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SUMMARY

A submontane scrub vegetation from the State of Tamaulipas,
Mexico, is described based on the analysis of richness, diversi-
ty and structure. Results indicate that this scrub is diverse (29
species) when compared to other similar plant communities in
Northeastern Mexico and an ecotone was observed with low de-

ciduous forests. Most species are widespread and two recorded
species (Neopringlea integrifolia and Iresine orientalis) are en-
demic to the Sierra Madre Oriental. Although the site is close to
a natural protected area, there are signs of anthropogenic pres-
sure threatening the conservation of this submontane scrub.

Introduction

Thornscrubs are a common
vegetation type forming com-
munities that are widely dis-
tributed in arid and semiarid
zones in the North of Mexico
(Rzedowski, 1978) and, they
have been severely damaged
by different anthropogenic
activities such as land use
changes (Arriaga, 2009). For
this reason, floristic and eco-
logical studies of thornscrubs
are required in order to im-
plement future management
and conservation policies.

Several studies have been
reported regarding thorn-
scrubs from Northeastern
Mexico. For example, in the
State of Coahuila the submon-
tane scrubs from Sierra de
Zapalinamé were described
(Gomez et al., 2011), and in
the State of Nuevo Ledn the
Tamaulipan thornscrubs (Reid
et al., 1990; Alanis et al.,
2013), desertscrub rosetophi-

lous (Alanis-Rodriguez et al.,
2015a), desertscrub micro-
phyll (Mora-Donjuan et al.,
2014) and submontane scrub
(Canizales-Vazquez et al.,
2009; Estrada- Castillon ef al.,
2012; Alanis-Rodriguez et al.,
2015b) have been studied. So
far, no specific research on
scrubs in the State of
Tamaulipas has been carried
out. Among some of the stud-
ies regarding some general
aspects of scrub vegetation
from the State of Tamaulipas
are those by Gonzalez-
Medrano (1972) from the
Northwest, and those by
Martinez-Ojeda and Gonzalez-
Medrano (1977) on the Sou-
theast part of this state.
Scrubs are distributed in
the North and Central part of
the State of Tamaulipas
(Sanchez-Colon et al., 2009)
and are usually located in
plain surfaces although they
also occur at the lower part of
the Sierra Madre Oriental,

where they are known as sub-
montane scrubs (Villegas-
Duran et al., 2000). This veg-
etation type is one of the
most common ones on the
slopes of the Sierra Madre
Oriental adjacent to the state
capital, Ciudad Victoria
(Villegas-Duran et al., 2000).
Although this portion of the
Sierra is within the boundar-
ies of the protected natural
area known as ‘Altas Cum-
bres’, urban sprawls has a
negative influence on growth
of the nearest plant communi-
ties including scrubs and
place them in a risk status
(Anonymous, 1997).
Considering the lack of in-
formation about this vegeta-
tion type, it is important to
study the quantitative ecology
of scrubs in this region of
Mexico. Therefore, the main
objective of this study was to
evaluate the structure and
floristic diversity of a sub-
montane scrub in the wes-

tern part of Ciudad Victoria,
Tamaulipas, Mexico.

Materials and Methods
Study area

The study was carried out
in a submontane scrub in
Northeastern Mexico, in the
municipality of Ciudad Vic-
toria, Tamaulipas, Mexico,
located at 23°44°11.14’N and
99°10°57.82”’W, at an altitude
of 390masl. (Figure 1).

Field evaluation

Trees, shrubs and herbs
from the study area, were
sampled in September 2015.
Four sampling sites 10x10m
were established and all trees,
shrubs and herbs including
succulents were sampled. In
each sampling site structural
parameters: total height (h)
and basal diameter (d0.10)
plants were taken.
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RESUMEN

Se describe un matorral submontano en el estado de Tamau-
lipas, México, con base en el analisis de la riqueza, la diversi-
dad y la estructura. Los resultados indican que este matorral
es diverso (29 especies) comparado con otras comunidades ve-
getales similares en el noreste de México y se observa un eco-
tono con selva baja subcaducifolia. La mayor parte de los ele-

mentos son de amplia distribucion aunque se registraron dos
especies endémicas a la Sierra Madre Oriental (Neopringlea
integrifolia e Iresine orientalis). A pesar de que el sitio se en-
cuentra cercano a un drea natural protegida, existen indicios
de presion antropogénica que ponen en riesgo la conservacion
de este matorral submontano.

ESTRUTURA E DIVERSIDADE DE UMA COMUNIDADE DE MATAGAL SUBMONTANE EM TAMAULIPAS, MEXICO

Arturo MQI‘a-OliVO, Eduardo Alanis-Rodriguez, Jonathan J. Marroquin-Castillo, Tania I. Sarmiento-Mufioz, José¢ Guadalupe
Martinez-Avalos, Fortunato Garza-Ocafas e Jorge Ariel Torres-Castillo

RESUMO

Descreve-se um matagal em formagées submontanas no esta-
do de Tamaulipas, México com base na andlise de riqueza, di-
versidade e estrutura. Os resultados indicam que este matagal
é diverso (29 espécies) se comparado com outras comunidades
similares de plantas do nordeste do México e observa-se um
ecotono com floresta semidecidual de terras baixas. A maior

parte dos elementos sdo de ampla distribui¢cdo, embora te-
nham se detectado duas espécies endémicas da “Sierra Madre
Oriental” (Neopringlea integrifolia e Iresine orientalis). Ainda
que o local esteja proximo de uma darea natural protegida, ha
sinais de pressdo antropogénica que ameag¢am a conservagdo
desse matagal de formag¢oes submontanas.
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(Gomez-Pompa, 1978-2005),
Texas (Correll and Johnston,
1979) and Mexico (Pennington
and Sarukhan, 1998).

Analysis of information

Alpha diversity was deter-
mined (Moreno, 2001) using
the Margalef index (D),
based on quantification of
number of species present (i.e.
specific richness) and the
Shannon index (H’), based on
the numeric structure of the
community (i.e. the proportion-
al distribution of the abun-
dance for species). The corre-
sponding equations are:

by canopy cover and its fre-
quency by their presence in the
sampling sites. These results at
the taxon level are referred as
importance value index (IVI),
which acquires percentage val-
ues in a 1-100 scale (Miieller-
Dombois and Ellenberg, 1974).
The following equation was
used for estimating relative
abundance (AR;) for species:

AR;(%AijxloO

i=1...n
A, =N,/S

where A;: absolute abundance,
N;: number of individuals per

Figure 1. Location of the study area. The top left image shows
Northeastern Mexico; top right side image shows the state of Tamaulipas
and the municipality of Ciudad Victoria. The lower image shows the
spatial distribution of sampling sites.

S1 o ) )
D,, = species i, and S: sampling sur-
In(N) face in ha. The relative domi-
s nance (DR;) was evaluated as
H=2.p: In(p;)
i=1 D
p,=n,/N DRiz[/Z JxlOO
1 1 Dl
. : i=l...n
where S: number of species
present, N: total number of in- Di= Abi/S

Fertile botanical samples
(flower and fruits) were col-
lected from all species and in
every site and specimens were
prepared using the techniques
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reported by Lot and Chiang
(1986). Plant species were tax-
onomically determined at the
laboratory using speciali-
zed literature from Veracruz

dividuals and n;: number of
individuals of species i.
Species abundance was deter-
mined considering the number
of individuals, their dominance

where D;: absolute dominance
and Ab;: canopy area for the
species i (A= m/4xd?) (Romahn
and Ramirez, 2006).
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The relative frequency (FR))
was obtained with the equation

FRi:(%:Finlo()

where AR;: relative abundan-
ce of the species i with res-
pect to the total abundance,
DR;: relative dominance of
the species 1 with respect to
the total dominance, and FR;:

i=l...n relative frequency for the spe-
F =P./NS cies 1 with respect to the total
b frequency.
where F;: absolute frequency,
P;: number of sites where the Results
species i is present, and NS: Richness

total number of sampling sites.
Finally, the IVI is defined as

(Whittaker, 1972) In the study area 29 vascu-

lar plants species from 27
genera and 17 families were

i=1
2 (ARi’ DR;, FRi) recorded (Table I). Fabaceae is

IVI==—

with five, followed by Euphor-
biaceae and Malvaceae with
three each, and Amarantha-
ceae, Cactaceae, Ulmaceae
and Verbenaceae with two re-
spectively. These families had
in total 17 genera and 19 spe-
cies i.e. 65.52% of the regis-
tered flora in the study area.

Structure

The structure was analyzed
in a stratified manner
(Table II). Results showed a
total density of 2,925 ind/ha
for the tree layer, 775 ind/ha
for the shrub layer and 400

3 the family with more species, ind/ha for the herb layer. The
TABLE 1
INVENTORY REGISTERED AT THE STUDY AREA
Family/Scientific name Common Biologic
name form

Acanthaceae

Siphonoglossa canbyi (Greenm.) Hilsenb. Herb
Amaranthaceae

Celosia nitida Vahl Chia Herb

Iresine orientalis G.L. Nesom Shrub
Asteraceae

Trixis inula Crantz Herb
Boraginaceae

Cordia boissieri DC. Anacahuita Tree
Cactaceae

Acanthocereus tetragonus (L.) Hummelinck Jacubo Shrub

Opuntia engelmannii Engelm. Nopal cuijo Shrub
Euphorbiaceae

Acalypha phleoides Cav. Herb

Croton cortesianus Kunth Palillo Herb

Croton niveus Jacq. Tree
Fabaceae

Acacia farnesiana (L.) Willd. Huizache Tree

Ebenopsis ebano (Berland.) Barneby & J.W. Grimes Ebano Tree

Havardia pallens (Benth.) Britton & Rose Tenaza Tree/Shrub

Leucaena leucocephala (Lam.) de Wit Guaje Tree

Mimosa malacophylla A. Gray Rascahuevos Shrub
Malvaceae

Abutilon trisulcatum (Jacq.) Urb. Tronadora Herb

Hibiscus phoeniceus Jacq. Herb

Pseudabutilon umbellatum (L.) Fryxell Herb
Phytolaccaceae

Rivina humilis L. Herb
Portulacaceae

Talinum triangulare (Jacq.) Willd. Verdolaga Herb
Rubiaceae

Randia obcordata S. Watson Cruceto Tree
Rutaceae

Zanthoxylum fagara (L.) Sarg. Una de gato Tree
Sapindaceae

Neopringlea integrifolia (Hemsl.) S. Watson Corvagallina Tree
Solanaceae

Capsicum annuum var. glabriusculum (Dunal) Heiser & Pickersgill ~ Chile piquin Shrub
Ulmaceae

Celtis pallida Torr. Granjeno Tree

Phyllostylon rhamnoides (J. Poiss.) Taub. Ceron Tree
Verbenaceae

Lantana achyranthifolia Desf. Herb

Citharexylum berlandieri B.L. Rob. Revientacabras  Tree/Shrub
Violaceae

Hybanthus mexicanus Ging. Shrub
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Fabaceae, Euphorbiaceae and
Ulmaceae families were the
most important for the tree
layers, with a 72.15% IVI;
while Cactaceae, Euphorbia-
ceae and Amaranthaceae were
the most important for the
shrub layer, with a 65.36%
IVI. For the herbaceous layer
the most important families
were Cactaceae, Talinaceae,
and Acanthaceae, with 70.44%
IVI. At the species level, re-
garding the importance value,
Croton niveus, Acanthocereus
tetragonus and Opuntia engel-
mannii were the most relevant
at each layer.

Regarding relative domi-
nance, the largest values for
the tree layer occurred with
Croton niveus, Celtis pallida,
Neopringlea integrifolia and
Havardia pallens (41.78, 17.69,
16.01 and 10.15% respectively).
Croton niveus had the largest
basal area (8.99m?ha') and
mean height (4.70m), which
confirms its importance in the
tree layer. Regarding the
shrub and herbaceous layers,
Acanthocereus tetragonus and
Opuntia engelmannii had
84.57 and 97.24% relative
dominance, respectively; these
values were higher than those
of all other species, revealing
their physiognomic role in
these layers.

The highest relative fre-
quency values found in the
three layer were for Croton
niveus, Celtis pallida, Ebe-
nopsis ebano, Havardia pal-
lens and Neopringlea integri-

folia with 12.12%. For the

shrub layer, Iresine orientalis
had the highest relative fre-
quency with 14.81%, followed
by Acalypha phleoides, Mi-
mosa malacophylla and Cro-
ton cortesianus, with 11.11%
each. Finally, at the herba-
ceous layer, Rivina humilis
and Siphonoglossa canbyi are
the species with the highest
relative frequency (25.00%)
while none of the other spe-
cies exceeds 16.67%.

Diversity
The three layers had a
Margalef index of 6.27 and the

species diversity had a Shannon
index of 2.81.
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TABLE 11
STRUCTURAL PARAMETERS OF THE SPECIES AT THE TREE LAYER*
Dominance
Species Abundance (basal area) Frequency Mean VI
N/ha % m*ha! % F, FR;, height
Croton niveus 625 21.37 899 4178 100 12.12 470 25.09
Celtis pallida 700 23.93 381 17.69 100 12.12 3.85 17.92
Ebenopsis ebano 625 21.37 .09 505 100 1212 397 1285
.. Havardia pallens 375 12.82 218 10.15 100 12.12 4.07 1170
2 Neopringlea integrifolia 175 5.98 345 1601 75 9.09 520 10.36
= Randia obcordata 100 342 1.23 573 100 12.12 517 7.09
8 Phyllostylon rhamnoides 125 427 0.21 096 75 9.09 3.70 4.78
& Leucaena leucocephala 75 256  0.07 034 50 6.06 3.57 2.99
Zanthoxylum fagara 50 171 0.13 062 50 6.06 3.65 2.80
Acacia farnesiana 25  0.85 0.20 091 25 3.03 7.00 1.60
Cordia boissieri 25  0.85 0.08 039 25 3.03 450 1.42
Citharexyllum berlandieri 25 085 0.08 037 25 3.03 4.00 1.42
Tree layer summed up 2925 100 21.52 100 825 100 4.45 100
Iresine orientalis 150 19.35 0.00 .67 100 14.81 127 1195
Acanthocereus tetragonus 50 645 013 8457 50 741 175 32.81
Acalypha phleoides 100 1290  0.00 031 75 1111 1.55 8.11
Mimosa malacophylla 75 9.68 0.00 094 75 1L.11 123 7.24
Croton cortesianus 75 9.68 0.00 0.68 75 1111 1.25 7.16
o Citharexylum berlandieri 75 9.68 0.01 4.09 50 741 1.53 7.06
& Trixis inula 50 645  0.00 011 50 741 140  4.66
o Hybanthus mexicanus 25 3.23 0.01 503 25 370 1.60 3.99
£ Havardia pallens 25 323 0.00 1.23 25 370 1.50 2.72
% Abutilon trisulcatum 25 323 000 045 25 370 1.80 2.46
Pseudabutilon umbellatum 25 323 0.00 031 25 370 140 241
Capsicum annuum var. glabriusculum 25 323 000 031 25 370 1.60 2.41
Hibiscus phoeniceus 25 323 0.00 011 25 370 1.20 2.35
Lantana achyranthifolia 25 323 0.00 011 25 370 140 2.35
Celosia nitida 25 323 000 005 25 370 1.20 2.33
Shrub layer summed up 775 100 0.16 100 675 100 145 100
«»  Opuntia engelmannii 25  6.25 0.05 9724 25 833 070 37.27
2 Talinum triangulare 150 3750  0.00 .13 50 16.67 0.51 1843
8 B Siphonoglossa canbyi 75 18.75 0.00 047 75 2500 020 1474
Bg Rivina humilis 75 18.75 0.00 012 75 2500 0.57 14.62
E Croton cortesianus 50 1250  0.00 0.08 50 16.67 0.50 9.75
Iresine orientalis 25 6.25 0.00 097 25 833 090 5.19
Herbaceous layer summed up 400 100  0.05 100 300 100 0.56 100

* Abundance (number of individuals N) and area covered (m?) per hectare. IVI: importance value index.
Species are ordered in each layer form lower to high according to their importance value.

Discussion
Richness and structure

The studied submontane
scrub consists mostly species
that are widely distributed,
though it includes endemic
Neopringlea integrifolia (Cal-
deron, 1996) and Iresine orien-
talis (Nesom 1982). This vege-
tation community has some
typical species from the sub-
montane scrub vegetation re-
ported at the lower altitudes of
the Sierra Madre Oriental,
close to the city of Monterrey
in the Northeastern Mexico
(Estrada-Castillon et al., 2012,
Alanis-Rodriguez et al., 2015b).
However, there is also transi-
tional vegetation to low deci-
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duous forests of neotropical
distribution with species such
as Phyllostylon rhamnoides and
Hybanthus mexicanus (Ballard
Jr, 1994; Pérez-Calix and
Carranza-Gonzalez, 1999). This
is probably due to the proxim-
ity of canyons that include a
tropical flora. It is important to
mention that the study area has
a similar physiognomy and
species composition to the re-
gion known as Gomez Farias,
Tamaulipas (located at ~80km
from the present study area);
Valiente-Banuet et al (1995)
considered it as a low ever-
green forest, where Hybanthus
mexicanus, Croton niveus,
Randia obcordata, Rivina hu-
milis, Phyllostylon rhamnoides
and Zanthoxylum fagara were

the dominant species at the
low, medium and high layers.
The Margalef (Dy,= 6.27)
and Shannon (H’= 2.81) index-
es obtained indicate that this is
a highly diverse community,
similar to others from Nor-
theastern Mexico. Alanis Ro-
driguez et al. (2015) evaluated
a submontane thornscrub close
to the city of Monterrey and
recorded Dy, = 6.02 and H’=
3.02. The values are also simi-
lar to those reported by
Canizales Vazquez et al. (2009)
in a submontane scrub in the
Sierra Madre Oriental, where
they reported Dy,= 6.34 and
H’= 3.00. Our results also
showed similarities with some
forest communities located at
the south of the state of Ta-

maulipas and North of San Luis
Potosi (Valiente-Banuet et al.,
1995), but are lower than those
reported by Godinez-Ibarra and
Lépez-Mata (2002) and Zamora
et al. (2008) from the subpe-
rennial and subdeciduous tropi-
cal forests located at the Sta-
tes of Veracruz and Yucatan,
respectively.

Apparently, the floristic di-
versity from this region is the
result of physiographic and
climatic conditions and these
factors may explain, in part, a
transitional zone found be-
tween these vegetation commu-
nities. Martin (1958) and
Trevino-Carreon et al. (2012)
also reported this condition at
a zone of intermountain transi-
tional communities occurring
between the mountain systems
and the desert vegetation in the
state of Tamaulipas.

The richness value reported
of 29 species is similar to that
reported by Alanis-Rodriguez
et al. (2015b) in a vegetation
community close to the city of
Monterrey; their results are
lower than those reported by
Canizales-Velazquez et al.
(2009) and Estrada-Castillon
et al. (2012), who evaluated
mature communities of sub-
montane scrubs in Northeas-
tern Mexico. Fabaceae was the
most representative family at
the tree layer, as also reported
by Canizales-Velazquez et al.
(2009) and Estrada-Castillon
et al. (2012) from scrubs and
similar to that reported by
Zamora et al. (2008) for tropi-
cal forests areas.

Regarding the tree layer,
Estrada-Castillon et al. (2012)
reported that Croton niveus,
Celtis pallida, Neopringlea in-
tegrifolia and Havardia pallens
form low and medium scrubs,
describing them as associations
of non-thorny high shrubs.
High dominance and frequency
of Croton niveus has been re-
ported to be a result of an ag-
gregate distribution pattern
(Valiente-Banuet et al., 1995)
which favors its establishment.
Valiente-Banuet et al. (1995)
reported this species in the low
layer, although in this study it
was found at the tree layer. In
contrast, Hybanthus mexicanus
occurring at the tree layer in
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this study differs from tropical
forests ecosystems, where it
occurs at the low layer.

It should be pointed out that
flora from this scrub vegeta-
tion includes some disturbance
indicating species such as:
Acacia farnesiana (huizache)
and Leucaena leucocephala,
which were not dominant in
the study area. In fact, it is
known that cattle are intro-
duced in the community from
time to time and that people
use wood for fuel.

Conclusions

The submontane scrub de-
scribed has a high diversity of
plant species. Also, there are
some plant species that are re-
lated to an ecotone of tropical
low forest from the submon-
tane scrub. Most reported spe-
cies have a wide distribution
but it is interesting to highlight
the presence of some species
endemic to the Sierra Madre
Oriental, such as Neopringlea
integrifolia and Iresine orienta-
lis. Despite the fact that the
studied zone is located close to
the limits of a protected natu-
ral area, some species may in-
dicate a certain degree of dam-
age caused by the rural and
urban influence.
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