17. The description of the types of 
vegetation exceeds the objective of this work so only listed below, in parentheses are 
the most important genera that are present in each of them: chaparral (Arctostaphylos 
Adans., Ceanothus L., Cercocarpus Kunth, Eriogonum Michx., Heteromeles M. Roem., 
Mimulus L., Quercus L., Rhamnus L., and Yucca L.), crasicaule scrub (Acacia Mill., 
Brickellia Elliot, Buddleja L., Celtis L., Dalea Juss., Larrea Cav., Mimosa L., Opuntia 
Mill., Prosopis Burkart, Rhus L., Stenocereus (A. Berger) Riccob., and Yucca), gal-
lery vegetation (Acacia, Chilopsis Don, Mimosa, Prosopis, Salix L., and Senecio L.), 
gypsophile vegetation (Dicranocarpus A. Gray, Flaveria Juss., Helianthemum Mill., 
Petalonyx A. Gray, Sartwellia A. Gray, Selinocarpus A. Gray, and Stipa L.), halophile 
grassland (Distichlis Raf., Hilaria Kunth, Spartina Schreb. ex Gmel., Sporobolus R.Br., 
and Uniola L.), halophile xerophile vegetation (Atriplex L., Batis L., Frankenia L., 
Spartina, and Zostera L.), induced grassland (Andropogon L., Aristida L., Bouteloua 
Lag., Bromus L., Buchloe Engelm., Calamagrostis Adans., Cathestecum C. Presl, 
Deschampsia P. Beauv., Erioneuron Nash, Festuca L., Hilaria, Lycurus Kunth, Muhlenbergia 
Schreb. ex Gmel., Stipa, Trachypogon Nees, and Trisetum Pers.), microphile desertic scrub 
(Acacia, Cercidium Tul., Condalia Cav., Chilopsis, Flourensia DC., Fouquieria Kunth, 
Hymenoclea Torr. & A. Gray, Larrea, Lycium L., Olneya A. Gray, Opuntia, and Prosopis), 
mesquite forest (Prosopis), natural grassland (Bouteloua), oak forest (Quercus), oak-pine 
forest (Quercus, Pinus L.), pine forest (Pinus), rosetophile desertic scrub (Agave L.,  
Dasylirion Zucc., Euphorbia L., Hechtia Klotzsch, Parthenium L., and Yucca), sub-
montane scrub (Acacia, Agave, Aristida, Bouteloua, Capparis L., Cordia L., Euphorbia, 
Flourensia, Gochnatia Kunth, Karwinskia Zucc., Leucophyllum Humb. & Bonpl., Mimosa, 
Mortonia A. Gray, Neopringlea S. Watson, Pithecellobium Mart., Rhus, Tridens Roem. & 
Schult, and Zanthoxylum L.), vegetation of sandy desert (Ambrosia L., Atriplex, Ephedra L.,  
Larrea, Opuntia, Prosopis, and Yucca), and xerophile scrub (Acacia, Agave, Dasylirion, 
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part of the territory of the region is occupied for agricultural and livestock activities 
(Figure 4).

Figure 3. 
Climates in Comarca Lagunera according to García [8].

51

The Endemism of the Vascular Flora of Mexico Present in Comarca Lagunera, an Agricultural…
DOI: http://dx.doi.org/10.5772/intechopen.82709

Within the territory of Comarca Lagunera, five areas have been decreed for the 
protection of biodiversity: a protected natural area at the federal level (Reserva de la 
Biósfera Mapimí), one at the state level (Parque Estatal Cañón de Fernández), one 

Figure 4. 
Land use and vegetation types in Comarca Lagunera according to INEGI [10]. A = agricultural; 
CH = chaparral; CS = crasicaule scrub; DV = depleted of vegetation; GaV = gallery vegetation; 
GV = gypsophile vegetation; HG = halophile grassland; HXV = halophile xerophile vegetation; IG = induced 
grassland; MDS = microphile desertic scrub; MF = Mesquite forest; NG = natural grassland; OF = Oak 
forest; OPF = Oak-pine forest; PF = Pine forest; RDS = rosetophile desertic scrub; SS = submontane scrub; 
UZ = urban zones; VSD = vegetation of sandy desert; WAP = without apparent vegetation; WB = water body; 
and XS = xerophile scrub.

Figure 5. 
Protected natural areas decreed in Comarca Lagunera.
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According to the National Institute of Statistic and Geography (INEGI) [13], 
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municipal (Sierra de Jimulco), and two at ejidal level (Dunas de Bilbao and Ejido 
Tomás Garrido) (Figure 5).

The objective of the present study is to analyze the distribution and abundance 
of the taxa of the endemic flora of Mexico distributed in Comarca Lagunera in order 
to recognize potential sites for their conservation.

2. Methods

The search for information regarding the distribution of vascular plants in 
the SNIB database was carried out, where the records of the collected specimens 
in Comarca Lagunera were compiled. Considering the political limits of the 
15  municipalities that form this region of Mexico, an exhaustive literature search was 
conducted in the BHL to detect nonregistered taxa, as well as verify the distribution 
of the taxa and addition of sites of collection not reported in the SNIB databases.

The information of the protologue of most of the taxa was reviewed, mainly those 
that have been described as new in the last decades, as well as the sites of register of 
collection of these taxa. The information published in various inventories at the state 
or regional level for both the flora as a whole or for specific groups was also consulted 
[6, 16–26], in addition to the review of the specimens deposited in the Interdisciplinary 
Research Center for Regional Integral Development (CIIDIR) herbarium.

Based on the information collected, a database with the records of the differ-
ent taxa distributed in the boundaries of Comarca Lagunera was constructed. The 
nomenclatural information to avoid synonyms was based on the consultation of 
databases on the Internet of the International Plant Name Index (IPNI) (https://www.
ipni.org), The Plant List (http://www.theplantlist.org), Tropicos (http://www.tropi-
cos.org), and mainly in Villaseñor [27], which is so far the work that brings together 
the most extensive knowledge about the distribution of the flora of Mexico, where the 
author mentions that there are about 23,314 species and 1,414 subspecific categories.

In this study, the classification used by Villaseñor [27] for higher taxonomic 
categories is followed, which is based in turn mainly on the classification of 
Angiosperm Phylogeny Group [28]. The constructed database was refined to 
identify duplicate records and errors in the georeferencing. The records without 
geographic reference or with errors in it were georeferenced with the help of the 
topographic charts of INEGI scale 1:250,000 and 1:50,000 (www.inegi.org.mx). 
For maps elaboration, the digital model of the continuum of Mexican elevations 
(http://www.beta.inegi.org.mx/app/geo2/elevacionesmex) was used, in addition 
to the cartography related to land use and vegetation types for the region [13] and 
natural protected areas at the federal [29], state, municipal, and ejidal level [30]. All 
maps were created in the software QGIS 2.18.23 [31].

In order to perform the chorological analysis, the following were used as 
Operational Geographical Units (OGUs): the municipalities that are part of 
Comarca Lagunera, vegetation types, and a grid cell of 10 × 10 km latitude/lon-
gitude. Species richness was measured as the total count of species within each of 
the proposed units. In the analyzes at the municipal level, the criteria suggested by 
Dávila-Aranda et al. [32], with modifications due to the number of municipalities 
of Comarca Lagunera, to classify the level of restriction in the distribution of the 
species in scarcely distributed (taxa registered only in one municipality), closely 
distributed (2–4 municipalities), normally distributed (5–7 municipalities), and 
widely distributed (8 or more municipalities) were employed. Using these study 
units, a species accumulation curve was constructed, and with the aid of the 
nonparametric Chao2 estimator, the approximate number of endemic taxa, which 
are still unknown in Comarca Lagunera, was determined.
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The vegetation types recognized by INEGI [13] for Comarca Lagunera were 
used; in each type of vegetation, the contribution of the endemic species of Mexico 
was evaluated. The information of the presence records was used to perform a 
cluster analysis, for which an absence-presence matrix was constructed to carry 
out a similarity analysis applying the Jaccard index, which was preferred over other 
indexes due to the fact that it does not consider shared absences. Once the similarity 
matrix was obtained, a grouping analysis (UPGMA) was carried out, to determine 
the floristic similarity among vegetation types. The corresponding phenogram was 
generated with the average linkage or UPGMA using the SAHN-clustering com-
mand in the NTSYSpc version 2.0 program [33].

Since the municipality size of Comarca Lagunera is not uniform and the area 
occupied by the different vegetation types is extremely different, it was necessary 
to carry out an alternative chorological analysis with units of standardized size. For 
this reason, a grid cell of 10 km per side was constructed to reduce the effect of the 
differences in the size of the units used for the analysis according to Crisp et al. [34]. 
An analysis of richness and endemism was also carried out following the proposal of 
Crisp et al. [34] and Linder [35], and this analysis called corrected weighted ende-
mism index (CWEI) was applied for the first time to analyze the endemic elements of 
the flora of Australia and later in Africa. In Mexico, it has been applied in the analysis 
of diverse groups of flora and fauna, mainly to detect species-rich sites and a high level 
of endemism in order to propose sites for the conservation of biodiversity [36–39].

The CWEI [34, 35] is a methodology that calculates the relationship of taxa 
richness with weighted endemism. For this index, the presence of the taxon in an 
OGU is considered, and the abundance is omitted. It consists of three basic steps: in 
the first one, the index of endemism is calculated for each one of the taxa which is 
the result of the amplitude of its distribution, so it is calculated as the reciprocal of 
its distribution, and therefore, a species with restricted distribution to a single OGU 
(in this case grid cells) is assigned an index of “1,” a species that is distributed in two 
OGUs is assigned an index of “0.5,” and so on in such a way that the index will be 
lower as its distribution increases, so it is weighted with a higher value for species 
with restricted distribution; the second step is to calculate the weighted endemic 
index (WEI) for each of the OGUs, this is achieved by summing the values of the 
endemism index of each of the taxa that are distributed in each OGU; while the 
third step consists in dividing the WEI by each one of the OGUs among the richness 
of species that are distributed in it, in this way, we obtain the CWEI for each one of 
the OGUs; OGUs with the highest scores are recognized as centers of endemism.

Finally, a complementarity analysis was carried out [40] to detect the minimum 
number of grid cells needed to conserve most of the endemic species that inhabit 
this area of Chihuahuan Desert. The method consists in selecting the areas to be 
protected based on the total species richness from the following procedure: the grid 
cell with the highest number of taxa is selected, this is the grid cell with priority 1, 
the species registered in it are eliminated from the analysis, and then the selection 
of the grid cell with the highest number of remaining taxa (complement) that have 
not yet been selected in the previous step is repeated; if two or more grid cells have 
the same number of taxa, the first grid cell identified is selected, and the procedure 
ends when all the taxa have been selected.

3. Results and discussion

The richness of endemic plants of Mexico represented in Comarca Lagunera 
consists of 59 families, 184 genera, 300 species, and 21 infraspecific taxa (8 subspe-
cies and 13 varieties) totaling 321 taxa (Table 1). Thirty-six taxa possess known 
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cies and 13 varieties) totaling 321 taxa (Table 1). Thirty-six taxa possess known 
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distribution only for the area corresponding to Comarca Lagunera (Appendix), 21 
more taxa are known only from the Chihuahuan Desert (sensu Villarreal-Quintanilla 
et al. [41]), 33 more taxa only occur in the states of Coahuila and Durango, and 
the rest of the taxa is restricted to the territory of Mexico but with a greatly wide 
distribution. This diversity of endemic taxa corresponds to approximately 10% of 
the total endemic species of Mexico [27] and to about 30% of the flora known for 
Comarca Lagunera [González-Zamora & Pérez-Morales, in prep.].

The families with the highest number of endemic taxa in Mexico distributed in 
Comarca Lagunera are Asteraceae and Cactaceae, which collectively account for 
approximately 35% of the total, this percentage is consistent with the results of 
Villareal-Quintanilla et al. [41] for the endemic flora of the Chihuahuan Desert, as 
well as for other semi-desert regions of central Mexico. The first six families with 
the highest number of endemic taxa represent about 54% of those reported for this 
region of Mexico and 36% of the taxa restricted to Comarca Lagunera (Table 2).

Of the 10 genera with 5 or more endemic species of Mexico, 4 correspond to the 
family Cactaceae, 2 to Asteraceae, 1 to Lamiaceae, 1 to Asparagaceae,  
1 to Caryophyllaceae, and 1 to Fabaceae (Table 3). Corynopuntia F.M. Knuth and 
Gaillardia Foug. are the best represented genera; since in the study area, five of the 
seven species and five of the six species reported as endemic to Mexico, respectively, 
are distributed, including Corynopuntia halophila D. Donati which until now has 
only been reported as restricted to the territory of Comarca Lagunera [42], the 
same case is presented for Salvia jessicae B.L. Turner [43] and Drymaria jenniferae 
Villarreal & A.E. Estrada [44].

In the distribution by political entities, it was found that in general terms, 
the municipalities corresponding to the state of Coahuila have greater richness 

Family Taxa Percentage with respect 
to the total

Genera 
represented

Endemic taxa of 
Comarca Lagunera

Asteraceae 69 21.5 38 6

Cactaceae 43 13.4 15 2

Fabaceae 27 8.4 16 3

Asparagaceae 13 4.0 7 1

Poaceae 10 3.1 6

Lamiaceae 10 3.1 2 1

Total 172 53.5 84 13

Table 2. 
Families with the highest number of endemic taxa of Mexico in Comarca Lagunera.

Taxonomic group Families Genera Species Infraspecific taxa

Ferns 2 3 3

Gymnosperms 1 1 1

Angiosperms 56 180 296 21

Monocots 6 18 30 1

Eudicots 50 162 266 20

Total 59 184 300 21

Table 1. 
Number of taxa of endemic vascular plants of Mexico in Comarca Lagunera.
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compared to those of Durango. Torreón concentrates the highest number of taxa 
with 105 (32.7%), followed by Lerdo with 93 (29.0%) (Table 4). This may be due, 
in the first place, to the fact that the mountainous chains with greater extension 
and higher altitude are located mainly in these municipalities, which is conducive 
to the development of a large amount of endemism, as has been documented 
for other mountainous areas of Mexico in which the conditions of humidity and 
temperature allow the development of temperate vegetation [45–47], as well as 
in the Chihuahuan Desert [41] which shows that the diversity in this area of the 
country is not distributed homogeneously; and second, that the efforts to carry out 
floristic inventories in the semiarid zones of Coahuila have been greater; however, 
in the part corresponding to Durango, several inventories are in the process of being 
elaborated that will undoubtedly increase the knowledge of the flora.

For Comarca Lagunera, 175 taxa are recognized as scarcely distributed, that 
is, their representation is restricted to a single municipality, this corresponds to 
more than 54%, while only five taxa (1.6%) are registered in seven municipalities 
or more of the municipalities (Table 5), the above shows what in other studies has 
been mentioned as the arid and semiarid zones of Mexico have a high proportion 
of taxa with very restricted distribution [26, 48]; that in this case can be attributed 
possibly to the geological changes that have occurred in the Chihuahuan Desert 
and that have been apparently stabilized since the Miocene (15 million years) [49], 
so that it could be about neo-endemic taxa in the process of expansion of their 
populations.

In this case, 20 of the 36 taxa recognized as endemic to Comarca Lagunera are 
scarcely distributed (Appendix), highlighting the case of Henricksonia mexicana 
Turner, which is the only known species of the genus so far, which means that so far 
Henricksonia Turner is the only endemic genus of the flora of Comarca Lagunera. The 

Genus
(Family)

Species in 
Mexico

Species endemics of 
Mexico

Endemic taxa of Mexico in 
Comarca Lagunera

Coryphantha (Engelm.) Lem.
(Cactaceae)

46 37 8

Mammillaria Torr. & A. Gray
(Cactaceae)

169 145 8

Salvia L.
(Lamiaceae)

328 258 8

Agave L.
(Asparagaceae)

159 133 5

Brickellia Elliott
(Asteraceae)

85 57 5

Gaillardia Foug.
(Asteraceae)

12 6 5

Corynopuntia F.M. Knuth
(Cactaceae)

10 7 5

Opuntia Mill.
(Cactaceae)

91 62 5

Drymaria Willd. ex Schult.
(Caryophyllaceae)

38 23 5

Dalea Ulbr.
(Fabaceae)

146 92 5

Table 3. 
Genus with the highest number of endemic taxa in Mexico with distribution in Comarca Lagunera.
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In the distribution by political entities, it was found that in general terms, 
the municipalities corresponding to the state of Coahuila have greater richness 

Family Taxa Percentage with respect 
to the total

Genera 
represented

Endemic taxa of 
Comarca Lagunera

Asteraceae 69 21.5 38 6

Cactaceae 43 13.4 15 2

Fabaceae 27 8.4 16 3

Asparagaceae 13 4.0 7 1

Poaceae 10 3.1 6

Lamiaceae 10 3.1 2 1

Total 172 53.5 84 13

Table 2. 
Families with the highest number of endemic taxa of Mexico in Comarca Lagunera.

Taxonomic group Families Genera Species Infraspecific taxa

Ferns 2 3 3

Gymnosperms 1 1 1

Angiosperms 56 180 296 21

Monocots 6 18 30 1

Eudicots 50 162 266 20

Total 59 184 300 21

Table 1. 
Number of taxa of endemic vascular plants of Mexico in Comarca Lagunera.
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compared to those of Durango. Torreón concentrates the highest number of taxa 
with 105 (32.7%), followed by Lerdo with 93 (29.0%) (Table 4). This may be due, 
in the first place, to the fact that the mountainous chains with greater extension 
and higher altitude are located mainly in these municipalities, which is conducive 
to the development of a large amount of endemism, as has been documented 
for other mountainous areas of Mexico in which the conditions of humidity and 
temperature allow the development of temperate vegetation [45–47], as well as 
in the Chihuahuan Desert [41] which shows that the diversity in this area of the 
country is not distributed homogeneously; and second, that the efforts to carry out 
floristic inventories in the semiarid zones of Coahuila have been greater; however, 
in the part corresponding to Durango, several inventories are in the process of being 
elaborated that will undoubtedly increase the knowledge of the flora.

For Comarca Lagunera, 175 taxa are recognized as scarcely distributed, that 
is, their representation is restricted to a single municipality, this corresponds to 
more than 54%, while only five taxa (1.6%) are registered in seven municipalities 
or more of the municipalities (Table 5), the above shows what in other studies has 
been mentioned as the arid and semiarid zones of Mexico have a high proportion 
of taxa with very restricted distribution [26, 48]; that in this case can be attributed 
possibly to the geological changes that have occurred in the Chihuahuan Desert 
and that have been apparently stabilized since the Miocene (15 million years) [49], 
so that it could be about neo-endemic taxa in the process of expansion of their 
populations.

In this case, 20 of the 36 taxa recognized as endemic to Comarca Lagunera are 
scarcely distributed (Appendix), highlighting the case of Henricksonia mexicana 
Turner, which is the only known species of the genus so far, which means that so far 
Henricksonia Turner is the only endemic genus of the flora of Comarca Lagunera. The 

Genus
(Family)

Species in 
Mexico

Species endemics of 
Mexico

Endemic taxa of Mexico in 
Comarca Lagunera

Coryphantha (Engelm.) Lem.
(Cactaceae)

46 37 8

Mammillaria Torr. & A. Gray
(Cactaceae)

169 145 8

Salvia L.
(Lamiaceae)

328 258 8

Agave L.
(Asparagaceae)

159 133 5

Brickellia Elliott
(Asteraceae)

85 57 5

Gaillardia Foug.
(Asteraceae)

12 6 5

Corynopuntia F.M. Knuth
(Cactaceae)

10 7 5

Opuntia Mill.
(Cactaceae)

91 62 5

Drymaria Willd. ex Schult.
(Caryophyllaceae)

38 23 5

Dalea Ulbr.
(Fabaceae)

146 92 5

Table 3. 
Genus with the highest number of endemic taxa in Mexico with distribution in Comarca Lagunera.



Endemic Species

56

restricted distribution of the mentioned taxa means that the populations have a very 
small number of individuals, and therefore, it is necessary to make a greater collection 
effort to locate them in other places, as well as ecological studies that allow to properly 
characterize these populations, which will allow to have solid elements for their possible 
inclusion within NOM-059-ECOL-2010 [50], which is the official list in Mexico for the 
species that present some degree of vulnerability. Until this moment not a single taxon 
of the 36 taxa registered as restricted to Comarca Lagunera is included in the official 
list NOM-059-ECOL-2010, so it is of great importance to carry out actions that allow its 
conservation in the face of the increase in surface occupied for anthropogenic activities.

Coryphantha durangensis (Runge ex K. Schum.) Britton & Rose is the taxon with 
the widest distribution since up to now it has been registered in nine municipalities; 
its distribution slightly exceeds the area of Comarca Lagunera so it can be considered 
as quasiendemic of the region; this species is listed in NOM-059-ECOL-2010 in the 
status of subject to special protection (Pr), that is, “that could be threatened by fac-
tors that negatively affect its viability, which is why the need to promote its recovery 
and conservation is determined, or the recovery and conservation of populations of 
associated species,” likewise this species appears in the red list of the International 
Union for the Conservation of Nature (IUCN) in the category of Least Concern (LC) 
[51]. Another 23 taxa are listed in NOM-059-ECOL-2010 and 36 taxa in the red lists 

State/municipality Number of 
taxa

Percentage 
with respect 
to the total

State/municipality Number 
of taxa

Percentage with 
respect to the total

Durango 163 50.8 Coahuila 243 75.7

Lerdo 93 29.0 Torreón 105 32.7

Mapimí 57 17.8 San Pedro 87 27.1

Tlahualilo 46 14.3 Viesca 76 23.7

Rodeo 48 14.9 Francisco I. Madero 60 18.7

Nazas 18 5.60 Matamoros 18 5.6

San Pedro del Gallo 18 5.6

General Simón 
Bolívar

15 4.7

San Juan de 
Guadalupe

13 4.0

Gómez Palacio 10 3.1

San Luis del Cordero 4 1.2

Table 4. 
Number of endemic taxa of Mexico and their distribution by municipality in Comarca Lagunera.

Status Number of taxa Percentage

Scarcely distributed 175 54.5

Closely distributed 119 37.1

Normally distributed 22 6.9

Widely distributed 5 1.6

Table 5. 
Frequency of endemic taxa of Mexico according to their distribution in the municipalities of Comarca 
Lagunera.
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of the IUCN (Table 6) among which Echinocereus mapimiensis E.F. Anderson, W. Hodgs. 
& P. Quirk is the only taxon restricted to the region that is included in the IUCN in 
the category of vulnerable (VU) [52]; Turbinicarpus mandragora (Fric ex A. Berger) 
A.D. Zimmerman and Mammillaria pennispinosa Krainz stand out and are distrib-
uted in Coahuila and Durango, respectively, and which according to the IUCN are in 
the category of critically endangered (CR) [53, 54].

The curve of accumulation of species (Figure 6) and the nonparametric estima-
tor of Chao2 calculated show that the richness of endemic taxa of Mexico present in 
Comarca Lagunera is well known, since the result of the Chao2 estimator indicates 
that it is necessary to locate only eight taxa, and these data agree with the results 
of González-Elizondo et al. [5] for the flora of northern Mexico who mention that 
the flora of this region is practically well known and there are few species to be 
discovered; however, this value should be considered with caution since there are 
several sites, mainly those located in the higher mountain areas where access is 
complicated, in addition to the riparian zones that have not yet been documented. 
Likewise, the knowledge of the taxa with restricted distribution to the limits of 
Comarca Lagunera used in the present study has increased in the last 10 years in 
which 8 out of the 36 endemic taxa have been described (Appendix).

Among the vegetation types where the endemic taxa are distributed, the rose-
tophile desert scrub stands out, in which 192 taxa are distributed, followed by the 
microphile desert scrub with 147 and chaparral with 76 (Table 7). Furthermore, a 
considerable number of taxa (81) are in what has been classified as agricultural areas, 
so the risk of losing this part of biodiversity is considerably high; however, many of 
these areas have been abandoned due to the decrease in the sale prices of some prod-
ucts, the lack of water, the advance of desertification, and among other factors [55]. 
Although due to the high technology use for agriculture and the opening of sites for 
the breeding of various types of livestock, it cannot be ruled out that some time they 
are enabled again for this type of activities. A similar situation occurs in the areas that 
have been classified as urban in which the presence of 45 taxa has been registered, 
most of these localities do not present a high population density; however, the opening 
of new industries mainly those dedicated to mining and food production promotes the 
change of land use, which puts the conservation of the region’s biodiversity at risk [56].

In the phenogram obtained from the cluster analysis, from the similarity matrix, 
three groups can be observed (Figure 7). In the first group appear the desert scrubs, 
both microphile and rosetophile, together with the chaparral and the submontane 
scrub, the second group is formed by the crasicaule scrub and the natural grassland, 
while the third group is formed by the halophile grassland, gypsophile vegetation, 
halophile xerophile vegetation, and vegetation of sandy deserts. It was found that 
the values of similarity between the different vegetation types are very low, since the 
microphile and rosetophile desert scrub, which are the vegetation types with the high-
est level of similarity, share only 41% of the taxa. The low similarity values obtained 
mean that the taxa represented in Comarca Lagunera have very marked preferences 
for the environmental conditions that prevail in each of the sites, that is, the beta 
diversity is very high for the set of species included in the analysis. In analysis were 
excluded vegetation of gallery, agricultural areas, and urban zones.

The territory of Comarca Lagunera was divided into 535 grid cells, and of these, 
206 grid cells include at least one record. The average number of grid cells occupied 
by taxa is 3, the median is 2, and the mode is 1 (140 taxa), that is, 43.6% of the taxa 
have a very small distribution within Comarca Lagunera. The taxa distributed in 
more grid cells were Coryphantha durangensis (21), Randia pringlei (S. Watson) 
A. Gray (20), and Calanticaria brevifolia (Greenm.) E.E. Schill. & Panero (18), 
none of these three species restricts its distribution to Comarca Lagunera.
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of the IUCN (Table 6) among which Echinocereus mapimiensis E.F. Anderson, W. Hodgs. 
& P. Quirk is the only taxon restricted to the region that is included in the IUCN in 
the category of vulnerable (VU) [52]; Turbinicarpus mandragora (Fric ex A. Berger) 
A.D. Zimmerman and Mammillaria pennispinosa Krainz stand out and are distrib-
uted in Coahuila and Durango, respectively, and which according to the IUCN are in 
the category of critically endangered (CR) [53, 54].

The curve of accumulation of species (Figure 6) and the nonparametric estima-
tor of Chao2 calculated show that the richness of endemic taxa of Mexico present in 
Comarca Lagunera is well known, since the result of the Chao2 estimator indicates 
that it is necessary to locate only eight taxa, and these data agree with the results 
of González-Elizondo et al. [5] for the flora of northern Mexico who mention that 
the flora of this region is practically well known and there are few species to be 
discovered; however, this value should be considered with caution since there are 
several sites, mainly those located in the higher mountain areas where access is 
complicated, in addition to the riparian zones that have not yet been documented. 
Likewise, the knowledge of the taxa with restricted distribution to the limits of 
Comarca Lagunera used in the present study has increased in the last 10 years in 
which 8 out of the 36 endemic taxa have been described (Appendix).

Among the vegetation types where the endemic taxa are distributed, the rose-
tophile desert scrub stands out, in which 192 taxa are distributed, followed by the 
microphile desert scrub with 147 and chaparral with 76 (Table 7). Furthermore, a 
considerable number of taxa (81) are in what has been classified as agricultural areas, 
so the risk of losing this part of biodiversity is considerably high; however, many of 
these areas have been abandoned due to the decrease in the sale prices of some prod-
ucts, the lack of water, the advance of desertification, and among other factors [55]. 
Although due to the high technology use for agriculture and the opening of sites for 
the breeding of various types of livestock, it cannot be ruled out that some time they 
are enabled again for this type of activities. A similar situation occurs in the areas that 
have been classified as urban in which the presence of 45 taxa has been registered, 
most of these localities do not present a high population density; however, the opening 
of new industries mainly those dedicated to mining and food production promotes the 
change of land use, which puts the conservation of the region’s biodiversity at risk [56].

In the phenogram obtained from the cluster analysis, from the similarity matrix, 
three groups can be observed (Figure 7). In the first group appear the desert scrubs, 
both microphile and rosetophile, together with the chaparral and the submontane 
scrub, the second group is formed by the crasicaule scrub and the natural grassland, 
while the third group is formed by the halophile grassland, gypsophile vegetation, 
halophile xerophile vegetation, and vegetation of sandy deserts. It was found that 
the values of similarity between the different vegetation types are very low, since the 
microphile and rosetophile desert scrub, which are the vegetation types with the high-
est level of similarity, share only 41% of the taxa. The low similarity values obtained 
mean that the taxa represented in Comarca Lagunera have very marked preferences 
for the environmental conditions that prevail in each of the sites, that is, the beta 
diversity is very high for the set of species included in the analysis. In analysis were 
excluded vegetation of gallery, agricultural areas, and urban zones.

The territory of Comarca Lagunera was divided into 535 grid cells, and of these, 
206 grid cells include at least one record. The average number of grid cells occupied 
by taxa is 3, the median is 2, and the mode is 1 (140 taxa), that is, 43.6% of the taxa 
have a very small distribution within Comarca Lagunera. The taxa distributed in 
more grid cells were Coryphantha durangensis (21), Randia pringlei (S. Watson) 
A. Gray (20), and Calanticaria brevifolia (Greenm.) E.E. Schill. & Panero (18), 
none of these three species restricts its distribution to Comarca Lagunera.
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Taxon Category
IUCN

Category
NOM-059-
ECOL-2010

Agave victoriae-reginae T. Moore LC P

Ariocarpus kotschoubeyanus (Lem.) K. Schum. NT Pr

Astrophytum myriostigma Lem. LC A

Corynopuntia bulbispina (Engelm.) F.M. Knuth EN

Corynopuntia moelleri (A. Berger) F.M. Knuth LC

Corynopuntia vilis (Rose) F.M. Knuth LC

Coryphantha delaetiana (Quehl) A. Berger LC

Coryphantha echinus (Engelm.) Britton & Rose LC

Coryphantha poselgeriana (A. Dietr.) Britton & Rose LC A

Coryphantha gracilis L. Bremer & A. B. Lau LC P

Coryphantha durangensis (Runge ex K. Schum.) Britton & Rose LC Pr

Coryphantha longicornis Boed. LC

Coryphantha pseudonickelsiae Backeb. LC

Cylindropuntia imbricata subsp. cardenche (Griffiths) U. Guzmán LC

Cylindropuntia anteojoensis (Pinkava) E.F. Anderson VU Pr

Dalea melantha S. Schauer LC

Dalea melantha var. pubens Barneby LC

Dyssodia pinnata (Cav.) B.L. Rob. LC

Echinocereus mapimiensis E.F. Anderson, W. Hodgs. & P. Quirk VU

Echinocereus primolanatus A.F. Schwarz ex N.P. Taylor LC

Echinocereus stramineus subsp. occidentalis (N.P. Taylor) N.P. Taylor LC

Echinomastus unguispinus subsp. durangensis (Runge) U. Guzmán A

Ephedra compacta Rose LC

Ferocactus pilosus (Galeotti ex Salm Dyck) Werderm. LC Pr

Fouquieria shrevei I.M. Johnst. Pr

Grusonia bradtiana (J.M. Coult.) Britton & Rose LC

Leuchtenbergia principis Hook. LC A

Mammillaria coahuilensis (Boed.) Moran EN A

Mammillaria grusonii Runge LC Pr

Mammillaria lenta K. Brandegee LC A

Mammillaria mercadensis Patoni LC Pr

Mammillaria pennispinosa Krainz CR Pr

Mammillaria pennispinosa subsp. nazasensis (Glass & R. Foster) 
D.R. Hunt

Pr

Mammillaria stella-de-tacubaya Heese Pr

Mammilloydia candida (Scheidw.) Buxb. LC

Manfreda brunnea (S. Watson) Rose A

Manfreda potosina (B.L. Rob. & Greenm.) Rose Pr

Opuntia leucotricha DC. LC

Physalis patula Mill. LC
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The grid cells with the richest taxa were concentrated in some of the most impor-
tant mountain ranges in the region. In Sierra de Jimulco (Torreón), we found two, 
one of them with 58 and the other one with 48 taxa, followed by Sierra de Las Delicias 
(San Pedro) presenting one in which 36 taxa are distributed and Sierra del Rosario 
(Lerdo) with one containing 31 taxa (Figure 8). The results obtained in the analysis 
of grid cells agree with the analysis at the level of municipalities mentioned above.

The grid cells with the highest WEI scores correspond with the grid cells pre-
senting the highest taxa richness, and this is a consequence of the number of taxa 
rather than the values of endemism, as suggested by Crisp et al. [34]. However, the 
grid cells, where the highest values of the CWEI are presented, do not match with 
the grid cells with the greatest richness, since the highest values occur in places with 
few taxa. In addition, these grid cells have values of 1 for this index, in fact, there 
are 14 grid cells with this value, out of which 13 have a single registered taxon, and 
moreover, these are the only grid cells where those taxa are distributed. S. jessicae is 
the only species with restricted distribution to Comarca Lagunera and that is also 

Taxon Category
IUCN

Category
NOM-059-
ECOL-2010

Quercus vaseyana Buckley LC

Thelocactus bicolor subsp. bolaensis (Runge) Doweld A

Thelocactus heterocromus (F.A.C. Weber) Van Oost A

Thelocactus rinconensis subsp. nidulans (Quehl) Glass LC A

Turbinicarpus mandragora (Fric ex A. Berger) A.D. Zimmerman CR A

Table 6. 
Endemic taxa of Mexico with distribution in Comarca Lagunera listed in some risk category. A = Threatened; 
CR= Critically Endangered; EN= Endangered; LC= Least Concern; NT= Near Threatened; P = In danger of 
extinction; Pr= Subject to special protection; VU= Vulnerable.

Figure 6. 
Curve of accumulation of endemic taxa of Mexico with distribution in Comarca Lagunera.
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Taxon Category
IUCN

Category
NOM-059-
ECOL-2010

Agave victoriae-reginae T. Moore LC P

Ariocarpus kotschoubeyanus (Lem.) K. Schum. NT Pr

Astrophytum myriostigma Lem. LC A

Corynopuntia bulbispina (Engelm.) F.M. Knuth EN

Corynopuntia moelleri (A. Berger) F.M. Knuth LC

Corynopuntia vilis (Rose) F.M. Knuth LC

Coryphantha delaetiana (Quehl) A. Berger LC

Coryphantha echinus (Engelm.) Britton & Rose LC

Coryphantha poselgeriana (A. Dietr.) Britton & Rose LC A

Coryphantha gracilis L. Bremer & A. B. Lau LC P

Coryphantha durangensis (Runge ex K. Schum.) Britton & Rose LC Pr

Coryphantha longicornis Boed. LC

Coryphantha pseudonickelsiae Backeb. LC

Cylindropuntia imbricata subsp. cardenche (Griffiths) U. Guzmán LC

Cylindropuntia anteojoensis (Pinkava) E.F. Anderson VU Pr

Dalea melantha S. Schauer LC

Dalea melantha var. pubens Barneby LC

Dyssodia pinnata (Cav.) B.L. Rob. LC

Echinocereus mapimiensis E.F. Anderson, W. Hodgs. & P. Quirk VU

Echinocereus primolanatus A.F. Schwarz ex N.P. Taylor LC

Echinocereus stramineus subsp. occidentalis (N.P. Taylor) N.P. Taylor LC

Echinomastus unguispinus subsp. durangensis (Runge) U. Guzmán A

Ephedra compacta Rose LC

Ferocactus pilosus (Galeotti ex Salm Dyck) Werderm. LC Pr

Fouquieria shrevei I.M. Johnst. Pr

Grusonia bradtiana (J.M. Coult.) Britton & Rose LC

Leuchtenbergia principis Hook. LC A

Mammillaria coahuilensis (Boed.) Moran EN A

Mammillaria grusonii Runge LC Pr

Mammillaria lenta K. Brandegee LC A

Mammillaria mercadensis Patoni LC Pr

Mammillaria pennispinosa Krainz CR Pr

Mammillaria pennispinosa subsp. nazasensis (Glass & R. Foster) 
D.R. Hunt

Pr

Mammillaria stella-de-tacubaya Heese Pr

Mammilloydia candida (Scheidw.) Buxb. LC

Manfreda brunnea (S. Watson) Rose A

Manfreda potosina (B.L. Rob. & Greenm.) Rose Pr

Opuntia leucotricha DC. LC

Physalis patula Mill. LC

59

The Endemism of the Vascular Flora of Mexico Present in Comarca Lagunera, an Agricultural…
DOI: http://dx.doi.org/10.5772/intechopen.82709

The grid cells with the richest taxa were concentrated in some of the most impor-
tant mountain ranges in the region. In Sierra de Jimulco (Torreón), we found two, 
one of them with 58 and the other one with 48 taxa, followed by Sierra de Las Delicias 
(San Pedro) presenting one in which 36 taxa are distributed and Sierra del Rosario 
(Lerdo) with one containing 31 taxa (Figure 8). The results obtained in the analysis 
of grid cells agree with the analysis at the level of municipalities mentioned above.

The grid cells with the highest WEI scores correspond with the grid cells pre-
senting the highest taxa richness, and this is a consequence of the number of taxa 
rather than the values of endemism, as suggested by Crisp et al. [34]. However, the 
grid cells, where the highest values of the CWEI are presented, do not match with 
the grid cells with the greatest richness, since the highest values occur in places with 
few taxa. In addition, these grid cells have values of 1 for this index, in fact, there 
are 14 grid cells with this value, out of which 13 have a single registered taxon, and 
moreover, these are the only grid cells where those taxa are distributed. S. jessicae is 
the only species with restricted distribution to Comarca Lagunera and that is also 

Taxon Category
IUCN

Category
NOM-059-
ECOL-2010

Quercus vaseyana Buckley LC

Thelocactus bicolor subsp. bolaensis (Runge) Doweld A

Thelocactus heterocromus (F.A.C. Weber) Van Oost A

Thelocactus rinconensis subsp. nidulans (Quehl) Glass LC A

Turbinicarpus mandragora (Fric ex A. Berger) A.D. Zimmerman CR A

Table 6. 
Endemic taxa of Mexico with distribution in Comarca Lagunera listed in some risk category. A = Threatened; 
CR= Critically Endangered; EN= Endangered; LC= Least Concern; NT= Near Threatened; P = In danger of 
extinction; Pr= Subject to special protection; VU= Vulnerable.

Figure 6. 
Curve of accumulation of endemic taxa of Mexico with distribution in Comarca Lagunera.



Endemic Species

60

the only taxon that has been registered in that grid cell, that is, this species can be 
considered as microendemic of this region of the country. If grid cells with a value 
of 1 are excluded from the analysis, three grid cells can be identified with a CWEI 
value of more than 0.750, which is the next highest value; these grid cells are located 
in sites that have been classified as agricultural (Figure 9).

The results obtained in the complementarity analysis show that seven grid cells 
are required to conserve at least 50% of the endemic flora of Mexico in this region 
(Figure 10); however, because a high percentage of taxa presents a distribution in 

Figure 7. 
Phenogram showing the relationships of the vegetation types in Comarca Lagunera based on the distribution 
of the endemic taxa of Mexico. CH = chaparral; CS = crasicaule scrub; GV = gypsophile vegetation; 
HG = halophile grassland; HXV = halophile xerophile vegetation; IG = induced grassland; MDS = microphile 
desert scrub; NG = natural grassland; RDS = rosetophile desert scrub; SS = submontane scrub; 
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Type of vegetation Number of taxa

Vegetation of gallery 1

Vegetation associated with bodies of water 5

Without apparent vegetation 5

Vegetation of sandy deserts 8

Induced grassland 10

Crasicaule scrub 11

Submontane scrub 19

Halophile grassland 21

Halophile xerophile vegetation 26

Gypsophile vegetation 26

Natural grassland 25

Chaparral 76

Microphile desertic scrub 147

Rosetophile desertic scrub 192

Table 7. 
Distribution of taxa by type of vegetation and land use in Comarca Lagunera according to INEGI (2016).
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only one grid cell, about 90% of them is required to preserve the total of the flora 
included in this analysis. The previous results show that the conservation strategy 
that allows the protection of the endemic flora of Mexico represented in this region 
will be a complicated task due to the economic activities on which Comarca Lagunera 
depends.

Finally, the data shown here represent a first approach to the knowledge of the 
endemic flora present in this region of the country, and with a greater collection effort, 
it would probably increase. It has been reported that the causes of endemism in the 

Figure 8. 
Species richness in Comarca Lagunera based on the distribution in grid cells of 10 × 10 km.

Figure 9. 
Grid cells with the highest values of corrected weighted endemism index.
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the only taxon that has been registered in that grid cell, that is, this species can be 
considered as microendemic of this region of the country. If grid cells with a value 
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value of more than 0.750, which is the next highest value; these grid cells are located 
in sites that have been classified as agricultural (Figure 9).
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are required to conserve at least 50% of the endemic flora of Mexico in this region 
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arid and semiarid zones of Mexico, mainly in the Chihuahuan Desert, are frequently 
determined by habitat, as is the case of halophyte and gypsophyte taxa [41] and by 
geographic isolation mainly in the mountain areas; however, in this case, it seems 
that this rule is not fulfilled possibly due to the alteration of the habitats that has been 
caused by the different anthropogenic activities. What is a fact is that the endemic 
flora registered in Comarca Lagunera differs from the floristic elements found in other 
sites such as Cuatrociénegas and Parras de la Fuente, two localities near Comarca 
Lagunera, that present higher humidity and lower temperatures, since many of the 
known taxa of these last two sites are not represented in Comarca Lagunera [44].

4. Conclusions

The SNIB has allowed access to many researches of Mexican biodiversity in 
entities where there are no collections or infrastructure to house them, and they can 
have access to information available in scientific collections that sometimes is not 
available for various reasons, mainly because it is found in foreign collections, as 
information that is more and more strictly curated by specialists from several of the 
main research centers in the country; this represents one of the clearest advances 
in biodiversity knowledge and the cooperation of several Mexican scientific insti-
tutions, a process that began almost 30 years ago with the creation of CONABIO 
and later with the development of the World Net of Biodiversity Information 
(REMIB) that set a precedent not only in Mexico but also in various countries. 
Nowadays, with the development of applications in smart mobile devices such as 
the Naturalista platform (https://www.naturalista.mx), another huge step is taken 
that will allow us to know even more about the diversity of Mexico.

Figure 10. 
Grid cells needed to conserve at least 50% of the flora in Comarca Lagunera.
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The present study represents an example of the value of the records of collec-
tions available in electronic media as a basis for biodiversity informatics; however, 
most of the available databases only present the distribution data, but lack the 
images of copies, so it is still necessary to review the physical specimens deposited 
in the collections, which have a special value since a thorough review of them and 
the support of the original descriptions allow the updating of the identities and the 
appropriate georeferencing of the specimens of a given locality [57].

In Mexico, as in other countries, conservation decisions are made taking into 
account political borders instead of natural criteria [32]. In this regard, the case 
of Comarca Lagunera is not an exception. However, in this case, efforts should be 
made at more local levels due to the area used in agroindustrial activities and min-
ing exploitation. For example, some ejidos are making efforts for conservation from 
the scheme called payment for environmental services to which several Mexican 
official institutions, at different levels, contribute funds for the knowledge and 
subsequent conservation of biodiversity. A specific case in Comarca Lagunera is 
the ejido Barreal de Guadalupe, Torreón, where this type of action has been carried 
out successfully for a couple of years, which has impacted on the welfare of the 
population; however, efforts must be increased to conserve a greater surface of the 
semidesert zones of the north of Mexico.
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Endemic Species

62

arid and semiarid zones of Mexico, mainly in the Chihuahuan Desert, are frequently 
determined by habitat, as is the case of halophyte and gypsophyte taxa [41] and by 
geographic isolation mainly in the mountain areas; however, in this case, it seems 
that this rule is not fulfilled possibly due to the alteration of the habitats that has been 
caused by the different anthropogenic activities. What is a fact is that the endemic 
flora registered in Comarca Lagunera differs from the floristic elements found in other 
sites such as Cuatrociénegas and Parras de la Fuente, two localities near Comarca 
Lagunera, that present higher humidity and lower temperatures, since many of the 
known taxa of these last two sites are not represented in Comarca Lagunera [44].

4. Conclusions

The SNIB has allowed access to many researches of Mexican biodiversity in 
entities where there are no collections or infrastructure to house them, and they can 
have access to information available in scientific collections that sometimes is not 
available for various reasons, mainly because it is found in foreign collections, as 
information that is more and more strictly curated by specialists from several of the 
main research centers in the country; this represents one of the clearest advances 
in biodiversity knowledge and the cooperation of several Mexican scientific insti-
tutions, a process that began almost 30 years ago with the creation of CONABIO 
and later with the development of the World Net of Biodiversity Information 
(REMIB) that set a precedent not only in Mexico but also in various countries. 
Nowadays, with the development of applications in smart mobile devices such as 
the Naturalista platform (https://www.naturalista.mx), another huge step is taken 
that will allow us to know even more about the diversity of Mexico.

Figure 10. 
Grid cells needed to conserve at least 50% of the flora in Comarca Lagunera.

63

The Endemism of the Vascular Flora of Mexico Present in Comarca Lagunera, an Agricultural…
DOI: http://dx.doi.org/10.5772/intechopen.82709

The present study represents an example of the value of the records of collec-
tions available in electronic media as a basis for biodiversity informatics; however, 
most of the available databases only present the distribution data, but lack the 
images of copies, so it is still necessary to review the physical specimens deposited 
in the collections, which have a special value since a thorough review of them and 
the support of the original descriptions allow the updating of the identities and the 
appropriate georeferencing of the specimens of a given locality [57].

In Mexico, as in other countries, conservation decisions are made taking into 
account political borders instead of natural criteria [32]. In this regard, the case 
of Comarca Lagunera is not an exception. However, in this case, efforts should be 
made at more local levels due to the area used in agroindustrial activities and min-
ing exploitation. For example, some ejidos are making efforts for conservation from 
the scheme called payment for environmental services to which several Mexican 
official institutions, at different levels, contribute funds for the knowledge and 
subsequent conservation of biodiversity. A specific case in Comarca Lagunera is 
the ejido Barreal de Guadalupe, Torreón, where this type of action has been carried 
out successfully for a couple of years, which has impacted on the welfare of the 
population; however, efforts must be increased to conserve a greater surface of the 
semidesert zones of the north of Mexico.

Acknowledgements

We acknowledge Socorro González Elizondo and Martha González Elizondo 
who facilitated the consultation of specimens in the CIIDIR Herbarium. J. Jesús 
González Gallegos provided training for the understanding of nomenclature and 
descriptions in Latin.

Conflict of interest

The authors declare that they have no conflicts of interest.

Notes/thanks/other declarations

We thank Efraín Ríos Sánchez for critical read of this manuscript, for the search, and 
obtaining of literature with the descriptions of the species and Eliab Misael González 
Olvera who did an invaluable job in correcting the style of the English language.

A. List of endemic taxa of Comarca Lagunera

Taxon Year of 
description

Distribution

Monocots

Order Asparagales

Family Asparagaceae

Agave victoriae-reginae subsp. swobodae 
Halda

2000 General Simón Bolívar, Lerdo, Nazas, San 
Pedro, Torreón, Viesca



Endemic Species

64

Taxon Year of 
description

Distribution

Order Poales

Family Bromeliaceae

Hechtia mapimiana López-Ferrari & 
Espejo

2013 Lerdo

Eudicots

Order Fabales

Family Fabaceae

Coursetia insomniifolia Lavin. 1986 San Pedro

Dalea melantha var. pubens Barneby. 1977 Lerdo, Torreón

Pomaria fruticosa (S. Watson) 
B.B. Simpson.

1998 Francisco I. Madero, Lerdo, Matamoros, San 
Pedro, San Pedro del Gallo, Torreón, Viesca

Order Malpighiales

Family Euphorbiaceae

Euphorbia cressoides M.C. Johnst. 1975 Torreón

Order Sapindales

Family Anacardiaceae

Cotinus chiangii (Young) Rzed. & 
Calderón.

1999 Lerdo

Order Malvales

Family Malvaceae

Batesimalva lobata Villarreal & Fryxell. 1990 Torreón

Order Brassicales

Family Brassicaceae

Dryopetalon stenocarpum Al-Shehbaz 2013 Mapimí, Viesca

Nerisyrenia johnstonii J.D. Bacon. 1978 Francisco I. Madero, San Pedro

Order Caryophyllales

Family Amaranthaceae

Atriplex monilifera S. Watson. 1874 Matamoros, Tlahualilo, Viesca

Family Polygonaceae

Eriogonum henricksonii Reveal 1989 San Pedro

Family Caryophyllaceae

Drymaria elata I.M. Johnst. 1940 Francisco I. Madero, San Pedro

Drymaria jenniferae Villarreal & 
A.E. Estrada

2008 Viesca

Family Cactaceae

Corynopuntia halophila D. Donati 2017 Francisco I. Madero, San Pedro

Echinocereus mapimiensis E.F. Anderson, 
W. Hodgs. & P. Quirk

1998 Tlahualilo

Order Cornales

Family Loasaceae
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Taxon Year of 
description

Distribution

Eucnide durangensis H.J. Thomps. & 
Powell

1981 Lerdo, Rodeo, Torreón

Order Ericales

Family Primulaceae

Samolus dichondrifolius Channell 1958 San Pedro

Order Gentianales

Family Rubiaceae

Hedyotis teretifolia (Terrell) G.L. Nesom 1988 Francisco I. Madero, San Pedro

Machaonia pringlei A. Gray 1886 Torreón, Viesca

Family Apocynaceae

Matelea greggii (Vail) Woodson 1941 Mapimí

Order Boraginales

Family Boraginaceae

Lithospermum jimulcense I.M. Johnst. 1952 Torreón, Viesca

Order Solanales

Family Solanaceae

Solanum johnstonii M. D. Whalen 1976 Lerdo, Torreón, Viesca

Order Lamiales

Family Plantaginaceae

Mabrya coccinea (I.M. Johnst.) Elisens 1985 Francisco I. Madero, Matamoros, San Pedro

Family Scrophulariaceae

Leucophyllum coahuilensis Henr. 2004 Francisco I. Madero

Family Lamiaceae

Salvia jessicae B.L. Turner 2013 Francisco I. Madero

Family Acanthaceae

Justicia decurvata Hilsenb. 1990 Lerdo

Ruellia jimulcensis Villarreal. 1998 Lerdo, Matamoros, Torreón

Siphonoglossa durangensis Henr. & Hilsenb. 1979 Lerdo

Siphonoglossa linearifolia Henr. & Hilsenb. 1979 Lerdo

Order Asterales

Family Asteraceae

Haploesthes hintoniana B.L. Turner 2013 Francisco I. Madero

Henricksonia mexicana B.L. Turner 1977 Lerdo, Nazas, Torreón

Flaveria intermedia J.R. Johnst. 1903 Tlahualilo

Gaillardia candelaria B.L. Turner var. 
candelaria

2007 San Pedro

Gaillardia candelaria var. mikemoorei 
B.L. Turner

2013 Francisco I. Madero

Marshalljohnstonia gypsophila Henrickson. 1977 San Pedro
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Chapter 5

Mexican Indigenous Species with
Agroecological Uses
Arellano-Perusquía Abraham, Bañuelos-Hernández Bernardo,
Urquieta-Ramírez Luz, Albarrán-Tamayo Froylán,
Aguilar-Ruiz Carlos Agustín,
González-Márquez Marco Antonio,
Junquera-Martínez Sergio and Cruz-Hernández Andrés

Abstract

Mexico is considered one of the twelve megadiverse countries, and they
together harbor 60–70% of the biodiversity from the planet. Mexico with Brazil,
Colombia, and Indonesia occupied the principal positions. In Mexico, there are
almost 50,000 plant species recognized now. Several of these plants are used since
the pre-Hispanic age in religious ceremonies and medicinal treatments, but their
potential in agroecology has not been exploited. There is not much information
related to these alternative crops and their possible uses in agriculture. In this
chapter, we will describe the main characteristics of the plant and its possible uses
in agroecology.

Keywords: ancient plants, biocides, conservation, Heliopsis,Tagetes

1. Introduction

Biodiversity determines the interaction between organisms, their environment,
and the evolution through the time [1]. It has been estimated that the number of
species in the world is between 5 and 30 million [2], although it is difficult to
establish these numbers with precision.

Because its large territory and microclimates, Mexico harbors a high number of
plant species and genera, becoming one of the countries with the highest diversity
in plants, reptiles, and mammals [3]. Mexico is one of the megadiverse countries
and is estimated to harbor 10% of the planet flora [3]. It was calculated that Mexico
has approximately 24,000 plant species, 535 mammal species, 804 reptile species,
361 amphibians, and 1107 birds, in accordance with Mexico’s information at the
Biological Diversity Agreement.

Several species are Mexicans exclusively; 50 to 60% of the known plant species
are in the Mexican territory: 21 pine species, 146 agaves, and 175 cacti. In this
chapter, we present some indigenous Mexican plant species and their agroecological
uses that could represent interest for people.
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Abstract

Mexico is considered one of the twelve megadiverse countries, and they
together harbor 60–70% of the biodiversity from the planet. Mexico with Brazil,
Colombia, and Indonesia occupied the principal positions. In Mexico, there are
almost 50,000 plant species recognized now. Several of these plants are used since
the pre-Hispanic age in religious ceremonies and medicinal treatments, but their
potential in agroecology has not been exploited. There is not much information
related to these alternative crops and their possible uses in agriculture. In this
chapter, we will describe the main characteristics of the plant and its possible uses
in agroecology.

Keywords: ancient plants, biocides, conservation, Heliopsis,Tagetes

1. Introduction

Biodiversity determines the interaction between organisms, their environment,
and the evolution through the time [1]. It has been estimated that the number of
species in the world is between 5 and 30 million [2], although it is difficult to
establish these numbers with precision.

Because its large territory and microclimates, Mexico harbors a high number of
plant species and genera, becoming one of the countries with the highest diversity
in plants, reptiles, and mammals [3]. Mexico is one of the megadiverse countries
and is estimated to harbor 10% of the planet flora [3]. It was calculated that Mexico
has approximately 24,000 plant species, 535 mammal species, 804 reptile species,
361 amphibians, and 1107 birds, in accordance with Mexico’s information at the
Biological Diversity Agreement.

Several species are Mexicans exclusively; 50 to 60% of the known plant species
are in the Mexican territory: 21 pine species, 146 agaves, and 175 cacti. In this
chapter, we present some indigenous Mexican plant species and their agroecological
uses that could represent interest for people.
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2. Methodology

Several sources were consulted in order to obtain the information for this docu-
ment that included databases, bibliographical sources, interviews with specialists
and countrymen, and available information in the official catalogs of the plants.

3. Results

3.1 Tagetes genera

3.1.1 Botanical description

Asteraceae family is distributed mainly at the American continent, and 10% of
the plant species is located in Mexico [4, 5]. The genus Tagetes is represented by
58 endemic species from America, and in Mexico there are 36 species. Three of
them are introduced from Central and South America: T. microglossa,T. minuta, and
T. terniflora. Table 1 shows the taxonomical description for the genus Tagetes.

The Tagetes plants have pinnate leaves and stems with a growth from 1 cm to 2 m
high, depending on the species. Their flowers are ligulated with sizes from 1 to 2 cm
and growth around the plant in a radial form with a diameter of 4 to 6 cm. Flowers
show red, orange, yellow, and white colors [6]. Table 2 shows some of the charac-
teristics of the plants from the genus Tagetes [6, 7].

3.1.2 Uses of the genus Tagetes

The Tagetes secondary metabolites give the plant the medicinal properties and
the biological effects against several microorganisms (bacteria, protozoa, and
fungi), insects, and nematodes that provoke some damage to plants; some of them
are dangerous to animals and humans. Some species, such as T. erecta,T. patula, and
T. lucida, produce pigments used in the agroindustry for the coloring of food
products and as nutraceuticals for its antioxidant properties. Table 3 included some
of the species of the genus Tagetes cultivated in Mexico.

Kingdom Plantae

Subkingdom Viridiplantae

Infrakingdom Streptophyta

Division Tracheophyta

Subdivision Spermatophytina

Infradivision Angiospermae

Class Magnoliopsida

Superorder Asteranae

Order Asterales

Family Asteraceae

Tribe Tageteae

Genus Tagetes

Table 1.
Taxonomical classification for the genus Tagetes from the Integrated System of Information (SIIT, 2012).
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There are several reports related to the biocide effect of some species of Tagetes
over plant parasites that affect the yield in potato and tomato [8–13]. The reported
species are T. patula,T. minuta, and T. erecta that reduce the presence of parasites
such as Rh. Sanguineus, Phlebotomus duboscqi, Pratylenchus penetrans, and
Meloidogyne incognita [14].

The biological and chemical knowledge of Tagetes is not exhaustive, although in
some species, such as T. erecta and T. minuta, the research had been extensive
worldwide, because the commercial exploiting of the pigments and the essential
oils results in the development of a very promising agroindustry in Africa, China,
India, the USA, and Peru.

The main characteristic of Tagetes is that their species are aromatic that is
related to the medicinal approach since the Mexican pre-Hispanic age. This knowl-
edge had been conserved to the actual times in the traditional medicine.

Table 2.
Morphological characteristics of some species of Tagetes [6, 7].

T. arenicola T. jaliscensis T. moorei T. pringlei

T. coronopifolia T. lacera T. mulleri T. remotiflora

T. epapposa T. lemmonii T. nelsonii T. stenophylla

T. elongata T. linifolia T. oaxacana T. subulata

T. erecta T. lunulata T. palmerii T. subvillosa

T. filifolia T. lucida T. parryi T. tenuifolia

T. foetidissima T. micrantha T. patula T. terniflora

T. hartwegii T. minuta T. persicaefolius T. trirradiata

Table 3.
Species del genus Tagetes cultivated in Mexico [6].
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3.1.3 Historical context and importance of the genus Tagetes

The plants of the genus Tagetes had been used since the pre-Hispanic age by
the nuatlaca people. Its uses were described at the Florentino Codex by Fray
Bernardino de Sahagún in the sixteenth century. An example is T. lucida, known in
Nahuatl as yauhtli. It had been used as air freshener and ornamental in fire and
rain celebrations and also was used as medicine for the treatment of fever and ulcers.
Another example is T. tenuilora, used as an herbal food condiment.

The indigenous people also used T. erecta known as flor de Cempoalxóchitl used
at the temples and houses in the sun and dead people (Dia de Muertos) festivities
[6]. Now, flor de Cempoalxóchitl is still used in the traditional medicine as
antiparasite and in the treatment of stomach, bazo, and liver diseases. Because of
the high content of carotenoids, especially lutein, the flowers of T. erecta are used at
the food industry as additive in the animal food for aves de corral, fishes, and
crustaceans for the pigmentation of their skin, making them very attractive for their
consumption [14].

The carotenoids of Cempoalxóchitl and other species of Tagetes are used in the
treatment of human diseases. The xanthophylls and β-carotene (vitamin A precur-
sor) have an antioxidant activity to protect from the damage provoked by the free
radicals, responsible of several degenerative diseases, such as arteriosclerosis,
arthritis, and carcinogenesis.

Because the use of pesticides in the crops culture, there are some problems in
those and their products: high cost, plague resistance, and pollution. Now some
strategies to avoid these problems are being looked for. Tagetes such as T. minuta,T.
patula, and T. erecta produce terpenes and thiophenes with pesticidal and acaricidal
capacity that could be used as extracts or in co-cultivation for the control of plagues
that produce some damage in several cultures [8–13].

3.1.4 Tagetes production in Mexico

In Mexico there are 859 ha cultivated with T. erecta, 69.2% are grown in Puebla
state, 10% in State of Mexico, 2.3% Michoacán state, and 0.33% in Mexico City. The
rest of the production is in the states of Oaxaca, Guerrero, Hidalgo, Morelos, San
Luis Potosí, Tlaxcala, and Durango. The year production reaches 6598 tons of flower
with a value of 16 million Mexican pesos. The production is mainly for ornamental
in the “Dia de Muertos” celebration [7]. T. patula is also used as ornamental;
however, there is not available data for its production. The rest of the species are
growing in a wild way [6].

The production system is through transplant. The plantlets are developed in
seedlings, and they are transplanted to the field when they are 10 cm high (20 to
45 days). In the field, the plantlets continue their development until flowering until
the end of the cycle (110 days). The flower yields are variable in the culture; they
are from 12 to 30 tons of flower/ha, in a maximal of seven cuts [6].

3.1.5 Taxonomical classification and geographical distribution of the Tagetes

The genus Tagetes is distributed from the southwest of the USA to the south of
Argentina. In Mexico, 32 from the 56 discovered species had been found, and they
are localized in several states around the country. Several authors classified the
Tagetes species based on its morphological characteristics; however, these species
show very similar characteristics, causing confusion and erroneous taxonomical
classifications in several species. There are different names for the same species, or
also some plants considered with independent species are now recognized as
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members of the same species, i.e.,T. tenuifolia and T. peduncularis, which have been
renamed as T. lunulata [6]. There is also the case of Addenopapus persicaefolius,
incorporated to the genus Tagetes by molecular evidence [6].

Since 2003, in Mexico, a project was initiated for the compilation and analysis of
the available information of the species of the genus Tagetes; its center of origin and
diversity is Mexico. Table 3 shows a list of 32 species found in Mexico [6].

3.2 Cactaceae family

3.2.1 Geographical distribution

The most notable plants in the Mexican arid landscapes, including the Agave,
mesquites, and Yucca, are the Cactaceae family [15, 16]. The Cactaceae family is
native from America. It is found from the south of Canada to Argentina; Mexico is
harboring the highest diversity of species and a high index of endemism (78%) [17].

The distribution in Mexico includes several environments, such as Zapotitlán de
las Salinas in Tehuacan, at Puebla; the Tomellin Canyon, the Sierra Mixteca in
Oaxaca; the ravines in Metztitlan, Hidalgo; the Rio Balsas Basin; the Infiernillo
ravines in Querétaro; the Potosino-Zacatecano plateau; and the Baja California
Peninsula [15].

The Cactaceae plants are distributed all around the country, and they are mainly
concentrated at the arid and semiarid lands of San Luis Potosí, Zacatecas, Aguasca-
lientes, Querétaro, Hidalgo, and Chihuahua [17]. The Querétaro and San Luis Potosí
are the center of distribution of a high number of species, because their geograph-
ical and climate isolation from the rest of the country have originated several
members of this plant family. The phytogeographical and biological importance of
this area is due to the species that grow, not present in any other regions of the
planet [18].

3.2.2 Botanical description

The Cactaceae are perennial plants, succulents, terrestrial, geophytes,
thorny, arborescent, or epiphytes. Their epidermis is glabra or pubescent; they
develop fibers and tuberculous roots. The stems are globose, cylindrical, colum-
nar, or flattened, with tubers or moms (mamilas) in a spiral disposition, with a
constant number in each species; there are some other structures such as wings,
ribs, or flatted and green phylloclades. The leaves are laminar in the primitive
genera and absent in other genera. The areoles harboring reproductive and
vegetative meristems, such as axillar buds with spines and glands, can produce
flowers or leaves [18].

The flowers are zoophilous, mainly sessile, isolated, and rarely grouped as inflo-
rescence, such as panicles or cimosas (Pereskia) or terminal (Pterocactus); they are
hermaphrodites, sometimes unisexual, and almost actinomorphic with betalains.
The pericarpel, tissue from the stem located around the ovary or the receptacle, is
glabro or covered with areoles in a spiral way. They are normally covered by scales,
and they used to be integrated with the perianth, showing glochids and spines. The
perianth is formed by external or internal segments of petaloids, associated in series
in spiral form. The superior ovary is found in a unique species Pereskia aculeata,
although in general the ovary is inferior or semi-inferior, with 3 to 20 unilocular
carpels. The flowers have a unique style, and the stigmas develop several lobules
with different numbers depending on the species. The ovules are characterized by
their long funicles, concrescent in fascicles [6].
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The fruit could be flesh, dried or semidried, indehiscent or dehiscent, and
sometimes glabro or with areoles harboring spines. The succulence is due to the
funicles that accumulate sugar during fruit ripening.

The seeds differentiate in a perisperm as a food storage system for the embryo;
the testa could be thin or thick with or without a ring (strophiole) originated at the
funicle. The cotyledons are foliaceous at the primitive genera and reduced or prim-
itive in mainly all the species [6].

3.2.3 Endangered species

In Mexico, the Cactaceae are endemic plants that play an important role in a
biological, social, and economic point of view. However, the plantlets and the adult
plants have been stolen from their habitat for commercial proposes in the USA,
Japan, and several European countries [15, 16]. In the last years, there is an increase
in the demand for the cactus plants, mainly in the species considered as rare or
unique; these plants are commercialized by national or international collectors.
These plants are collected in situ, increasing the pressure over the wild populations
and affecting the rate of natural reproduction taken some species to the category of
endangered species [15, 16]. Now 255 taxons of Cactaceae are considered endan-
gered species as described by Norma Oficial Mexicana-059-ECOL-2001. The Red
Book (IUCN) and the CITES appendix include 65 and 41 taxons, respectively, as
endangered species [19].

3.2.4 Botanical uses of the Cactaceae family

Ortegocactus macdougallii (Alexander)
It is important as ornamental and appreciated by the collectors because of its

flowers and stems; this plant helps in the soil restoration and erosion control and is a
very good rain harvester.

Turbinicarpus ysabelae (Schlange) (John & Riha)
It is important as ornamental, its fruits are a good source for food to the local

fauna, and this plant helps to control the soil structure and erosion and harvest
polluted gases.

Turbinicarpus schmiedickeanus ssp. jauernigii (G. Frank) (D.R. Hunt)
It is important as ornamental and in the control of soil erosion; this plant is used

as source of phytochemicals (alkaloids) for medicinal and ludic purposes.
Turbinicarpus swobodae (Diers & Esteves)
It is used as ornamental and helps in the control of soil erosion. This plant

helps to harvest the water from the rain and in the entrapment of environmen-
tal pollutants.

Astrophytum asterias (Zucc.) (Lem)
These plants produce secondary metabolites (alkaloids) and are used in religious

ceremonies and in the traditional medicine.
Mammillaria hernandezii (Glass et Foster)
It is used as ornamental use and helps in the control of soil erosion.

3.3 Chilcuague (Heliopsis longipes)

3.3.1 Origin and common uses

Heliopsis longipes, which common name is “chilcuague,” is a Mexican herbaceous
plant which is found in a mountainous area where the states of.

76

Endemic Species

San Luis Potosí, Guanajuato, and Querétaro meet. Pre-Hispanic Mexicans
employed the extracts from the root system of this plant to heal diverse pains such
as toothache, earache, and headache [20]; it was recognized for its pungent taste
and for causing numbing and salivation. Three centuries later, in 1948, Elbert L.
Little Jr. published a small description of Heliopsis longipes and suggests the potential
use of the plant as an insecticidal [21].

Despite its importance the use of chilcuague roots was marginal and
restricted to the communities of the localities where the plant grows; one of
the main reasons for this phenomenon is the fact that the massive propa-
gation of the plant has experienced problems, mainly in transplanting after
seedling stage.

3.3.2 Agroecological potential

Alkamides are secondary metabolites comprising over 200 related compounds
widely distributed in plants. They have been found in ten plant families: Aristolo-
chiaceae, Asteraceae, Brassicaceae, Convolvulaceae, Euphorbiaceae, Menisp-
ermaceae, Piperaceae, Poaceae, Rutaceae, and Solanaceae. The Asteraceae,
Piperaceae, and Rutaceae families comprise the diverse species that contain high
levels of alkamides [22–24]. The general structure of alkamides originates from the
condensation of an unsaturated fatty acid and an amine [25]. Although different
chain length alkamides have been found in plants, most of them contain a 2E double
bond conjugated to the amide group substituted with an N-isobutyl group.
Recently, it has been shown that alkamides are the main compounds found in
Heliopsis longipes roots and are responsible for diverse biological effects on bacteria,
insects, plants, and humans [26, 27]. The main alkamides isolated from chilcuague
roots are N-isobutyl-2E,6Z,8E-decatrienamide (afinin), N-isobutyl-2E-decenamide,
and N-isobutyl-decanamide. The biological effects of affinine on diverse organisms
have been tested:

The effect of ethanolic extract from Heliopsis roots and purified affinine
was tested on grubs of Aedes aegypti, the vector for dengue transmission. Both,
the extract and pure affinine, showed a high toxic effect on the insect grubs,
demonstrating that the molecule responsible for this lethality is affinine.
Despite the exciting role of affinine on Aedes aegypti mortality, further studies
are most performed in order to know the specific target of affinine.

Affinine and affinine-derived molecules display a negative activity against
mycelial growth of diverse phytopathogenic fungi, such as Phytophthora
infestans, Fusarium spp., Sclerotium rolfsii, and Verticillium spp. Also negative
effect on cell growth and division of Escherichia coli and Bacillus subtilis was
shown.

Ramírez-Chávez and co-workers also investigated the effects of affinine and its
derivates, N-isobutyl-2E-decenamide and N-isobutyl-decanamide, on plant growth
and early root development of Arabidopsis thaliana. They found that treatments
with affinine, in the range of 7x 10�6–2.8 x 10�5 M, enhanced the primary root
growth and root hair elongation, whereas higher concentrations inhibited primary
root growth that is related to a reduction in cell proliferating activity and cell
elongation. Also, N-isobutyl-2E-decenamide and N-isobutyldecanamide were
found to stimulate root hair elongation at concentrations between 10 and 8 and 10
and 7 M [27]. Similar results have been obtained using potato, tobacco, and rice, as
experimental models. Taken together these results point to alkamides as a new
group of plant growth-promoting substances and open the possibility of using them
as molecules for improving plant production. Besides several new and more detailed
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The fruit could be flesh, dried or semidried, indehiscent or dehiscent, and
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ceremonies and in the traditional medicine.
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3.3 Chilcuague (Heliopsis longipes)

3.3.1 Origin and common uses

Heliopsis longipes, which common name is “chilcuague,” is a Mexican herbaceous
plant which is found in a mountainous area where the states of.
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was tested on grubs of Aedes aegypti, the vector for dengue transmission. Both,
the extract and pure affinine, showed a high toxic effect on the insect grubs,
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are most performed in order to know the specific target of affinine.
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as molecules for improving plant production. Besides several new and more detailed

77

Mexican Indigenous Species with Agroecological Uses
DOI: http://dx.doi.org/10.5772/intechopen.83400



analyses of the effects of affinine on the diverse experimental models, previously
described studies point out “chilcuague” as one of the Mexican plants with huge
agroecological potential.

4. Discussion

4.1 The importance of the indigenous plants

Several indigenous plants are in the country since at least 20,000 years ago, and
several of them helped to the initial human settlement, as an important source of
food for humans and animals and in some other uses, such as medical, ludic and
ornamental, or spiritual. In several cases, they were considered in a sacred level and
included in several rituals and ceremonies as documented in the antique codices.
Some of them persist in the diet of the people from the country.

Now, these indigenous plants have been revaluated for the nutraceutical contri-
bution in the diet, and they are included now in a possible treatment in some
metabolic or degenerative diseases, making them very attractive to the pharmaceu-
tical industry. Some of the indigenous plant uses are involved in the restoration and
maintenance of the ecological systems, since the ancient times, and they are used in
unique agroecological systems. Mexico is harboring one of the most extensive
collections of plants around the world, and their uses are still not well understood.

Plant Ecology Ecological niche Possible uses Possibilities
of
cultivation

Cultivation
techniques

Tagetes
erecta

Subtropical Pollination
Control of microbial,
insects, and nematodes

Fungicidal
Bactericidal
Nematicidal
Food industry

Yes Seed
production

Tagetes
spp.

Subtropical Pollination
Control of microbial,
insects, and nematodes

Fungicidal
Bactericidal
Nematicidal
Food industry
Essential oils
production

Yes Seed
production

Cactaceae
family

Arid and
semiarid

Erosion control and soil
restauration

Ornamental
Soil restoration
Erosion control
Food Industry
Ludic

Yes Seed
production
Stems
Vegetative
propagation
Tissue
culture

Heliopsis
longipes

Tropical
and
subtropical

Unique, control of
microbial, insects, and
nematodes

Bactericidal
Fungicidal
Food industry
Pharmacological
Growth
regulator

Yes Seed
production
Vegetative
propagation
Tissue
culture

Table 4.
Ecological characteristics of indigenous Mexican plants.
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4.2 Modern uses for indigenous plants

In order to identify the importance of the plants, several scientific efforts are
in the course trying to determine the biological activity of the plants. Table 4
includes a compilation of characteristics of the plants described in the chapter.
As seen several of the uses are focused on the agronomic characteristics as
substitutes of the agrochemical compounds for the control of bacteria, fungi,
insect, and nematodes making them very attractive for biological control in
agriculture.

The biological functions are based on the secondary metabolite content; they
make the plants very attractive for food industry, coloring, and tasting and even
give structure to the new food products.

In this new era, the medicinal and ludic uses are ligated to avoid the mental
sickness in the new societies. The ancient plants were used since the past with these
proposals, with very good results, and now there is a promising use in the treatment
of mental disease difficult to control in other way.

4.3 Endangered species

One of the problems in the endogenous species is the extraction of plantlets and
adult plants from their habitat and being stolen for commercial purposes. It makes
the plants go to a critical stage of surveillance. In several cases, the discovery of new
uses has carried out an exhausted exploiting of plants without a program for repro-
duction and conservation of the plant species. Another situation is related to the
genomic content in these species, complex polyploids with huge sizes of genome,
and although they are important as ancient plants, no sequencing problems are
under way.

5. Conclusions

Mexico is the center of origin for several plants, because of its privileged
geographical position that includes the orography and the microclimates. The
indigenous plants have been used since centuries by the inhabitants. There are
several antique codices that describe the origin and uses of almost all the plants,
that include ludic, ceremonial, ornamental, medicinal, and agroecological. Sev-
eral Mexican plants are factories of secondary metabolites with biocide activity,
such as microbial (bactericidal, fungicidal, and nematicidal) and insecticidal,
with an important use in agriculture. Some other plants could help in the pres-
ervation of the soil structure, collecting water and keeping the soil in the
optimal conditions for agriculture. Although everyday there is more information
regarding the native plants, more knowledge is still needed in order to preserve
these valuable plants.
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In order to identify the importance of the plants, several scientific efforts are
in the course trying to determine the biological activity of the plants. Table 4
includes a compilation of characteristics of the plants described in the chapter.
As seen several of the uses are focused on the agronomic characteristics as
substitutes of the agrochemical compounds for the control of bacteria, fungi,
insect, and nematodes making them very attractive for biological control in
agriculture.

The biological functions are based on the secondary metabolite content; they
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Abstract

Lipophilic marine toxins (LMTs) are a group of marine toxins which in recent 
years have been consistently identified in the vast majority of shellfish worldwide. 
One of their main characteristics is having a latitudinal variability and an assimila-
tion/retention specific for each species. LMTs consist of four important groups: 
okadaic acid group (OA-group), pectenotoxin group (PTX-group), azaspiracid 
group (AZA-group) and yessotoxin group (YTX-group). These groups have differ-
ent chemical structures, which has generated an important challenge to establish 
analytical techniques to identify all toxic analogues from the same toxic matrix. 
Likewise, in the aquatic environment, shellfish represent the best bio-indicator 
model that allows for the establishment of levels of toxicities related to LMTs. In 
this chapter, the evolution for detection of LMTs from mouse bioassay (MBA), 
enzymatic assays (PP2a), and analytical techniques, such as liquid chromatography 
tandem-mass spectrometry (LC-MS/MS), are described. These analytical advances 
have allowed us to determine and identify the characteristic profiles of LMTs 
produced by marine microalgae, including the prevalence and biotransformation of 
LMTs in the different endemic species. It is worth mentioning that these techniques 
have favoured the updating of numerous sanitary standards and the definition of 
the most appropriate technique for the detection of LMTs in shellfish and endemic 
species.
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capacity to produce powerful toxins that may affect the marine life of fish, marine 
larvae, mammals and people [1, 2].

Over the past few years, HABs have been showing a greater frequency and 
intensity [3–5]. Among the factors that have been proposed to be related to this 
global increase in HABs (Figure 1), the following are highlighted: eutrophication 
of coastal waters as a result of increased aquaculture and/or from fertilisers derived 
from agriculture, activities linked to urbanisation, climate change, transport of 
ballast water from ships and/or the transfer of shellfish populations from already 
contaminated areas [6, 7].

HABs associated with the number of toxin-producing cells can vary consider-
ably during the year. Periods of exponential growth may occur, which is perceived 
as a bloom, during changes in weather conditions, water temperature, turbulence 
(waves), water salinity, and concentration of dissolved nutrients [8–10]. These 
environmental factors can directly affect the variability and concentration of toxins 
produced by each of the species involved in a bloom [7, 9, 11].

Due to the above, it is possible to establish that environmental conditions may 
favour the algal blooms of more than one toxin-producing microalgae, thus generat-
ing simultaneous harmful processes in the shellfish and lake ecosystems. Therefore, 
aquatic organisms can assimilate more than one toxic variety in their tissues, 
expanding the toxic effects to the living organisms in the system [10, 12, 13].

The main organisms affected by HABs are aquatic filter-feeder organisms, 
such as bivalves, which are characterised by having a high water filtration 
capacity (20 L h−1) which allows them to accumulate high levels of nutrients, in 
addition to the accumulation of toxic phytoplankton in their tissues. All these 
processes are variable and dependent on endemic species in different areas of the 
planet [2, 14].

Several studies have provided strong scientific evidence stating that the different 
endemic species of bivalves identified worldwide are capable of exercising natural 
control of phytoplankton in coastal waters. This control process is characterised 
by two stages: (a) Filtration stage: this involves the accumulation of harmful dino-
flagellates and their toxins in the digestive glands of shellfish (hepatopancreas); 
(b) Distribution stage: this involves the distribution of toxins to non-visceral tis-
sues of shellfish, such as the mantle, gills, foot and adductor muscle [15–17]. This 

Figure 1. 
Geographic distribution of harmful algal blooms associated with the identification of lipophilic marine toxins 
[1, 3, 5, 14].
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distribution to the non-visceral tissues favours the variation of the toxic profiles 
assimilated in the first stage, through biotransformation pathways that involve 
enzymatic and non-enzymatic processes [18, 19]. These processes are enhanced by 
the transfer of toxins through the trophic chain, where an accumulation of toxins 
with very different profiles is produced in each of the marine organisms involved 
in the process (zooplankton and whales) [15, 20, 21]. The above mentioned stages 
are characterised by not causing any apparent damage to the structures and cellular 
composition of shellfish and bivalves, allowing these toxic compounds to remain in 
the digestive glands for prolonged periods (months) [22].

The prediction of HABs is very difficult, as there are a number of factors to be 
considered, such as physical parameters (meteorological and weather parameters, 
temperature, wind and light conditions, as well as hydrography), chemical param-
eters (nutrient variability, eutrophication, oxygen availability, anthropogenic pollu-
tion and ocean acidity) and biological parameters (evolution of algal communities, 
grazing and interaction of parasitic microorganisms or viruses) [7].

However, the knowledge of background information related to the temporal and 
geographical distribution of HAB-producing species is important for the under-
standing of the problems at a global level [23].

Consumption of seafood products, mainly filter-feeding shellfish contaminated 
with high amounts of phycotoxins in its visceral (digestive glands) and non-visceral 
(mantle, gills and foot) tissues, tends to produce severe intoxication when con-
sumed by humans [24]. The number of people intoxicated with these phycotoxins 
worldwide has reached an average of 60,000 cases per year. This, in turn, produces 
a large impact on the local economy due to its negative effects on tourism, recre-
ation, and miticulture and aquaculture industries [25, 26]. In Europe, the losses 
estimated every year in tourism as a result of HABs are approximately € 700 million 
and about € 116 million in miticulture [1, 4, 27]. Likewise, in order to prevent 
poisoning caused by the consumption of shellfish or hydrobiological organisms 
contaminated with phycotoxins, international entities have developed regulations, 
legislation and follow-up programs for these HABs [28–31].

1.1 Lipophilic marine toxins

Marine toxins are categorised into different groups, which are characterised by 
different chemical structures and different mechanisms of toxicity [32]. These groups 
can be produced by the same or by different species of marine microalgae [31].

Within these groups of toxins, lipophilic marine toxins (LMTs), formed by the 
following groups, are noted: okadaic acid- (OA), pectenotoxin- (PTX), yessotoxin- 
(YTX) and azaspiracid- (AZA) group.

1.1.1 Okadaic acid group (OA-group)

The OA-group consists of chemical structures formed by transfused polyethers 
that at its polar head have a carboxylic acid. The toxins making up this group are 
called: okadaic acid (OA), dinophysistoxin-1 (DTX-1, 35-R-methyl-OA), dinophy-
sistoxin-2 (DTX-2, 31-demethyl-35-S-methyl-OA) and dinophysistoxin-3 (DTX-3, 
acyl derivatives of OA, DTX-1 and DTX-2) (Figure 2). The OA-group stand out for 
being potent inhibitors of 1, 2A and 3 serine/threonine protein phosphatases (PP1, 
PP2a and PP3) [33, 34].

The consumption of shellfish contaminated with this group of toxins produces 
the medical condition called diarrhoeic shellfish poisoning (DSP), which is charac-
terised by producing symptoms such as diarrhoea, vomiting, nausea and abdominal 
pain [4, 31].
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distribution to the non-visceral tissues favours the variation of the toxic profiles 
assimilated in the first stage, through biotransformation pathways that involve 
enzymatic and non-enzymatic processes [18, 19]. These processes are enhanced by 
the transfer of toxins through the trophic chain, where an accumulation of toxins 
with very different profiles is produced in each of the marine organisms involved 
in the process (zooplankton and whales) [15, 20, 21]. The above mentioned stages 
are characterised by not causing any apparent damage to the structures and cellular 
composition of shellfish and bivalves, allowing these toxic compounds to remain in 
the digestive glands for prolonged periods (months) [22].

The prediction of HABs is very difficult, as there are a number of factors to be 
considered, such as physical parameters (meteorological and weather parameters, 
temperature, wind and light conditions, as well as hydrography), chemical param-
eters (nutrient variability, eutrophication, oxygen availability, anthropogenic pollu-
tion and ocean acidity) and biological parameters (evolution of algal communities, 
grazing and interaction of parasitic microorganisms or viruses) [7].

However, the knowledge of background information related to the temporal and 
geographical distribution of HAB-producing species is important for the under-
standing of the problems at a global level [23].

Consumption of seafood products, mainly filter-feeding shellfish contaminated 
with high amounts of phycotoxins in its visceral (digestive glands) and non-visceral 
(mantle, gills and foot) tissues, tends to produce severe intoxication when con-
sumed by humans [24]. The number of people intoxicated with these phycotoxins 
worldwide has reached an average of 60,000 cases per year. This, in turn, produces 
a large impact on the local economy due to its negative effects on tourism, recre-
ation, and miticulture and aquaculture industries [25, 26]. In Europe, the losses 
estimated every year in tourism as a result of HABs are approximately € 700 million 
and about € 116 million in miticulture [1, 4, 27]. Likewise, in order to prevent 
poisoning caused by the consumption of shellfish or hydrobiological organisms 
contaminated with phycotoxins, international entities have developed regulations, 
legislation and follow-up programs for these HABs [28–31].

1.1 Lipophilic marine toxins

Marine toxins are categorised into different groups, which are characterised by 
different chemical structures and different mechanisms of toxicity [32]. These groups 
can be produced by the same or by different species of marine microalgae [31].

Within these groups of toxins, lipophilic marine toxins (LMTs), formed by the 
following groups, are noted: okadaic acid- (OA), pectenotoxin- (PTX), yessotoxin- 
(YTX) and azaspiracid- (AZA) group.

1.1.1 Okadaic acid group (OA-group)

The OA-group consists of chemical structures formed by transfused polyethers 
that at its polar head have a carboxylic acid. The toxins making up this group are 
called: okadaic acid (OA), dinophysistoxin-1 (DTX-1, 35-R-methyl-OA), dinophy-
sistoxin-2 (DTX-2, 31-demethyl-35-S-methyl-OA) and dinophysistoxin-3 (DTX-3, 
acyl derivatives of OA, DTX-1 and DTX-2) (Figure 2). The OA-group stand out for 
being potent inhibitors of 1, 2A and 3 serine/threonine protein phosphatases (PP1, 
PP2a and PP3) [33, 34].

The consumption of shellfish contaminated with this group of toxins produces 
the medical condition called diarrhoeic shellfish poisoning (DSP), which is charac-
terised by producing symptoms such as diarrhoea, vomiting, nausea and abdominal 
pain [4, 31].
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At the beginning of the 1990s, this group of toxins was also formed by the PTX, 
YTX and AZA groups, since the process of extraction and evaluation of toxins in 
bivalves did not differentiate the toxic groups involved in the HABs processes. Thus, 
the toxic symptoms detected in people were associated with diarrhoeic shellfish 
poisoning (DSP). Subsequently, the use of analytical processes established that this 
group was made up of multiple toxins, which had differences from a chemical and 
toxicological point of view, so that each type of toxin was excluded from the OA 
group and classified as PTX, YTX and AZA groups [28, 35, 36].

OA-group is present in both planktonic and epibenthic dinoflagellates of the genera 
Dinophysis and Prorocentrum, where the species Dinophysis acuminata, Dinophysis 
acuta, Dinophysis caudata, Dinophysis fortii, Dinophysis miles, Dinophysis ovum, 
Dinophysis sacculus, Dinophysis rotundata, Dinophysis tripos and Prorocentrum lima, 
Prorocentrum belizeanum, Prorocentrum concavum and Prorocentrum hoffmannianum 
(Table 1) are highlighted [4]. The densities of the dinoflagellates associated with 
OA-group correspond to <104 L−1 cells, with a relative abundance of <103 L−1 cells [37].

The variability of the toxic profile identified in OA-group producing dinoflagel-
lates depends, to a large extent, on the species involved and on the global distribution 
in which the blooms are identified (Figure 1). The variability of the toxin content 
detected in cells of Dinophysis acuta ranges between 0 and 40 OA pg. cell−1, 0–0.02 
DTX-1 pg. cell−1 and 0.3–0.6 DTX-2 pg. cell−1, while for Dinophysis acuminata, it is 
0–160 OA pg. cell−1, 0–7.8 DTX-1 pg. cell−1 and 0–169 DTX-2 pg. cell−1 [38].

At present, data on the chronic effects of OA in animals or humans have been 
insufficient to determine the Tolerable Daily Intake (TDI). However, a Lowest 
Observed Adverse Effect Level (LOAEL) corresponding to 50 μg OA equivalent 
per person has been established, equivalent to ≈0.8 μg OA kg−1 of body weight for 
adults, and a No Observed Adverse Effect Level (NOAEL) corresponding to ≈0.3 μg 
OA equivalents kg−1 b.w. [14].

Considering the lipophilicity of the toxins that make up this group, they are 
easily accumulated in the tissues of the filter-feeding marine organisms that feed 
on HABs, spreading quickly to their predators in the food chain [13]. Moreover, 
depending on the species of molluscs contaminated with the OA-group and 
their natural clearance, the OA-group toxins tend to be chemically modified in 
the visceral tissues of the molluscs. In this way, OA, DTX-1 and DTX-2 can be 
esterified by fatty acids of variable length (C7-C22) in the hydroxyl group (–OH) 
present in carbon 7 of the structure of toxins (Figure 2), palmitic acid (C16:0) 

Figure 2. 
Chemical structures of okadaic acid group and analogues [33, 34].
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being the most prevalent that is identified in this process [39, 40]. This esterifica-
tion results in the toxic structures being named acyl derivatives. However, in their 
first detections, acylation was always associated with DTX-1, acquiring the name 
of dinophysistoxin-3 (DTX-3) [41]. In Chile, palmitic acid accounts for 90% of 
the total fatty acids linked to the esterification of toxins in the OA-group, in which 
7-O-palmitoyl-dinophysistoxin-1 is the most prevalent toxin detected in endemic 
bivalves on the coast of Chile [39, 42]. Although the feasibility of other forms 
of fatty acid derivatives of varying lengths or with different unsaturations may 
produce acyl derivatives of the OA-group, such as C14:0, C16:1, C16:0, C18:1 and 
C18:0 [43–45]. All these 7-O-acyl-OA-group esterified analogues have not been 
detected in any single-cell isolates of Dinophysis sp., so detection is only associated 
with shellfish [46].

Species Toxins produced

Dinophysis sacculus OA

Dinophysis ovum OA

Dinophysis mitra DTX-1

Dinophysis tripos DTX-1

Dinophysis miles OA, DTX-1

Dinophysis rotundata OA; PTX-2

Dinophysis infundibulus PTX-2

Dinophysis caudata OA, DTX-1, PTX-2

Dinophysis fortii OA, DTX-1, PTX-3

Dinophysis norvegica OA, DTX-1, PTX-2, PTX-12

Dinophysis acuminata OA, DTX-1; PTX-2; PTX-12

Dinophysis acuta OA, DTX-1, DTX-2, PTX-2, PTX-2sa

7-epi-PTX-2sa, PTX-12

Prorocentrum concavum OA

Prorocentrum hoffmannianum OA

Prorocentrum maculosum OA

Prorocentrum mexicanum OA

Prorocentrum belizeanum OA, DTX-1

Prorocentrum faustiae OA, DTX-1

Prorocentrum lima OA, DTX-1

Protoperidinium divergens OA, DTX-1

Protoperidinium depressum OA, DTX-1

Protoceratium reticulatum YTX

Gonyaulax spinifera YTX

Lingulodynium poliedrum YTX, homo-YTX, 45-OH-homo-YTX

Protoperidinium crassipes AZA

Echinochlathria sp. AZA-2

Azadinium spinosum AZA-1, -2, -3

Table 1. 
List of dinoflagellate species identified as producer species of lipophilic marine toxins [4, 28, 37, 55, 64, 65, 79, 81].
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being the most prevalent that is identified in this process [39, 40]. This esterifica-
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first detections, acylation was always associated with DTX-1, acquiring the name 
of dinophysistoxin-3 (DTX-3) [41]. In Chile, palmitic acid accounts for 90% of 
the total fatty acids linked to the esterification of toxins in the OA-group, in which 
7-O-palmitoyl-dinophysistoxin-1 is the most prevalent toxin detected in endemic 
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Dinophysis fortii OA, DTX-1, PTX-3

Dinophysis norvegica OA, DTX-1, PTX-2, PTX-12

Dinophysis acuminata OA, DTX-1; PTX-2; PTX-12

Dinophysis acuta OA, DTX-1, DTX-2, PTX-2, PTX-2sa

7-epi-PTX-2sa, PTX-12

Prorocentrum concavum OA

Prorocentrum hoffmannianum OA

Prorocentrum maculosum OA

Prorocentrum mexicanum OA

Prorocentrum belizeanum OA, DTX-1

Prorocentrum faustiae OA, DTX-1

Prorocentrum lima OA, DTX-1

Protoperidinium divergens OA, DTX-1

Protoperidinium depressum OA, DTX-1

Protoceratium reticulatum YTX

Gonyaulax spinifera YTX

Lingulodynium poliedrum YTX, homo-YTX, 45-OH-homo-YTX

Protoperidinium crassipes AZA

Echinochlathria sp. AZA-2

Azadinium spinosum AZA-1, -2, -3

Table 1. 
List of dinoflagellate species identified as producer species of lipophilic marine toxins [4, 28, 37, 55, 64, 65, 79, 81].
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The differences observed between the proportions of esterified forms and free 
forms of OA could arise from the genetic differences in bivalves (endemic species), 
since the OA esterification is considered to be an enzymatic mechanism associated 
with the detoxification of bivalves [47]. From a toxic point of view, it has been 
established that the toxicity of endemic species may depend on the variability in the 
lipid content present in the digestive glands, which would favour the retention of 
the toxins, thus explaining its higher toxicity of compartmentalisation if compared 
to non-visceral tissues, such as the mantle or adductor muscle [19, 48, 49].

The symptoms caused by intoxication associated with the consumption of mol-
luscs contaminated with the OA-group are characterised as starting between 1 and 
5 h after the ingestion of contaminated molluscs, symptoms that tend to be reversed 
3 days after the toxic symptoms are initiated [50]. The minimum doses of OA and 
DTX-1 required to produce toxic symptoms in humans have been estimated to be 
40 and 36 μg respectively for a 60 kg person [51]. To date, no deaths of people asso-
ciated with intoxications produced by the OA-group have been recorded. However, 
it has been clearly established that the OA-group is a potent tumour promoter in 
animals [52], thus being associated with the risk of gastric cancer among regu-
lar consumers of contaminated shellfish with toxins of the OA-group [53, 54]. 
Therefore, poisonings associated with the OA-group are a latent problem for both 
public health and the seafood industry [1, 4, 27].

1.1.2 Pectenotoxin group (PTX-group)

Toxins making up the pectenotoxin group (PTXs) correspond to a family of 
toxins of polyether macrolides (Figure 3) produced by the same species that produce 
the toxic forms of the OA-group, such as Dinophysis fortii, Dinophysis acuta, Dinophysis 
acuminata, Dinophysis caudata and Dinophysis norvegica, which are further detected 
in heterotrophic dinoflagellates such as Protoperidinium divergens and Protoperidinium 
depressum (Table 1) [28, 55]. The origin of the name of this group comes from the 
crustacean Patinopecten yessoensis in which it was detected for the first time [33].

For years, the PTX-group was included in the OA-group, since the bioassay tests 
detected the overall toxicity of both groups. Currently, the PTX-group is classified 
as a separate group, based on the biochemical effects on which they act, as this 
group does not inhibit protein phosphatase 2a (PP2a) [14, 56]. To date, no cases of 
intoxication due to consumption of molluscs contaminated with the PTX-group 
have been reported [57].

This group of toxins has been identified in countries such as Ireland, Croatia, 
New Zealand, Portugal, Norway, Japan, Argentina and Chile, showing a direct 
relationship with the areas which have previously been associated with the presence 
of the OA-group (Figure 1) [28, 40, 58, 59].

The toxic profiles detected in dinoflagellates and shellfish tend to be different, 
establishing that a metabolic transformation occurs in the bivalves after the filtra-
tion/assimilation of toxic algae [46]. Filter-feeding bivalves, when accumulating 
this type of toxin (PTX-2) in their digestive glands (hepatopancreas), allow for their 
biotransformation. These biotransformed analogues have been assigned to the seco 
acid (sa) nomenclature, highlighting the identification in bivalves of pectenotoxin-2 
seco acid (PTX-2sa) and 7-epi-pectenotoxins-2-seco-acid (7-epi-PTX-2sa) analogues 
[28, 43]. 7-epi-PTX-2sa, is the result of the interconversion of PTX-2sa to a thermo-
dynamically more stable analogue. In this way, the conversion of PTX-2 to seco-acid 
forms could be considered as a protective effect of detoxification by molluscs [41].

There are about 15 analogues identified and associated with the PTX-group, in 
which the esterified forms of PTX-2sa were the last identified analogues, where 
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37-O-acyl ester-PTX-2-sa, 11-O-acyl ester-PTX-2sa and 33-O-acyl ester-PTX-
2sa are noted. All of these analogues were identified in filter-feeding bivalves 
[60–62].

The available toxicological information on the PTX-group is insufficient at 
present due to the lack of toxic analogues required to carry out biological stud-
ies of interest. However, it has been determined that the lethal intraperitoneal 
dose of PTX-2 corresponds to 260 μg kg−1. In addition, the results of the toxicity 
obtained from intraperitoneal (i.p.) administration and oral ingestion of PTX 
in mouse have established that toxicities are comparable, do not produce these 
symptoms of diarrhoea and are only limited to generate histopathological changes 
in the liver, stomach and intestine [60]. Furthermore, it has been determined that 
PTX-2 may potentially be cytotoxic on lung, colon and kidney cell lines. Toxic 
effects are not extrapolated to analogues such as PTX-2-sa and 7-epi-PTX2-sa, 
evidencing the importance of the initial structure of the toxin that generates the 
cytotoxic effects [63].

1.1.3 Yessotoxin group (YTX-group)

Yessotoxin group (YTX-group) corresponds to a group constituted by sulphated 
polyethers (Figure 4), and whose analogues were first identified in the oyster 
Patinopecten yessoensis. Yessotoxin (YTX) is produced by the marine phytoplanktonic 
microalgae Protoceratium reticulatum (Gonyaulax grindley) [64], Lingulodinium 
polyedrum (Gonyaulax polyedra) [35, 65] and Gonyaulax spinifera (Table 1) [35, 66, 67].

Figure 3. 
Chemical structure of pectenotoxin group and its chemical analogues identified in dinoflagellates and bivalve 
molluscs [28, 40].
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At present, this group of toxins have been identified in different countries 
worldwide such as New Zealand, Italy, Spain, Norway, Russia, Canada, United 
Kingdom, Japan, Argentina and Chile (Figure 1) [35, 68–70].

Historically, the YTX-group was included in the OA-group, however, this group 
of toxins do not produce diarrhoea in the mouse bioassay, nor do they produce the 
inhibition of the protein phosphatase 2a (PP2a) [71, 72]. Although the precise mode 
of action of the YTX-group is unknown, it has been classified as a potent activator 
of phosphodiesterase [73].

To date, more than 100 natural YTX analogues have been identified and char-
acterised using nuclear magnetic resonance (NMR) and liquid chromatography 
coupled with mass spectrometry (LC-MS). Some of the identified analogues are 
directly related to the producer dinoflagellate, such as norYTX, 41-keto-YTX and 
41a-homo-YTX, while other analogues come from processes of biotransformation 
exerted in the digestive glands of different marine species worldwide that have been 
evaluated and that involve chemical oxidation pathways such as hydroxylations, 
carboxylations, desulfations, methylations and amidations [35, 61]. Thus, ana-
logues such as 45-hydroxy-YTX, homoYTX, 45-hydroxyhomo-YTX, carboxy-YTX, 

Figure 4. 
Chemical structure of yessotoxin-group and their chemical analogues identified in dinoflagellates and bivalve 
molluscs [64, 66].
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carboxyhomo-YTX, 41a-homoYTX, 45-hydroxycarboxy-YTX, and 1-desulphocar-
boxyhomo-YTX are the direct result of biotransformation processes that occur in 
shellfish [28, 46, 74].

The HABs associated with the dinoflagellates producers of the YTX-group are 
characterised by reaching a cell density of 103 L−1 cells, where the production of 
YTXs in dinoflagellates is on average ≈34 pg. cell−1 (0–74 pg. cell−1), where homo-
YTX and YTX are the main toxins forming the profile, whose concentrations are 
variable and dependent on the areas where blooms have been detected [35].

Symptoms caused by intoxication with the YTX-group in humans are unknown, 
because no human poisonings associated with this group have been reported [28]. 
However, the toxic evaluation of YTX in bioassays has determined that an intraperi-
toneal injection at concentrations of approximately 150 μg kg−1 causes difficulty in 
mobilisation, dyspnoea, jumps, tremors and cramps, with all symptoms starting 4 h 
after the injection is given [67, 71, 72].

It is noteworthy that YTX oral administration in mouse did not induce any 
significant difference in haematological and clinical chemistry parameters, includ-
ing leukocyte percentages and plasma levels of alanine-aminotransferase (ALT), 
aspartate aminotransferase (AST), creatine phosphokinase (CPK) or lactate dehy-
drogenase (LDH) [67, 71, 72, 75]. Nevertheless, at an ultrastructural level, changes 
in the myocardium in in vivo studies following both oral and i.p. administration have 
been identified [71, 72, 75–77]. Thus, it has been estimated that YTX intraperitoneal 
administration induces cardiac damage with a potency >10 times greater than the oral 
route [76]. This difference could be related to the low adsorption through the gastroin-
testinal tract and/or biotransformation of toxins associated with the YTX-group [67].

In addition, toxicological data obtained from the evaluation with the YTX and 
homo-YTX analogues have shown that they have approximately the same toxicity 
[64], while the other analogues have lower toxicity, especially OH-YTX and carboxy-
YTX derivatives because they are ≈5 times less toxic than YTX, while other derivatives 
associated with the YTX group, such as trihydroxylated amides (41-a-homo-YTX and 
1,3-enone isomer of heptanor-41-oxo YTX) have shown no toxicity through intraperi-
toneal injections in mice at levels >5000 μg kg−1 body weight [7, 60, 61].

Naturally, the main vectors of the YTX-group correspond to bivalves (endemic 
species) characterised by accumulating large amounts of toxins in their digestive 
glands due to their high filtration capacity. Once they are assimilated and based 
on the chemical modifications caused by bivalves to toxic analogues of YTX, they 
can be spread to other non-visceral tissues such as mantle, gills, foot and adductor 
muscle [62, 74].

The European Food Safety Authority (EFSA) has established that toxic effects 
may even occur at concentrations below 3.75 mg YTX equivalents kg−1 shellfish, 
which is a limit established as an international sanitary standard for marketing 
products [14, 36, 78].

1.1.4 Azaspiracid group (AZA-group)

AZA-group corresponds to toxins produced by toxic dinoflagellates, 
Protoperidinium crassipes, Azadinium spinosum and the sponge, Echinochlathria sp. 
(Table 1) [79–81]. However, in some species it has not been possible to establish 
a direct relationship between the high toxic levels detected in some species of 
endemic bivalves and the cell densities of the dinoflagellates producing this group 
of toxins [82].

The AZA-group has been identified worldwide in molluscs analysed in Ireland, 
United Kingdom, Norway, France, Portugal, North Africa (Morocco), Chile and 
USA (Figure 1) [12, 43, 44, 83].
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To date, ≈24 toxic analogues belonging to the AZA-group have been identified. 
The main toxic analogues detected are: azaspiracid-1 (AZA-1), azaspiracid-2 (AZA-2)  
and azaspiracid-3 (AZA-3) (Figure 5) [84, 85].

The mechanisms of action of the AZA-group have not been clearly determined, 
however studies in vitro in mammalian cells show that they produce alterations in 
the structure of the cytoskeleton of cells and the E-cadherin system, the latter being 
responsible for the interaction between cells [86, 87]. These experimental results 
could explain the symptoms associated with human intoxications such as gastroin-
testinal disorders, abdominal pain and diarrhoea [1]. Although the data obtained 
from seafood extracts have shown that AZAs do not produce diarrhoea [88].

The intraperitoneal lethal dose determined in mice is directly related to the 
toxic analogue detected in shellfish extracts. In this way, AZA-1 has a lethal dose of 
200 μg kg −1, while AZA-2 and AZA-3 are significantly more toxic, with lethal doses 
of 110 and 140 μg kg−1, respectively [28]. In addition, it has been established that 
oral toxicity in mice with AZA-1 at corresponding doses of 900 μg kg−1 produces 
significant damage to the small intestine, while doses of 500 μg kg−1 only produce 
liver damage, which is characterised by an increase in the volume (≈38%) [89, 90].

In addition, toxicological studies have established that the lowest observed 
adverse effect level (LOAEL) for AZAs corresponds to concentrations between 
≈23 and ≈86 μg AZAs kg −1 per person, even though it is estimated that at levels of 
≈80 μg AZA-equivalents kg−1 molluscs would not produce symptoms due to AZA-
group intoxication. However, it has been recorded that when ≈400 g of shellfish 
are consumed, doses corresponding to ≈30 μg AZA-equivalents kg−1 have been able 
to produce AZA-associated intoxication syndrome in humans. These seemingly 
contradictory data can be explained by the variability of toxic forms subjected to 
biotransformation, which produces new and different analogues during the accu-
mulation of toxins in the digestive glands of molluscs [91].

Figure 5. 
Chemical structure of azaspiracid-group and their chemical analogues identified in dinoflagellates and bivalve 
molluscs [79–82].
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Although AZA-1 is the most abundant toxin in this group, the analogues cor-
responding to AZA-2, AZA-3, 8-methyl-AZA-1 and 22-demethyl-AZA-1 frequently 
co-occur in different types of bivalves (Figure 5). The formation of AZA-3 from 
AZA-1 in Mytilus sp. corresponds to a xenobiotic bioconversion, even though this 
detoxification pathway results in the formation of a more toxic analogue [81]. The 
toxicity of molluscs contaminated with AZA-group toxins tends to persist for an 
average period of ≈5 months post-bloom, allowing toxins to be distributed to other 
non-visceral tissue. In some cases, these tissues are able to reach toxic levels superior 
to those described for the digestive glands [12, 92].

In spite of this, the trophic transfer routes through the food web are completely 
unknown, although to date the AZA-group has been detected in other aquatic spe-
cies such as crustaceans [43, 93].

2. Results

2.1 Methods of detection

Each group of toxins (OA, PTX, YTX and AZA) present in the different endemic 
species of bivalves or marine organisms is composed of many toxic analogues, so 
regulatory levels are represented according to the total toxicity of the analogues 
studied. Traditionally, regulatory limits have been evaluated using mouse bioassay 
(MBA), which involves intraperitoneal injection of seafood extracts [14, 91].

Nevertheless, we should consider that one single type of shellfish may contain 
more than one toxic group, therefore, alternative methods to the bioassays are 
required for the detection and proper identification of each analogue that may 
belong to the different described groups [94].

To identify toxic groups, there are also functional tests, which are traditionally 
defined as methods of detection based on the mechanism of action that each toxin 
group has in order to establish its quantification, which, in turn, is related to the 
group toxicity. These assays are usually receptors, proteins or cells [95].

Since shellfish consumption is very important from an economic standpoint, most 
producer and consumer countries have implemented monitoring systems to prevent 
these toxins from reaching consumers [94]. These monitoring systems based on 
detection methods are required to be highly specific, reproducible systems and must 
not be prone to produce either false positives or false negatives [14].

Thus, some countries differ in the selection of the method required for the 
identification of toxin groups and three different methods can be used: biological 
methods (Mouse Bioassay, MBA), biochemical methods (Protein Phosphatase-2a 
Inhibition Assay, PP2aIA) and chemical methods (Liquid chromatography coupled 
with tandem mass spectrometry, LC-MS/MS) [96]. Biological and biochemical 
methods only establish the presence of one group of toxins; they do not identify the 
toxin involved in a mixture of analogues in a process of contamination or associated 
with a HAB whereas chemical methods provide a profile of the quantity and variety 
of analogues in a contaminated sample [94].

At an international level, the identification of LMT has been regulated by 
establishing maximum permissible concentrations for marine organisms destined 
for human consumption. The maximum permissible limits are 160 μg of OA equiva-
lents kg−1 shellfish meat for OA-group, PTX-group and AZA-group; and 3.75 mg of 
YTX equivalents kg−1 shellfish for YTX-group [29, 30, 78].

It is also worth noting that the OA- and PTX-groups are represented toxicologi-
cally together, but this fact is based more on the possible co-occurrence of toxins 
of the OA-group and PTX-group from a same species of dinoflagellates. However, 
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significant damage to the small intestine, while doses of 500 μg kg−1 only produce 
liver damage, which is characterised by an increase in the volume (≈38%) [89, 90].

In addition, toxicological studies have established that the lowest observed 
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Figure 5. 
Chemical structure of azaspiracid-group and their chemical analogues identified in dinoflagellates and bivalve 
molluscs [79–82].
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Although AZA-1 is the most abundant toxin in this group, the analogues cor-
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YTX equivalents kg−1 shellfish for YTX-group [29, 30, 78].

It is also worth noting that the OA- and PTX-groups are represented toxicologi-
cally together, but this fact is based more on the possible co-occurrence of toxins 
of the OA-group and PTX-group from a same species of dinoflagellates. However, 
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Figure 6. 
Diagram of the stages required for the determination of OA-group toxins through the use of the mouse bioassay 
(MBA) [95, 98].

it should be considered that these groups do not share the same biological action 
mechanisms [14, 35, 55].

This regulation allows a series of methods for the detection of these groups, noted 
among them, immunoassays, functional tests (inhibition of protein phosphatase) 
and LC-MS/MS [97].

2.1.1 Biological method: mouse bioassay (MBA)

The mouse bioassay (MBA) is a biological assay used for the determination 
of toxins corresponding only to the OA-group. This bioassay can only provide a 
response to this group of toxins, however it does not provide any information on the 
analogues present in contaminated shellfish [7].

To obtain results, this bioassay requires the use of at least three animals per 
sample, which, in the end, are euthanized regardless of the obtained toxicity result 
[95]. Thus, the shellfish extract is injected via intraperitoneal (i.p.) route to three 
male mice that must have a weight ranging between 16 and 20 g. A sample is consid-
ered positive (contaminated with OA-group) when at least two of the three mice die 
within 24 h of the injection (Figure 6) [95, 98].

The positive result of this bioassay on toxic samples causes diarrhoea in mouse, 
which is directly proportional to the concentrations of toxins present in the toxic 
seafood extract. The toxins detected by this MBA may even be present in the 
faeces of the animals when the concentrations are >700 μg kg−1, with an average 
lethality exceeding 30% at a dose of ≥1000 μg kg−1 [34]. Excretion of OA-group 

95

Instrumental Methods for Detection of Lipophilic Marine Toxins in Endemic Species…
DOI: http://dx.doi.org/10.5772/intechopen.82438

toxins through faeces indicates that a fraction of the toxin ingested by animals is 
not absorbed, being eliminated instantaneously, while it is possible to detect low 
levels in different organs (liver, pancreas, and spleen) as compared to the amount 
excreted in urine and faeces [34, 99].

In the absence of death (negative assays), mice may similarly develop symptoms 
specific to OA-group toxins which are significant indicators of a potential contami-
nation and risk [14, 100].

However, a critical factor of the MBA is the body weight of the mouse used, which 
significantly influences the susceptibility of the toxins associated with the OA-group. 
The lethality after inoculation of OA at 24 h post-injection reaches 100% in mouse 
with weights of 14–15 and 16–17 g, while for groups of 19–20 g, it reaches 80% and 
for groups of mouse weighing between 21 and 22 g, it only reaches 50% [98].

Moreover, all toxins in the OA-group have been shown to be less toxic by oral 
route compared to an intraperitoneal injection route. The median lethal dose (LD50) 
via oral route for OA is approximately 400–880 μg kg−1. Specifically, LD50 toxicity 
via i.p. for OA averages between 192 and 225 μg kg−1 [101], while for DTX-1, LD50 
toxicity via i.p. is ≈160 μg kg−1 [102] and for the DTX-3 and DTX-4 analogues, 
the toxicity ranges from ≈352 to ≈600 μg kg−1 [103]. It should be noted that the 
acylated forms (DTX-3, acyl-derivatives-OA-group) can show a decreased toxic-
ity, stating that these toxic analogues can be ≈20 times less toxic than OA [101]. 
Additionally, preliminary data on the oral toxicity of DTX-2 samples showed that 
oral LD50 is ≈2150 μg kg−1 body weight [104].

These variabilities on acute toxicities of various analogues such as DTX-4 and 
7-O-palmitoyl-OA are related to the bioavailability of toxins within the peritoneal 
cavity, which, at varying ranges, are hydrolysed under acidic or alkaline conditions 
or by the action of esterases or lipases within the gut allowing for the production of 
more toxic forms such as OA or DTX-1 [50, 101, 105].

This toxic variability between different analogues means the use of the MBA has 
a probability of detecting toxins between 40 and 50% associated with the OA-group 
in the currently established limit of 160 μg OA-equivalents kg−1 [7, 10, 14, 102].

Despite the above mentioned, the great advantage of the MBA is that it provides 
an estimate of the total toxicity of the sample [14], but, at the same time, it has 
multiple disadvantages:

• It requires animal facilities and expertise (bioterium).

• It cannot be easily automated due to the involvement of animal handling.

• It has a high variability in the results between laboratories, due to characteristics in 
the mouse used (breed, sex, age, weight, general health status, diet, stress) [98].

• It produces false-positive results due to fatty acid interferences (20,4n-6 and 
20,5n-3) [106].

• It can produce false-negative results due to the toxic suppression between 
groups [96].

• Interfering matrices from heavy metals.

• It is not selective for the OA-group toxins [107].

• It is not a quantitative bioassay and it has a limit of detection ≈200 μg kg−1.
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• The i.p. injection of the sample is not suitable for the complete detection of 
the OA-group, since some analogues require hydrolysis to be detected (acyl-
derivatives) [105].

• Some countries have banned it for ethical reasons.

Within these disadvantages, it has been established that MBA is able to detect 
toxins of the OA-, AZA- and YTX- groups. However, the result will never be able 
to determine the exact group responsible for it, as there is a co-occurrence of these 
toxins in contaminated endemic species (shellfish) [7, 12, 13, 26].

Toxic evaluations in mice related to the YTX-group have shown that they die 
(2/3) by injecting them with doses 0.75 mg YTX kg−1 body weight, while this 
increases (3/3) with a dose of 1 mg YTX kg−1 body weight. However, mice cannot be 
killed with oral doses of 10 mg kg−1 YTX kg−1 body weight (LD50 i.p. ≈100 μg kg−1) 
[7]. The differences between intraperitoneal and oral toxicities of YTX would prob-
ably be related to the low YTX uptake in the gastrointestinal tract (≈0.02%) [35]; 
those factors are increased when considering other analogues of the YTX-group that 
arise from the processes of biotransformation in the tissues of marine organisms 
(45-hydroxy-YTX, carboxy-YTX) [7].

Regarding the toxic evaluation through MBA with the AZA-group, it has been 
established that this assay is capable of detecting the toxins associated with AZA-
group, producing neurotoxic symptoms in mice such as: slowness, respiratory 
difficulties, spasms, progressive paralysis and death between 20 and 90 min after the 
application of the mouse bioassay. Thus, it has been determined that the minimum 
i.p. lethal dose required to cause swelling of the stomach and liver in the mouse, with 
a reduction in the size and weight of the thymus and spleen is ≈150 μg kg−1 [10].

In addition, it has been established that the different analogues of this group 
have different toxicities, the minimum lethal dose of AZA-2 (8-methyl-azaspiracid) 
and AZA-3 (22-desmethyl-azaspiracid) corresponds to ≈110 and ≈140 μg kg−1, 
respectively, suggesting a higher potency in relation to AZA-1. However, AZA-4 
and AZA-5 are less toxic, with lethal dose values of ≈470 and < 1000 μg kg−1, 
respectively. In this way, the toxicity of these analogues through the MBA can be 
represented as follows: AZA-2 > AZA-3 > AZA-1 > AZA-4 > AZA-5 [10, 16].

In relation to the toxic evaluation of AZA-group by oral route, it has been shown 
that it does not produce death in mice at concentrations >900 μg kg−1 after 24 h. 
However, post-mortem evaluations have shown various gastrointestinal distur-
bances, such as accumulation of fluid from the ileum and necrosis of intestinal 
epithelial cells [10].

For the PTX-group, toxic data related to the MBA establish that they are highly 
toxic by i.p. injection in values averaging between ≈219 and ≈411 μg kg−1 [60], 
which leads to a positive MBA. However, PTXs appear to be of low toxicity by oral 
route (≈5.0 mg kg−1) and, unlike OA, they do not cause diarrhoea, in addition to the 
fact that PTX-group is easily destroyed under basic conditions [60, 108].

In this regard, toxicity in mouse with different combined doses of LMTs by oral 
route has been assessed. Thus, combined oral doses of YTX (1 mg kg−1 day−1) and 
OA (0.185 mg kg−1 day−1) show no lethal effects or diarrhoea or any other symp-
toms of toxicity in mice, as opposed to the results obtained from the toxic evalua-
tion of these groups individually [67].

These data are consistent with the evaluation of combined doses of yessotoxin 
(1.0 or 5.0 mg kg−1) and AZA-1 (200 μg kg−1) given to mice; those doses do not 
produce toxic effects on the heart or any other internal organs. It is noted that the 
absorption of YTX is not potentiated by the co-administration of AZA-1 [67, 109].
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Furthermore, the combined evaluation of OA and AZA-1 shows that there is no 
increase in pathological changes when AZA-1 and OA are administered together, 
if compared to the administration of OA alone, where a jejunal dilatation is clearly 
evidenced. It should be noted the reduction of OA absorption in the internal organs 
when administered together with AZA-1 or vice versa, due to the competence expe-
rienced by the weak organic acids through the simple diffusion of the membranes 
of the gastrointestinal tract should be noted [32].

In conclusion, MBA is not the most appropriate when considering the simulta-
neity of the toxic bloom processes at a global level and the high capacity of biotrans-
formation of shellfish, which would produce a high variability in the toxicity results 
through this bioassay.

2.1.2 Biochemical method: protein phosphatase 2a (PP2a) inhibition assay

Biochemical assays are the preferred methods for detecting LMTs in endemic 
species (shellfish). However, they cannot provide a quantitative measure of all 
toxic groups (OA-, PTX-, AZA- and YTX-group). This is the main problem of the 
protein phosphatase 2a (PP2a) inhibition assay, a recognised biochemical method 
capable of accurately detecting and quantifying only some analogues related to the 
OA-group [96, 107, 110, 111].

The PP2a inhibition assay (PP2aIA) is a rapid method for the detection of toxins 
associated with the OA-group, which is based on its functional property of inhibit-
ing type PP2a (Figure 7) [112–114]. In general, this method tends to be precise, 
sensitive, reproducible, simple, and fast [47, 115, 116].

Figure 7. 
Stages of the protein phosphatase 2a inhibition assay for the detection of toxins associated with OA-group toxins 
[107, 122].
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Several methods of purification of PP2a have been proposed, including: puri-
fication of recombinant PP2a overexpressed in insect cells [114, 117, 118], PP2ac 
expression in mammalian cells [119], and overexpression of PP2ac in yeast [120]. 
However, none of these systems is capable of producing a high yield of recombinant 
proteins [110, 121].

The principle of the assay is based on the fact that PP2a reacts with the p-nitro-
phenylphosphate (p-NPP) substrate, which is colourless to produce p-nitrophenol 
(p-NP) by the enzymatic reaction, characterised by having a yellow colour. The 
toxins associated with the OA-group (OA and DTX-1) inhibit the enzyme, causing 
a loss of production of the p-NP; this loss is determined through the variability of 
the absorbance at 405 nm [107]. The amount of enzyme determines the amount of 
analyte (OA and DTX-1) needed for the inhibition, while the quality of the enzyme 
ensures the amount of product formed per time unit [122]. In addition, the lack 
of stability or impurity of the standards used (OA and DTX-1) directly affect the 
quantification [123, 124].

Regarding the OA-group, it should be noted that DTX-1 is a more potent inhibi-
tor of PP2a than OA [125, 126], whereas DTX-2 is half as potent when compared to 
OA [102, 112]. The presence of esters in microalgae, such as DTX-4 is ≈500 times 
less active than OA [103] and acylated forms originated from the biotransformation 
process in shellfish, such as 7-O-palmitoyl-OA, which is a very weak inhibitor of 
PP2a, ≈3000 times less active than OA (Table 2) [101].

Additionally, the sensitivity of the enzymes (PP2a) for the evaluation of toxins 
associated with the OA-group may be drastically different. Thus, the choice of the 
enzyme and the source of origin are crucial for the proper performance of the sys-
tem. Therefore, one of the main drawbacks is related to the low enzymatic stability 
of this assay, so, to overcome this problem, some kits have immobilised the enzyme 
(PP2a), which is a crucial step for the extraction of biosensors [107].

The great advantage of PP2aIA is that it provides an estimate of the total toxicity 
of the sample; it is a repetitive and fast assay [14]. At the same time, the PP2aIA has 
multiple disadvantages, among which, the following are found:

• It requires a good quality enzyme (PP2a) [123, 124].

• It requires background knowledge for the interpretation of data.

• It requires interlaboratory validation and standardised protocols.

Toxins PP2a

Substrate Ki

Okadaic acid (OA) pNPP 30

Dinophysistoxin-1 (DTX-1) pNPP 19

Dinophysistoxin-2 (DTX-2) (IC50) pNPP 3.38

7-Deoxy-OA pNPP 900

7-O-palmitoyl-OA pNPP >100 nm

7-O-palmitoyl-DTX-1 pNPP >100 nm

Methyl-okadaate pNPP ≫100 nm

2-oxo-Decaborxyl-OA pNPP ≫100 nm
Ki = dissociation constant.

Table 2. 
Inhibition of PP2a by OA-group [112, 122, 127].
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• The matrices from marine organisms can underestimate or overestimate the 
results [124, 129].

• It does not provide any information on the profile of OA-group [101].

• It does not detect acyl-derivatives of OA-group directly [126, 128]

• It does not identify analogues associated with the PTX-, YTX- and AZA-groups 
[96, 107].

At present, it is widely accepted that the toxic effects of OA-group are caused 
by the inhibition of protein phosphatases. However, there is no concrete evidence 
supporting this hypothesis. This is because a pathway from inhibition of PP2a to 
the toxic effect produced by toxins in the OA-group has not been identified. The 
OA-group-induced toxic effects are replicated by substances which are not inhibi-
tors of protein phosphatase (Vibrio parahaemolyticus), and known inhibitors of 
protein phosphatase (Microcystin, MC) do not exert the same toxic effects in 
animals just as the OA-group toxins. Therefore, this method does not have a direct 
relationship with the systemic effects involved in the processes of intoxication in 
humans, which are directly limited to the specific ability of the OA-group to inhibit 
PP2a [101].

However, the results of PP2aIA obtained with OA-group toxins are very well 
correlated with the results obtained using the MBA. The IC50 concentrations for 
DTX-2 and OA are ≈5.94 and ≈2.81 ng ml−1, respectively, indicating that OA is 
approximately two times more toxic than DTX-2 [102].

Different origins of PP2a enzymes have allowed for comparisons of the assay, 
demonstrating that PP2a wild-type is significantly more sensitive to all toxins 
in the OA-group, relative to that obtained from a recombinant origin, which is 
≈1.9-fold lower IC50 for OA, ≈1.7-fold lower IC50 for DTX-1, and ≈2.2-fold lower 
IC50 for DTX-2 [124]. Thus, the PP2aIA can be considered to detect toxins associ-
ated with toxins of the OA-group since its limit of detection (LOD) and limit of 
quantification (LOQ ) are <160 μg OA equivalents kg−1 (international maximum 
limit). Nevertheless, its optimal range of toxic detection is very narrow (between 
≈56 and ≈96 μg OA kg−1 shellfish) due to the fact that matrices and pigments of 
bivalves may affect the interpretation of results [14, 123]. It should be considered 
that samples with DTX-2 only are not able to adequately inhibit PP2a. In this way, 
and comparing the different types of enzymes according to their origin, it has been 
generally established that recombinant PP2a tend to underestimate the equivalent 
contents of OA, whereas the tendency of PP2a wild-type is to overestimate the 
toxicities [124].

Moreover, the process to establish the total toxicity of a sample of shellfish 
exposed to HABs associated with OA-group through PP2aIA necessarily involves 
the hydrolysis of the samples from shellfish, in order to establish the ranges of acyl-
derivatives, which are only detected in shellfish and which are also notable for not 
producing a very low inhibition of the different types of PP2a [126, 128]. Thus, the 
acylated analogues must be transformed to their base analogue, which could be OA, 
DTX-1 or DTX-2. This pathway has estimated that the method tends to consider an 
overestimation through the PP2aIA, due to the non-specific inhibition by compo-
nents present in the matrices of different endemic species (bivalves), that even at 
low concentrations (<LOD) produce an effect similar to the inhibition produced by 
OA. This could be related to the presence of some soluble lipids in methanol, which 
exert a non-specific inhibitory effect on PP2a or the interaction between the matrix, 
reagents and/or the temperature step involved in the assay [97, 124, 129].
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reagents and/or the temperature step involved in the assay [97, 124, 129].



Endemic Species

100

Furthermore, the high concentrations of matrix from endemic species (shell-
fish) interfere with the PP2aIA. This is due to the colouring that most of the differ-
ent shellfish matrices have an effect that, without use of appropriate controls, could 
erroneously establish the presence of toxins associated with the OA-group [97, 111].

Another limiting factor with this assay is its storage temperature. This is because 
the substrate is very stable at temperatures <15°C and very sensitive to high tem-
peratures (≥37°C), which may lead to underestimation of toxins related to the 
OA-group. Within this process, it is possible to consider the percentage of recover-
ability from the different matrices, which has been established between ≈70 and 
≈163%, notably affecting the quantification of toxins from shellfish [123].

Finally, one of the biggest disadvantages of PP2aIA is its inability to identify 
toxins or toxic analogues associated with PTX-, AZA- and YTX-groups [121]. 
Thus, PP2aIA is only limited to identify the presence of the toxins associated with 
OA-group, when applicable, even though the co-occurrence of toxins in water or 
shellfish is evident [12, 13, 26]. Therefore, to identify all toxins in the hypothetical 
simultaneous presence of all toxic groups in contaminated shellfish, the specific use 
of enzymatic or cellular assays will be required, considering also that they will never 
be able to identify the analogues involved in the toxic event accurately [7, 10].

In conclusion, this assay does not tend to be the most adequate to consider the 
simultaneity of processes of toxic blooms at a global level, in addition to the fact it 
is not able to provide any information on the profile of the toxins involved in the 
bloom or contamination of the endemic species (shellfish), which is a crucial stage 
if we consider that it is the basis of the information in the establishment of risk 
assessment and management [7].

2.1.3 Chemical method: liquid chromatography coupled with tandem mass 
spectrometry (LC-MS/MS)

The emergence of instrumental analytical methods for the detection of LMTs 
responds to the different questions regarding the MBA and PP2aIA. Liquid chro-
matography coupled with tandem mass spectrometry (LC-MS/MS) is one of the 
methods that has been highlighted in the last 15 years [130]. This method allows 
for the quantification of all analogues associated with LMTs (OA-, PTX-, AZA- and 
YTX-group) when compared to a certified standard for toxins (Figure 8) [7, 104].

This chemical method (LC-MS/MS) has been validated and approved by the 
European Regulation as the new official method for the control of LMTs in shellfish 
[29, 78, 107, 131]. However, the quantification of toxin analogues is not sufficient for 
the control and regulatory decision making, since the different analogues have differ-
ent toxic potencies. For this evaluation, it is necessary to know the relative toxicities of 
the components making up the mixture of toxins present in a contaminated matrix. 
For this reason, the term Toxicity Equivalency Factors (TEFs) has been applied, which 
is defined as the toxicity ratio of a compound from a chemical group that shares the 
same mode of action of a reference compound in the same group [14, 94, 95, 104].

Thus, the establishment of TEFs in alternative methods to the MBA and PP2aIA 
for the detection of marine toxins allows, to a great extent, better protection of the 
consumer in the surveillance programs, since the toxic potential in a mixture of 
toxins in different endemic species and biological matrices can be better estimated 
[94, 97, 102, 104].

In this way, the toxin content detected in the different endemic species matrices is 
expressed as the sum of the equivalents established for each group, considering that 
for the case of the OA-group, it is necessary to estimate the concentrations of esteri-
fied toxins present in the matrices (DTX-3 and acyl-derivatives toxins), a process that 
requires the evaluation of post-hydrolysis samples of the extract from each matrix [14].
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LC-MS/MS is a method 10 times more sensitive (LOD ≈ 3.0 μg kg−1) than 
the known 9-anthryldiazomethane (ADAM) fluorescence method (LOD of 
≈30 μg kg−1), a chemical method that was initially used to determine OA-group 
toxins [132, 133] and then proposed to determine toxins of the AZA-group 
[134]. Nevertheless, for both cases, laborious derivatization steps that increase 
uncertainty in the analysis process are required. In addition, the ADAM reagent 
is unstable and should be stored at low temperatures (≤4°C), because its decom-
position may induce an incomplete derivatization, interfering with the final 
analysis [107].

For the use of this analytical chemical method (LC-MS/MS), it is recommended 
that the analysis of LMTs is started with an initial weight of 150 g of shellfish (with-
out shells), which corresponds to approximately 20–30 bivalves, in order to ensure a 
representative sample is evaluated [14].

The main advantages of the method include the following [7, 10, 14, 40, 96]:
It is highly specific and sensitive.

• It can individually classify and quantify all toxins of LMTs.

• It provides information on the profiles of all LMTs in the samples.

• It can be automated.

• It provides a reproducible interpretation of the results obtained from the analysis.

Figure 8. 
Liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) for the detection of lipophilic 
marine toxins [104, 107, 131].
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Table 3. 
LC-MS/MS Parameters for determination of lipophilic marine toxins [14, 40, 46, 113, 131, 136, 137]. *The TEF 
of the hydrolysis product of OA, DTX1 or DTX2 would apply [104].

• It has no ethical restrictions.

The main disadvantages of the LC-MS/MS method include the following:

• It requires costly equipment and highly trained personnel.

• It requires a wide range of reference standards for identification and quantification.

• The different biological matrices (endemic species) can produce problems in the 
interpretation of data.

It should be noted that as of July 2011, Regulation (EU) N0. 15/2011 amended 
the Regulation (EC) No. 2074/2005 in relation to the recognised testing methods 
for the detection of LMTs in live bivalve molluscs, which establishes the LC-MS/MS 
method as the official reference method for the detection of LMTs and their use as 
a routine matter, both for the purposes of official controls at any stage of the food 
chain, and for the self-controls established by food business operators [29, 30, 78].

All the above mentioned considerations have been established by most countries 
to improve their quality controls in water and in bivalves from culture centres or 
endemic species, including water analysis in the location where these cultures are 
carried out. It should be taken into consideration that the dinoflagellates producers 
of OA- and/or PTX-, AZA- and YTX-groups at concentrations of ≈2000 cells L−1 
allow for an adequate accumulation of toxins in bivalves, allowing for the fact that 
they can be toxic. However, the LOD (sensitivity) of the bioassays for the OA-group 
in molluscs corresponds to ≈200 μg kg−1 shellfish, a value above the internationally 
established standard of 160 μg OA equivalents kg−1 shellfish meat [40].

For the evaluation of all LMTs, the chemical method requires each group to be 
evaluated in different ionisation modes (Table 3) [12, 130, 131, 135].

These ionisation modes allow for the obtainment of suitable ionic fragments and 
characteristics of each toxic analogue, which allows for the optimal identification of 
them (Figure 9). Nevertheless, it is possible to use both ionisation modes (positive 
and/or negative mode) for the detection of toxins, but this affects three important 
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factors: sensitivity, intensity in the detection of analogues and formation of struc-
tural fragments generated by the original toxin, producing a difficult interpretation 
of the toxic analogues present in the matrices [97, 138]. Thus, the determination 
of the YTX-group in positive mode produces a very low sensitivity of the ions 
obtained ([M−2Na + 3H]+) making its practical use unfeasible. While in the case 
of OA-group, the evaluation of post-hydrolysis matrices in positive mode tends to 
produce matrix effects that do not allow adequate quantification of toxins related to 
acyl derivatives [139]. In addition, when the base analogues of the OA-group (OA, 
DTX-1 and DTX-2) are evaluated, the primary ions, through a positive ionisation, 
tend to always produce a greater variability, resulting in an overestimation of toxic-
ity under this ionisation mode [7].

Another important factor is the mobile phase to be used. Mobile phases modified 
with different weak carboxylic acids (formic acid, acetic acid, propionic acid and 
n-butyric acid) may, in some cases, (formic acid) result in decreased electrospray ioni-
sation (ESI) responses of the negative ions produced from toxins. This is consistent 
with the idea that acidic conditions decrease the negative-ion ESI response, i.e., the 
conditions at a low pH do not favour the formation of deprotonated analytes [140].

Given the high variability according to the evaluation from different marine 
matrices in different endemic species of the world, it is necessary to consider the 
following validation parameters: accuracy, trueness, precision, linearity, robust-
ness, calibration curve check, limit of detection (LOD), limit of quantification 
(LOQ ), and blank quality control [141–143].

Figure 9. 
Mass/mass spectra obtained from a mixture of analytical standards for determination in negative ion mode: 
AO (A), YTX (B) and DTX-1 (E), and in positive ion mode: PTX-2 (C) and AZA-1 (D) [40, 42, 50].
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sation (ESI) responses of the negative ions produced from toxins. This is consistent 
with the idea that acidic conditions decrease the negative-ion ESI response, i.e., the 
conditions at a low pH do not favour the formation of deprotonated analytes [140].

Given the high variability according to the evaluation from different marine 
matrices in different endemic species of the world, it is necessary to consider the 
following validation parameters: accuracy, trueness, precision, linearity, robust-
ness, calibration curve check, limit of detection (LOD), limit of quantification 
(LOQ ), and blank quality control [141–143].

Figure 9. 
Mass/mass spectra obtained from a mixture of analytical standards for determination in negative ion mode: 
AO (A), YTX (B) and DTX-1 (E), and in positive ion mode: PTX-2 (C) and AZA-1 (D) [40, 42, 50].
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3. Discussion

The use of any of the established methods should always consider the variable 
clearance rates associated with each potentially toxic marine species; those param-
eters are species-specific in endemic species, since neither body size nor age play a 
decisive role in the clearance rate of toxins [96]. Hence, it is extremely important to 
determine all the groups associated with LMTs.

Moreover, the variability of the results obtained with any of the indicated 
methods is always conditioned to the following parameters:

Growth conditions: The origin of shellfish from endemic species, on the seabed 
or from cultures, subtidal or intertidal growth, water depth, and water column 
mix [7].

Clearance rate: Feeding status, species-specific filtration rates and selectivity, as 
well as the species of microorganisms that can affect endemic species (bacteria and 
pathogenic viruses) [12, 26].

Metabolism/detoxification: Species-specific differences in endemic species, 
metabolic changes in bivalves due to seasonal variation, reproductive status and 
environmental stress [13].

Thus, in order to ensure seafood safety and minimise potential risks to human 
health, the development of rapid, sensitive and reliable methods to detect different 
groups in a preventive manner has been proposed. However, two important factors 
must be considered:

1. Biological and biochemical methods only allow for the detection of specific 
groups of toxins, and may exclude some, which may cause a potential toxicity 
when consuming shellfish seemingly free of toxins [14, 102].

2. EFSA has proposed the reduction of maximum limits of all LMTs associated 
groups, from 160 μg kg −1 to 45 μg OA equivalents kg−1 (OA-Group); 30 μg 
AZA equivalents kg−1 (AZA-group) and 120 μg PTX equivalents kg−1 (PTX-
group); these new limits could only be detected completely by using the 
LC-MS/MS method [7, 14, 107].

4. Conclusions

The above shows that the MBA and PP2aIA assays for LMTs detection cannot 
be effectively used to follow the toxic variability in molluscs or endemic species 
in a quantitative manner, including their detoxification stage, as these assays do 
not allow producers (shellfish growers) to evaluate the results obtained in order 
to plan their production activities adequately and in advance, since the use of 
these assays as screening would have less specificity and a higher cost if compared 
to the confirmation method (LC-MS/MS) used by marine product importing 
countries.

The LC-MS/MS method does not show any ambiguous results, since it solves and 
determines the toxic profiles in different toxic marine endemic species (matrices). 
In addition, it allows for the exact quantification of each group of toxins by keeping 
those samples under the established legal limits in the market, which by using other 
methods could prove to be positive (MBA) or not to be able to establish the toxic 
group involved in a HABs or toxic processes in shellfish (PP2aIA). Thus, the great 
advantage of LC-MS/MS is the possibility of differentiating toxins belonging to 
the OA-, YTX-, AZA and PTX- groups, allowing for the evaluation of the potential 
health risks through the consumption of shellfish.
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Chapter 7

The Genotyping of Glucose 
6 Phosphate Dehydrogenase 
deficiency (G6PD-d) in Malaria 
Endemic South Central Timor, 
East Nusa Tenggara, Eastern 
Indonesia
Jontari Hutagalung, M. Soleha, Nikson Sitorus  
and Linawati Hananta

Abstract

Approximately 18 million people live in malaria-endemic areas with 218,450 
reported confirmed cases and 161 reported deaths in Indonesia. Currently, pri-
maquine (PQ ), the 8-aminoquinolines, is still the only drug for radical cure and 
preventing relapse of malaria. However, the individuals with G6PD deficiency 
(G6PD-d) have risk of hemolysis. Currently, few data of the prevalence of G6PD-d 
and genotyping are available. This study will provide the prevalence of G6PD-d 
and the genotyping in malaria cases in South Central Timor (TTS) district. G6PD 
status was analyzed with quantitative (Randox G6PD test, UK) follow with PCR-
RFLP and sequencing to identify the variant of G6PD-d genotyping. Malaria was 
confirmed by n-PCR (Promega, Madison, USA). A total 64 of 181 individuals with 
G6PD-d from South Central Timor (TTS) district were analyzed. About 25 of 64 
cases of G6PD-d were tested positive for malaria with P. vivax as the dominant spe-
cies 56% (14/25) and most of the cases were female 73.3% (11/15). Among the 64 
G6PD-d the genotyping Vanua Lava (10,883 T>C) WHO classifies G6PD-d genetic 
variants class II with severe deficiency <10% the enzyme activity were dominant. 
The variant of Vanua Lava is dominant and the high G6PD-d indicated that screen-
ing for G6PD deficiency is necessary.

Keywords: G6PD-d, endemic malaria, Eastern Indonesia

1. Introduction

Glucose-6-phosphate dehydrogenase deficiency (G6PD-d) is an X-linked genetic 
disorder that impacts insufficient enzyme activity. Moreover, 140 allelic variants 
of G6PD-d mutations are known and has been published [1]. The World Health 
Organization (WHO) divided G6PD-d into five classes according to the level of 
enzyme activity in the red blood cells (RBC), and the clinical manifestations [2]. 
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The importance from the variant of genotyping G6PD-d particularly for screening 
the risk of haemolytic anaemia is induced by the antimalarial primaquine (PQ ) 
although the relationship between G6PD-d with protective to malaria infection is 
still unknown [3].

The gene of G6PD is an X-linked recessive hereditary disease characterized by 
abnormally low levels of glucose-6-phosphate dehydrogenase, a metabolic enzyme 
involved in the pentose phosphate pathway, especially important in red blood 
cells (RBC) metabolism [4]. Haemolytic anaemia in G6PD-d can be triggered by a 
range of oxidative agents, such as infections and certain foods and drugs, including 
antimalarial primaquine [5, 6].

During 2016–2017, the WHO reported that more than 16.7 million population 
in Indonesia were still living in high malaria transmission areas and the epidemio-
logical distribution of malaria confirmed cases were 218,450 with 161 deaths cases 
reported. The identification was by Plasmodium species: P. falciparum 62% and 
P. vivax 37%. Up to date in Indonesia, the only one available antimalarial treatment 
for radical cure is PQ with 0.25 mg/kg, unfortunately with unknown variant geno-
typing of G6PD-d [5]. However, a limited study data on the prevalence and variant 
genotyping of G6PD-d are available in Indonesia, especially in malaria endemic 
areas. Tantular et al. 2010 studied the genotyping of G6PD-d among students of 
7–12 years old in Maumere district, Flores Island, and found that the prevalence of 
G6PD-d was 4.4% (16/363) and also found there were five different variant geno-
typing of G6PD gene mutation although in a small population: 31% (5/16) Coimbra 
592 C>T, and 18.7% (3/16) Kaiping 1388 G>A; other case variants are Vanua 
Lava 383 T>C, Viangchan 871 G>A, and Chatam 1003 G>A, each one cases [4]. 
Satyagraha et al. 2015 studied that G6PD-d in Sumba District, Eastern Indonesia 
was 5.1% (104/2033) with the mean average; the activity of G6PD enzyme was 
<4.6 U/gHb, normal 10 U/gHb; however, in contradiction with others’ studies, the 
dominant genotypes were 98.5% (69/70) variant Vanua Lava 383 T>C [3]. Because 
G6PD-d caused chronic non-spherocytic haemolytic anaemia if PQ is consumed, 
and for this reason, the variant genotyping must be can identifiable in the endemic 
malaria areas; moreover, most of the G6PD-d are asymptomatic [7].

This study determines the prevalence of G6PD-d and the genotypes of G6PD 
mutation variants of malaria cases in malaria endemic, Eastern Indonesia, in part, 
upon previous reviews of variant G6PD-d genotyping by authors, and these may be 
consulted for more detailed information.

2. Methods

This study was undertaken at five sites (districts) with different levels of malaria 
endemic in East Nusa Tenggara Province (NTT), Eastern Indonesia. Ethic Approval 
for this study was approved by ethical committee of the Faculty of Medicine, 
Universitas Gadjah Mada, Yogyakarta, Indonesia, with reference no: KE/FK/85/
EC. Data were collected from August 2014 to September 2014, and the whole 
blood samples were taken from the previous study of Hutagalung et al. [8, 9]. The 
criteria of inclusion were positive malaria from thick and thin blood smears by 
Giemsa 3–5% and nested PCR [10], more than 14 years of age, and signed a written 
informed consent. The study areas were selected by Annual Parasites Incidence 
(API) based on Health office data 2013/2014 [4]. All participants were interviewed 
face to face with standard questionnaire, and before enrolment study, all the 
participants had a physical examination by local health practitioners.

A total of 64 samples diagnosed with G6PD-d were defined by a quantita-
tive G6PD-d test calculated and read at 340 nm/min with a spectrophotometer 
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according to the manufacturers’ protocols from the Randox G6PD test, UK, cat no: 
PD-410; normal G6PD is <6 U/gHb. The calculation of G6PD activity is as follows: 
G6PD mU/grHb = mU eritrosit per mL × 100/Hb g/dL. All the assessments of 
G6PD-d were observed with the G6PD normal control [11]. The assessment of the 
activity G6PD enzyme is as follows:

The DNA for G6PD genotyping was extracted from the frozen (−20°C) EDTA 
blood samples and the PCR using the Promega, USA (cat no. A−1120) [12], DNA 
Mini Kit manufactories protocols. G6PD gene PCR amplification and variant detec-
tion using five sets specific primers (25 mM) only for G6PD-d variant from exon 5, 
6, 9, 11 and 12 because the reason most common variants in Asia Nguyen et al. [13]. 
The total volume of PCR G6PD gene was performed in 30 μL total reaction (15 μL 
green master mix PCR, 1 μL each forward and reverse primer, 2 μL DNA template, 
and 11 μL nuclease free water/ddH2O). PCR temperature condition was followed by 
time melting (Tm) calculation. Positive and negative controls from known samples. 
The electrophoresis using 100 V and 55–60 minutes was run on agarose 1.5–2% 
from the Bioron-604001, Germany, containing 5 μL ethidium bromide, Promega, 
Madison, USA, cat. no. H-5041. The DNA ladder is of (2–3 μL) 100 bp, from the 
Vivantis, Selangor, Malaysia, cat. no. NL-1407. Finally to identified of genotyping 
of variant G6PD-d 25 μL PCR product for sequencing to Macrogen Laboratories and 
all the sequence of each samples was compared to the GenBank accession reference 
no. X-554481 [6]. The study flow was explained in Figure 1 and Table 1.

While the identification of the Plasmodium was using DNA isolation from the 
whole blood samples, which were collected from each participant, transferred in 
EDTA anticoagulant tube BD Vacutainer 5 mL, the identification of Plasmodium 
using double assignment microscopic test by Giemsa 3–5% followed nested PCR 
with five sets of primers (20 mM) with time melting PCR condition followed from 
Snounow et al. [10, 12].

Figure 1. 
The study flow.
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3. Results

A total of 64 samples were detected; G6PD-d samples from five district study 
areas in South Central Timor District, East Nusa Tenggara Province, the Eastern 
Indonesia were included (Figure 2 and Table 2), in which the mean of age was 
42 years old (16–80 years old). During the study, 8.3% (15/181) samples with 
G6PD-d were infected with malaria. The result of this study showed that the mean 
average of the activity of G6PD enzyme of the samples was <10.4 U/gHb. The 
haemoglobin were no different between G6PD-d and normal 13.4 gr/dL (11–17 gr/
dL). Almost all the samples were original from Timor ethnicity 99.8% (63/64). The 
prevalence of malaria in G6PD-d was 8.3%, in which P. vivax was the dominant spe-
cies. However, this study results that the mix infection of malaria in G6PD-d were 
the P. falcifarum and the P. vivax infection which was 16.6% (3/15).

This map presents the distribution of the samples were G6PD-d in eastern 
Indonesia follows the malaria cases. The biggest cases were found in Oinlasi district 
45.3% (29/64). However, all the sub-district also present the G6PD-d cases.

Figure 2. 
Map of the five study areas and the distribution of the samples in South Central Timor District, East Nusa 
Tenggara, Province (Prov. NTT), Eastern Indonesia.

Results of G6PD (U/gHb) (+) Malaria/% (−) Malaria/% Total/%

Severe deficient 0–3 6/24 19/76 25/39

Moderate deficient 4–6 9/8.8 30/11 39/61

Total 15/23.4 49/76.6 64/100

Table 1. 
Results of G6PD quantitative test (n = 64), G6PD deficiency test from Randox G6PD test, UK, cat no: PD-410.
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Across the samples of G6PD-d, this study found that the significant 39% (25/64) 
was severe G6PD-d with the result of quantitative test <3 U/gHb. However, in 
line with this study, were also it was found that 23.4% (15/64) G6PD-d was due to 
malaria infection.

Totally, we analysed 64 samples with positive G6PD-d from five districts in 
Eastern Indonesia randomly. Among 15 samples with G6PD-d positive malaria 
dominantly were female 73.3% (11/15); these results in line with 76.5% (49/64) of 
the G6PD-d were also female 57.1% (28/49).

From the sequence analysis result most of the sequence we can not identified the 
mutation of the samples only 9.4% (6/64) identified with variant G6PD-d Vanua Lava 
(10.884 T>C) amino acid substitution and we also founded 4.6% (3/64) with unknown 
mutation. G6PD genotypes dominant were Vanua Lava (10.884 T>C) in exon 5 with 
amino acid substitution and unknown mutation 13.153 T>C in exon 9, respectively.

4. Discussion

This study findings 9.4% G6PD-d prevalence with variant Vanua Lava 10.884 
T>C were dominant (WHO classifies in to class II with severe deficiency <10% the 
enzyme activity). This study result relevant with the previous study of G6PD-d 
prevalence in Asia among malaria patients from public health centre in Myanmar 
was 19.8% (50/252), and at the endemic malaria population areas in Sri Lanka 
10.9% (225/2059), showing the prevalence; however, very different to the result of 
variant genotyping for G6PD-d the most dominant are variant Mahidol 487 G>A 
and Kaiping 1388 G>A, the varied in of G6PD-d we notion caused of the different 
of region and the ethnic status [14, 15]. Unfortunately, this study resulted with the 
prevalence more higher than the previous study in the same island and showed that 
the prevalence of G6PD-d was 5.9% (104/2033); however, this study still significant 
consisted with the variant genotyping were Vanua Lava 10.884 T>C was dominant, 
caused the same of region and ethnicity [3].

This result imposes a greater complexity to consider such antimalarial PQ 
therapy as more complicated. From the postulated evolution of G6PD-d, it is 
possible that the frequency of malaria is lower in patient with G6PD-d, though a 
protective effect against [14]. This consisted of the G6PD-d lower prevalence 7.8% 
(15/191) vs. non-deficiency 25.6% (49/191). However, from the previous study, in 
Indonesia, it was showed that there was significance between G6PD-d with malaria 
infection p ≤ 0.001 [3, 16]. We would conclude from the theory and previous study 
that the individual with G6PD-d would perhaps more prove vulnerable and very 
sensitive to antimalarial PQ therapy in terms of risk of anaemia haemolytic and 

Mutation Variant Location Amino acid Enzyme activity

10.884 T>C Vanua lava Exon-5 128 Leu > Pro <10% normal

— — Exon-6

13.153 T>C Unknown Exon-9 372 Ser > Pro <10% normal

— — Exon-11

— — Exon-12

Table 2. 
The G6PD genotypes in South Central Timor District, East Nusa Tenggara Province, Eastern Indonesia. 
GenBank accession reference no. X-554481 [6].
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Indonesia follows the malaria cases. The biggest cases were found in Oinlasi district 
45.3% (29/64). However, all the sub-district also present the G6PD-d cases.

Figure 2. 
Map of the five study areas and the distribution of the samples in South Central Timor District, East Nusa 
Tenggara, Province (Prov. NTT), Eastern Indonesia.

Results of G6PD (U/gHb) (+) Malaria/% (−) Malaria/% Total/%

Severe deficient 0–3 6/24 19/76 25/39

Moderate deficient 4–6 9/8.8 30/11 39/61

Total 15/23.4 49/76.6 64/100

Table 1. 
Results of G6PD quantitative test (n = 64), G6PD deficiency test from Randox G6PD test, UK, cat no: PD-410.
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Across the samples of G6PD-d, this study found that the significant 39% (25/64) 
was severe G6PD-d with the result of quantitative test <3 U/gHb. However, in 
line with this study, were also it was found that 23.4% (15/64) G6PD-d was due to 
malaria infection.

Totally, we analysed 64 samples with positive G6PD-d from five districts in 
Eastern Indonesia randomly. Among 15 samples with G6PD-d positive malaria 
dominantly were female 73.3% (11/15); these results in line with 76.5% (49/64) of 
the G6PD-d were also female 57.1% (28/49).

From the sequence analysis result most of the sequence we can not identified the 
mutation of the samples only 9.4% (6/64) identified with variant G6PD-d Vanua Lava 
(10.884 T>C) amino acid substitution and we also founded 4.6% (3/64) with unknown 
mutation. G6PD genotypes dominant were Vanua Lava (10.884 T>C) in exon 5 with 
amino acid substitution and unknown mutation 13.153 T>C in exon 9, respectively.

4. Discussion

This study findings 9.4% G6PD-d prevalence with variant Vanua Lava 10.884 
T>C were dominant (WHO classifies in to class II with severe deficiency <10% the 
enzyme activity). This study result relevant with the previous study of G6PD-d 
prevalence in Asia among malaria patients from public health centre in Myanmar 
was 19.8% (50/252), and at the endemic malaria population areas in Sri Lanka 
10.9% (225/2059), showing the prevalence; however, very different to the result of 
variant genotyping for G6PD-d the most dominant are variant Mahidol 487 G>A 
and Kaiping 1388 G>A, the varied in of G6PD-d we notion caused of the different 
of region and the ethnic status [14, 15]. Unfortunately, this study resulted with the 
prevalence more higher than the previous study in the same island and showed that 
the prevalence of G6PD-d was 5.9% (104/2033); however, this study still significant 
consisted with the variant genotyping were Vanua Lava 10.884 T>C was dominant, 
caused the same of region and ethnicity [3].

This result imposes a greater complexity to consider such antimalarial PQ 
therapy as more complicated. From the postulated evolution of G6PD-d, it is 
possible that the frequency of malaria is lower in patient with G6PD-d, though a 
protective effect against [14]. This consisted of the G6PD-d lower prevalence 7.8% 
(15/191) vs. non-deficiency 25.6% (49/191). However, from the previous study, in 
Indonesia, it was showed that there was significance between G6PD-d with malaria 
infection p ≤ 0.001 [3, 16]. We would conclude from the theory and previous study 
that the individual with G6PD-d would perhaps more prove vulnerable and very 
sensitive to antimalarial PQ therapy in terms of risk of anaemia haemolytic and 

Mutation Variant Location Amino acid Enzyme activity

10.884 T>C Vanua lava Exon-5 128 Leu > Pro <10% normal

— — Exon-6

13.153 T>C Unknown Exon-9 372 Ser > Pro <10% normal

— — Exon-11

— — Exon-12

Table 2. 
The G6PD genotypes in South Central Timor District, East Nusa Tenggara Province, Eastern Indonesia. 
GenBank accession reference no. X-554481 [6].
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the variant genotyping [15, 17]. Authors suggest that G6PD-d induced haemolytic 
anaemia within 14 days after drug administration of PQ; to prevent this side effect, 
screening of G6PD-d is necessary prior to drug administration of PQ in malaria 
patients. Indeed, screening for G6PD-d prior to PQ therapy would likely must to 
be required to protect patients diagnosed especially with P. vivax infection [12, 17]. 
High G6PD-d were found in endemic malaria areas from public health perspective 
it is remains screening of G6PD-d testing must have to be taken, because in Eastern 
Indonesia until currently the combination of the PQ with ACT as the only remains 
for the first line antimalarial drug for radical cure hypnozoites and control for 
malaria transmission [18, 10, 19, 20]. Indeed, the risk associated with its use must 
be minimized during reach elimination phases [11, 9]. Patient with malaria should 
be tested for the enzyme activities and adequately be informed before administra-
tion of PQ after knowing the G6PD-d status of the patient, which is a pre-requisite 
for prescribing PQ with lower doses for individual. The WHO suggests using an 
intermittent PQ regimen of 0.75 mg base/kg once a week for 8 weeks to help malaria 
pre-elimination program smoothly [3, 21].

From this study, the prevalence of malaria based on the nested PCR result 32.6% 
was found with the P. vivax and P. falciparum dominants. Malaria is a major public 
health burden in Eastern Indonesia. High asymptomatic infection revealed in this 
study implied with the fact that asymptomatic malaria is common in high malari-
ous areas and highlighted that low parasitemia or asymptomatic cases should be 
identified during implementation of the malaria elimination program [22, 23, 24]. 
This study suggests the active and passive case findings coupled with periodic mass 
blood surveys (MBS), case management with effective drugs, vector control and 
good surveillance more needed [25, 10]. This study also agreed about the prevalence 
of malaria by n-PCR resulted from the previous study from around in malaria 
endemic areas in Indonesia, Papua from 2004 to 2013 the study showing the mean 
average of the prevalence above 5–29.7% and higher resulted in Papua, Indonesia 
53.3% (86.799/162.966) and more higher in children vs. adult people [23, 19]. This 
study is also relevant with the study measurement of the prevalence of malaria in 
other studies in Eastern Indonesia; but, it was still found that the prevalence was 
46.4% (86.797/186.869). This study suggested that malaria infection associated with 
haematological impact diseases, such anaemia and morbidity also greater mortality 
caused malaria, therefore the public health very importance to plan how to control 
strategies in areas were the malaria infection was high [26, 27].

Mapping results almost all for the population at risk show that G6PD-d cases fol-
low with the malaria distribution cases. The malaria risk displaying whole area study 
site, here additionally advantage this maps provide the base for design of the surveil-
lance strategy and will be fully implemented by targeted inland hotspot for prevent 
outbreak occurred and endemicity maps were used to estimate real incidence 
malaria and G6PD-d in areas for pre-elimination began [28, 14]. In summary, our 
survey of G6PD-d in Eastern Indonesia the variant of Vanua Lava (10.884 T>C) was 
relative common among Asia and Eastern Indonesia. The significant risk for increase 
of the haemolytic cases after the PQ treatment has potential to induce oxidative 
stress. G6PD-d assessment should be done before antimalarial drug administration.

5. Conclusion and recommendation

The Prevalence of G6PD-d in South Central Timor District was 11.5% with vari-
ant G6PD-d Vanua Lava (WHO class II) dominant, means required screen before 
giving the administration of PQ and further research is needed to identified samples 
with unknown mutations.
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screening of G6PD-d is necessary prior to drug administration of PQ in malaria 
patients. Indeed, screening for G6PD-d prior to PQ therapy would likely must to 
be required to protect patients diagnosed especially with P. vivax infection [12, 17]. 
High G6PD-d were found in endemic malaria areas from public health perspective 
it is remains screening of G6PD-d testing must have to be taken, because in Eastern 
Indonesia until currently the combination of the PQ with ACT as the only remains 
for the first line antimalarial drug for radical cure hypnozoites and control for 
malaria transmission [18, 10, 19, 20]. Indeed, the risk associated with its use must 
be minimized during reach elimination phases [11, 9]. Patient with malaria should 
be tested for the enzyme activities and adequately be informed before administra-
tion of PQ after knowing the G6PD-d status of the patient, which is a pre-requisite 
for prescribing PQ with lower doses for individual. The WHO suggests using an 
intermittent PQ regimen of 0.75 mg base/kg once a week for 8 weeks to help malaria 
pre-elimination program smoothly [3, 21].

From this study, the prevalence of malaria based on the nested PCR result 32.6% 
was found with the P. vivax and P. falciparum dominants. Malaria is a major public 
health burden in Eastern Indonesia. High asymptomatic infection revealed in this 
study implied with the fact that asymptomatic malaria is common in high malari-
ous areas and highlighted that low parasitemia or asymptomatic cases should be 
identified during implementation of the malaria elimination program [22, 23, 24]. 
This study suggests the active and passive case findings coupled with periodic mass 
blood surveys (MBS), case management with effective drugs, vector control and 
good surveillance more needed [25, 10]. This study also agreed about the prevalence 
of malaria by n-PCR resulted from the previous study from around in malaria 
endemic areas in Indonesia, Papua from 2004 to 2013 the study showing the mean 
average of the prevalence above 5–29.7% and higher resulted in Papua, Indonesia 
53.3% (86.799/162.966) and more higher in children vs. adult people [23, 19]. This 
study is also relevant with the study measurement of the prevalence of malaria in 
other studies in Eastern Indonesia; but, it was still found that the prevalence was 
46.4% (86.797/186.869). This study suggested that malaria infection associated with 
haematological impact diseases, such anaemia and morbidity also greater mortality 
caused malaria, therefore the public health very importance to plan how to control 
strategies in areas were the malaria infection was high [26, 27].

Mapping results almost all for the population at risk show that G6PD-d cases fol-
low with the malaria distribution cases. The malaria risk displaying whole area study 
site, here additionally advantage this maps provide the base for design of the surveil-
lance strategy and will be fully implemented by targeted inland hotspot for prevent 
outbreak occurred and endemicity maps were used to estimate real incidence 
malaria and G6PD-d in areas for pre-elimination began [28, 14]. In summary, our 
survey of G6PD-d in Eastern Indonesia the variant of Vanua Lava (10.884 T>C) was 
relative common among Asia and Eastern Indonesia. The significant risk for increase 
of the haemolytic cases after the PQ treatment has potential to induce oxidative 
stress. G6PD-d assessment should be done before antimalarial drug administration.

5. Conclusion and recommendation

The Prevalence of G6PD-d in South Central Timor District was 11.5% with vari-
ant G6PD-d Vanua Lava (WHO class II) dominant, means required screen before 
giving the administration of PQ and further research is needed to identified samples 
with unknown mutations.
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Chapter 8

Two Endemic Primates’ Species 
in China: Hainan Gibbon and 
Guizhou Snub-Nosed Monkey
Jiang Zhou and Huaiqing Deng

Abstract

Hainan gibbon (Nomascus hainanus) is the most threatened species of gib-
bon, the endemic primates of China. Currently, there were only 4 groups 
no more than 30 individuals left, which is only distributed in a 16 km2 area 
(H: 800–1280 m) of Bawangling National Nature Reserve of Hainan island in 
China. The social structure of the Hainan gibbon is polygynous, with one adult 
male pairing with two adult females. Hainan gibbon research has always been one 
of the hot spots of primate research, mainly concentrated in ecology, behavior, 
and genetic research. Here, we mainly reported the classification, historical 
population changes, community structure, dietary, reproductive and song 
behavior of Hainan gibbon. We also reported the other unique primate of China: 
Guizhou snub-nosed monkey.

Keywords: primate, species, China, Hainan gibbon, Guizhou snub-nosed monkey 
classification

1. Introduction

Hainan gibbon (Nomascus hainanus) is the most threatened species of gibbon, 
the endemic primates of China. Currently, there were only 4 groups no more than 
30 individuals left, which is only distributed in in a 16 km2 area (H: 800–1280 m) 
of Bawangling National Nature Reserve of Hainan island in China [1]. The social 
structure of the Hainan gibbon is polygynous, with one adult male pairing with 
two adult females [2]. Hainan gibbon research has always been one of the hot 
spots of primate research, mainly concentrated in ecology, behavior, and genetic 
research.

Guizhou snub-nosed monkey (Rhinopithecus brelichi) belong to the primates, 
Cercopithecidae, Colobinae, Rhinopithecus, is one of the most endangered (En) spe-
cies and first-class protected animals in China, according to the International Union 
for the Conservation of Nature and Natural Resources [3]. These monkeys reside 
only at the Fanjingshan National Nature Reserve (FNNR) in a narrow habitat that 
can fragment severely under risky survival conditions [4]. Similar to other Chinese 
snub-nosed monkey species, habitat destruction is a potential threat to the survival 
of the Guizhou snub-nosed monkey [5, 6], and suitable habitat at low altitudes has 
come under increased pressure in the FNNR. Due to the development of tourism 
at both FNNR and Mt Fanjingshan, the habitat of the monkey has become severely 
disturbed.
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We summarized these two primates species research results in recent years as 
follows.

2. Methodology

2.1 Literature collection

By searching for the historical documents, to understand the Hainan gibbon 
name origin and classification changes. Hainan gibbon and Guizhou snub-nosed 
monkey ecological characteristics such as population change, population structure 
and distribution.

2.2 Wild survey

We have 18 years of wild survey for Hainan gibbon in Bawangling nature reserve 
since 2002. We also interviewed residents to understand the history of Hainan 
gibbon distribution and the current status. Hainan gibbon has the characteristics of 
aloud singing in the morning. So, we can determine the location of Hainan gibbon 
according to singing and track observation. We used a recorder to record the Hainan 
gibbons’ songs behavior and alarm calls. We also observed the reproductive behav-
ior, feeding behavior and other behaviors. To understand the Hainan gibbon habitat 
for plants, we set up 85 quadrants (30 × 30 m) of plants according to the elevation 
gradient at an altitude of 600–1200 m in Bawangling nature reserve.

Guizhou snub-nosed monkey is only distributed in Fanjingshan National Nature 
Reserve, Guizhou, China. The area of this reserve is 567 km2 (27°46′50″–28°1′30″N, 
108°45′55″–108°48′30″E). We used telescope to observe the behavior of monkeys, 
such as feeding behavior, breeding behavior, resting and playing behavior. At the 
same time, we used GPS to record the location of behavior. We collected the plant 
specimens of the monkeys feeding for species identification, and record the part of 
the plant was consumed by the monkeys.

To understand the habitat conditions of Guizhou snub-nosed monkey, we set 
up 100 botanical plots at different altitude in the Fanjingshan National Nature 
Reserve. The area of each plot was 500 m2. The plant species name and number of 
the botanical plots were recorded. The species of relative base coverage, relative 
frequency and relative density were analyzed.

3. Results

3.1 Species description of the two primates

3.1.1 Classification of the Hainan gibbon

Hainan gibbon (Nomascus hainanus) (Figure 1) is the earliest named for the first 
time as a new species of Hylobates hainanus by Thomas [7] according to a specimen 
of the Hainan gibbon stored in the British natural history museum. Since then, the 
classification status of the Hainan gibbon has gone through several changes; first 
Pocock [8] put it as the Hylobates nasutus species; then Delacour [9] argued that the 
Hainan is supposed to be a subspecies of black gibbons (H. naustus) from Tonkin 
regions, and named H. concolor hainanus. But later, researchers found that they are 
significantly different in shape, color and other characteristics between them; so, 
the Hainan gibbon is taken as an independent subspecies [10–14]. Chinese scholars 
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Su Bing et al. [15] by molecular genetic evidence proved the Hainan gibbon and 
other black gibbons have bigger difference in molecular level , and it should be 
an independent species. Geissmann [16] classified the Hainan gibbon as Hainan 
subspecies (Nomascus sp. cf. Nasutus hainanus) of East black gibbons, according to 
the differences in color and singing behavior; after that Brandon-Jones et al. [17] 
proved Hainan gibbons and East black gibbon are supposed to be two different 
subspecies by the evidence of molecular biology. Recent research results show the 
Hainan gibbon is an independent gibbon species based on morphology and singing 
behavior [18–21].

3.1.2 Morphological features of Rhinopithecus brelichi

In 1903, the British biologist Thomas visited Fanjingshan and named the 
Fanjingshan snub-nosed monkey as Guizhou snub-nosed monkey (Rhinopithecus 
brelichi) (Figure 2).

Guizhou snub-nosed monkey is smaller as Sichuan snub-nosed monkey mor-
phologically, but the tail is longer than Sichuan snub-nosed monkey. Body length of 
Guizhou snub-nosed monkey is 637–690 mm and tail length is 846–905 mm. The 

Figure 1. 
The adult female of the Hainan gibbon with infant.

Figure 2. 
Wild Guizhou snub-nosed monkey in Fanjingshan National Nature reserve.
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nose of the monkeys is slightly concave downward. The color of face is gray or pale 
blue. The body of Guizhou snub-nosed monkey is gray in color, with clear white 
patch between the shoulders. From the shoulders down the upper lateral to the 
back of hand, the color changes from light gray gradient in brown to black. Under 
the neck, armpit and upper limb inside are gold, sharing yellowish gray color. Tail 
base is dark gray, to the end changes to black or yellowish-white, black around the 
callosity. Juveniles color were pale, perfect silver gray. The tail was dark gray end of 
yellow-white.

3.2 Historical population of the two primates

3.2.1 Historical population changes in Hainan gibbons

Hainan gibbons were widely distributed in Hainan province until the 1960s. 
In the early 1950 s, there were still about 2000 individuals of Hainan Gibbons in 
Hainan Island. In 1978, the Hainan gibbon has narrowed the range of the Baisha 
County, Qiongzhong County and Limushan Mountain, population has dropped 
to only 450–500 individuals. But by the early 1990s, they were distributed only in 
Bawangling National Nature Reserve. The other sub-populations were extirpated 
during a period of logging and hunting between 1960 and 1980. The current popu-
lation increased from a total of 10 individuals in 2–3 groups in 1978 to 21 individuals 
in 4 groups in 1988 [2]. The population decreased to 15 in 1993 as a result of hunting 
[22]. There were only 13 individuals remaining in 2002, including 6 in group A 
(including 2 infants), 5 in group B (including 1 infant) and 2 solitary individuals. 
Population changes in recent years is shown in Figure 3. The rate of population 
recovery has increased progressively since then and increasing up to 26 in 2013 
[23]. A new family group C is formed in the summer of 2011, later the group D is 
formed in 2016. As a result of male and female sex ratio, the female is less, so the 
newly formed group D has only one adult female. An infant was born in group C in 
2018, now there were 4 groups of Hainan gibbon and 28 individuals distributed in 
Bawangling National Nature Reserve.

3.2.2  Historical population and distribution changes of Guizhou snub-nosed 
monkeys

Quan and Xie [24] first reported that Guizhou snub-nosed monkey population is 
about 200 individuals, Tan [25] conducted preliminary investigation, and esti-
mated its population to be 300–500. Eudey [26] reported that Guizhou snub-nosed 

Figure 3. 
The changing number of the Hainan gibbon population in the Bawangling natural reserve.
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monkeys do not exceed the total number of 500–670. In 1993, the Fanjingshan 
National Nature Reserve reported that the population of Guizhou snub-nosed 
monkeys was estimated at 764 individuals [27]. Bleisch [28] reported there are 800 
individuals, Quan and Xie [29] think the population is about 500 individuals. Yang 
et al. [27] identified the wild populations as 750–764 after years of investigation. 
Then the survey indicates that the population size is approximately 750 monkeys 
[30]. A recent population survey shows that the Guizhou snub-nosed monkeys is 
661–710, belonging to 94 “family groups” [31], almost unchanged from 1993. The 
Rhinopithecus brelichi acts as a group structure, mainly active in four regions in the 
Fanjingshan National Nature Reserve. Each group consists of 2–10 family groups 
with the smallest family size consisting of 1 male and 1 female. The common family 
group consists of 1 adult male and 2–4 adult female individuals, and sub-adult indi-
viduals, young individuals and infants. Compared with R. bieti and R. roxellana, the 
Guizhou snub-nosed monkeys have a lower diversity of mitochondria DNA, which 
is vulnerable to environmental changes or climate oscillations [32–34].

However, the range of habitats available to the Guizhou snub-nosed monkey 
has changed dramatically. In the 1960s, Guizhou snub-nosed monkeys were often 
observed at an elevation of 500 m [29]. In the 1980s, they were commonly observed 
at 800 m and above [29]. Studies conducted in 1990s and between 2000 and 2009 
showed an elevation range 1400–2100 m [4, 29, 30]. Now they are distributed in the 
nature reserve with the altitude 900–2180 m [31].

3.2.3 Artificial breeding of Guizhou snub-nosed monkey

In 1992, the state forestry administration approved Fanjingshan national nature 
reserve captured seven individuals from wild to conduct breeding research in view 
of Guizhou snub-nosed monkey fewer wild populations, small range of habitats 
and particularly high extinction coefficient. After 3 years of hard work, the first 
artificial breeding of Guizhou snub-nosed monkey was born in 1995. In 2005, the 
scientific research personnel of Fanjingshan national nature reserve administration 
succeeded in breeding the second generation of Guizhou snub-nosed monkey.

Generally speaking, the wild animals captive breeding reach the second genera-
tion and reach a certain amount, the animal’s growth is good, it marked the artificial 
breeding technology is complete maturity. But by the end of 2015, Fanjingshan 
national nature reserve administration only had five individuals of Guizhou snub-
nosed monkey. In 2007, Fanjingshan national nature reserve gave one male and one 
female captivity Guizhou snub-nosed monkey to the state forestry administration 
in Beijing Daxing wildlife rescue center, later transferred to Beijing Zoo breeding, 
just one infant was born in 2013. The captive populations of Guizhou snub-nosed 
monkey also have a lot of problems in terms of breeding.

3.3 Ecology research of the two primates

3.3.1 Hainan gibbon community structure

Gibbon’s main social organization is monogamy, the average group size of four 
individuals [35], but in the black gibbon is polygamy [36]. While Hainan gibbon 
group size is commonly four to nine individuals, each group including one adult 
male, two adult females and their offspring [2, 37]. Jiang et al. [38] research results 
show that the two groups of Hainan Gibbon, which is distributed in Bawangling 
National Nature Reserve gibbon began in 1986, each family group has an adult 
male and two adult females. In 1994, a new family group formed its social structure 
is monogamy, but the original two family group still has one adult male and two 
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adult females. By 1997, the newly formed family group becomes the second wife of 
the social structure, protection zones of all three group of gibbon to form the two 
adult females social structure. During 2002–2015, when we are doing research in 
Bawangling National Nature Reserve of Hainan province, we found that one newly 
family group was formed in 2011, the new group social structure also has one adult 
male and two adult females. We also found in the process of investigation and 
research of Hainan gibbon, the biggest extended family group size is nine individu-
als; when the males of family group are about to reach sexual maturity, they are 
automatically expelled by adult male of family group leaving birth group, generally 
in independent living surrounding the family unit.

3.3.2 Habitat and the home range of Hainan gibbon

Chivers [39] reported that the gibbons generally live in tropical lowland rain-
forest or subtropical mountain evergreen broad-leaved forest, occasionally some 
species will be distributed in evergreen forest and half deciduous forest near the 
northern mixed environment. Hainan gibbon research started relatively late, the 
first habitat research was completed by Liu et al. [40], in their study they showed 
that in Bawangling nature reserve, the Hainan gibbon’s general activities were at an 
altitude of 800–1200 m, home range area is larger.

The early results of Hainan gibbon’s home range is 3.05–5.0 km2 [41], the later 
scholars used GIS system to calculate the home range is 5.48–9.87 km2 [42, 43]. 
Hainan gibbon’s home range is far greater than other species of gibbon family 
groups, such as living in Thailand region of white palm gibbon and Java moloch gib-
bons domain area of only 0.16 and 0.17 km2, life in Bangladesh hoolock gibbons and 
Malaya area of lar gibbons has larger home range area of only 0.45–0.56 km2 [44].

3.3.3 Temporal habitat utilization of Guizhou snub-nosed monkey

To investigate the vegetation distribution of Guizhou snub-nosed monkey habi-
tat, botanical plots were set up at 1500, 1700, 1900, and 2100 m in the FNNR. This 
is the altitudinal range the monkeys exploited. Each plot was 50 m (altitude) × 10 m 
(width) or 500 m2. Plot size was based on the steeply sloped nature of the landscape 
of the Fanjingshan Mountain. The total number of botanical plots constructed and 
monitored was 100. We identified 236 species from 125 genera and 72 families in 
the 100 botanical plots, which included 183 tree species (75 genera and 42 families) 
and 53 vine species from 26 genera and 16 families. The Shannon-Wiener diversity 
and evenness indices for each vegetation community were higher at elevations 
1700 m and 1900 m (H = 5.97 nit, E = 0.85, H = 5.70 nit, E = 0.87) and lower at 
elevations of 1500 m and 2100 m (H = 5.24 nit, E = 0.82; H = 4.64 nit, E = 0.83).

The exploitation of resources used by Guizhou snub-nosed monkey varied sig-
nificantly by elevation among seasons (Kruskal-Wallis, X2 = 9.746, df = 3, p < 0.05). 
From January to March (Spring), the elevational range (537–668 m) and daily 
distance travel (5200–7000 m) was greatest. In contrast during the summer and fall 
(April–September), the two seasons had the lowest elevational range of 144 m and 
the lowest daily distance travel of 550 m. From October to December (winter), the 
elevational range and daily distance travel gradually increased (Table 1).

3.3.4 Dietary of Hainan gibbons

We conducted dietary composition study of Hainan gibbons in Bawangling 
National Nature Reserve in China from August 2002 to August 2014. Total field 
observation days of all groups were up to 584, and accumulated 3400 h. The results 
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adult females. By 1997, the newly formed family group becomes the second wife of 
the social structure, protection zones of all three group of gibbon to form the two 
adult females social structure. During 2002–2015, when we are doing research in 
Bawangling National Nature Reserve of Hainan province, we found that one newly 
family group was formed in 2011, the new group social structure also has one adult 
male and two adult females. We also found in the process of investigation and 
research of Hainan gibbon, the biggest extended family group size is nine individu-
als; when the males of family group are about to reach sexual maturity, they are 
automatically expelled by adult male of family group leaving birth group, generally 
in independent living surrounding the family unit.

3.3.2 Habitat and the home range of Hainan gibbon

Chivers [39] reported that the gibbons generally live in tropical lowland rain-
forest or subtropical mountain evergreen broad-leaved forest, occasionally some 
species will be distributed in evergreen forest and half deciduous forest near the 
northern mixed environment. Hainan gibbon research started relatively late, the 
first habitat research was completed by Liu et al. [40], in their study they showed 
that in Bawangling nature reserve, the Hainan gibbon’s general activities were at an 
altitude of 800–1200 m, home range area is larger.

The early results of Hainan gibbon’s home range is 3.05–5.0 km2 [41], the later 
scholars used GIS system to calculate the home range is 5.48–9.87 km2 [42, 43]. 
Hainan gibbon’s home range is far greater than other species of gibbon family 
groups, such as living in Thailand region of white palm gibbon and Java moloch gib-
bons domain area of only 0.16 and 0.17 km2, life in Bangladesh hoolock gibbons and 
Malaya area of lar gibbons has larger home range area of only 0.45–0.56 km2 [44].

3.3.3 Temporal habitat utilization of Guizhou snub-nosed monkey

To investigate the vegetation distribution of Guizhou snub-nosed monkey habi-
tat, botanical plots were set up at 1500, 1700, 1900, and 2100 m in the FNNR. This 
is the altitudinal range the monkeys exploited. Each plot was 50 m (altitude) × 10 m 
(width) or 500 m2. Plot size was based on the steeply sloped nature of the landscape 
of the Fanjingshan Mountain. The total number of botanical plots constructed and 
monitored was 100. We identified 236 species from 125 genera and 72 families in 
the 100 botanical plots, which included 183 tree species (75 genera and 42 families) 
and 53 vine species from 26 genera and 16 families. The Shannon-Wiener diversity 
and evenness indices for each vegetation community were higher at elevations 
1700 m and 1900 m (H = 5.97 nit, E = 0.85, H = 5.70 nit, E = 0.87) and lower at 
elevations of 1500 m and 2100 m (H = 5.24 nit, E = 0.82; H = 4.64 nit, E = 0.83).

The exploitation of resources used by Guizhou snub-nosed monkey varied sig-
nificantly by elevation among seasons (Kruskal-Wallis, X2 = 9.746, df = 3, p < 0.05). 
From January to March (Spring), the elevational range (537–668 m) and daily 
distance travel (5200–7000 m) was greatest. In contrast during the summer and fall 
(April–September), the two seasons had the lowest elevational range of 144 m and 
the lowest daily distance travel of 550 m. From October to December (winter), the 
elevational range and daily distance travel gradually increased (Table 1).

3.3.4 Dietary of Hainan gibbons

We conducted dietary composition study of Hainan gibbons in Bawangling 
National Nature Reserve in China from August 2002 to August 2014. Total field 
observation days of all groups were up to 584, and accumulated 3400 h. The results 
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show that Hainan gibbons consumed 133 plant species [46]. Of the plant species 
eaten, 81.1% were trees, 15.9% were lianas and 3.0% were herbs. Hainan gibbon 
spent 64.8% of feeding time on fruits, followed by on leaves (28.8%), buds (5.5%), 
flowers (0.6%) and animals feed (0.3%). The Hainan gibbon consumed fruits from 
14 Ficus species, whereas it only accounts for 7.2% of the feeding time. The most 
commonly used part of a plant was ripe fruit in general. Five kinds of animal feed 
were eaten including young birds, bird eggs, spiders, termites and pupae.

Family Species Feeding part

Anacardiaceae Choerospondias axillaris Fr

Annonaceae Oncodostigma hainanense Fr

Pouteria hainanense Fr

Polyalthia laui Fr

Apocynaceae Melodinus suaveolens Fr

Araliaceae Schefflera octophylla Fr, L

Burseraceae Canarium album Fr

Elaeocarpaceae Elaeocarpus apiculatus Fr

Elaeocarpus sylvestris Fr

Euphorbiaceae Baccaurea ramiflora Fr

Bischofia javanica Fr

Endospermum chinense Fr, L

Guttiferae Garcinia multiflora Fr

Garcinia oblongifolia Fr

Lauraceae Litsea baviensis Fr

Machilus chinensis Fr

Moraceae Artocarpus styracifolius Fr

Ficus esquiroliana Fr

Ficus harmandi Fr

Ficus tinctoria Fr

Ficus variegata Fr

Ficus virens Fr, L

Myrtaceae Acmena acuminatissima Fr

Papilionaceae Derris trifoliata L

Polygalaceae Xanthophyllum hainanense L

Proteaceae Helicia kwangtungensis Fr

Rubiaceae Mussaenda hainanensis L

Nephelium lappaceum Fr

Tiliaceae Microcos paniculata Fr

Ulmaceae Gironniera subaequalis planch Fr

Vitaceae Tetrastigma cauliflorum Fr

Note: Part(s) eaten: L, leaves, Fr, fruit, Fl, flowers.

Table 2. 
Plant species that can be used by Hainan gibbons per year at Bawangling National Nature Reserve.
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The dominant plant families were Moraceae, Annonaceae, Lauraceae and 
Myrtaceae, with more than seven species. Hainan gibbons feed on two kinds of 
Leguminosae plants, Derris trifoliata and Millettia pachyloba, consuming their tender 
leaves during dry season, when other food is scarce. Plant family and species such as 
Moraceae, Pouteria hainanense, Canarium album and Gnetum montanum are the major 
food sources of Hainan gibbon, but during the dry season they bear only a few fruits.

There were only 32 food species repeatedly used by Hainan gibbons each year 
(Table 2), and 18.7% of species leaves were eaten [46]. There are few fig species 
available as foods especially in the dry season. In this season, due to less precipita-
tion, Ficus fruit and non-figs become scarce and less available. Hainan Gibbons eat 
more tender leaves and increase their feeding time to live through this period.

3.3.5 Food resource distribution and availability of Guizhou snub-nosed monkey

The Guizhou snub-nosed monkeys were observed to feed on a total of 104 spe-
cies from 51 genera and 31 families. These included 84 tree species from 41 genera 
and 26 families, representing 45.9% of the total number of tree species, and 20 vine 
species from 10 genera and 7 families, representing 37.7% of the total vine species. 
The IVI percentages of the feeding trees species at various elevations were: 65.5% at 
1500 m, 65.6% at 1700 m, 72.9% at 1900 m and 58.7% at 2100 m. The IVI percent-
age of feeding trees accounted for 66.4% of the total number of records in the plots.

The plant species consumed by the Guizhou snub-nosed monkey varied signifi-
cantly among seasons. (Kruskal-Wallis, X2 = 8.897, df = 3, p < 0.05). From January 
to March, 34 feeding trees species accounting for 32.7% of the diet were consumed, 
mainly the buds of Pterostyrax psilophyllus, Prunus grayana, Carpinus kweichowensis, 
Betula austrosinensis, Styrax japonica, Sassafras tzumu and Acer flabellatum. From April 
to June, 64 feeding trees species accounting for 61.5% of the diet were consumed, 
mainly the leaves of Tilia tuan, Prunus grayana, Styrax faber, Cyclobalanopsis gracilis, 
Cladrastis sinensi and Sorbus wilsoniana and fruits of Prunus grayana. From July to 
September, 81 feeding trees species accounting for 77.9% of the diet were consumed, 
mainly the leaves of Prunus grayana, Tilia, Litsea cubeba and Styrax japonica and the 
fruits of Dendrobenthamia and Acer davidii. Finally, from October to December, 52 
feeding trees species accounting for 50% of the diet were consumed, mainly the fruits 
and seeds of Dendrobenthamia, Cerasus serrulata, Sorbus megalocarpa and Camellia 
and the buds of Magnolia sprengeri. The monkeys fed on a core set of 28 species during 
all seasons the year, which accounted for 15.3% of the total number of species con-
sumed. In addition, 48 species were consumed during at least 2 seasons of the year.

3.4 Behavioral ecology research of Hainan gibbon

3.4.1 Reproductive behavior

Hainan gibbon sexual maturity relatively late (generally around 7–8 years), 
generally produce one infant every 2 year [47]. The mating behavior of Hainan 
gibbon generally initiated by the female adult individuals, each mating duration is 
very short, and mate can range from 1 to 9 times. Posture is pushing type mating, 
pregnancy for 173 days. The infants can completely leave maternal independent 
activities that are needed 1.5 years after birth [1].

3.4.2 Song behavior

All gibbons have loud, complex, stably structured songs [48]. Gibbon songs 
occur frequently and regularly, usually beginning shortly before or after sunrise, 
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show that Hainan gibbons consumed 133 plant species [46]. Of the plant species 
eaten, 81.1% were trees, 15.9% were lianas and 3.0% were herbs. Hainan gibbon 
spent 64.8% of feeding time on fruits, followed by on leaves (28.8%), buds (5.5%), 
flowers (0.6%) and animals feed (0.3%). The Hainan gibbon consumed fruits from 
14 Ficus species, whereas it only accounts for 7.2% of the feeding time. The most 
commonly used part of a plant was ripe fruit in general. Five kinds of animal feed 
were eaten including young birds, bird eggs, spiders, termites and pupae.

Family Species Feeding part

Anacardiaceae Choerospondias axillaris Fr

Annonaceae Oncodostigma hainanense Fr

Pouteria hainanense Fr

Polyalthia laui Fr

Apocynaceae Melodinus suaveolens Fr

Araliaceae Schefflera octophylla Fr, L

Burseraceae Canarium album Fr

Elaeocarpaceae Elaeocarpus apiculatus Fr

Elaeocarpus sylvestris Fr

Euphorbiaceae Baccaurea ramiflora Fr

Bischofia javanica Fr

Endospermum chinense Fr, L

Guttiferae Garcinia multiflora Fr

Garcinia oblongifolia Fr

Lauraceae Litsea baviensis Fr

Machilus chinensis Fr

Moraceae Artocarpus styracifolius Fr

Ficus esquiroliana Fr

Ficus harmandi Fr

Ficus tinctoria Fr

Ficus variegata Fr

Ficus virens Fr, L

Myrtaceae Acmena acuminatissima Fr

Papilionaceae Derris trifoliata L

Polygalaceae Xanthophyllum hainanense L

Proteaceae Helicia kwangtungensis Fr

Rubiaceae Mussaenda hainanensis L

Nephelium lappaceum Fr

Tiliaceae Microcos paniculata Fr

Ulmaceae Gironniera subaequalis planch Fr

Vitaceae Tetrastigma cauliflorum Fr

Note: Part(s) eaten: L, leaves, Fr, fruit, Fl, flowers.

Table 2. 
Plant species that can be used by Hainan gibbons per year at Bawangling National Nature Reserve.

137

Two Endemic Primates’ Species in China: Hainan Gibbon and Guizhou Snub-Nosed Monkey
DOI: http://dx.doi.org/10.5772/intechopen.85933

The dominant plant families were Moraceae, Annonaceae, Lauraceae and 
Myrtaceae, with more than seven species. Hainan gibbons feed on two kinds of 
Leguminosae plants, Derris trifoliata and Millettia pachyloba, consuming their tender 
leaves during dry season, when other food is scarce. Plant family and species such as 
Moraceae, Pouteria hainanense, Canarium album and Gnetum montanum are the major 
food sources of Hainan gibbon, but during the dry season they bear only a few fruits.

There were only 32 food species repeatedly used by Hainan gibbons each year 
(Table 2), and 18.7% of species leaves were eaten [46]. There are few fig species 
available as foods especially in the dry season. In this season, due to less precipita-
tion, Ficus fruit and non-figs become scarce and less available. Hainan Gibbons eat 
more tender leaves and increase their feeding time to live through this period.

3.3.5 Food resource distribution and availability of Guizhou snub-nosed monkey

The Guizhou snub-nosed monkeys were observed to feed on a total of 104 spe-
cies from 51 genera and 31 families. These included 84 tree species from 41 genera 
and 26 families, representing 45.9% of the total number of tree species, and 20 vine 
species from 10 genera and 7 families, representing 37.7% of the total vine species. 
The IVI percentages of the feeding trees species at various elevations were: 65.5% at 
1500 m, 65.6% at 1700 m, 72.9% at 1900 m and 58.7% at 2100 m. The IVI percent-
age of feeding trees accounted for 66.4% of the total number of records in the plots.

The plant species consumed by the Guizhou snub-nosed monkey varied signifi-
cantly among seasons. (Kruskal-Wallis, X2 = 8.897, df = 3, p < 0.05). From January 
to March, 34 feeding trees species accounting for 32.7% of the diet were consumed, 
mainly the buds of Pterostyrax psilophyllus, Prunus grayana, Carpinus kweichowensis, 
Betula austrosinensis, Styrax japonica, Sassafras tzumu and Acer flabellatum. From April 
to June, 64 feeding trees species accounting for 61.5% of the diet were consumed, 
mainly the leaves of Tilia tuan, Prunus grayana, Styrax faber, Cyclobalanopsis gracilis, 
Cladrastis sinensi and Sorbus wilsoniana and fruits of Prunus grayana. From July to 
September, 81 feeding trees species accounting for 77.9% of the diet were consumed, 
mainly the leaves of Prunus grayana, Tilia, Litsea cubeba and Styrax japonica and the 
fruits of Dendrobenthamia and Acer davidii. Finally, from October to December, 52 
feeding trees species accounting for 50% of the diet were consumed, mainly the fruits 
and seeds of Dendrobenthamia, Cerasus serrulata, Sorbus megalocarpa and Camellia 
and the buds of Magnolia sprengeri. The monkeys fed on a core set of 28 species during 
all seasons the year, which accounted for 15.3% of the total number of species con-
sumed. In addition, 48 species were consumed during at least 2 seasons of the year.

3.4 Behavioral ecology research of Hainan gibbon

3.4.1 Reproductive behavior

Hainan gibbon sexual maturity relatively late (generally around 7–8 years), 
generally produce one infant every 2 year [47]. The mating behavior of Hainan 
gibbon generally initiated by the female adult individuals, each mating duration is 
very short, and mate can range from 1 to 9 times. Posture is pushing type mating, 
pregnancy for 173 days. The infants can completely leave maternal independent 
activities that are needed 1.5 years after birth [1].

3.4.2 Song behavior

All gibbons have loud, complex, stably structured songs [48]. Gibbon songs 
occur frequently and regularly, usually beginning shortly before or after sunrise, 
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with a usual duration of 10–30 min [49]. Gibbon song sound frequency varies 
among species, with a general fundamental frequency in the 0.2–5 kHz range 
[50], and male song reaching up to 4 kHz, such as in Nomascus leucogenys [51]. 
We recorded the songs of three Hainan gibbon groups and seven solitary Hainan 
gibbons in Bawangling National Nature Reserve, Hainan Province, China. In total, 
we recorded 184 segments of Hainan gibbon song over 129 days. Recordings from 
group B were conducted in 2002–2003 and the quality was too poor for analysis, so 
we concentrated on songs recorded in 2011–2013 from groups A and C.

The first song of Hainan gibbon started within 20 min (before or after) of 
sunrise, and the second 4 h after sunrise, during which time there were occasion-
ally a third and fourth song event. We found that Hainan gibbons’ snog includes 
female–male chorus and male solos, no female solos. A typical chorus is usually 
initiated and dominated by the adult male in Nomascus. Females add a great call 
and the chorus ends with male song [48, 51]. There was no significant difference in 
song duration between solitary gibbons and group C (single-factor analysis of vari-
ance and LSD multiple comparisons: F = 5.13, df 1 = 2, df 2 = 14, P = 0.26), but both 
differed significantly from group A (solitary: P2 = 0.016, group C = 0.008) [18].

3.4.2.1 Male song

Male song in groups was composed mainly of two types of sounds: simple rep-
etition of one note and frequency-modulated (FM) notes. Simple repeated notes 
consisted of one to three similar, short notes. FM notes consisted of one to five long 
notes (Figure 4). Solitary adult male song sound spectrum characteristics were 
simple, consisting only of three to five long FM notes and no short or single notes. 
The long-note frequency of solitary gibbons was similar to that of group song, but the 
durations of each note and complete song were shorter than in the family groups.

3.4.2.2 Chorus

The Hainan gibbon chorus is usually initiated and dominated by an adult male. 
The females issue a simple great call at the climax of the male’s song, and then the 
male contributes to the chorus with complex FM notes, and finally the chorus ends 
with a simple FM note sung by the adult male (Figure 5). Subadults and juveniles 
did not sing alone and were involved only in chorus song.

Figure 4. 
Song spectra of Hainan gibbons in group A at Bawangling nature Reserve in September 2012 (Reference from 
[18]). (Note: The songs consist of two or three short syllables and three or four long syllables.)
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In a full chorus, the male gibbon begins with a song consisting of two short 
notes and a long note: the male’s song lasts 2–3 s. The start of the female’s song is 
also a single, short note, followed by a loud call. The duration of choruses is ca. 7.5 s. 
Finally, the adult males sing an accompaniment, which also consists of very simple 
FM notes. In choruses, the song of male usually comprises two short notes and five to 
six relatively stable long notes. Compared with solo song, there is one additional long 
note. Male chorus and solo song did not differ significantly between groups A and C 
in frequency (F = 1.417, df 1 = 3, df 2 = 35, P = 0.25). Once the male Hainan gibbon 
has sung a FM note in chorus, it then sings songs that combine a short note with 
along FM note. After the first FM note, males continue with one to three short single 
notes and the sonic frequency shifts higher and higher. The next stage is loud song 
by two adult females, which then give two to four simple FM notes. The mean ± SD 
FM note duration was 5.20 ± 1.43 s (range 2.28–11.1 s); the starting frequency of the 
first FM note was 1.38 ± 0.06 kHz; it then rose to 1.64 ± 0.05 kHz (N = 59), with a 
duration of 2.67 ± 0.80s (N = 59); the starting frequency of the second FM note was 
1.19 ± 0.06 kHz; it then rose to 1.65 ± 0.035 kHz, with a duration of 1.40 ± 0.03 s 
(N = 59). A complete female great call in chorus includes seven to nine notes. Female 
great call sound spectrum characteristics were very similar between groups A and 
C. Excepting the first two notes, the great call consists of rising fast trill notes. In the 
great call, the first note’s duration is longer than that of subsequent notes (length 
0.86 ± 0.40 s, N = 14) and its frequency is lower (0.62 ± 0.01 kHz, N = 14). The note 
of the great call then becomes shorter and the frequency increases until it reaches 
the highest frequency at the end. The frequency of the highest note made by adult 
females is at least 1.70 kHz, the highest frequency being no more than 2.0 kHz, with 
a mean of 1.78 ± 0.06 kHz (N = 13), the mean duration was 4.71 ± 1.23 s.

3.4.2.3 Alarm calls

Alarm calls are important defensive behaviors. We have reported the acoustic 
spectrum characteristics of alarm calls produced by Hainan gibbons (Nomascus 
hainanus) inhabiting Bawangling National Nature Reserve in Hainan, China [52].

Alarm calls of Hainan gibbon were emitted by family groups only and not 
solitary animals. Hainan gibbons produce two types of alarm call. Hainan gibbons 
emitted the same alarm call across different threats (raptor, snake or people). 
Male and female adult gibbons emitted “gou-gou-gou” to alert group members of a 
danger when they encountered a potential predator, hereafter termed an alarming 
call (Figure 6). Following the alarming call, individuals in the family group gather, 
young gibbons move rapidly towards females, adult males conceal themselves in a 
location convenient for further vigilance, and all members (except infants) produce 
“jier- jier-jier” sounds, occasionally accompanied by jumping in a tree or flapping 

Figure 5. 
Song spectra of duetting gibbons in group A at Bawangling nature Reserve in March 2013 (Reference  
from [18]).
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with a usual duration of 10–30 min [49]. Gibbon song sound frequency varies 
among species, with a general fundamental frequency in the 0.2–5 kHz range 
[50], and male song reaching up to 4 kHz, such as in Nomascus leucogenys [51]. 
We recorded the songs of three Hainan gibbon groups and seven solitary Hainan 
gibbons in Bawangling National Nature Reserve, Hainan Province, China. In total, 
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we concentrated on songs recorded in 2011–2013 from groups A and C.

The first song of Hainan gibbon started within 20 min (before or after) of 
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initiated and dominated by the adult male in Nomascus. Females add a great call 
and the chorus ends with male song [48, 51]. There was no significant difference in 
song duration between solitary gibbons and group C (single-factor analysis of vari-
ance and LSD multiple comparisons: F = 5.13, df 1 = 2, df 2 = 14, P = 0.26), but both 
differed significantly from group A (solitary: P2 = 0.016, group C = 0.008) [18].

3.4.2.1 Male song
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etition of one note and frequency-modulated (FM) notes. Simple repeated notes 
consisted of one to three similar, short notes. FM notes consisted of one to five long 
notes (Figure 4). Solitary adult male song sound spectrum characteristics were 
simple, consisting only of three to five long FM notes and no short or single notes. 
The long-note frequency of solitary gibbons was similar to that of group song, but the 
durations of each note and complete song were shorter than in the family groups.

3.4.2.2 Chorus

The Hainan gibbon chorus is usually initiated and dominated by an adult male. 
The females issue a simple great call at the climax of the male’s song, and then the 
male contributes to the chorus with complex FM notes, and finally the chorus ends 
with a simple FM note sung by the adult male (Figure 5). Subadults and juveniles 
did not sing alone and were involved only in chorus song.

Figure 4. 
Song spectra of Hainan gibbons in group A at Bawangling nature Reserve in September 2012 (Reference from 
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tree branches; we term the group call following the alarming call the mobbing call 
hereafter (Figure 7). During mobbing calls, gibbons occupied the crown canopy, 
which remained relatively concealed while calling and continued to survey the 
external environment.

The alarming call was composed of short simple syllables (aa notes). Different 
individuals in a group often repeated these simple syllables. The duration of an 
alarming call was 7–10 min. There was a difference in the duration of alarming 
calls among the three groups (ANOVA: F = 8.42, df = 14, P < 0.05), and the dura-
tion was longer in larger groups (A > B > C). Acoustic spectrum analysis indicated 
that the mean duration of a syllable in an alarming call was 0.078 ± 0.014 s and 
520–1000 Hz. Acoustic frequency differed between groups, and a difference was 
detected in the highest and lowest alarming call frequencies between groups 
(ANOVA: F1 = 17.34, df = 112, P1 < 0.01; F2 = 15.752, P2 = <0.01).

The alarming behavior is the adaptation strategy of animals when they faced 
threaten from the habitat, especially for the primates and the group living ani-
mals. Alarm call of Hainan gibbon is simple, composed of only simple syllables 
and the frequency is low, but effective. This may be easier for young gibbons 
to learn, different gender and age stages of individuals have two sound signals, 
and indicate that the Hainan gibbon is a simple primitive species in the family 
Hylobatidae.

Figure 6. 
The alarming call in a group of Hainan gibbons (group B) (Reference from [52]).

Figure 7. 
The mobbing call in a group of Hainan gibbons (group B) (Reference from [52]).
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4. Discussion

Hainan gibbon is most rare and endangered wild animals that is only one in the 
world without zoos captive breeding has a very high protection value. In recent 
years, Hainan gibbon population is growing, but the suitable habitat area is too 
small, the low quality of food resources seriously limits the further recovery of 
its population. Zhang et al. [53] reported that the suitable habitat of Hainan gib-
bon decreased 35% in 17 years from 1991 to 2008. The protection regulators lack 
independence and administrative level is low in Bawangling nature reserve, the law 
enforcement power and management power are insufficient [54]. To make gibbon 
to get rid of extinction state, we must provide them with more habitat, together 
with the present situation of the vegetation and existing management measures in 
Bawangling nature reserve, we suggested that short-term is given priority to with 
local protection, lowland rain forest as the main measures to restore living habitat, 
medium and long term are focused on through the establishment of ecological 
corridors connecting the reserves in the central mountains, such as Yinggeling, 
Wuzhishan, and Diaoluoshan which have had the Hainan gibbon distribution, 
through the construction of the habitat corridors, connect the reserves and establish 
covers a variety environment characteristics of the protection of the reserve sys-
tem. We can believe that under the joint efforts of all departments at all levels, the 
Hainan gibbon will have better development.

Current research results show that the population of Guizhou sub-nosed 
monkeys has no significant growth in recent decades and the active region is at 
elevations above 1400 m. So, the conservation of existing habitat is crucial, human 
disturbance from tourism should be strictly controlled. A total of 28 different 
plant species were eaten by the monkeys during different seasons in the whole 
year, some of the dominant species with high elevation distribution are important 
food resources for the monkeys, such as Acer flabellatum, Pterostyrax psilophyllus, 
Sorbus xanthoneura and Magnolia sprengeri. We should artificially plant important 
food resources for the monkeys to increase the food resources of the monkeys and 
expand the range of monkey activities.

5. Conclusions

Due to habitat fragmentation and human disturbance, the population and 
distribution range of Hainan gibbon and Guizhou sub-nosed monkey are drasti-
cally decreasing. The population of China’s peculiar treasure endangered primates 
Hainan gibbon and Guizhou sub-nosed monkeys is extremely low. Distribution 
area was confined to an isolated island. It is very important to make strict protec-
tion measures for the endangered animals. To make the endangered species from 
extinction, the relevant research and conservation of protected species should be 
constantly strengthened.
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Chapter 9

Modern State Law: Regulating 
Tradition or Protecting the 
Environment in the Mankon 
Kingdom of Northwest Cameroon?
Ngambouk Vitalis Pemunta and Ngwa Donald Anye

Abstract

Most African countries including Cameroon find themselves in a situation of 
legal pluralism and at crossroads with implications for the sustainable manage-
ment of natural resources. Traditional institutions and knowledge systems have 
been hailed as invaluable mechanisms for the conservation of flora and fauna. This 
chapter examines the conflict between traditional institutions and State law in the 
hierarchically stratified Mankon Kingdom of the Grassfield region of Northwest 
Cameroon where the latter prohibits the harvesting of culturally valuable plant 
and animal species for myriad ritual ceremonies and for therapeutic purposes. It 
demonstrates that the lack of cultural sensitivity can be antithetical to conservation 
initiatives. In other words, there is the need to align current legislative regulations 
for the management of natural species with the traditional use of territory and 
gender roles as well as to raise the cultural and educational level of the population 
through sensitization on the need to conserve the natural environment on which 
their culture depends for its survival.

Keywords: legal pluralism, sociocultural factors, ritual, conservation,  
traditional society, environmental education

1. Introduction

Globally, the hunting of bushmeat1 for food, ornamental, and medicinal 
products has put 301 terrestrial mammal species at the verge of extinction. The 
risk of extinction is higher in developing countries where rapid deforestation, the 
expansion of agriculture, human encroachment, and competition with livestock 
are accentuating the situation [1]. In Southeast Asia, 113 species of mammals are 
threatened by hunting. An estimated “13% of all threatened mammals are east 
of India and south of China, 91 in Africa (8%), 61 in the rest of Asia (7%), 38 in 
Latin America (3%) and 32 in Oceania (7%)” [1]. In Central and West Africa, the 
exploitation of bushmeat has reached alarming proportions. Although bush-
meat is an all-time significant resource, in bushmeat-dependent communities, 

1 The term applies to all wildlife species including guinea fowl, monitor lizard, forest antelope (duiker), 
chimpanzee, gorilla, elephant, monkey, and other primates.
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“traditional subsistence use of game is vulnerable to commercial and social 
changes” [1, 2]. The factors driving these transformations may include recent 
immigration, urbanization and the market economy’s increasing demand and 
improvement in infrastructure allowing easier transportation of meat to markets 
far away [1, 2].

The Republic of Cameroon boasts of an estimated 9000 plant species. At least 
156 of these plants are endemic. Of 409 species of mammals, 14 are endemic. The 
country also counts 2084 insects including more than 1500 butterflies. The country 
further has 542 species of fish, of which 96 are endemic. Other animal species 
include 330 reptiles and 200 amphibians [3]. Additionally, the country further has 
some 925 species of birds, of which 22 are endemic, while 249 plants are critically 
endangered [4]. The region where the Mankon Kingdom is found constitutes part 
of the World Wildlife Fund’s (WWF) 200 worldwide ecoregions. The ecoregion of 
the Western Grassfields contains 35 restricted range endemic bird species, (third 
richest region for birds in mainland Africa). The region’s habitat supports a number 
of endemic reptiles (10), endemic amphibians (55), endemic mammals (6), and 
an estimated 100 rare/endemic plant species [3, 5]. The Northwest Region is losing 
biodiversity at a rapid pace—37% of forest cover in 1958 shrank to 3.5% in 2000 
[5]. Some species are generally thought to be at risk from the bushmeat trade or 
are currently rare or vulnerable or facing the threat of extinction. This means that 
they could easily succumb to the traditional pressures of hunting, thereby exac-
erbating their further decline and eventual extinction. In the Mankon Kingdom, 
the following wildlife species are at the verge of extinction: leopard (Panthera 
pardus), golden cat (Profelis aurata), forest elephant (Loxodonta africana), black 
colobus (Cercopithecus preussi), giant pangolin (Manis gigantea), and zebra duiker 
(Cephalophus zebra) [5]. The natural habitat of the Grassfield region is seriously 
threatened by a population increase of 3.4% per annum that has led to the creation 
of farms, unsustainable harvesting of barks of trees (for medicine), fires by grazers 
and farmers, unsustainable collection of wood for fuel, and construction as well as 
bushmeat hunting [3, 5, 6].

Despite the threat and likely extinction of certain wildlife species, Cameroon, 
however, remains the second richest country in Africa in terms of the diversity of 
its primates [7]. To strike a balance between conservation and development, the 
government of Cameroon enacted a forestry policy and its decree of implementa-
tion in 1994 and 1995, respectively. The country further adopted a policy relating to 
environmental management as well as an accompanying legal framework in 1996—
Decree on Environmental Impact Assessment [2, 5]. The effective implementa-
tion of these policies by Cameroon’s Ministry of Forestry and Wildlife and of the 
Environment and Nature Protection is, however, dogged by inadequate diffusion 
among local frontline staff at the grassroots and ill-informed community members 
who unknowingly harvest protected plant and animal species as status symbols and 
for other sociocultural purposes. The exploitation of rare plant and animal species 
shows the chasm between the adoption and the implementation of culture-insen-
sitive laws for biodiversity conservation. For example, by outlawing the hunting of 
certain species of animals, Cameroon’s 1994 Forestry Law has created a leeway for 
community members to be arrested by the Ministry of Environment and Nature 
Protection during the celebration of culturally significant events when products 
from protected wildlife species are on display.

Mankon is one of several Western Grassfield chiefdoms that shares most of 
its basic ideological and social repertoire with other chiefdoms of the region. 
This includes sacred kingships, the belief in misfortune and pollution, and the 
special status of certain animals like the leopards, among others [8]. We were 
surprised during previous research visits to the Western Grassfield region when 

149

Modern State Law: Regulating Tradition or Protecting the Environment in the Mankon Kingdom…
DOI: http://dx.doi.org/10.5772/intechopen.85125

we observed that interviewees in authority including the Mankon Fon (King), 
notables, clan heads, quarter heads, and other influential persons were exhibiting 
either some animal skin or some of their parts. The Fon, for instance, does not 
generally sit anywhere without animal signs on his outfit or animal skin used as 
foot mat or chair cover. The increasing scarcity of most of these animal species 
that are used as status and ornamental symbols and Cameroon’s conservation 
laws addressing the protection of certain threatened culturally significant species 
will certainly put the people in a double-bind situation. Why have people despite 
the ban by the Cameroon government continued to display certain in-/tangible 
wildlife species? This ban has put the people of Mankon and other traditional 
societies in a dilemma when it comes to the use of parts of plants and animals in 
their environment. It also raises questions about the effectiveness of traditional 
mechanisms of conservation/management of natural resources. Natural resource 
“management” has to do with how species are controlled or directed as a resource, 
while “use” refers to the functions these species serve or the uses to which they 
are put. The distinction between “use” and “management” of wild animal spe-
cies is critical for assessing their integration into community forestry activities. 
For community forestry to incorporate wild animals, provision must be made for 
their effective management, not merely their use. In a context where State laws 
supersede local cultural norms and practices, what is the relationship between 
gendered wildlife use and the socioeconomic, political, and religious life of the 
Mankon community?

This chapter examines the conflict between State law prohibiting the use 
of certain culturally significant flora and fauna species as status symbols and 
for sociocultural purposes in the hierarchical Kingdom of Mankon in the 
Western Grassfield region of Cameroon. Unsustainable exploitation has virtu-
ally eliminated wildlife, and vulnerable species are threatened with extinction. 
Concurrently, most of the symbolic values associated with the use of royal wildlife 
are persisting. The chapter demonstrates that the lack of a gender lens and cultural 
awareness in the formulation of conservation legislation can be antithetical to 
the protection of the environment and the management of natural resources. The 
chapter argues that tightening the rule in the name of protecting the use of wildlife 
species can entail severe restrictions in traditional rights. The chapter calls for a 
synergy between current conservation regulations for the management of flora 
and fauna with traditional gendered use of territory, especially the use of certain 
symbolic animal species. It suggests that raising the cultural and educational levels 
of the population could lead to behavior change, but there is also the need to adapt 
legislation to local gender roles and cultural norms to ensure the protection of the 
environment and sustainable development.

Educational attainment is considered a quintessential tool for environmental 
protection as well as a determinant of environmental preference. We argue that 
an individual’s level of education strengthens his ability to “receive, decode and to 
understand information processing and interpretation have an impact on learn-
ing and behavior change towards the natural environment” [8, 9]. According to 
the Oxford English Dictionary, education consists of the “systematic training and 
instruction designed to impart knowledge and develop skill” [10]. In every society, 
it is the catalyst for economic and social changes [11] as well as for changes in 
attitudes and behavior. It goes beyond the simple “acquisition of knowledge and 
includes the ability to evaluate that knowledge” [9, 12]. As succinctly put by the 
World Conservation Union, environmental education encompasses changes in 
behavior and the idea that knowledge will induce personal, societal, and global 
changes [13]. Learners will be afforded an “opportunity to gain an awareness 
or sensitivity to the environment, knowledge and experience of the problems 
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we observed that interviewees in authority including the Mankon Fon (King), 
notables, clan heads, quarter heads, and other influential persons were exhibiting 
either some animal skin or some of their parts. The Fon, for instance, does not 
generally sit anywhere without animal signs on his outfit or animal skin used as 
foot mat or chair cover. The increasing scarcity of most of these animal species 
that are used as status and ornamental symbols and Cameroon’s conservation 
laws addressing the protection of certain threatened culturally significant species 
will certainly put the people in a double-bind situation. Why have people despite 
the ban by the Cameroon government continued to display certain in-/tangible 
wildlife species? This ban has put the people of Mankon and other traditional 
societies in a dilemma when it comes to the use of parts of plants and animals in 
their environment. It also raises questions about the effectiveness of traditional 
mechanisms of conservation/management of natural resources. Natural resource 
“management” has to do with how species are controlled or directed as a resource, 
while “use” refers to the functions these species serve or the uses to which they 
are put. The distinction between “use” and “management” of wild animal spe-
cies is critical for assessing their integration into community forestry activities. 
For community forestry to incorporate wild animals, provision must be made for 
their effective management, not merely their use. In a context where State laws 
supersede local cultural norms and practices, what is the relationship between 
gendered wildlife use and the socioeconomic, political, and religious life of the 
Mankon community?

This chapter examines the conflict between State law prohibiting the use 
of certain culturally significant flora and fauna species as status symbols and 
for sociocultural purposes in the hierarchical Kingdom of Mankon in the 
Western Grassfield region of Cameroon. Unsustainable exploitation has virtu-
ally eliminated wildlife, and vulnerable species are threatened with extinction. 
Concurrently, most of the symbolic values associated with the use of royal wildlife 
are persisting. The chapter demonstrates that the lack of a gender lens and cultural 
awareness in the formulation of conservation legislation can be antithetical to 
the protection of the environment and the management of natural resources. The 
chapter argues that tightening the rule in the name of protecting the use of wildlife 
species can entail severe restrictions in traditional rights. The chapter calls for a 
synergy between current conservation regulations for the management of flora 
and fauna with traditional gendered use of territory, especially the use of certain 
symbolic animal species. It suggests that raising the cultural and educational levels 
of the population could lead to behavior change, but there is also the need to adapt 
legislation to local gender roles and cultural norms to ensure the protection of the 
environment and sustainable development.

Educational attainment is considered a quintessential tool for environmental 
protection as well as a determinant of environmental preference. We argue that 
an individual’s level of education strengthens his ability to “receive, decode and to 
understand information processing and interpretation have an impact on learn-
ing and behavior change towards the natural environment” [8, 9]. According to 
the Oxford English Dictionary, education consists of the “systematic training and 
instruction designed to impart knowledge and develop skill” [10]. In every society, 
it is the catalyst for economic and social changes [11] as well as for changes in 
attitudes and behavior. It goes beyond the simple “acquisition of knowledge and 
includes the ability to evaluate that knowledge” [9, 12]. As succinctly put by the 
World Conservation Union, environmental education encompasses changes in 
behavior and the idea that knowledge will induce personal, societal, and global 
changes [13]. Learners will be afforded an “opportunity to gain an awareness 
or sensitivity to the environment, knowledge and experience of the problems 
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surrounding the environment, to acquire a set of values and positive attitudes, to 
obtain the skills required to identify and solve environmental problems and, the 
motivation and ability to participate” [9, 12].

2. Method of study

This chapter examines the conflict between modern State law and the cultural 
use of prohibited wildlife species in the cultural universe of the Mankon people of 
Northwest Cameroon. Multilocal ethnographic fieldwork [14, 15] took place in all 
clans and neighboring villages of Mankon in the Northwest Region of Cameroon. 
It lasted for 6 months (January to June 2010). We used semi-structured and open-
ended interviews as well as observations. Qualitative methods were deemed suitable 
because of their ability to explore the meaning and understanding that people 
attach to phenomenon [16]. Firstly, they provide a “thick description” or depth of 
understanding to complement the breadth of understanding afforded by quantita-
tive methods. Secondly, ‘‘they elicit the perspective of those being studied, explore 
issues that have not been well-studied, test hypotheses, or evaluate the process of a 
phenomenon’’ [1, 17].

“Open-ended” questions enabled us to explore different perspectives and 
methods to generate breadth of knowledge and depth of experience in order to 
understand and appreciate the phenomenon under study [17]. Lastly, it provides 
excellent understanding into people’s opinions, experiences, and perceptions from 
their own point of view—including subjective experience [18–23] such as percep-
tions of forest and wildlife.

The exploratory phase combined qualitative and quantitative ethnographic 
methods aimed at describing the cultural model of wildlife use. We elicited the 
cultural significance of wildlife use as a determinant of some cultural values in 
the community. During the initial phase of fieldwork, passive observation with 
minimum interaction between us and the object of study was helpful. As passive 
observers, we established residence in Mankon, made new acquaintances, took part 
in community activities, worked to establish rapport, and attempted to understand 
how considerations of wildlife use play into everyday life. Our main task was to 
make a systematic record of day-to-day interactions, observations, and informal 
preservation by writing field notes on a daily basis ([23], pp. 180–207). As part of 
an iterative process, writing field notes was helpful to us because we could iden-
tify important questions and domains of life that needed to be explored in detail. 
Passive observation was an appropriate method for addressing sensitive ques-
tions such as hunting following the ban on certain animal species. It extended the 
internal and external validity of the study by helping us understand the meaning of 
observations, and it helped us to formulate sensible questions for later stages of the 
research ([23], p. 141).

We obtained research authorization from the Head of the Department for 
Anthropology in the University of Yaounde 1, Cameroon. Participants were 
debriefed. They signed a consent form but were also free on when and how to 
withdraw from the study if a need arises.

In the next sections, we first present the dynamic socioeconomic and politi-
cal context in which State law takes precedence over customary land ownership, 
including ownership of the forest and wildlife species inhabiting it. The second part 
situates the research area and the local sociopolitical organization and examines tra-
ditional mechanisms of conservation in Mankon. The third part examines cultural 
representations of wildlife, especially royal wildlife in the sociocultural universe of 
the people. The last part is the conclusion.
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2.1 Legal pluralism and the management of natural resources

This section demonstrates that in Cameroon, the coexistence of State law and 
customary law regulating land and the resources on them pits the government 
against local communities and tends to undermine community rights over their 
natural resources.

Cameroon stands at a crossroad between modern State laws and traditional 
authority. This legal dualism has led to a conflict of laws, especially when it comes 
to the conservation of natural resources. In most parts of Cameroon, the enduring 
power of traditional authorities still holds sway. Consequently, the word of the 
local Fon, chief, or sultan/lamido still holds more weight than that of the govern-
ment. In all the countries of the Congo Basin, wildlife remains important to all the 
chiefs. Local communities and the state, however, view wildlife differently. At the 
local level, it is used for food and for medicinal and cultural purposes (especially in 
rituals and as emblems by traditional dignitaries), and it is traded through barter 
or commerce [24]. Through various ritual actions executed by elders, they transmit 
this knowledge from one generation to the other. Apart from changing environmen-
tal conditions, State laws that prohibit the killing of particular species of animals 
may transform these ritual actions. The legal ban on certain species of animals 
suggests the loss of cultural traits.

The State of Cameroon claims monopoly over all land and the natural resources 
therein, while traditional authorities like the Fon of Mankon are custodians of 
land and natural resources at the local level for their people. Access to land, usually 
through lineages, is a “communal” right, while colonial and presently postcolo-
nial rules are experienced through the network of power relations known as the 
“customary” [25]. Mahmood Mamdani has baptized this system of indirect rule 
that uses chiefs/Fons as auxiliaries of the administration (citizens and subjects) 
as institutionalized despotism [25]. This implies that although bestowed with 
traditional authority, the Fon remains subservient and an auxiliary to the modern 
administration.

Prior to the Franco-British partition of Cameroon and subsequently the 
colonial encounter that tremendously transformed property rights, traditional 
institutions headed by traditional rulers and members of their councils managed 
natural resources including the forest. This was done in tandem with customary 
norms, practices, and beliefs [26, 27]. This resonates with calls for the integration 
of traditional ecological knowledge into modern natural resource and environmen-
tal management systems. Serra Jeanette Hoagland [28] has, for instance, pointed 
to the need for a dualistic perspective where traditional ecological knowledge and 
western science are integrated into natural resource management. This implies 
the integration of different ways of knowing (different knowledge systems) into 
natural resource management decision-making and strategies. Like in other king-
doms in Africa (Ghana, Nigeria, Tanzania, and Zimbabwe), uncultivated land was 
communally owned [24, 26, 27]. There was minimal forest resource exploitation, 
and it was mainly done for subsistence purposes. Traditionally, the forest served 
as a source of food, medicine, fuel wood, water, construction materials, and place 
of worship (spiritual sanctuary) [29]. The traditional ruler granted permission for 
hunting after determining where and when the hunting expedition will take place 
as well as the type of animals to be hunted. Those who entered the forest without 
his permission could be severely punished and, in extreme cases, excommunicated 
from the community [30, 31]. Low population pressure made the impact on the 
environment to be low [32]. Today, resources such as wildlife have progressively 
been subjected to government control at the expense of traditional landholders/
local communities [30–32].
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The overlapping power structure between the modern state and traditional 
authorities has led to a conflict of laws. When it comes to the management of the 
environment and natural resources, these mutually contested rights that character-
ize land tenure in present-day Cameroon have been dubbed by Phil René Oyono as 
a “deep conflit de langage (in French) [32]. According to him “the conflit de langage 
(conflict of language or of discourse)” is specifically “between the state and local 
communities on land and forests ownership and on the regulation of access to 
natural resources” ([32], p. 115). This implies that there are conflicting discourses 
as well as claims and counterclaims between local authorities and the state about 
who really owns the land and the forest [29, 32, 33]. Following the complete 
confiscation of their resources by the state, members of local forest-dwelling 
communities are increasingly feeling a sense of alienation and deprivation [34–36]. 
This implies that Cameroon’s 1994 Forestry Law is not culturally sensitive. It is 
therefore a legislation against local people because it denies them access to their 
natural resources [36].

The 1994 Forestry Law does not identify the legal status of customary land inter-
ests. The Cameroon government has failed to acknowledge customary landholding. 
This is evidenced by the difficulty that customary landowners face in formally 
registering and securing their landholdings [27, 33]. This scenario has rendered 
rural Cameroonians deeply insecure in their land tenure. They are squatters on their 
own land. Land ownership continues to be reckoned in terms of “development” 
[27, 29, 30]. Cameroon’s land legislation has, therefore, fallen short in social and 
developmental respects concerning its treatment of customary tenure. By failing 
to recognize customary land rights, the provisions of the 1994 Forest, Wildlife 
and Fisheries Regulations in Cameroon “have added significantly to the wrongful 
demise of customary land rights through unnecessary and patently rent-seeking 
ways” as instantiated by its designation “of the most valuable forest resources of its 
citizens as its own private property. The outcome also shows that sustainable forest 
conservation and management of use are also being affected” [4, 36]. This high-
lights the enduring role of local conservation practices.

2.2 Traditional mechanisms of conservation

The Mankon people of Cameroon’s Western Grassfield region find themselves in 
a new economic and political dispensation. There is the intrusion of State laws regu-
lating the hunting of particular large mammals including the lion and elephant that 
are symbolic of royalty. In this new context, State authority has taken precedence 
over indigenous land rights and the natural resources therein. This State authority 
is instantiated and concretized through the declaration and implementation of an 
environmental policy (The 1994 Forestry Law) that defines exclusionary rights 
[37]. It has imposed limitations on animal species that can be legally hunted as well 
as the tools that can be used during hunting (Table 1).

There is power inequality between the state and conservation organizations on 
the one hand and, on the other, between them and the Mankon community. This 
power inequality is about who exercises power, when, and how. This is evident in 
the competing knowledge systems at play in the framing of sustainability between 
the indigenous Mankon people who have for decades been stewards of their envi-
ronment and the government and conservation organizations over the environment 
[37]. Against this backdrop, the role of indigenous peoples and of local cultural 
norms in conservation has been questioned [37–40]. Practices including resource 
rotation, food taboos, and restrictions on harvest limits are allegedly the outcome 
of optimal harvesting and not conscious conservation efforts. Scholars have taken 
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issue against the conflation of sustainability which results from small population 
sizes and therefore minimal pressure on natural resources with conservation, that 
is, the intentional restrictions of short-term goals for the achievement of better 
long-term gain [38]. The crux of this debate is about the role of indigenous peoples 
in conservation initiatives [38–42].

Despite the assumption that rural people traditionally harvest resources 
sustainably [41], the sustainability of subsistence economies, requiring internal 
controls on population and exploitation, has not been demonstrated to exist 
[40, 43]. Traditional subsistent participants who have entered commercial 
markets dominate much of the current bushmeat trade. One of the primary 
concerns of those working on the bushmeat issue is the very real threat that this 
poses to communities that are largely dependent upon wildlife for meeting their 
primary protein needs. Truly sustainable subsistence hunting communities like 
Mankon are difficult to identify, but recent research has shown that it may be 
feasible to maintain sustainable levels of exploitation for subsistence as long as 
significant controls on hunting access and methods exist along with controls 
on trade and demographics (i.e., immigration to local community) [42]. These 
may include prohibitions on the slaughtering of the leopard, lion (/sam-bang/), 
cheetah, and others. Do indigenous people (including the Mankon people) have 
mechanisms for conserving their environment? We set the context of study 
before examining traditional mechanisms of conservation and the Mankon 
people’s myriad perceptions of the forest.

2.3 The study site

In this section, we describe the local sociopolitical organization and highlight 
the sociocultural significance of wildlife parts to the Mankon cultural universe. 
Located in the Northwest Region of Cameroon, Mankon is part of the Grassfield 
chiefdoms where the threat to tropical animal species has been reported [6]. It 
is found on an altitude of about 1000 m, above sea level. It shares boundaries 
with tribes including Bafut in the North. The Meta, Ngyembu, and Bali Nyonga 
Fondoms are situated in the east, and Nsongwa, Mbatu, and Akum are in the 
south.

Animal 
category

Definition

Class A Totally protected
No hunting
No trade or use as pets
Authorization from Wildlife Service of MINFOF required for their capture

Class B Protected
Hunting allowed with hunting permit

Class C Partially protected
Wildlife Service of MINFOF regulates their exploitation

CI Trade restricted in tandem with the Convention on International Trade in Endangered 
Species (CITES)
Examples—elephant tusk, montium chameleon, African rock python, and Prunus africana 
(pygeum)

Compiled by author with information from Verina Ingram and Nsom A. Jam [5].

Table 1. 
Categories of protected species according to Cameroon Law No. 1996 relating to environmental management.
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2.3 The study site

In this section, we describe the local sociopolitical organization and highlight 
the sociocultural significance of wildlife parts to the Mankon cultural universe. 
Located in the Northwest Region of Cameroon, Mankon is part of the Grassfield 
chiefdoms where the threat to tropical animal species has been reported [6]. It 
is found on an altitude of about 1000 m, above sea level. It shares boundaries 
with tribes including Bafut in the North. The Meta, Ngyembu, and Bali Nyonga 
Fondoms are situated in the east, and Nsongwa, Mbatu, and Akum are in the 
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Animal 
category

Definition

Class A Totally protected
No hunting
No trade or use as pets
Authorization from Wildlife Service of MINFOF required for their capture

Class B Protected
Hunting allowed with hunting permit

Class C Partially protected
Wildlife Service of MINFOF regulates their exploitation

CI Trade restricted in tandem with the Convention on International Trade in Endangered 
Species (CITES)
Examples—elephant tusk, montium chameleon, African rock python, and Prunus africana 
(pygeum)

Compiled by author with information from Verina Ingram and Nsom A. Jam [5].

Table 1. 
Categories of protected species according to Cameroon Law No. 1996 relating to environmental management.
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2.4 Mankon in the Western Grassfield region: Cameroon and Africa

Source: Notue [8, 25].

Source: Notue [8, 25].

Source: Eballa et al. ([44], 1984:1).
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Mankon is bounded in the east by Mushugu and the villages of Mandankwe and 
Nkwen: in the North by Bafut; in the west by Meta, Ngyen-mbo, and Bali; and in 
the south by the villages of Mbatu and Nsongwa. Mankon has an estimated land 
area of about 315 square kilometers and an estimated population of about 50,000 
inhabitants (estimate made in 1984). On the average, therefore, the population 
density is about 158 persons per square km [45].

Despite the impact of multiple raids in the nineteenth century, Mankon retained 
its cohesion. It also preserved its social organization that is based on nine clans. After 
the Ba’ni raids, the people settled in a dense defensive settlement on the north bank of 
the river Mezam. It is reputed for having retained its basic clan structure [45]. It was 
originally an amalgamation of three villages (Mbatu, Nsongwa, and Chomba), and it 
is one of the principal ethnic groups that constitute the larger Tikar group of people.

Mankon has a demarcated territory, a population of diverse origins, well-defined 
traditional institutions for the regulation of conflicts, and a military force under the 
leadership of a sacred sovereign personality, the Fon. The ntoh (capital) is the royal 
palace and is the main cultural, administrative, and religious center of the commu-
nity [6, 45]. Aspects of the belief system of the people are perceptible in the cultural 
events they perform before, during, and after important traditional ceremonies. 
Prominent among these ceremonies is the annual cultural dance event (Abüng a 
Fo), which is a replica of its political, economic, and social structures.

Because of its hilly topography, the climate is generally cold and windy. The 
alternating dry and rainy seasons of the year give room for subsistent farming lead-
ing to crop yields, which are mainly sold on traditional market days and Saturdays. 
These traditional market days attract people from other neighboring villages who 
converge to buy or sell food items.

Mankon is surrounded by lowland forest on the western and southern sides. The 
savannah, shrubs, and other tree types grow on the hilltops and slopes, while the 
elephant stalk (nkünka/atasong) and watershed trees are visible in the valleys and 
the lowlands. Rain forest trees can be found in the hinterlands. This is evidence of 
the fact that high equatorial forest trees once grew there. The ecosystem has report-
edly witnessed depletion. This is the result of human activities like regular burning 
to create farms and exploitation by hunters, herdsmen, and farmers.

As a measure to reverse the threat of watersheds drying up, the Ministry of 
Wildlife and Nature Protection has embarked on numerous reforestation projects. 
There is, however, a concern for the tree types planted for this purpose. Most people 
grow Eucalyptus trees for various needs like fuel wood, roofing, poles, and other 
uses. Contrary to the importance of Eucalyptus trees, it is more sustainably useful 
in wetland areas since it is known for its huge water nourishments for growth. 
Therefore, a semiarid region like the Northwest Region will probably need other 
friendly tree species to rejuvenate its ecological system as already noted by officials 
of the ministry concerned. A further shortcoming with these projects is the confla-
tion of community ownership with sustainability. As Victor Agah-ah Mah states, 
“The implementation of these projects disregarded the traditional beliefs and prac-
tices of end-users and engendered loss of access to shrines, groves and forest-based 
or water-based resources without providing alternatives. …Increasing temperature 
and reducing amount of rainfall result in a greater incidence of bushfires, which 
threaten the sustainability of some community-managed projects” ([46], p. 5).

2.5 Traditional social organization

The Fon of Mankon is also the clan head of the ntoh clan—the royal clan of the 
village. The Fon presides over rituals, the war council, and the council of notables 
whose members are chosen according to lineage. The Fon has lots of power and is 



Endemic Species

154

2.4 Mankon in the Western Grassfield region: Cameroon and Africa

Source: Notue [8, 25].

Source: Notue [8, 25].

Source: Eballa et al. ([44], 1984:1).

155

Modern State Law: Regulating Tradition or Protecting the Environment in the Mankon Kingdom…
DOI: http://dx.doi.org/10.5772/intechopen.85125

Mankon is bounded in the east by Mushugu and the villages of Mandankwe and 
Nkwen: in the North by Bafut; in the west by Meta, Ngyen-mbo, and Bali; and in 
the south by the villages of Mbatu and Nsongwa. Mankon has an estimated land 
area of about 315 square kilometers and an estimated population of about 50,000 
inhabitants (estimate made in 1984). On the average, therefore, the population 
density is about 158 persons per square km [45].

Despite the impact of multiple raids in the nineteenth century, Mankon retained 
its cohesion. It also preserved its social organization that is based on nine clans. After 
the Ba’ni raids, the people settled in a dense defensive settlement on the north bank of 
the river Mezam. It is reputed for having retained its basic clan structure [45]. It was 
originally an amalgamation of three villages (Mbatu, Nsongwa, and Chomba), and it 
is one of the principal ethnic groups that constitute the larger Tikar group of people.

Mankon has a demarcated territory, a population of diverse origins, well-defined 
traditional institutions for the regulation of conflicts, and a military force under the 
leadership of a sacred sovereign personality, the Fon. The ntoh (capital) is the royal 
palace and is the main cultural, administrative, and religious center of the commu-
nity [6, 45]. Aspects of the belief system of the people are perceptible in the cultural 
events they perform before, during, and after important traditional ceremonies. 
Prominent among these ceremonies is the annual cultural dance event (Abüng a 
Fo), which is a replica of its political, economic, and social structures.

Because of its hilly topography, the climate is generally cold and windy. The 
alternating dry and rainy seasons of the year give room for subsistent farming lead-
ing to crop yields, which are mainly sold on traditional market days and Saturdays. 
These traditional market days attract people from other neighboring villages who 
converge to buy or sell food items.

Mankon is surrounded by lowland forest on the western and southern sides. The 
savannah, shrubs, and other tree types grow on the hilltops and slopes, while the 
elephant stalk (nkünka/atasong) and watershed trees are visible in the valleys and 
the lowlands. Rain forest trees can be found in the hinterlands. This is evidence of 
the fact that high equatorial forest trees once grew there. The ecosystem has report-
edly witnessed depletion. This is the result of human activities like regular burning 
to create farms and exploitation by hunters, herdsmen, and farmers.

As a measure to reverse the threat of watersheds drying up, the Ministry of 
Wildlife and Nature Protection has embarked on numerous reforestation projects. 
There is, however, a concern for the tree types planted for this purpose. Most people 
grow Eucalyptus trees for various needs like fuel wood, roofing, poles, and other 
uses. Contrary to the importance of Eucalyptus trees, it is more sustainably useful 
in wetland areas since it is known for its huge water nourishments for growth. 
Therefore, a semiarid region like the Northwest Region will probably need other 
friendly tree species to rejuvenate its ecological system as already noted by officials 
of the ministry concerned. A further shortcoming with these projects is the confla-
tion of community ownership with sustainability. As Victor Agah-ah Mah states, 
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whose members are chosen according to lineage. The Fon has lots of power and is 
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an authority above all other governing institutions in the land. He mediates in all 
litigations but for those involving murder and treason [6, 45]. The former cases fall 
under the jurisdiction of administrative courts. Apart from that, the Fon also heads 
all traditional societies that rule community life.

Source: Anye [6].
He is also part of an authority known as Kwifo, which represents the whole land 

in spiritual matters. Members of Kwifo decide and the Fon executes. In case the Fon 
passes on, they enthrone a new one. The Kwifo is endowed with lots of spiritual 
powers. They perform most of the sacrifices and are believed to be in direct com-
munication with the ancestors of the land.

Christianity, Islam, and indigenous religion are practiced in Mankon. Most of 
the people are syncretic Muslims and Christians. Like most African peoples, they 
hold that the gods of the land exist everywhere and that the achievements of people 
are based on the protection they get from their gods and ancestors. Hence, in order 
to maintain a cordial relationship with these supernatural forces, they offer sacri-
fices and pour libations amid prayers or incantations [47]. The traditional religion 
still has an important role in the protection of their activities, environment, and 
themselves. Sacred sites as well as ritualistic objects accompany ceremonies and 
celebrations ([6, 8], p. 36).

2.6 Traditional mechanisms of conservation and perceptions of the forest

Traditional authorities in the Western Grassfield communities in Cameroon often 
rewarded people who captured certain animal species with traditional titles. The hunt-
ing down of wildlife species and the use of most wildlife parts are contrary to modern 
norms of conservation. It highlights the need to protect species threatened with 
extinction. If the species concerned are not protected, even the culture of the people is 
under threat once these species have become extinct. Other consequences include the 
progressive alteration of the traditional cultural pattern resulting in changes in habits 
and capabilities acquired by people as members of the society or lead to widespread 
environmental damage. People need education on the unfettered consequences of 
environmental degradation and the ruthless hunting down of wild animals.

Traditional institutions, knowledge, and practices are believed to have positively 
impacted on the sustainable management of the sacred forest in Mankon. The Fo’ 
(King) and the secret society, Kwifo, and the Mankon traditional council are the 
major actors protecting the environment of Mankon in general and the sacred forest 
in particular. Traditional institutions, knowledge, and practices as well as religious 
values have been recognized to influence people’s behavior and to significantly 
contribute in the conservation of forest [47].
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2.7 Totemism

In the past, totemism served as one of the major traditional conservation tools 
for conserving myriad plant and animal species. Similarly, cultural beliefs in totem-
ism, taboos, and sacred forest around villages adjacent to the Korup National Park 
in Cameroon have, for instance, been hailed for protecting the national park. Local 
bylaws that are binding on local inhabitants inordinately contribute to the rational 
use of natural resources [40]. This suggests that community norms remain sacro-
sanct to conservation initiatives. To ensure the sustainable use of both flora and 
fauna, there are taboos in place against the use of certain animal and plant species. 
Although material and symbolic approaches have widely divergent interpretations 
of people’s behavior toward animals, both schools agree that individuals are often 
not conscious of the “true” reason behind their conduct. Indeed, as Mary Douglas 
[49] notes, followers of a cultural tradition often seize on secondary rationaliza-
tions, such as health concerns, to explain their tabooed beliefs and behaviors. Her 
distinction between the sacred and the profane/clean and unclean and the overall 
notion of contamination that are used to maintain the social order and to shape 
human behavior [49] can be useful for understanding taboos and their power in 
conserving the environment in local communities.

Project planners and managers need to examine carefully all taboos and related 
beliefs and to avoid making assumptions that ignore cultural variation within 
an area. To assume that one group’s taboo on a particular type of fauna is shared 
by neighboring peoples, or even among members of the same family, may cause 
community forestry planners to shun species of wild animals that might otherwise 
be excellent candidates for development projects. This point is particularly relevant 
when outside influences have combined to make previously forbidden foods accept-
able, as with deer in the tropics [50] or when previously acceptable foods have been 
discarded, as with mice and rats among the Maraca of Colombia. In addition, some 
wildlife species were adopted in the Mankon community and treated like family 
members. They often lived and, at times, ate with humans. For instance, dogs were 
often accorded burial and mourning rites. In many Indian tribes, people might be 
known as the father, mother, brother, or sister of such and such a dog.

2.8 The sacred forest

A sacred forest is a forest reserved by traditional authorities. Sacred forests are 
governed by unwritten by unwritten cultural norms and are used as sites for the per-
formance of communal rites meant to honor the ancestors. They are believed to serve 
as a protective shield against any harm or calamity [47]. They contain varied plant and 
animal species. Most sacred forests are located around the palace and within protected 
areas. Community efforts at natural resource management in Mankon started with the 
creation of a forest close to the royal palace by the Fon in the early 1950s. This forest 
covers about five (5) hectares of land. For sacrifices, the Fon also uses another sacred 
forest called kekfure. It is also used for the Fon’s recreation when he concentrates and 
communes with the ancestors. This forest is reputed for unique wildlife species not 
found elsewhere in Africa, notably some rare species of birds. Sacred forests are areas 
of valuable importance to the community in terms of ancestral burial grounds, valuable 
tree and animal species, etc. It is highly protected in the belief that immortal and omni-
present forces surround the forest area. As stated by various village elders, in the past 
this forest served as a security cordon against a possible attack by surrounding villages 
or invaders. People are prohibited from exploiting flora and fauna from this forest. It is 
believed that an individual could be affected by the anger of the spirits of the ancestors 
in case of violation of the rules and regulations [47–50] governing this forest.



Endemic Species

156

an authority above all other governing institutions in the land. He mediates in all 
litigations but for those involving murder and treason [6, 45]. The former cases fall 
under the jurisdiction of administrative courts. Apart from that, the Fon also heads 
all traditional societies that rule community life.

Source: Anye [6].
He is also part of an authority known as Kwifo, which represents the whole land 

in spiritual matters. Members of Kwifo decide and the Fon executes. In case the Fon 
passes on, they enthrone a new one. The Kwifo is endowed with lots of spiritual 
powers. They perform most of the sacrifices and are believed to be in direct com-
munication with the ancestors of the land.

Christianity, Islam, and indigenous religion are practiced in Mankon. Most of 
the people are syncretic Muslims and Christians. Like most African peoples, they 
hold that the gods of the land exist everywhere and that the achievements of people 
are based on the protection they get from their gods and ancestors. Hence, in order 
to maintain a cordial relationship with these supernatural forces, they offer sacri-
fices and pour libations amid prayers or incantations [47]. The traditional religion 
still has an important role in the protection of their activities, environment, and 
themselves. Sacred sites as well as ritualistic objects accompany ceremonies and 
celebrations ([6, 8], p. 36).

2.6 Traditional mechanisms of conservation and perceptions of the forest

Traditional authorities in the Western Grassfield communities in Cameroon often 
rewarded people who captured certain animal species with traditional titles. The hunt-
ing down of wildlife species and the use of most wildlife parts are contrary to modern 
norms of conservation. It highlights the need to protect species threatened with 
extinction. If the species concerned are not protected, even the culture of the people is 
under threat once these species have become extinct. Other consequences include the 
progressive alteration of the traditional cultural pattern resulting in changes in habits 
and capabilities acquired by people as members of the society or lead to widespread 
environmental damage. People need education on the unfettered consequences of 
environmental degradation and the ruthless hunting down of wild animals.

Traditional institutions, knowledge, and practices are believed to have positively 
impacted on the sustainable management of the sacred forest in Mankon. The Fo’ 
(King) and the secret society, Kwifo, and the Mankon traditional council are the 
major actors protecting the environment of Mankon in general and the sacred forest 
in particular. Traditional institutions, knowledge, and practices as well as religious 
values have been recognized to influence people’s behavior and to significantly 
contribute in the conservation of forest [47].

157

Modern State Law: Regulating Tradition or Protecting the Environment in the Mankon Kingdom…
DOI: http://dx.doi.org/10.5772/intechopen.85125

2.7 Totemism

In the past, totemism served as one of the major traditional conservation tools 
for conserving myriad plant and animal species. Similarly, cultural beliefs in totem-
ism, taboos, and sacred forest around villages adjacent to the Korup National Park 
in Cameroon have, for instance, been hailed for protecting the national park. Local 
bylaws that are binding on local inhabitants inordinately contribute to the rational 
use of natural resources [40]. This suggests that community norms remain sacro-
sanct to conservation initiatives. To ensure the sustainable use of both flora and 
fauna, there are taboos in place against the use of certain animal and plant species. 
Although material and symbolic approaches have widely divergent interpretations 
of people’s behavior toward animals, both schools agree that individuals are often 
not conscious of the “true” reason behind their conduct. Indeed, as Mary Douglas 
[49] notes, followers of a cultural tradition often seize on secondary rationaliza-
tions, such as health concerns, to explain their tabooed beliefs and behaviors. Her 
distinction between the sacred and the profane/clean and unclean and the overall 
notion of contamination that are used to maintain the social order and to shape 
human behavior [49] can be useful for understanding taboos and their power in 
conserving the environment in local communities.

Project planners and managers need to examine carefully all taboos and related 
beliefs and to avoid making assumptions that ignore cultural variation within 
an area. To assume that one group’s taboo on a particular type of fauna is shared 
by neighboring peoples, or even among members of the same family, may cause 
community forestry planners to shun species of wild animals that might otherwise 
be excellent candidates for development projects. This point is particularly relevant 
when outside influences have combined to make previously forbidden foods accept-
able, as with deer in the tropics [50] or when previously acceptable foods have been 
discarded, as with mice and rats among the Maraca of Colombia. In addition, some 
wildlife species were adopted in the Mankon community and treated like family 
members. They often lived and, at times, ate with humans. For instance, dogs were 
often accorded burial and mourning rites. In many Indian tribes, people might be 
known as the father, mother, brother, or sister of such and such a dog.

2.8 The sacred forest

A sacred forest is a forest reserved by traditional authorities. Sacred forests are 
governed by unwritten by unwritten cultural norms and are used as sites for the per-
formance of communal rites meant to honor the ancestors. They are believed to serve 
as a protective shield against any harm or calamity [47]. They contain varied plant and 
animal species. Most sacred forests are located around the palace and within protected 
areas. Community efforts at natural resource management in Mankon started with the 
creation of a forest close to the royal palace by the Fon in the early 1950s. This forest 
covers about five (5) hectares of land. For sacrifices, the Fon also uses another sacred 
forest called kekfure. It is also used for the Fon’s recreation when he concentrates and 
communes with the ancestors. This forest is reputed for unique wildlife species not 
found elsewhere in Africa, notably some rare species of birds. Sacred forests are areas 
of valuable importance to the community in terms of ancestral burial grounds, valuable 
tree and animal species, etc. It is highly protected in the belief that immortal and omni-
present forces surround the forest area. As stated by various village elders, in the past 
this forest served as a security cordon against a possible attack by surrounding villages 
or invaders. People are prohibited from exploiting flora and fauna from this forest. It is 
believed that an individual could be affected by the anger of the spirits of the ancestors 
in case of violation of the rules and regulations [47–50] governing this forest.



Endemic Species

158

2.9 Harvesting of medicinal plants

Cultural norms also surrounded the harvesting of medicinal plants by both tra-
ditional healers and non-healers alike. The parts of herbs required for therapy such 
as barks, leaves, roots, and quantity had to be harvested at particular periods of the 
day, usually in the morning/evening or on particular days of the week [50–52]. The 
aim was to ensure their rapid regeneration. Cultural prohibitions around harvesting 
are advertent measures of conservation.

Once the medicine had been found, rituals for harvesting—such as prayer and 
thanks to the ancestors—were performed. In most cases, the person would only 
harvest the part of the tree or plant (such as bark, leaves, roots etc.) that he or she 
needed. The rest of the tree would be saved for future use. Medicines were harvested 
at particular times during the year, mostly during the time when harvesting would 
do less damage to the tree or plant. The ‘just in time’ nature of use meant that 
people only harvested the medicines they needed [32, 52].

2.10 Symbols of royalty

In the Mankon Kingdom and most Western Grassfield kingdoms, certain 
animals—leopards, buffaloes, tiger, and elephant—are considered as symbols 
of royalty. Accordingly, whoever captures or kills one of these is decorated and 
elevated in status. According to Lewellen, […] symbols must serve a dual purpose: 
they must be at once particularistic, serving to unite the group and maintaining its 
unique identity, and universalistic, legitimizing it as an agency of power to the great 
majority of outsiders [53]. According to David I. Kertzer, true symbols have three 
properties, “[…] condensations of meaning, symbols are multivocal, finally, true 
symbols possess ambiguity, so that they can never be fully defined; they have no 
precised meaning” [9, 53, 54].

2.11 The leopard (Panthera pardus)

It is a large elegant and powerful feline, with elongated forms. Because of its cun-
ning attitude, power, and ferocity, it is one of the most feared animals and, as such, 
one of the most respected in the African jungle [8]. The Mankon attributes to this crea-
ture many powers. It is associated with political and judicial authority and perceived as 
symbolizing strength, the power of the Fon, prestige, and the greatness of royalty. The 
Fon is indeed called “leopard” and his children “those” of this animal [8, 67].

Source: The authors.
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In representing the feline as portrayed on works of art, the artist is said to bring 
out (using formal means) the qualities and virtues of the wild animal (strength, 
ferocity, and rapidity, among others). He seeks to simplify, stylize, and emphasize 
what he considers meaningful: emphasis is on the simple thickness of its body 
and head. The decorative design or pattern of the leopard are found on various 
articles and used in the celebration of enthronement and succession rites or during 
ancestral and fertility cults, for the prestige of the Fon: in a nutshell, for everything 
related to maintaining political authority and social cohesion [52]. Not only does the 
panther appear in the form of figurative motifs, but its hide and teeth are used for 
symbolic objects or ornamentation.

2.12 The elephant

It is also associated with power, command, and plenty [8]. The elephant like 
the leopard is said to be a symbol of royalty. The body parts of these animals are 
used in many rituals and cults of powerful secret societies within the Fondom of 
Mankon. The beast appears on various objects used by members of this society—
receptacles, pipes, drums, masks, and seats, among others. When this animal is 
represented on masks and pipes, it incarnates the indomitable force of nature that 
can be harnessed and used for various profitable purposes by an individual or the 
community [8]. Moreover, in Mankon as elsewhere in the Western Grassfields, 
men (and especially the Fon) are said to form alliances with animals in order to 
have a double, triple, or multiple existence. This is in addition to having all the 
qualities, strengths, as well as weaknesses of the chosen animals to act in life 
efficiently. The elephant is not only a source of inspiration, as a plastic theme for 
Mankon and Grassland artists, but also a source of ivory and hair, which are used 
to make various works of art. Ivory is of great economic value and a sign of wealth. 
The marketing of this strategic product is perceived as the monopoly of the Fon 
of Mankon. Ivory products, luxury articles, or articles for prestige have for long 
remained the prerogative of the Fon and important personalities of the Fondom. 
Apart from the elephant, the buffalo is said to evoke strength, courage, and vital-
ity. Like the elephant, it is a royal animal. This explains why the Fon has the right 
over a killed buffalo. He rewards the hunter who brings it back home and to the 
palace as booty.

2.13 Symbolism and the multiple uses of wildlife in Mankon

Wildlife is harvested daily across Africa using legal and illegal means as well 
as sustainable and unsustainable ones. In this section, we examine the views and 
opinions of respondents on how they treat wildlife—wild animals and royal animals 
alike. This includes the patronage of royal animals, the uses of royal wildlife, the 
royal animal and environmental sustainability, the use and trade of wild animals in 
traditional medicine, and other purposes.

2.14 Perceptions of wildlife

According to wildlife officials in Cameroon’s Ministry of Forestry and Nature 
Protection, most animals in Mankon, including the African forest elephant 
(Loxodonta cyclotis) and the chimpanzee (Pan troglodytes), are endangered species. 
According to respondents, the community loves wildlife because it is a good source 
of protein; wildlife activity is useful for the ecological chain. In the past, it was used 
to symbolically determine the prowess of the traditional military force of Mankon. 
They were consequently treated with great respect.
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2.13 Symbolism and the multiple uses of wildlife in Mankon

Wildlife is harvested daily across Africa using legal and illegal means as well 
as sustainable and unsustainable ones. In this section, we examine the views and 
opinions of respondents on how they treat wildlife—wild animals and royal animals 
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to symbolically determine the prowess of the traditional military force of Mankon. 
They were consequently treated with great respect.
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In the course of migrating to settle in their present site more than a century 
ago, successive leaders distinguished themselves through bravery on the battle-
field and hunting ground. Hunting demonstrated to an extent their resistance at 
the war front. In dynastic Mankon, wildlife hunting was a great social phenom-
enon. Today many human activities have encroached on the natural habitat of 
wildlife. Most trees have been cut down, and sometimes there is scarcity of food 
and water. Because of this human habitat encroachment, for instance, Ngwabah 
(an animal said to be in the family of tigers), that existed for a while in the neigh-
borhood of Mbinfibieh in Mankon in the 1950s and caused aggression and terror 
to the community is now only in historical memory:

… when we cite the example of Sacred Heart College Mankon […] the college 
area use to be the hunting ground of the Fon of Mankon […] in those days when I 
was growing up as a young man, we had giraffes, antelopes, deer, and other wild 
animals that existed in the Mankon village […] when you moved along the road you 
could see some of them inside that bush […] but from the time they used that place 
to build the school, with electricity in the whole place […] you cannot even see a rat 
mol there; so the children growing in Mankon today will never know that before 
this time giraffes, antelopes, dares and all the other types of wild animals existed 
in Mankon […] so there is need for preservation to let the upcoming generation see 
and know the different types of animals…. (Aborengong John)

The Fon of Mankon is believed to be a patron of all wildlife within his area of 
jurisdiction. This reflects the royal highness’ personal interests. While sometimes 
represented clearly as some human ruler, at other times, he is believed to appear 
more like a leopard, which is valued as very brave, ferocious, aggressive, intrepid, 
great watcher, courageous, and active. The most common representation is the one 
in which the Fon is identified in his palace same as in public places with certain 
wildlife parts like the horns of an elephant, its teeth, the skin of a leopard, and other 
parts like the feather and the hair of other royal wildlife. Other members of the 
Fon’s entourage also have wildlife with which are identified. For instance, notables 
drink from buffalo horn cups. The designs of fabrics worn by notables carry the 
image of leopards to highlight authority and belonging to the class of power. The 
animal skin shown in the photo illustrated above depicts the use of some wildlife 
products. Traditional regalia and bags like the ones depicted below are valued in 
traditional ceremonial settings (Figures 1–4).

The bags depicted in the pictures above showcase wildlife products used not only as 
cultural items but also for decoration and ornamentation.

Any wildlife captured by Mankon citizens is taken to the palace as a gift to the 
highest authority of the land. Apart from the possession of some wildlife by the 
Fon, other species harvested as wild meat are for subsistence and noncommercial 
purposes. Some of these are animals under the category of non-protected species. 
They are hunted with the use of traditional snares, nets, registered guns, traps, etc. 
and for this purpose. However, individuals who have the right of access to the forest 
also hunt wildlife, including protected species for subsistence [43].

Estimated values for the wild meat trade in the formal literature are limited, 
perhaps due to the small number of harvest and trade activities in Africa that are 
considered legitimate and for subsistence. The importance of wildlife as a source of 
protein, religious significance, cultural value, medicinal use, and income to rural 
African communities remains true in the present day as it was during pre-colonial 
times [55, 56]. State regulation and the undermining of traditional user rights have 
however modified traditional values [55]. This has resulted in the perception of 
wildlife as an open-access resource and, as expected, overexploitation [56]. Where 
large-scale commercial markets have developed, the focus of hunting activities has 
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Figure 1. 
Fabric in images featuring wildlife inscriptions. Source: The authors.

Figure 2. 
Fabric in images featuring wildlife inscriptions. Source: The authors.
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Fabric in images featuring wildlife inscriptions. Source: The authors.
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tended to concentrate on specific species [55]. In some communities, traditional law 
dictates that wildlife once killed becomes the property of the hunter or the propri-
etor of the hunting implement (gun, snare, and crossbow) [56]. This provides the 
necessary motivation for killing as many animals as possible to secure property in 
unregulated systems [57]. Several projects in East and Southern Africa have sought 
to mitigate this type of problem by granting specific rights of wildlife use to local 
communities [58]. The overall impact shows that in Southern Africa community 
wildlife use “has had significant impacts on the development of natural resource 
management regimes at national levels and added significantly to the sustainable 
use debate at the international level” [26, 59]. The impacts go beyond “conservation 
issues into the realm of human rights, democracy and constitutional reform” [59]. 
As stated by one community member:

We are now citizens who own or at least have control over our land and the 
benefits that come from using it. Government is becoming a partner in our develop-
ment and officials in our area are starting to feel that they should work for our 
benefit. The company that hunts in our area is also becoming our partner. And all 
this means that in the eyes of our neighbors in Zimbabwe and Zambia we are no 

Figure 4. 
Bags made out of wild cat skin (African civet). Source: The authors.

Figure 3. 
Bags made out of wild cat skin (African civet). Source: The authors.
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longer refugees, poor cousins whose land is no-mans land where anyone can do as 
they want. We are also now people in our own right ([59], p. 26).

Respect for community norms and values will lead to the transformation of vil-
lagers from poachers to protectors of wildlife and plant species as a viable solution to 
participatory environmental conservation that give user rights and take the concerns 
of local forest-dwelling communities seriously [35, 59]. Some communities have, 
however, perceived the benefits from wildlife meat and products to be minimal. This 
demonstrates that there are always winners and losers in conservation initiatives [35].

2.15 Royalty as custodian of wildlife

Over the years, the royal family embraced a couple of wildlife as favored symbols 
of authority. Formal portraits from the eighteenth century onward have reportedly 
shown successive Fons and other notables posing or appearing with the aforemen-
tioned royal animal parts. From Fon Angwafo II (1866–1919) till date, most of the 
royal wildlife merit their own portraits as their parts are either portrayed and drawn 
or used almost permanently in the palace and public places wherever the authority 
of the land is represented. For instance,

…The animal skin which the predecessor of the Fon used, the Fon still has to use 
because if a citizen of Mankon catches a leopard, tiger, buffalo and other wild 
animals, they carry it to the palace and when it is slaughtered they preserve its 
skin…and they remain there forever and can be destroyed only by fire and other 
similar disasters…. (Pa Tumanjong Paul)

During occasions where traditional dances are exhibited in Mankon, most 
of the traditional attires worn by either the dancers or other participants are 
adorned with the portraits of wild animals and other wildlife parts. These animal 
parts include the tail, horn, and skin. Similarly, during communal ritual perfor-
mances including the annual traditional dance (Abüng a Fo), the Fon wears a cap 
made of elephant (/usen/) hair and tail. This cap was reportedly inherited from 
his predecessors who obtained it upon their successive accession to the throne. It 
is believed that in the past, all captured royal animals had their parts preserved 
by royalty for posterity and as symbols of authority. As one of our key respon-
dents pointed out:

…The animal skin which the predecessor of the Fon used, the Fon still has to use 
because if a citizen of Mankon catches a leopard, tiger, buffalo and other wild 
animals, they carry it to the palace and when it is slaughtered they preserve its 
skin…and they remain there forever and can be destroyed only by fire and other 
similar disasters…. (Pa Tumanjong Paul)

The most unusual of these are parts of animals, which fall under the category of 
protected wildlife. This is happening at a time when many people have hardly ever 
seen a live elephant (but on TV or in the zoo). These rare and exotic exhibitions are 
highly prized and do enable successive rulers to display their wealth and status.

2.16 The uses of wildlife/royal wildlife

The people believe that royalty owns royal wildlife. Royalty protects the land 
and needs to be informed of (honored) any wildlife killed; else, defaulters will 
suffer sanctions including at times excommunication from the village. Persons who 
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distinguish themselves by capturing wildlife and taking it to the palace are deco-
rated and given awards. One respondent stated that:

Of course when you have a red feather, given to you by the authority in the palace…
you have some privileges which the common villager does not have because … so 
that makes you different from the common man in the society…if you are a notable, 
let us say you have been given a red feather by the fondom…it is just like the 
chancellery having all the people who have had medal awards…. (Aborengong F., 
John; Food Market Mankon, November 2010)

2.17 Wildlife and traditional medicine

Most people combine western medicine alongside traditional healing practices. 
They will, for example, consult western and traditionally trained medical practitio-
ners simultaneously. They may also visit a medium (who will summon the spirits to 
treat the patient) even while staying in a hospital. Additionally, local remedies are 
known and used without consulting a healer.

Parts of plants and animals are, however, central features of traditional medi-
cine. This is the reason for the demand of plant and animal materials for medicinal 
purposes. A significant proportion of this community use traditional medicine 
on a daily basis. The rarity of certain animal species has reduced the ability of the 
majority of the people of Mankon to afford to keep or purchase animal products for 
medicinal purposes. Vendors are increasingly selling fake animal products. Many 
traditional healers cannot afford to purchase these animal parts to include in their 
remedies. Some are substituting plant for animal ingredients or recommending to 
their clients that they source or purchase the animal-based ingredients themselves 
rather than relying on the healer. Some animal products are openly sold at traditional 
medicine outlets. These species are considered to be of a lower financial value, since 
the Forestry Law dictates a system of fines according to the perceived financial value 
of the species. Wildlife regulation has encouraged trading activities to continue “out 
of sight,” and many wildlife products are now very expensive to buy from intermedi-
aries. Traders prefer to buy them only when they have a ready customer (Table 2).

Some hunted wildlife species are highly valued for their medicinal properties. 
Examples are the elephant, tiger, and python, which are valued as therapy during 
labor and childbirth. Prior to the passing of the wildlife law, wildlife parts were 
readily available for sale in traditional medicine shops everywhere in the study 
region. Throughout the 1990s, Africa was widely considered to be a major source for 
tiger (Panthera tigris) parts for the international medicine markets [60–63]. Reports 
suggest that in the past the bones of tiger had only a limited domestic market and 
that the majority were shipped abroad for higher prices [60].

In the early 1990s, scarce elephant hooves were fetching USD10 per gram. When 
these same elephant parts became very scarce, they were being sold at USD700 
[62]. Some informants however pointed out that the effects of market involvement 
on local wildlife populations and the humans who depend on them are varied and 
complex. The trade of wild animals generates income and employment, and it has 
the potential to help manage and regulate herd size and wildlife populations. These 
are useful by-products of wildlife marketing. On the other hand, poor management 
and overharvesting are two typical examples of how market forces exacerbated 
the trade in wildlife. Market involvement in the wildlife trade has created some 
problems, the opportunities, as well as incentives. The main problem is to find ways 
in which community forestry activities could maximize the positive aspects and 
minimize the negative impact of this involvement.
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2.18 Wildlife as symbols in Mankon

Artists frequently use animals as a subject matter in their art. Animals are 
symbolic. Throughout the ages, many cultures have regarded specific animals as 
representing gods, power, and the supernatural. In Mankon, men (and especially 
the Fon) are believed to form alliances with animals in order to have a double, 
triple, or multiple existence and to have all the qualities, strengths, as well as 
weaknesses of the chosen animals to act in life efficiently. The Fon is often associ-
ated with the leopard, which is known for its ferocity, for its aggression, for being 
intrepid, as a great watcher, for being courageous, for being active, and for its 
speediness. He is also linked to the elephant, which is reputed for its strength, 
fidelity, memory, patience, wisdom, intelligence, and power [8]. As noted earlier, 
the Fon is mostly identified in public with the skin of a leopard and animal tusks 
which depicts this symbolic alliance with these animals projecting the qualities 
they are believed to incarnate:

All notables and clan heads use the horns of the buffalo as their drinking cups […] 
it is a sign of superiority over the common villager […] if you are not a notable you 
cannot be seen drinking from nothing more than a cow horn or a calabash cup […] 
so the notables have the privilege of drinking with cups made from buffalos, the 
dwarf cows, and other strong animals as a sign of superiority among the villag-
ers…. (PA Aboringong; food Market Mankon, November 2010)

Mathias Alubafi [64] concedes that buffalo cow horn drinking cups decorated 
with Bruce Lee’s facial image have become status objects and objects of decoration. 
Successful youths who have acquired these drinking horns use the fascination 
associated with it as “embodiments of a new iconography and iconology for the 
western Grassfields.” By reversing “to their advantage the traditional iconography 

Animals By-products used

Fowl Blood, wings

Bee Bee wax

Goat Hoof

Cowries Bone

White monkey Spike

Porcupine Bone

Leopard Bone, hoof

Elephant Bone

Black snake Fat, bone

Python Bone

Swallow Bone

Fish Bone

Owl Bone

Duiker Bone

Snail Shell, flesh

Source: Fieldwork.

Table 2. 
Wildlife and by-products used for medicinal purposes.
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so the notables have the privilege of drinking with cups made from buffalos, the 
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Animals By-products used

Fowl Blood, wings

Bee Bee wax

Goat Hoof

Cowries Bone

White monkey Spike

Porcupine Bone

Leopard Bone, hoof

Elephant Bone

Black snake Fat, bone

Python Bone

Swallow Bone

Fish Bone

Owl Bone

Duiker Bone

Snail Shell, flesh

Source: Fieldwork.

Table 2. 
Wildlife and by-products used for medicinal purposes.
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and iconology that was typical of the region and that was restricted to royals and 
elites” [64], they are questioning and reinterpreting cultural values.

Animals are regularly depicted on many packets, bottles, and sachets containing 
traditional medicine in the Mankon marketplace. According to medicine men, animal 
images and names do not indicate the ingredients in the medicine. They are, however, 
used as an attraction and for branding to indicate the effectiveness of the medicine. 
They belief that medicines containing animal derivatives are effective appear to be 
deeply entrenched in the local community. Similarly, a survey carried out in 1994 
found that the popularity of a so-called Loris wine dropped when it was rumored to 
be mass produced without the use of Loris ingredients [65]. A medicine man in the 
heart of Mankon stated that he had given up using animal products on grounds that 
they were too expensive and too hard to find. Indeed, with the exception of one tonic 
containing an unspecified toad, no evidence of the use of animals in his retail premises 
or workshop was found. However, on the label of his plant based post-partum tonic 
could be read: “Works in the same way as porcupine stomach.” Another medicine 
man, who has shops in Mankon food market and sells in other periodic markets like 
in Momo and Bui Divisions, also uses animals as a marketing strategy. He stated that 
in advertising his products, he uses slogans like, “No synthetic substances are used in 
my remedies, only natural ingredients, such as plants and the skin and gallbladders 
of animals.” Respondents stated that the wildlife of the community is considered the 
people’s cultural heritage. However, through overhunting, timber harvesting, bush 
fires, the use of toxic chemicals and other forms of habitat destruction, a large number 
of animals, reptiles, and most bird species have become extinct (see Table 3).

2.19 Relationship between the Mankon community and wildlife

While animals do not have an exact incredible large influence on other species and 
the natural world like humans do, there is increasing fear of the extinction of innumer-
able wildlife species. If the present trend of global human population is large enough 
and the technologies that allow humans to manipulate the environment are potent 
enough, human-caused alterations to the biosphere could fasten extinction. Mankon 
is far from hunter-gatherer societies that obtain their food directly from natural 
ecosystems, by hunting wild animals and collecting wild plants. It is noteworthy that a 
hunter-gatherer lifestyle can support a relatively can support a relatively small number 
of people in most landscapes. So population densities of such societies tend to be low. 
Contrary to hunter-gatherer societies, Mankon has long mutated from an exclusive 
farming community to an agrarian society, which obtains food not just by foraging 
in natural ecosystems but also by planting species that are important food items and/
or raising livestock. Contrary to most hunter-gatherer societies where people are 
migratory, traveling frequently in search of food rather than living in settlements, the 
Mankonians supplement the food they raise with hunting and foraging adapted to the 
species still prominent in their environment. Mankon has gradually evolved from a 
strictly agrarian and pastoralist society to incarnate the two forms of farming [65].

The poor soil of this region usually cannot support the permanent, large-scale, 
plowed farming style of more advanced agricultural societies. Hence, they practice 
small-scale slash and burn agriculture meant for family consumption purposefully 
with the rest sold for the purchase of other basic needs. However, in the olden days, 
animals were commonly associated with particular gods and goddesses and were 
often symbolic of a deity’s power. Encountering a particular species of wildlife may 
be considered as an omen from a god, but the power usually did not reside in the 
animal itself but rather in its relationship to a deity. However, horticultural and 
herding societies are generally confined to only certain climates and habitat types, 
and their population densities are still relatively low; so often with some societies, 
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there are still considerable undisturbed areas that provide habitat for wildlife. This 
is the case with Mankon where vast extensive land areas are yet to be exploited 
for farming. The transition from hunter-gatherer to early agrarian societies often 
resulted in increased birth rates. Growing human populations place ever-increasing 
demands on the surrounding wildlife and natural ecosystems.

Furthermore, there are reports of the increasing scarcity for many medicinal 
wildlife species. This situation represents a concern not only from the conservation 
point of view but also because reduced availability of medicinal wildlife will have 
a negative effect on the health status of many people living in this community in 
particular and in Cameroon as a whole. There is certainly a threat to the medicinal 
importance of wildlife in that scarce wildlife population will not be able to ensure 
continuous supply of wildlife parts/products for medicines. Concurrently, there 
will not be a continuous use of wildlife in traditional drug development and the 
supply of wildlife for spiritual and ceremonial purposes.

2.20 Wildlife use in Mankon and hunting methods

They include legal and illegal as well as sustainable and unsustainable means. Three 
primary modes of wildlife hunting are currently taking place in Mankon and resulting 

Source: Field notes.

Table 3. 
List of identified rare or extinct in Mankon.



Endemic Species

166

and iconology that was typical of the region and that was restricted to royals and 
elites” [64], they are questioning and reinterpreting cultural values.

Animals are regularly depicted on many packets, bottles, and sachets containing 
traditional medicine in the Mankon marketplace. According to medicine men, animal 
images and names do not indicate the ingredients in the medicine. They are, however, 
used as an attraction and for branding to indicate the effectiveness of the medicine. 
They belief that medicines containing animal derivatives are effective appear to be 
deeply entrenched in the local community. Similarly, a survey carried out in 1994 
found that the popularity of a so-called Loris wine dropped when it was rumored to 
be mass produced without the use of Loris ingredients [65]. A medicine man in the 
heart of Mankon stated that he had given up using animal products on grounds that 
they were too expensive and too hard to find. Indeed, with the exception of one tonic 
containing an unspecified toad, no evidence of the use of animals in his retail premises 
or workshop was found. However, on the label of his plant based post-partum tonic 
could be read: “Works in the same way as porcupine stomach.” Another medicine 
man, who has shops in Mankon food market and sells in other periodic markets like 
in Momo and Bui Divisions, also uses animals as a marketing strategy. He stated that 
in advertising his products, he uses slogans like, “No synthetic substances are used in 
my remedies, only natural ingredients, such as plants and the skin and gallbladders 
of animals.” Respondents stated that the wildlife of the community is considered the 
people’s cultural heritage. However, through overhunting, timber harvesting, bush 
fires, the use of toxic chemicals and other forms of habitat destruction, a large number 
of animals, reptiles, and most bird species have become extinct (see Table 3).

2.19 Relationship between the Mankon community and wildlife

While animals do not have an exact incredible large influence on other species and 
the natural world like humans do, there is increasing fear of the extinction of innumer-
able wildlife species. If the present trend of global human population is large enough 
and the technologies that allow humans to manipulate the environment are potent 
enough, human-caused alterations to the biosphere could fasten extinction. Mankon 
is far from hunter-gatherer societies that obtain their food directly from natural 
ecosystems, by hunting wild animals and collecting wild plants. It is noteworthy that a 
hunter-gatherer lifestyle can support a relatively can support a relatively small number 
of people in most landscapes. So population densities of such societies tend to be low. 
Contrary to hunter-gatherer societies, Mankon has long mutated from an exclusive 
farming community to an agrarian society, which obtains food not just by foraging 
in natural ecosystems but also by planting species that are important food items and/
or raising livestock. Contrary to most hunter-gatherer societies where people are 
migratory, traveling frequently in search of food rather than living in settlements, the 
Mankonians supplement the food they raise with hunting and foraging adapted to the 
species still prominent in their environment. Mankon has gradually evolved from a 
strictly agrarian and pastoralist society to incarnate the two forms of farming [65].

The poor soil of this region usually cannot support the permanent, large-scale, 
plowed farming style of more advanced agricultural societies. Hence, they practice 
small-scale slash and burn agriculture meant for family consumption purposefully 
with the rest sold for the purchase of other basic needs. However, in the olden days, 
animals were commonly associated with particular gods and goddesses and were 
often symbolic of a deity’s power. Encountering a particular species of wildlife may 
be considered as an omen from a god, but the power usually did not reside in the 
animal itself but rather in its relationship to a deity. However, horticultural and 
herding societies are generally confined to only certain climates and habitat types, 
and their population densities are still relatively low; so often with some societies, 

167

Modern State Law: Regulating Tradition or Protecting the Environment in the Mankon Kingdom…
DOI: http://dx.doi.org/10.5772/intechopen.85125

there are still considerable undisturbed areas that provide habitat for wildlife. This 
is the case with Mankon where vast extensive land areas are yet to be exploited 
for farming. The transition from hunter-gatherer to early agrarian societies often 
resulted in increased birth rates. Growing human populations place ever-increasing 
demands on the surrounding wildlife and natural ecosystems.

Furthermore, there are reports of the increasing scarcity for many medicinal 
wildlife species. This situation represents a concern not only from the conservation 
point of view but also because reduced availability of medicinal wildlife will have 
a negative effect on the health status of many people living in this community in 
particular and in Cameroon as a whole. There is certainly a threat to the medicinal 
importance of wildlife in that scarce wildlife population will not be able to ensure 
continuous supply of wildlife parts/products for medicines. Concurrently, there 
will not be a continuous use of wildlife in traditional drug development and the 
supply of wildlife for spiritual and ceremonial purposes.

2.20 Wildlife use in Mankon and hunting methods

They include legal and illegal as well as sustainable and unsustainable means. Three 
primary modes of wildlife hunting are currently taking place in Mankon and resulting 

Source: Field notes.

Table 3. 
List of identified rare or extinct in Mankon.



Endemic Species

168

in three different products—bushmeat, game meat, and wild meat. Apart from the 
bushmeat trade, there are other forms of wildlife harvest that contribute to meeting 
the nutritional, economic, and other cultural needs of the Mankon community in par-
ticular and African communities in general. The wildlife trade across the Northwest 
Region and Mankon in particular has rapidly evolved over recent years to become 
a lucrative and culturally oriented phenomenon. Its dramatic expansion has been 
facilitated by numerous factors including increasing consumer demand, development 
of road networks and industrial infrastructure (logging, mining, oil), market declines 
in other sectors (e.g., agricultural), increasing human population, lack of incentive or 
resources to develop alternatives, social and political upheavals, inadequate monitor-
ing and enforcement capacity, and decreases in household economic security. Reports 
indicate that there is a significant, illegal, commercial exploitation of wildlife occur-
ring around the globe and that current levels of exploitation are unsustainable and 
threaten the future of numerous wildlife populations and the people dependent on 
them [66–70]. Game meat which describes legally obtained meat as part of a commer-
cial (private or communally managed) operation that is regulated and controlled is 
also where monitoring of the wildlife populations and habitat is carried out and where 
trade is legally conducted with authorized agents and government controls [66–69]. 
The game meat trade results from a form of uniquely managed wildlife exploitation 
called game ranching involving both consumptive and nonconsumptive activities that 
are more developed in selected countries in East and Southern Africa. Its development 
was formally established in the 1960s in Southern Africa and has grown in recent years 
as a recommended alternative land-use strategy that provides increased ecological 
and economic benefits to cattle ranching or crop farming. Populations of wildlife 
are maintained within (un)fenced areas and often involve the interchange of genetic 
stock with unmanaged populations (i.e., wild). Production systems may be privately 
or communally managed and involve species of birds and mammals. The presence 
of predators is allowed in some ranching systems but not in all [65–67]. Though not 
well organized, this kind of game meat management is highly perceptible in Mankon. 
Game cropping is one consumptive use performed on game ranches for the purposes 
of producing meat, skins, and horns for sale in either domestic or international 
markets. It requires considerable management in both biological and economic terms 
for the maximization of efficiency [43, 67–70]. Elderly respondents informed us that 
small-scale game cropping had existed in the Mankon area. Additional activities found 
on game ranches may include sport hunting, wildlife viewing, and scientific research. 
The game ranching and game meat industry outside of savannah ecosystems are not 
being widely developed. Within these regions, the advantages and disadvantages of 
such efforts raise doubts as to the ecological, economic, and social viability of such 
operations. Many observers believe that game ranching operations are sustainable, 
but they require a significant management commitment and usually produce limited 
economic returns with only a few select species being viable for limited commercial 
exploitation. Wild meat in Mankon is for subsistent noncommercial purposes. For 
purposes of legal hunting, traditional snares, nets, registered guns, traps, etc. are used. 
It is undertaken by individuals with the legal rights to access the wildlife for purposes 
of subsistent and legal sport hunting. Wild meat includes only those species legally 
authorized for harvest and may be used for local trade of basic needs items—clothes, 
carbohydrates, and household products [43].

2.21 Gender and wildlife in Mankon

Gender permeates and is an important consideration in all development and con-
servation work. While a lot is known about the nature and extent of gender roles with 
respect to agricultural and forestry planning, participation, and decision-making, 
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much less is known about the gender roles of local peoples with respect to the man-
agement of wild animal species. The traditional gender division of labor identifies 
women as child bearers, responsible for nurturing and healing within household and 
in the community as well. In order to fulfill this socially defined function, women 
have a special dependence, which often differs from that of men, on the natural 
resources around them that they use and often manage [70]. Thus beyond their 
accepted traditional roles, women are also often the invisible managers and decision-
makers within both the private sphere of the household and the public sphere of 
the community. To ensure that both women and men are active participants in and 
beneficiaries of sustainable wildlife use, it is imperative to consider them as equal 
partners from the outset. This becomes especially important when considering the 
incorporation of wild animal species into specific projects or activities. For example, 
in light of the food taboos identified in the community, one needs to ask whether the 
animals incorporated in such a project are also beneficial to women or not. Are the 
animals useful resources for men and women? Will they threaten the home gardens 
for which women have responsibility? Should areas containing identified extinct 
wildlife species be earmarked for community forests? As Hoskins [70] and others sug-
gest, it is important to consider the role of women and men in planning, participating, 
and benefiting from forestry activities. Hoskins illustrates this point with an example 
of beekeepers in Kenya. It was found that a beekeeping project in that country was 
receiving no support from women, until the project director realized that it was 
culturally unacceptable for women to climb trees, and so they were not able to reach 
the beehives. Once beehives were placed close to the ground, women became willing 
participants.

Women and men in rural societies like Mankon interact with wildlife in other 
important ways. Observations showed that in Mankon women are gatherers of 
forest products (usually non-animal products or small animals such as insects). Men 
are the hunters of the larger wild animal species. Although men are the primary 
hunters of the large game, women are frequently involved in catching, butchering, 
and transportation of animals as well as in cooking and preservation of their meat. 
In Mankon, for example, it is usually women who snare or trap small animals, such 
as rabbits, for food and fur; it is they who clean, dry, and smoke meat and fish; and 
it is they who scrape, clean, and tan hides for clothing and rawhide. This contrasts 
to the Zambian experience where, although women rarely joined men in actual 
elephant hunts, they perform many vital activities as part of the overall elephant 
exploitation process.

3. Conclusions

This paper has explored the perceptions of the Mankon community members on 
wildlife use and its entanglement with their sociocultural practices and how the lack 
of cultural sensitivity in the formulation of Cameroon’s 1994 Forestry Law exposes 
the people to legal sanctions and threatens their cultural well-being. The paper 
has demonstrated that parts of particular wildlife species are used for medicinal 
purposes and as symbols of authority because of their cultural association with 
certain intrinsic values. Certain behaviors including taboos that are linked with the 
hunting of particular wildlife species have implications for the culture of this com-
munity. This explains the community’s myriad efforts at conservation. Other local 
mechanisms of conservation include totemism, and the meticulous timing of when, 
the quantity and the individual entitled to harvest particular plant species.

There is a need for legal change to guarantee the enjoyment of indigenous land 
rights including:
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1. By moving Cameroonian legislations beyond its focus on the farm. This can be 
achieved through the granting of collective land rights for marshlands, pas-
tures, rangelands, forests, and woodlands and not just the recognition of farms 
(mis en valeur principle) [26–29].

2. Recognizing customary land rights as legal rights of ownership and granting 
the same level of protection as for lands held under introduced nonindigenous 
systems [26, 33].

A more inclusive and effective forestry policy that protects species should 
link the conservation of culture and nature rather than a strategy that ignores 
traditional institutions, knowledge systems, and practices. Taking into consider-
ation local cultural traditions are in line with enhancing Cameroon’s compliance 
with various biodiversity-related international environmental conventions that 
the country has endorsed. We recommend the incorporation of sacred forests 
and shrines into the protected area system and the granting of the rights of local 
peoples in these spaces.

There is also the need for the education of the masses about sustainable environ-
mental management practices. It has been demonstrated that an increase in people’s 
education and therefore their awareness level is correlated with higher levels of 
environmental protection and that educated individuals “are more likely to gener-
ate an environmentally progressive civil service, and therefore have democratically 
minded public policymakers and organisations that are more receptive to public 
demands for environmental protection” ([70], p. 8). On the other hand, the lack 
of education is perceived as an obstacle to “public understanding and awareness of 
environmental issues” [4, 14, 71, 72].

Environmental education as succinctly put by the World Conservation Union 
encompasses the elements of behavior and the idea that knowledge will induce 
personal, societal, and global changes [11–13]. It will afford learners an “opportu-
nity to gain an awareness or sensitivity to the environment, knowledge and experi-
ence of the problems surrounding the environment, to acquire a set of values and 
positive attitudes, to obtain the skills required to identify and solve environmental 
problems and, the motivation and ability to participate” ([14], p. 9). A gender lens 
will enhance women’s participation in the management of natural resources and 
make them cooperate in sustainable development that will ensure the conservation 
of scarce fauna and flora species.
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of scarce fauna and flora species.
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