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Increases in ethnobotanical studies and knowledge in recent decades have led to a greater and more accurate interpretation of the
overall patterns related to the use ofmedicinal plants, allowing for a clear identification of some ecological and cultural phenomena.
“Hidden diversity” of medicinal plants refers in the present study to the existence of several species of medicinal plants known by
the same vernacular name in a given region. Although this phenomenon has previously been observed in a localized and sporadic
manner, its full dimensions have not yet been established. In the present study, we sought to assess the hidden diversity of medicinal
plants in northeastern Brazil based on the ethnospecies catalogued by local studies. The results indicate that there are an average
of at least 2.78 different species per cataloged ethnospecies in the region. Phylogenetic proximity and its attendant morphological
similarity favor the interchangeable use of these species, resulting in serious ecological and sanitary implications as well as a wide
range of options for conservation and bioprospecting.

1. Introduction

Medicinal plants are freely circulated in Brazil, particularly
in informal trade settings where several types of plants are
marketed for a wide range of illnesses (see [1]). Limited access
to specialty medicine and an increasing interest in the so-
called natural treatments account for the rapid increase of the
trade in such products in Brazil [2].

The most important vendors of medicinal plants are
located in urban centers, namely, in fairs and public markets,
where consumers have easy access to awide variety ofmedici-
nal plant species together with the corresponding therapeutic
indications [3]. More specifically, the regional public markets
act as spaces representative of the cultural production and
biological diversity of a given area [1, 4] and as centers where

the empirical knowledge retained in different areas and with
different origins is aggregated, conserved, and spread. Thus,
the regional public markets are the pillars of a complex, open,
and dynamic system of knowledge [1].

Although promising for the biological prospecting of
novel drugs and pharmaceutical products, actual research at
such markets has some limitations, as the identity of the vast
majority of the plant species traded there cannot be safely
established by means of conventional methods [1, 5–7].

In contrast with community-based ethnobotanical sur-
veys, where the investigated resources are directly accessible
in loco [8–11], research at markets and fairs is much more
complex, as a significant proportion of the plant prod-
ucts offered to the consumers are uncharacteristic or lack
the elements required for accurate taxonomic identification
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(see [1, 5, 6]). As a rule, only parts of the plants are sold,
to wit, the ones allegedly containing the active therapeutic
components, such as barks, roots, seeds, flowers, and leaves,
which are sometimes dehydrated, chopped, and/or ground.
As a result, it becomes quite easy to mix or mistake a similar
species with or for another.

Several authors have previously expressed such concerns
and proposed somemethodological solutions to the problem
[1, 12]. Various palliative techniques have been suggested for
cataloging all medicinal plants available to the consumers
at public markets, some of which are quite specialized and
expensive [13–15], whereas others are feasible but not always
viable [16, 17].

In addition to morphological similarities between
species, another factor that makes it difficult to interpret the
ethnobotanical data collected at public markets is the fact
that multiple plants species are frequently known by the same
vernacular name. Such events of semantic correspondence
in ethnobotanical studies were initially detected by several
authors [18–21] and then properly systematized by Berlin
[22] in a study that sought to determine the relationships
between the biological and traditional classification systems,
thus establishing the grounds of ethnotaxonomy.

Within that ethnotaxonomic approach, Berlin [22, 23]
established the notion of underdifferentiation to define the
semantic correspondence between different species that share
a vernacular name, of which two types were described.
Underdifferentiation type 1 occurs when the species involved
belong to the same genus, and type 2 occurs when they belong
to different genera. When only one species corresponds to a
given ethnospecies, correspondence is defined as one-to-one
or biunivocal [22, 23]. Several studies of local communities
have employed these notions to identify similar patterns
of semantic correspondence between different species [24–
28]. The species subjected to underdifferentiation have been
termed ethnohomonyms.

Although quite well adjusted to the local systems, such
correspondences tend to overlap and become complex when
different cultural origins become somehow intertwined [29,
30]. The overlapping of homonym ethnospecies makes the
understanding of ethnobotanical data originating in environ-
ments where complex cultural networks are established even
more difficult, as is the case with ethnobotanical studies at
regional public markets (see [6]).

We define here the “hidden diversity” of medicinal plants
as the set of different homonym ethnospecies “hidden” under
the same vernacular name. We coined the term “hidden
diversity” based on the analogy with the notion of a “hidden
harvest,” which denotes the progressive and unofficially
documented appropriation of the plant biodiversity in a given
area [31, 32].

According to Krog et al. [6] the impossibility of distin-
guishing among homonym ethnospecies is one of the major
limitations to the advancement of ethnobotanical research
in public markets, particularly in the case of ethnopharma-
cological studies of plant conservation and bioprospection.
Although that phenomenon has previously been detected in
a localized and sporadic manner, its full dimensions have not
yet been established.

It is safe to assume that in Brazil, as a function of the
plant biodiversity, environmental diversity, and multicultural
and ethnic composition of the country [33], the number
of homonym ethnospecies and consequently also the phe-
nomenon of hidden diversity of medicinal plants is much
more comprehensive and significant than suggested from the
few occurrences recorded in the scientific literature. In the
present study, we sought (1) to measure the hidden diversity,
that is, the number of medicinal plant species subsumed
under the same common name in the Brazilian northeast
region; (2) to establish the different types of underdiffer-
entiation of homonym ethnospecies; and (3) to assess the
influence of biological diversity on the number of homonym
ethnospecies. Finally, we sought to indicate some of the possi-
ble implications for conservation and biological prospecting.

Assuming that the variety of homonym ethnospecies in a
given region depends on the region’s biodiversity, one might
expect the following: (1) for the variation in the number of
homonym ethnospecies to be directly proportional to the size
of the sampled area, as larger areas theoretically include a
wider variety of environments, and consequently, also greater
biological diversity and (2) that a significant number of the
homonymethnospecies should be representative of the native
flora compared to the group of species with one-to-one
correspondence.

2. Materials and Methods

2.1. Characterization of the Study Area. The northeast region
of Brazil includes nine federal units and represents a total area
of 1,558,196 km2, which corresponds to 18% of the country’s
territory. It is located in an intertropical zone limited by the
Atlantic Ocean to the east and north, the Amazonian rain-
forest to the northwest, and the Cerrado (Brazilian savan-
nah) domain to the west and southwest [34]. The vegeta-
tion is mainly xerophytic, being the Caatinga (Brazilian xeric
shrubland), a highly peculiar biome with a high degree of
endemism [35–37]. Atlantic ombrophilous forest predomi-
nates in the coastal area. Currently, this forest is one of the
most seriously threatened biomes in the world, and only 5%
of its original area remains [38, 39]. Enclaves of Cerrado and
rainforest are widely present as areas of disjunct vegetation
[40–43], making the Brazilian northeast region a strategic
area from the perspective of global richness and biological
diversity [44, 45].

From the demographic point of view, the total population
of the northeast region comprises approximately 49 million
inhabitants, primarily distributed along the coastal area
where most state capitals and major cities are located, which
together host approximately 40% of the population [34].
The cultural diversity of the northeast region is high due to
the ethnic miscegenation resulting from the colonization
of Brazil [46, 47], and the population includes Europeans,
mostly Portuguese and Dutch, black slaves from Africa,
and the various indigenous peoples. In addition, it is worth
observing that in the last ten years, the economic growth of
the region was significantly higher than the national average
[34].
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2.2. Data Survey. Six of the nine northeastern states were
included in the analysis based on the need to survey the
widest possible diversity of cultural representations and
environments and the need to take into account the logistics
of access and permanence at the study sites. For the purposes
of the present study, we assumed that the expression of
the regional culture is more diversified at the state capitals
because they exhibit the largest population density, including
immigrants from other states and/or the inland cities.

The states and corresponding capitals sampled were as
follows: Maranhão/São Luiz, Ceará/Fortaleza, Paraı́ba/João
Pessoa, Pernambuco/Recife, Alagoas/Maceió, and Sergipe/
Aracaju. The primary site of medicinal plant trade in each
state capital was identified, and thus the following markets
were selected: the Mercado Central (Central Market) in São
Luiz/MA,Mercado de São Sebastião (St. SebastianMarket) in
Fortaleza/CE, Mercado Central in João Pessoa/PB, Mercado
São José (St. Joseph Market) in Recife/PE, Mercado da
Produção (Production Market) in Maceió/AL, and Mercado
Albano Franco (Albano Franco Market) in Aracaju/SE.

Following an initial exploratory visit, an appointment was
made for data collection. The plant vendors at each selected
marketwere informed as to the nature of the study and invited
to participate. Some vendors refused immediately, and others
initially agreed and then went back on their original agree-
ment. As a result, a total of 22 respondents were interviewed
and provided a representative sample of the vernacular names
of the plants traded in the region. In the state of Pernambuco,
the ethnobotanical studies in publicmarkets are alreadymore
advanced. Albuquerque and colleagues [1] previously found
a significant decrease in the availability of plant vendors in
this state based on only two samples obtained over an eight-
year period. The in situ observations and data collected for
the present study suggest that this decrease in availabilitymay
represent a general trend that can be explained by several
factors. For instance, the lack of regulation and control of
the sector in regards to health and ecological aspects may
generatemistrust and insecurity among vendors.The vendors
may also experience a lack of return research or “benefits”
that would otherwise entice them to be informants. In
addition, the harsh economic conditions of the country have
removed a significant number of vendors from the market,
and unrelenting derogatory campaigns have undermined the
informal trademarkets in themedia. Vendors in the informal
trade markets also experience increasing competition with
food stores, which are common in large urban centers and
usually have better infrastructure, availability, and sanitary
conditions. There is also a lack of interest in new generations
to continue the family traditions of using and trading medic-
inal plants.

After the study was explained, the respondents freely
signed an informed consent form. The study was approved
by theResearchEthicsCommittee of the FederalUniversity of
Pernambuco (Universidade Federal de Pernambuco—UFPE)
no. 0039.0.172.0000-10, FR (Folha de Rosto—Title Page)
3139660.

Although some authors [1] have reported that several
terms are used to describe vendors of medicinal plants, even-
tually including hierarchical criteria, in the present study, we

used the generic term “herbalist” (locally known as “erveiro”)
to allude to any type of vendor of medicinal plants. The term
ethnospecies is used in the present study to allude to the
common or vernacular names given to the medicinal plants.

Using a field notebook, we made records of the catalogs
of plants traded by the herbalists as mentioned in semistruc-
tured interviews [48]. For the purposes of the study, the plants
available in stock at the time of the study as well as those
traded in the previous 12 months were taken into consid-
eration. The common names of the plants were recorded as
spelled by the respondents.

2.3. Data Analysis. The ethnobotanical data supplied by the
herbalists in the various studied northeastern states were
transcribed and entered in digital spreadsheets using MS
Excel 2003 software, thus creating a Market Relational
Database (MRD). The MRD was used to map the geograph-
ical distributions of the ethnospecies across the Brazilian
northeast region and identify the most frequently occurring
ones.

In parallel, an Ethnobotanical SurveyDatabase (ESD)was
created and populated. For that purpose, 55 ethnobotanical
surveys of the northeastern states were identified, and the
listed species and ethnospecies were entered in the ESD. The
plants not identified at the species level were not included.
Only relevant studies were selected: most (45) were published
inmajor scientific journals, sevenwereMaster’s dissertations,
one was a doctoral thesis, one a book, and one the Develop-
ment Plan of a major Brazilian university (Federal University
of Bahia—Universidade Federal da Bahia, UFBA).

The data entered in both databases (MRD and ESD)
were then crosschecked to produce a detailed list of the
ethnospecies mentioned both in the ethnobotanical surveys
and by the respondents in our study, with the correspond-
ing species. This step allowed for the identification of the
homonym species and their clustering around the corre-
sponding ethnospecies.

We selected a sample corresponding to 40% of the eth-
nospecies included in both databases (MRD and ESD) based
on their frequency in the ethnobotanical surveys. Thus, only
the 165 most frequent ethnospecies out of a total of 406 listed
in the ethnobotanical surveys were selected for analysis.

The sampling criteria used were based on two assump-
tions: (1) ethnobotanical research is still incipient in most
of the northeast region, and thus, infrequent ethnospecies
might suggest a merely temporary pattern of semantic cor-
respondence, consequently masking the results, the number
of one-to-one correspondences in particular and (2) the
ethnospecies most frequently mentioned in the regional eth-
nobotanical surveys might represent the patterns of semantic
correspondence in a more unequivocal and reliable manner.

The corresponding species were allocated to three groups:
one comprised the species with one-to-one correspondences,
the second, the homonym ethnospecies with type 1 under-
differentiation, and the third, the homonym ethnospecies
with type 2 underdifferentiation, according to Berlin’s [23]
classification. The corresponding species were subjected to
synonym analysis; the names that are currently valid were
duly recorded based on the List of Species of the Brazilian
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Flora 2012 [49] and the database of the Missouri Botanical
Garden [50], which were also used to establish the biogeo-
graphic status of each species to classify them as native or
exotic.

To assess whether underdifferentiation (sensu Berlin
[23]), expressed as the number of homonym ethnospecies,
varies as a function of the biological diversity of a given
area, we compared the results corresponding to the northeast
region with a geographically narrower sample, based on the
assumption that the larger the area, the wider the environ-
mental variety, and thus, the more diversified the flora.

That narrower sample was represented by the state of
Pernambuco,which is the northeastern statemost thoroughly
studied from an ethnobotanical perspective. The numbers of
homonym ethnospecies and one-to-one correspondences of
the northeast region were compared to those of Pernambuco.
The frequency of species in the respective categories of
semantic correspondence (i.e., one-to-one and underdiffer-
entiation) was analyzed by means of 𝐺 tests [51] as were the
percentages of native and exotic species in each group.

3. Results

The ethnospecies (𝑛 = 165) sampled based on the data col-
lected at the visited markets exhibited correspondence with
459 species, corresponding to 228 genera and 90 families
(Table 1). The ratio of species to ethnospecies was 2.78. From
the total number of analyzed ethnospecies, only 41 (25%)
exhibited one-to-one correspondence, whereas 124 (75%)
exhibited underdifferentiation and correspondence to 418
species. Approximately 62% of the homonym ethnospecies
exhibited two or three corresponding species, although in
some cases, a single ethnospecies included up to nine corre-
sponding homonym species, as, for example, “quebra-pedra”
(stonebreaker) (Table 1).

Analysis of the data corresponding to the state of Pernam-
buco alone identified 138 out of the 165 ethnospecies found in
the northeast region, which exhibited correspondence with
203 species. The ratio of species to ethnospecies was 1.46.
The pattern of correspondence included 89 (64%) instances
of one-to-one correspondence and 49 (36%) of underdiffer-
entiation; the homonym ethnospecies represented a total of
114 species.

Comparison of the data from the state of Pernambuco
and the northeast region showed variation in the number of
one-to-one correspondences that was inversely proportional
to the size of the sampled area, whereas the number of
homonym ethnospecies varied in proportion to the size of
the sampled area, as shown in Figure 1. Consequently, the
homonym ethnospecies predominated in the northeast (NE)
sample (𝐺 = 48.41; df = 1; 𝑃 < 0.00001).

In the group of homonym ethnospecies, 309 (74%)
were representative of the native flora, and 109 (26%) were
exotic species. In the group of ethnospecies with one-to-
one correspondence, 15 (37%) were representative of the
native flora and 26 (63%) were exotic species (Figure 2).
The proportion of native species relative to the proportion
of exotic species was therefore significantly greater for the
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Figure 1: Percentages of ethnospecies that exhibited one-to-one cor-
respondence and underdifferentiation marketing in the northeast
region and the state of Pernambuco, Brazil.
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Figure 2: Percentages of native and exotic species in the group
of ethnospecies that exhibited one-to-one correspondence and
underdifferentiationmarketing in the northeast region and the state
of Pernambuco, Brazil.

under-differentiated ethnospecies compared to the one-to-
one ethnospecies (𝐺 = 22.52; df = 1; 𝑃 < 0.00001).

Among the 418 homonym ethnospecies, 256 (61.3%)
were congeneric (type 1 underdifferentiation), and 77 (18.4%)
exhibited correspondence at the genus level only (type 2
underdifferentiation). That is to say, 61% of the species bear
correspondence to at least one other species of the same
genus with the same vernacular name, whereas 18.4% of the
homonym ethnospecies exhibited correspondence with one
or more species belonging to other genera in the same family.
In some cases (20.3%), the homonym ethnospecies belonged
to different families, such as the ethnospecies “fedegoso”
(coffee senna) and “capeba” (cow-foot leaf) (Table 1).

4. Discussion

4.1. Hidden Diversity in Regional Markets. Knowledge of the
hidden diversity of medicinal plant species represents an
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já

A
na
ca
rd
ia
ce
ae

Sp
on
di
as

m
om

bi
n
L.

Sp
on
di
as

lu
te
a
L.

Sp
on
di
as

m
om

bi
n
L.

N
[5
6,
57
,6
3,
67
,7
6,
82
,8
5–

87
]

PE
,P

B,
PI
,B

A

Ab
re

Ca
m
in
ho

Fa
ba
ce
ae

Ce
nt
ro
se
m
a
br
as
ili
an
um

(L
.)
Be

nt
h.

Ce
nt
ro
se
m
a
br
as
ili
an
um

(L
.)
Be

nt
h.

N
[8
8]

PB

Sc
hi
za
ea
ce
ae

Ly
go
di
um

ve
nu

stu
m

Sw
.

Ly
go
di
um

ve
nu

stu
m

Sw
.

N
[1
,6
5]

PE
Ly
go
di
um

vo
lu
bi
le
Sw

.
Ly
go
di
um

vo
lu
bi
le
Sw

.
N

[1
,6
5]

PE

A
ço
ita

ca
va
lo

Ti
lia
ce
ae

Lu
eh
ea

di
va
ric

at
a
M
ar
t.

Lu
eh
ea

di
va
ric

at
a
M
ar
t.

N
[6
6,
68
]

M
A

Lu
eh
ea

oc
hr
op
hy
lla

M
ar
t.

Lu
eh
ea

oc
hr
op
hy
lla

M
ar
t.

N
[8
9]

PB
Lu

eh
ea

gr
an
di
flo
ra

M
ar
t.

Lu
eh
ea

gr
an
di
flo
ra

M
ar
t.

N
[6
1,
68
]

M
A

Lu
eh
ea

sp
ec
io
sa

W
ill
d.

Lu
eh
ea

ca
nd

ica
ns

M
ar
t.

Lu
eh
ea

ca
nd

ica
ns

M
ar
t.

N
[5
7]

PI

Ac
ôn
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á

Ve
rb
en
ac
ea
e

La
nt
an
a
ca
m
ar
a
L.

La
nt
an
a
ca
m
ar
a
L.

N
[6
0,
67
,7
1,
74
,8
8]

PB
,C

E,
PI
,B

A
La

nt
an
a
ca
ne
sc
en
sK

un
th

La
nt
an
a
ca
ne
sc
en
sK

un
th

N
[5
8]

SE

As
te
ra
ce
ae

W
ed
eli
a
sc
ab
er
rim

a
Be

nt
h.

W
ed
el
ia
ca
ly
ci
na

Ri
ch
.

N
[9
0]

RN
Ve
rb
es
in
a
di
ve
rs
ifo
lia

D
C.

Ve
rb
es
in
a
di
ve
rs
ifo
lia

D
C.

N
[8
6]

PB

Ca
ne
la
de

ve
lh
o

M
ela

sto
m
at
ac
ea
e

M
ico

ni
a
al
bi
ca
ns

(S
w.
)S

te
ud

.
M
ico

ni
a
al
bi
ca
ns

(S
w.
)S

te
ud

.
N

[6
7]

BA
Fa
ba
ce
ae

Ce
no
sti
gm

a
G
ar
dn

er
ia
nu

m
Tu

l.
Ce

no
sti
gm

a
m
ac
ro
ph
yll
um

Tu
l.

N
[7
4]

PI
Pr
im

ul
ac
ea
e

Cy
bi
an
th
us

de
te
rg
en
sM

ar
t.

Cy
bi
an
th
us

de
te
rg
en
sM

ar
t.

N
[7
8]

CE

Ca
tu
ab
a

Bi
gn

on
ia
ce
ae

An
em

op
ae
gm

a
ar
ve
ns
e
(V
el
l.)

St
ell
fe
ld

an
d
J.
F.
So
uz
a

An
em

op
ae
gm

a
ar
ve
ns
e
(V
el
l.)

St
ell
fe
ld

an
d
J.
F.
So
uz
a

N
[6
8]

M
A

Er
yt
hr
ox
yl
ac
ea
e

Er
yt
hr
ox
ylu

m
am

pl
ifo
liu

m
(M

ar
t.)

O
.

E.
Sc
hu

lz
Er
yt
hr
ox
ylu

m
am

pl
ifo
liu

m
(M

ar
t.)

O
.

E.
Sc
hu

lz
N

[7
8]

CE

Er
yt
hr
ox
ylu

m
va
cc
in
iif
ol
iu
m

M
ar
t.

Er
yt
hr
ox
ylu

m
va
cc
in
iif
ol
iu
m

M
ar
t.

N
[6
6,
69
]

M
A
,B

A

Ja
pe
ca
ng

a
Sm

ila
ca
ce
ae

Sm
ila

x
ca
m
pe
str

is
Gr

ise
b.

Sm
ila

x
ca
m
pe
str

is
Gr

ise
b.

N
[7
8]

CE
Sm

ila
x
ja
pe
ca
ng
a
Gr

ise
b.

Sm
ila

x
ja
pe
ca
ng
a
Gr

ise
b.

N
[9
8]

CE
Sm

ila
x
cis
so
id
es
M
ar
t.
ex

Gr
ise
b.

Sm
ila

x
cis
so
id
es
M
ar
t.
ex

Gr
ise
b.

N
[8
5]

PB
Sm

ila
x
ro
tu
nd

ifo
lia

L.
Sm

ila
x
ro
tu
nd

ifo
lia

L.
N

[1
1]

PE

Va
ss
ou

rin
ha

Pl
an
ta
gi
na
ce
ae

Sc
op
ar
ia
du

lci
sL

.
Sc
op
ar
ia
du

lci
sL

.
N

[9
,5
9,
61
,6
6,
67
,7
1,
74
,7
8,

80
,8
3,
88
]

PB
,C

E,
PI
,M

A
,R

N
,

BA
As

te
ra
ce
ae

Em
ili
a
so
nc
hi
fo
lia

(L
.)
D
C.

Em
ili
a
so
nc
hi
fo
lia

(L
.)
D
C.

N
[9
3]

PE
Br
as
sic

ac
ea
e

Na
stu

rti
um

offi
cin

al
eW

.T
.A

ito
n

Na
stu

rti
um

offi
cin

al
eW

.T
.A

ito
n

E
[9
3]

PE
Sc
ro
ph

ul
ar
ia
ce
ae

Ca
pr
ar
ia
bi
flo
ra

L.
Ca

pr
ar
ia
bi
flo
ra

L.
N

[6
0]

CE
Po

ly
ga
la
ce
ae

Po
lyg

al
a
pa
ni
cu
la
ta

L.
Po
lyg

al
a
pa
ni
cu
la
ta

L.
N

[6
7]

BA

Ru
bi
ac
ea
e

Bo
rr
er
ia
sc
ab
io
so
id
es
Ch

am
.a
nd

Sc
hl
dl
.

Bo
rr
er
ia
sc
ab
io
so
id
es
Ch

am
.a
nd

Sc
hl
dl
.

N
[8
9]

PB

Sp
er
m
ac
oc
ev

er
tic
ill
at
a
L.

Bo
rr
er
ia
ve
rt
ici
lla
ta

(L
.)

G.
M
ey
.

N
[5
7]

PI

Tr
an
sa
ge
m

Pl
an
ta
gi
na
ce
ae

Pl
an
ta
go

m
aj
or

L.
Pl
an
ta
go

m
aj
or

L.
E

[5
3,
54
,6
7,
69
,7
2,
79
,8
3,

84
,9
4]

PE
,P

B,
BA

A
lis
m
at
ac
ea
e

Ec
hi
no
do
ru
sg
ra
nd

ifl
or
us

(C
ha
m
.a
nd

Sc
hl
td

L.
)M

ic
he
li

Ec
hi
no
do
ru
sg
ra
nd

ifl
or
us

(C
ha
m
.a
nd

Sc
hl
td

L.
)M

ic
he
li

N
[7
6,
93
]

PE



Evidence-Based Complementary and Alternative Medicine 11

Ta
bl
e
1:
C
on

tin
ue
d.

Ve
rn
ac
ul
ar

na
m
e

Fa
m
ily

Sc
ie
nt
ifi
cn

am
ei
n
th
eo

rig
in
al
so
ur
ce

Va
lid

sc
ie
nt
ifi
cn

am
e

O
rig

in
Li
te
ra
tu
re

St
at
e

A
lc
ac
ho

fr
a

As
te
ra
ce
ae

Ve
rn
on
ia
co
nd

en
sa
ta

Ba
ke
r

Gy
m
na
nt
he
m
um

am
yg
da
lin

um
(D

el
ile
)S

ch
.B

ip
.e
x
W
al
p.

N
[1
,5
3,
56
,6
3,
67
,7
6,
94
]

PE

Cy
na
ra

sc
ol
ym

us
L.

Cy
na
ra

ca
rd
un

cu
lu
sL

.
E

[5
2,
63
,8
4]

PE
,B

A
Gy

m
na
nt
he
m
um

am
yg
da
lin

um
(D

el
ile
)S

ch
.B

ip
.e
x
W
al
p.

Gy
m
na
nt
he
m
um

am
yg
da
lin

um
(D

el
ile
)S

ch
.B

ip
.e
x
W
al
p.

N
[1
1]

PE

A
ça
fr
ão

Zi
ng

ib
er
ac
ea
e

Cu
rc
um

a
lo
ng
a
L.

Cu
rc
um

a
lo
ng
a
L.

E
[7
2,
84
]

PB
,B

A

A
lfa
va
ca

La
m
ia
ce
ae

O
cim

um
ba
sil
icu

m
L.

O
cim

um
ba
sil
icu

m
L.

E
[6
8,
81
]

M
A
,R

N
O
cim

um
ca
m
pe
ch
ia
nu

m
M
ill
.

O
cim

um
ca
m
pe
ch
ia
nu

m
M
ill
.

N
[9
,5
3,
60
,8
3]

PE
,C

E,
BA

O
cim

um
gr
at
iss
im

um
L.

O
cim

um
gr
at
iss
im

um
L.

E
[1
,5
5,
56
,6
1,
78
]

PE
,C

E,
M
A

Ca
to
lé
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dã
o
de

Sã
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important tool because it might point to the possible patterns
of substitution of homonym ethnospecies in a given area.
In the case of northeast Brazil, 75% of the plants traded in
regional public markets exhibit correspondence with more
than one plant species.

As most (74%) such species are representative of the nat-
ive flora, we might infer that the regional markets are largely
supplied by natural stocks. Because the demand formedicinal
plants is continuously increasing [2], the gradual exhaustion
or scarcity of resources might make the substitution of
homonym ethnospecies unavoidable and increasingly more
frequent, particularly in the large cities where 70% of the
population resides [34] and where access to medicinal plants
is primarily mediated by commerce.

Precisely for that reason, it is safe to assert that semantic
plurality is manifested most frequently at the public markets
of large cities, which are privileged spaces where significant
amounts of people, products, and knowledge circulate on a
daily basis. Thus, such markets afford an extremely favorable
scenario for comparative ethnobotanical studies at a regional
level.

In recent years, ethnobotanical research in regional public
markets has provided an important platform for conservation
studies and biological prospecting. However, the limitations
to species identification represent the major hindrance to the
growth of research in such locations [6] as well as to the
assessment of hidden diversity and events of homonym eth-
nospecies substitution, as most of the plants are sold in parts
or pieces that are sometimes completely uncharacteristic.

For that reason, homonym ethnospecies go easily unno-
ticed when commercial medicinal species are cataloged, the
more so the more remarkable the morphological similarities
are. In this regard, 61.3% of the hidden diversity of the
medicinal plants of the northeast region is congeneric, that
is, exhibits type 1 underdifferentiation, which denotes phylo-
genetic proximity and consequentlymorphological similarity
[102].This similarity makes the understanding of the ethnob-
otanical data collected at public markets even more difficult.

To prevent this situation, the criteria adopted for the iden-
tification of species by some studies conducted in regional
public markets are based on the vernacular nomenclature,
sometimes as a complementary identifier [12, 103] and other
times as the primary criterion [6]. In places where the catalog
of medicinal plants and the data relative to their biodiversity
are comprehensive, common names might possibly be used
quite safely. However, this is definitely not the case in Brazil,
where the repertoire of medicinal plants in these marketing
spaces is largely a hidden diversity.

Additionally, due to the explicit difficulty of recognizing
and identifying the plant species in public markets and
the progressive increase in the substitution of homonym
ethnospecies, the vulnerability of consumers tends to become
more serious, and possible risks related to safety and efficacy
might be potentiatedwhenone species is indistinctly replaced
with another. This phenomenon occurs because most of the
Brazilian medicinal plant species have not yet been subjected
to appropriate studies that would establish their use in a
scientifically safe manner, so to speak, that is, describing

their side effects, contraindications, toxicity, and effective
therapeutic action.

Because the only plant material available for species
identification is that sold at the markets, whereas the har-
vesting sites are usually inaccessible due to their distance or
the unavailability or mistrust of the harvesters—as a large
part of harvesting is indiscriminate—the resolution of this
impasse necessarily demands more specialized taxonomic
procedures, such as micrography and molecular taxonomy.

In this regard, several techniques have been widely appl-
ied to the resolution of this type of taxonomic problem [14,
15, 104–106], to support scientific research and as a tool for
the surveillance and control of commercial plant and animal
products.Barcoding is one of themost promising among such
techniques and has already been applied to the identification
of plant species in public markets [107]. This technique
consists of the identification of species based on the differ-
entiation of genetic sequences in specific DNA regions [108].

The use of molecular taxonomy might in time become a
very important and practical tool for cataloging the hidden
diversity in public markets and thus contribute to a better
understanding of the biodiversity flow in a given area and,
consequently, the frequency with which homonym eth-
nospecies are being interchangeably used in public markets.
A reliable cataloging of this biodiversity affords multiple
possibilities for further biological and cultural studies and
must be considered as crucial for the advancement of ethnob-
otanical research.

4.2. Implications for Conservation. From the perspective of
conservation at the regional level, one should not ignore
the hidden diversity of medicinal plants, as this diversity
represents the possible variations in the range of species that
are effectively used relative to the multiplicity of homonym
ethnospecies and the biological diversity of a given area. On
such grounds, one might infer that the larger the number of
homonym ethnospecies, the higher the odds that the pressure
of use is, or might eventually become, distributed among
more than one plant population, as in our study where a
significant number of native homonym ethnospecies (74%)
was found.

When, conversely, the frequency of use predominantly
affects one species, the risks are patently greater for the species
affected but also for others with the same vernacular name,
as due to substitution, those others might become subjected
to an intense and fast extractivist pressure that compromises
their resilience, particularly in the case of themost vulnerable
populations, leading to their collapse.

The species Myracrodruon urundeuva provides a good
example of the possible impact of the extractivist pressure on
more than one plant population. In this case, another species,
Schinus terebinthifolius, which is also native and belongs to
the same family, is currently traded under the same generic
name (“aroeira”—Brazilian peppertree) in the city of Recife
[1]. Therefore, these species are interchangeably used, even
though they belong to different genera, as the used parts do
not allow for a clear differentiation.

It is possible that such homonym ethnospecies are being
overlapped in an unconscious and undocumented manner at
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the points of sale, especially in the case of populations that
are no longer easily found in their natural reservoirs and that
precisely for that reason are subjected to substitution pro-
cesses. For example, the case of “espinheira santa” (Maytenus
ilicifolia), which following its long-term indiscriminate har-
vesting became a threatened species [109] and is associated
with several substitute species that currently occupy the same
semantic-therapeutic niche [110].

This type of approach must be taken into account upon
establishing conservation priorities and efficient manage-
ment strategies, as accurate knowledge of the hidden diver-
sity of medicinal plants and the possibilities for efficient
exchanges among homonym ethnospecies might favor a
more balanced distribution of the extractivist pressure, thus
minimizing its impact, avoiding the collapse of populations
and promoting greater resilience.

The applicability of hidden substitutions of species to
biological conservation is thus in keeping with explicative
models related to the utilitarian redundancy hypothesis [52],
according to which a larger number of species within one
utilitarian category leads to greater mutual support and
protection of the associated species as well as increased
resilience.

Thus, wemight assert that the phenomenon of the hidden
diversity of medicinal plants gives support to utilitarian
redundancy as an explanatory model for the pressure of use,
as the overlapping species are subsumed under one and the
same identity and consequently the same therapeutic indica-
tions, as their corresponding practical value is culturally well
established.

Because, based on the strength of tradition, the homonym
ethnospecies are functional analogs, the remaining task is to
distinguish each one of them and establish the level at which
the preference for and/or access to each particular species
occurs and then to define the degree of utilitarian redun-
dancy, which is also hidden, so to speak. For that purpose,
once again the elaboration of a taxonomically reliable record
of this biodiversity is required.

Within that context, the assessment of hidden and redun-
dant biodiversity becomes an important predictive ecolog-
ical tool, as a function of the perfect semantic-therapeutic
juxtaposition of the homonym ethnospecies at the regional
level. Public policies for the conservation, regulation, control,
and use of medicinal plants in Brazil should not ignore the
regional level and its implicit cultural and biological richness
[111–113]. From this perspective, comparative ethnobotany
will become an indispensable tool in decision making and
actions aimed at the sustainable use of biodiversity.

4.3. Implications for Bioprospecting. Several studies [114–
116] have found similar biochemical compositions in related
species, which might point to similar uses within the range
of applications already well established by tradition. The
biochemical constitutions of species in the same family
quite commonly include the same pattern of secondary
components [114].

Nevertheless, the therapeutic efficacy and the risks associ-
atedwith the use of the vastmajority of species acknowledged
as medicinal by the population have not yet been assessed

[117]. With regard to the medicinal species whose safety
and efficacy have been demonstrated, ethnobotanical studies
that include their hidden diversity might contribute to the
identification of more efficacious species as well as of those
more promptly available for consumption.

Therefore, the identification of homonym species with
similar uses might not only reduce the pressure of use on the
natural reservoirs but also allow for easier and more encom-
passing access for a larger number of people. In this regard, it
is worth stressing that to be efficient, public policies address-
ing access to medicinal plants must take into consideration
the natural distribution of the species, when it is spontaneous,
and the limits of its ecophysiological tolerance, in the case
of cultivated species. The identification of homonym species
might represent an alternative in both cases.

Recently, the Brazilian government published a list of
71 medicinal plant species recommended for use by the
Unified Health System (Sistema Único de Saúde—SUS) [118].
As a function of the continental size of Brazil and its
environmental diversity, the distributions of some of these
medicinal species are not homogeneous across all regions.
Species typical of the south and southeast regions are hardly
found in the north and northeast regions, and vice versa.
Therefore, in both cases, there are homonym ethnospecies
occupying the same semantic-therapeutic niche of many
species in the corresponding region.

The case of Uncaria tomentosa is exemplary. This plant,
native to Amazonia (north region), is commonly known as
“unha de gato” (cat’s claw) and acknowledged for its remark-
able anti-inflammatory activity. Although it was included in
the SUS list, access to this plant is extremely restricted in
other Brazilian regions, which, however, will not prevent the
emergence of other types of “cat’s claw.” There are at least six
different species known as “cat’s claw” in the northeast region
alone, five of which are native and one subspontaneous,
corresponding to four different families, thus denoting the
generality of the common name and the particularity of the
biological expression.

According to Albuquerque and Hanazaki [119] one of the
basic rules in biological prospecting is to identify the criteria
used by people to select plants for medicinal use. According
to those authors, the process underlying such selectionmight
point to more efficacious strategies and shortcuts for the
identification of key species relevant to bioprospecting.

A preliminary assessment of the distributions of the eth-
nospecies in the present study indicated that several species,
including exotic ones established centuries ago, have corre-
sponding homonym ethnospecies from the local flora.This is
the case for cinnamon, watercress, elder tree, artichoke, clove
basil, plum, and rosemary, among others (see Table 1). Such
correspondences were also found when medicinal plant
species were compared with the names of drugs (generic and
trademarks names) with widely acknowledged therapeutic
effects, such as Meracilina, penicillin, Novalgina, aspirin,
Terramycin, and ampicillin, among others [9, 11, 24, 93, 120,
121]. In such cases, the species is named after its correspond-
ing drug name, thus representing a flagrant instance of
classification based on analogical use.
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Similarly, based on the wide variety and distribution of
homonym ethnospecies, wemight infer that the development
of knowledge at the local level seeks to subsume the available
biodiversity under the already established and culturally
consolidated semantic-therapeutic patterns. For that reason,
when key species with high cultural relevance are absent, the
communities tend to opt for species substitutions [52].

As a function of the existence of semantic-therapeutic
niches and the impossibility of filling them with tradition-
ally acknowledged species, an analogy-based local process
appears to be triggered. According to the available data, sev-
eral mechanisms of cultural selection are operative in this
analogy-based local process, whereby the most fitting pieces
of local knowledge become prevalent and amplified across
the community, pointing to the locally accessible species,
which thus come to be used as corresponding (homonym)
ethnospecies. This hypothesis is corroborated by the high
frequency of homonym ethnospecies representing the native
flora (73%).

Comparative ethnobotanical studies of different regions
might eventually elucidate the possible role of vernacular
names as models for the manifestation of the expression of
local biodiversity or the measure and circumstances under
which a peculiar regional classification system tends to pre-
vail at the expense of allochthonous and/or general sys-
tems. In addition, the identification of the level of semantic
similarity of species at the local level might contribute to
a better understanding of the process of construction of
local/regional knowledge and make the planning of the
use, prospection, and conservation of these resources more
efficient [122].

5. Conclusions

Regardless of being a frequent process, affecting either some
or the full set of species of a given region, the substitution
of homonym ethnospecies denotes a novel consumption
option for a well-established cultural practice involving
limited products within a commercial niche consolidated by
tradition. For that reason, even where the level, frequency,
and circumstances under which such substitutions occur
might not be identified in the near future, some relevant
questions have already been raised. Such questions, which
might contribute to optimizing the use of medicinal plants
in a safe and more sustainable manner, include the following.
(1) How might the homonym species be alternately used for
the same therapeutic action and how efficacious are they?
(2) For which homonym ethnospecies might divergent uses,
absence, or differences in the level of therapeutic efficacy
be currently listed? (3) What are the health risks to people
who, either travelling or at their original place of residence,
indiscriminately consume different species subsumed under
the same common name? (4) What tools might be created
to support consumers and researchers in the understanding
and interpretation of the semantic plurality associated with
medicinal plants? (5) Which bioprospecting actions and
management plans have taken the hidden diversity of species
at the regional level into consideration?

The fact that a significant percentage of the common
names of plants in the Brazilian northeast region exhibits
correspondences to multiple species is irrevocably estab-
lished. A more thorough understanding of the dynamics and
dimensions of such semantic-biological variability and the
corresponding implications requires the integration of sev-
eral areas of knowledge, including taxonomy, biochemistry,
population ecology, phytosociology, linguistics, and anthro-
pology.

The proportion of species found by ethnospecies (2.78)
was significant, although we recognize that a more compre-
hensive coverage ofmarkets and fairs in the nine northeastern
states could lead to an increase of this proportion or even
the emergence of new ethnospecies not listed in this survey.
To what concerns the low number of respondents committed
to the study, in all the six markets visited, it should be
clarified that the purpose of the field survey was to catalogue
ethnospecies currentlymarketed in order to support the iden-
tification of the corresponding species through the literature
search.
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al., “How ethnobotany can aid biodiversity conservation: reflec-
tions on investigations in the semi-arid region of NE Brazil,”
Biodiversity and Conservation, vol. 18, no. 1, pp. 127–150, 2009.

[64] R. L. C. de Oliveira, E. M. F. Lins Neto, E. L. Araújo, and U. P.
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Brasil [M.S. thesis], Universidade Federal de Campina Grande,
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estado de Pernambuco,” Acta Botanica Brasilica, vol. 16, no. 3,
pp. 273–285, 2002.

[76] U. P. de Albuquerque, V. A. da Silva, M. D. C. Cabral, N.
Leal Alencar, and L. D. H. C. Andrade, “Comparisons between
the use of medicinal plants in indigenous and rural caatinga
(dryland) communities in NE Brazil,” Boletin Latinoamericano
y del Caribe de Plantas Medicinales y Aromáticas, vol. 7, no. 3,
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Catarina, munićıpio de Jeremoabo, Bahia, Brasil,” Rodriguesia,
vol. 61, pp. 195–209, 2010.

[81] A.M.N.M.Guerra,M. F. Pessoa, C. S.M. Souza, and P. B.Mara-
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