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TOWARD THE IDENTIFICATION OF A CORE ZONE IN
THE TEHUACAN-CUICATLAN BIOSPHERE RESERVE,
MEXICO, BASED ON PARSIMONY ANALYSIS OF
ENDEMICITY OF FLOWERING PLANT SPECIES

ISIDRO MENDEZ-LARIOS, JOSE LUIS VILLASENOR, RAFAEL LIRA,
JUAN J. MORRONE, PATRICIA DAVILA and ENRIQUE ORTIZ

most important. Ap-

proximately 57% of its
flowering plant species are restricted
to its territory (Villasefior, 2003).
Higher percentages of endemism have
only been found on certain islands,
like Hawaii, Madagascar or New
Guinea, or on the southern part of the
African  continent (Gentry, 1986;
Akeroyd and Synge, 1992). In particu-
lar, many Angiosperm families in
Mexico possess a high degree of ende-
mism. For this country, the known
families of which more than half of
their  species are endemic  are
Asteraceae (Turner and Nesom, 1993;
Villasefior, 1993, 2003), Bromeliaceae

J n Mexico, endemism is

(Espejo  and Loépez-Ferrari, 1998),
Cactaceae (Guzman et al., 2003),
Euphorbiaceae  (Steinmann,  2002),

Fabaceae (Sousa and Delgado, 1993),
Lamiaceae (Ramamoorthy and Elliott,
1993) and Scrophulariaceae (Méndez-

Larios and Villasenor, 2001). More ex-
amples can be found in Ramamoorthy
et al. (1993) and Villasenor (2003).

Sites with an attention-
drawing concentration of endemic taxa,
described by Rzedowski (1991) as
“ecological islands”, have been found
throughout Mexico; for example, the
Rio Balsas Valley or the Sierra Madre
Occidental and Oriental, among others.
The Tehuacdn-Cuicatlan Valley, located
on the southeast and northeast state
limits of Puebla and Oaxaca, respec-
tively, and recognized by Rzedowski
(1978) as a Floristic Province, can be
considered as an ecological island,
given the high number of endemic spe-
cies registered in its  territory
(Villasefior et al., 1990; Villasefior,
1992; Davila et al., 1995; Méndez-
Larios et al., 2004). Moreover, the
Tehuacdn-Cuicatlan Valley is a region
with a vast biological diversity (Davila
et al., 2002a).

Pressey et al. (1994)
introduced into conservation biology
the concept of irreplaceability of re-
gions. When a region consists only of
common species with broad distribu-
tions, it has a low irreplaceability
value. In contrast, areas containing
species that are not found anywhere
else have an irreplaceability value of
100%. As such, irreplaceable regions
represent priority regions for conserva-
tion (Vane-Wright, 1996). This is the
case of areas of endemism, which are
defined by more or less congruent dis-
tribution patterns of two or more spe-
cies (Platnick, 1991; Harold and Mooi,
1994; Morrone, 1994). As these areas
contain exclusive species, they are ir-
replaceable and therefore highly im-
portant for conservation.

Morrone (1994) pro-
posed the use of Parsimony Analysis
of Endemicity (PAE) as a tool for
the detection of areas of endemism.
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Its methodology is ana-
logous to the cladistic
methods used in phy-
logenetics and cladistic
biogeography. It allows
the classification of ar-
eas or localities (ana-
logous to taxa) accord-
ing to the taxa they
share  (analogous to
characters), searching
for the most parsimoni-
ous solution (Morrone
and Crisci, 1995). Input
data for PAE are matri-
ces of areas vs taxa.
The resulting cla-
dograms represent hier-
archic areas and the ter-
minal dichotomies are
assumed to represent
areas with similar biota
(Morrone and Crisci,
1995). PAE was origi-
nally developed in the
field of
paleobiogeography (Ro-
sen, 1988). Morrone
(1994) modified the 7 M

19°00

technique to be used for f

the identification of en-
demism areas. He also
proposed that the study
area used for the identi-
fication of endemism
zones might be divided
into  Operative  Geo-
graphic Units (OGUs),
not necessarily having
the same dimensions or shape. This
method permits the identification of
areas of endemism based on the con-
gruence of distribution patterns of at
least two species taxonomically re-
lated with each other or not, depend-
ing on whether the viewpoint is phy-
logenetic or ecologic. PAE has been
used in different studies around the
world and with diverse biological
groups (Myers, 1991; Morrone, 1994;
Fernandes et al., 1995; Cardoso and
Oren, 1996; Posadas, 1996; Sfen-
thourakis and Giokas, 1998; Wa-
tanabe, 1998; Glasby and Alvarez,
1999; Luna et al., 1999; Morrone et
al., 1999; Ron, 2000; Bisconti et al.,
2001; Ippi and Flores, 2001; Morrone
and Marquez, 2001; Cavieres ef al.,
2002; Davila et al., 2002b).

In 1996, UNESCO de-
clared that all Biosphere Reserves
should include three well defined
zones: a core zone, where the eco-
system is strictly protected, sur-
rounded by a buffer zone, where non-
destructive human activities are per-

Qe00”
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Figure 1. Geographic location of the Floristic Province of the Tehuacéan-
Cuicatldn Valley (dark zone) and the Tehuacdn-Cuicatldn Biosphere Re-
serve (clear zone), divided into 89 OGUs.

mitted and monitored in order to pre-
vent negative impacts on the core
zone, and around both zones, a tran-
sition zone with supervised activities
forming part of sustainable manage-
ment plans (IUCN, 1987). The core
zone is the most important part of
the Biosphere Reserve for biological
conservation. As such, when areas of
endemism are identified inside the
Reserve, they might be proposed as
core zones, because of their content
of unique species.

The Tehuacdn-Cuicatldn
Biosphere Reserve (TCBR) is situ-
ated in the southeastern Puebla state
and the northeastern Oaxaca state,
Mexico. The area was declared a
Biosphere Reserve in 1998 (Diario
Oficial, 1998) and belongs to a re-
gion with high biological diversity
(Dévila et al., 2002a). Approximately
1910 vascular plant species, typical
of the southern xerophytic region of
Mexico, have been found in the
TCBR. Approximately 9.1% of these
species are endemic to the Reserve

a5~

(Méndez-Larios et al.,
2004).

This paper aims to
identify the areas of en-
demism inside the lim-
its of the TCBR. At the
same time, due to their
irreplaceable value,

| their potential as prior-
ity zones for biological
conservation as well as

"'\: ! their selection as core
L zone(s) will be evalu-
i ated.
B!
™|  Materials

Y and Methods

The TCBR is situ-
ated between 17°30' and
18°55'N  and between
96°42' and  97°47'W

. (Figure 1). It has an
| area of 481050ha and
| 78.4% of its surface is
covered with xerophil-
ous vegetation, as it
comprises a large part
of the Floristic Province
of the Tehuacan-Cuica-
| tlan Valley (Rzedowski,
| 1978; Figure 1). The to-
pography of the TCBR
is  diverse. Altitudes
range between 600 and
3000m. In the west, the
border is formed by the
Sierra de Zongolica,
which forms part of the
Sierra Madre Oriental, with altitudes
of >3000m. In the southeast, the Si-
erra Mazateca with altitudes up to
2500 and 3000m and other mountain
ranges belonging to the Mixteca Alta
or Sierra Mixteca border the Mesa
del Sur (Catalan, 2001). The climate
is represented by three arid sub-
groups (B) according to the climate
classification system of Koppen
modified by Garcia (1988): semi arid
(BS1), arid (BS0) and dry arid (BW).
It presents a typical summer rain
season, with a temporal diminution
of precipitation also known as phe-
nomenon of intrasummer drought or
dog days (Cataldn, 2001). At present,
the reserve beholds 279 human
settlements with a population be-
tween 1 and 2407 inhabitants; 7 vil-
lages have more than 1000 inhabit-
ants (INEGI, 2000). The main activi-
ties of the local people are agricul-
ture, pasturing, salt extraction and
mining.

9g°20 |

The studied taxa con-
sisted of 174 species (Appendix) of
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TABLE L
ENDEMIC SPECIES RICHNESS
FOR EACH OF THE 89 OGUs
IN THE TEHUACAN-CUICATLAN
BIOSPHERE RESERVE

OGU  Number OGU  Number

of species of species
1 OGU-30 46 46 OGU-6 3
2 OGU-16 35 47 OGU-58 3
3 OGU-22 30 48 OGU-59 3
4 OGU-44 21 49 OGU-4 2
5 OGU-39 20 50 OGU-49 2
6 OGU-68 20 51 OGU-52 2
7 OGU-37 19 52 OGU-53 2
8 OGU-13 18 53 OGU-64 2
9 OGU-21 16 54 OGU-1 1
10 OGU-29 16 55 OGU-5 1
11 OGU-42 16 56 OGU-7 1
12 OGU-56 15 57 OGU-8 1
13 OGU-31 14 58 OGU-10 1
14 OGU-47 14 59 OGU-17 1
15 OGU-81 14 60 OGU-18 1
16 OGU-34 13 61 OGU-19 1
17 OGU-76 12 62 OGU-24 1
18 OGU-28 11 63 OGU-35 1
19 OGU-36 10 64 OGU-51 1
20 OGU-50 10 65 OGU-54 1
21 OGU-62 10 66 OGU-65 1
22 OGU-33 9 67 OGU-66 1
23 OGU-14 8 68 OGU-73 1
24 OGU-41 8 69 OGU-74 1
25 OGU-69 8 70 OGU-83 1
26 OGU-11 7 71 OGU-84 1
27 OGU-23 7 72 OGU-88 1
28 OGU-38 7 73 OGU-2 0
29 OGU-67 7 74 OGU-3 0
30 OGU-75 7 75 OGU-26 0
31 OGU-82 7 76 OGU-43 0
32 OGU-15 6 77 OGU-48 0
33 OGU-40 6 78 OGU-55 0
34 OGU-60 6 79 OGU-57 0
35 OGU-61 6 80 OGU-70 0
36 OGU-63 6 81 OGU-71 0
37 OGU-9 5 82 OGU-72 0
38 OGU-20 5 83 OGU-77 0
39 OGU-25 5 84 OGU-78 0
40 OGU-27 5 85 OGU-79 0
41 OGU-32 5 86 OGU-85 0
42 OGU-45 5 87 OGU-86 0
43 OGU-46 5 88 OGU-87 0
44 OGU-80 5 89 OGU-89 0
45 OGU-12 4

flowering plants (Magnoliophyta), all
endemic to the Floristic Province of
the Tehuacdn-Cuicatldan Valley
(FPTCV; Figure 1) and recorded in-
side the TCBR (Méndez-Larios et al.,
2004).

The reserve was di-
vided in 89 Operative Geographic
Units (OGUs) with dimensions of 5x5'
latitude and longitude (Figure 1). For
each OGU, the number of endemic
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species of the FPTCV OUTGROUP
within the reserve was @ 0GU4
determined. Only 53 —0—@-0GU6
OGUs were evaluated be- oeu
———0GU-1
cause 36 of the 89 lacked L OGU-12
information or had just ———OGU-13
one  species  recorded %812
(Table I). Using the 53 ———0GU-20
OGUs and the 174 spe- ——OoGU21
. . ———0GU-23
cies, a data matrix was OGU-25
constructed, codifying the ———0GU-28
. e. 0000000000000 00000
presence of a species in a ety 0au-s0
specific OGU with “1” L oauas
and its absence with “0” —%8&
(Appendix). To define the OG0
cladogram’s root, an addi- ———OGU-41
; ini - 0GU42
tional OGU containing Y
zeros for all taxa was OGU-52
added. Data were ana- ———0GU53
lyzed with Nona (Golo- iy
boff, 1997), implemented ———OGU61
in  WinClada  (Nixon, OGU-64
——OGU69

2002), using the heuristic
search option. Per random
calculation sequence,
1000 repetitions were cal-

— 1
oGU-22

culated, applying branch 4:0&%27
swapping. Based on the OGU40 [ AE6
most parsimonious trees, 0GU-63
a strict consensus tree 4’_?0@[}81
was obtained, and its con- oGU-82
sistency index (CI) and OGU-36
retention index (RI) were %84;3
calculated. —.“——EOGUW S
e
45
Results EOGU—Z@
OGU-44
The analysis resulted 7%8;8
in 5810 equally parsimo- L 1 oduer
nious cladograms, with hafied —:OGU-50 7
403 steps, CI of 0.42 OBU-76
0GU-62

and RI of 0.35. Based
on these cladograms, the
strict  consensus  cla-
dogram was 450 steps
long, with CI of 0.38
and a RI of 0.21 (Figure
2). Two main areas of
endemism may be de-
fined, each consisting of eight OGUs.
The first area of endemism includes
OGUs 29, 31, 36, 37, 44, 45, 46 and
47, and is supported by three species:
Matelea  inconspicua  (Brandegee)
Woodson, Salvia umbraticola Epling,
and Yucca mixtecana Garcia-Mend.
(black dots in Figure 2). The second
area of endemism includes OGUs 50,
56, 60, 62, 67, 68, 75 and 76, and is
supported by two species: Bidens
brandegeei Sherff and Senna an-
drieuxii (Benth.) Irwin & Barneby
(black dots in Figure 2). Figure 2
also shows that, in addition to the
former clades representing the two
areas of endemism, six OGUs not re-

OGU-56
OGU-68

=

Figure 2. Strict consensus area-cladogram, illustrating the
eight areas of endemism (AE) identified in the analysis.
Black dots indicate the number of taxa sustaining each
clade (see taxa in Table II).

lated with any other one also contain
two or more endemic species: OGUs
4, 6, 16, 30, 40 and 80. These iso-
lated OGUs are considered important
because within their areas (~81km?)
grow irreplaceable species with lim-
ited distributions. For example, OGU
30 has 18 species with distributions
restricted only to it, whereas OGU
16 has four such species, and OGUs
4, 6, 40 and 80 each have two spe-
cies.

Considering the former
six OGUs as independent endemism
areas, 22 of the 53 analyzed OGUs
(41.5%) of the TCBR would constitute
eight areas of endemism (AE). They
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TABLE II

SPECIES THAT SUPPORT EACH OF THE EIGHT
AREAS OF ENDEMISM IN THE
TEHUACAN-CUICATLAN BIOSPHERE RESERVE*

Species

[T aran

Figure 3. Geographic location of the eight areas of endemism (AE) identi-
fied by PAE in the Tehuacdn-Cuicatldn Biosphere Reserve.

are indicated in Figure 2 as AEIl to
AES, and the species that characterize

each of them are listed in Table II.
The families Astera-
ceae, Cactaceae, Lamiaceae, Eupho-

rbiaceae and Fabaceae record the larg-
est number of endemic species in the
Reserve (Table III). The eight areas of
endemism identified in this study, in
addition to endemic species that char-
acterize them (Table II), also include a
large percentage of endemic taxa of
these families. OGU 75 is outstanding
because it has the only known popula-
tions of  Microdactylon  cordatum
Brandegee, a monotypic genus endemic
to the floristic province. Out of 20
OGUs that record ten or more endemic
species (Table 1V), 12 are included in
the areas of endemism (Table II).

Discussion

Several authors agree
that biogeographic areas should be de-

270

Area of
endemism
AE 1
4)
AE 2
(6)
AE 3
(16)
AE 4
(30)
LR
AE 5
(29, 31, 36, 37,
44, 45, 46, 47)
fineq in terms of en- AE 6
demic taxa. For ex- (40)
ample, based on en-
demic floristic compo-
nents, Takhtajan (1986) AET
and Rzedowski (1978) (30 56. 60, 62,
defined regions and flo- 67, 68, 75,76 )
ristic provinces in the AE38
world and in Mexico, (80)

Coreopsis oaxacensis B.L. Turner
Viguiera purpusii Brandegee
Mammillaria viperina J.A. Purpus
Salvia pannosa Fernald

Acourtia lobulata (Bacig.)
Reveal & R.M. King

Bursera arida (Rose) Standl.
Neobuxbaumia macrocephala
(F.A.C. Weber) E.Y. Dawson
Polygala cuspidulata S.F. Blake

Astragalus pueblae M.E. Jones
Bakeridesia subcordata (Hochr.) Bates
Beaucarnea gracilis Lem.

Beaucarnea purpusii Rose
Caesalpinia melanadenia (Rose) Standl.
Cnidoscolus tehuacanensis Breckon
Deutzia occidentalis Standl.
Euphorbia tricolor Greenm.
Florestina simplicifolia B.L. Turner
Fouquieria purpusii Brandegee
Hesperothamnus grandis Standl.
Lonchocarpus oaxacensis Pittier
Nama spathulata Brandegee
Psacalium calvum (Brandegee) Pippen
Salvia aspera M. Martens & Galeotti
Salvia ramosa Brandegee

Salvia tenoriana Ramamoorthy
Zapoteca formosa (Kunth)

H.M.Hern. subsp. mollicula

(M. Martens & Galeotti) H.M. Hern.

Matelea inconspicua (Brandegee) Woodson
Salvia umbraticola Epling
Yucca mixtecana Garcia-Mend.

Mammillaria dixanthocentron Backeb.
subsp. dixanthocentron

Echeveria purpusorum Berger

Bidens brandegeei Shertf

Senna andrieuxii (Benth.) Irwin & Barneby

Anthurium nelsonii Croat
Asclepias conzattii Woodson

respectively. It has been
suggested that an ende-
mism zone should be a

region comprising the
congruent distribution of two or more
monophyletic taxa (Humphries and

Parenti, 1986; Harold and Mooi, 1994).
Based on this idea, the area of ende-
mism is the result of a historical pro-
cess, not an ecological one; however,
Morrone and Crisci (1995) claim that
the origin of any biogeographic pattern
is never exclusively historical or eco-
logical, but rather a combination of
both. The PAE analysis is not able to
reconstruct the history of the studied

The eight areas are indicated AE 1 to 8 in Figure 2. The number of
OGUs are indicated in brackets and correspond to those in Figure 1.

areas or to recognize their ecological
associations, but it is a useful tool to
detect congruent distribution patterns
of the studied taxa and to mark the
boundaries of the endemism areas.
Areas of endemism
represent important sites for conserva-
tion where the presence of species
with restricted distribution makes them
unique and therefore irreplaceable, an
important criterion in the definition of
priority zones for conservation. The

MAY 2005, VOL. 30 N° 5 JWERCIENDIA



obtained PAE results for
the TCBR indicate at
least eight areas of ende-
mism, supported by the
congruent distribution of
two or more taxa (black
dots in Figure 2; Table
IT). Their irreplaceability
calls for their protection.
In a Biosphere Reserve
like Tehuacan-Cuicatlan,
the best way to obtain
strictly protected zones is
the declaration of core
zones.

Moreover, areas of
endemism represent varia-
tions of abiotic factors.
For example, the reserve’s
dominant climate is arid
(B) which is found in the
areas of endemism 3, 4,
5, 6 and 7. However, in
the areas 1, 2 and 8 the
climate is moist subtropi-
cal (C). Variations in an-
nual  precipitation  are
found as well. The areas
of endemism 7 and 6
present an annual precipi-
tation of 300-500mm, the
areas 5 and 4 between
400 and 600mm, area 3
between 600 and 800mm,
and areas 1, 2 and 8 from
600 up to 1000mm. An-
other important abiotic |, ar

16740
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factor varying between ar-
eas of endemism is topog-
raphy. Areas 7 and 6 are
found mainly on altitudes
between 600 and 800m, areas 8 and 3
between 800 and 1200m, areas 5 and 4
between 1600 and 2000m and, finally,
the areas 1 and 2 are situated at heights
over 2600m. These observations con-
firm the importance of the areas of en-
demism as they represent the reserves’

TABLE III
THE FIVE FAMILIES WITH HIGHER
NUMBER OF ENDEMIC SPECIES IN

THE TEHUACAN-CUICATLAN
BIOSPHERE RESERVE AND NUMBER
OF SPECIES RECORDED IN THE
AREAS OF ENDEMISM IDENTIFIED
IN THIS STUDY

Family Species Species in
in the the areas
Reserve of endemism
Asteraceae 28 27 (96.4%)
Cactaceae 18 16 (88.8%)
Lamiaceae 14 14 (100%)
Euphorbiaceae 14 11 (78.6%)
Fabaceae 12 9 (75.0%)

IVERCIENDIA MAY 2005, VOL. 30 N° 5

—

endemic species richness
as well as most of the
variations of the abiotic
factors.

In the TCBR, still no
core zone has been de-
fined and its implementa-
tion would secure the
survival of endemic spe-
cies, endangered by pos-
sible negative impacts
caused by human activi-
ties (IUCN, 1987). The
eight areas of endemism
identified can be joined
I} to form three main zones
that could act as core
zones in the Reserve
(Figures 3 and 4). Core
zone | would be formed
by the inclusion of AE 1
and AE 2. Core zone II
would include AE 3, AE
4, AE 5 and AE 6; al-
though AE 3 is separated
from the other areas, it
may be joined to the oth-
ers by including OGU 22
which, in addition to con-
stitute a corridor, is the
third top OGU by the
number of endemic spe-
cies scored in its territory
(Table IV). Finally, join-
ing AE 7 and AE 8
would  constitute  core
zone III. In total, these

40

I'ﬁ

AR,

Figure 4. Geographic location of the three core zones proposed for the
Tehuacdn-Cuicatldn Biosphere Reserve.

TABLE IV
GRID SQUARES (OGUs) WITH THE
LARGEST NUMBER OF ENDEMIC
SPECIES IN THE TEHUACAN-
CUICATLAN BIOSPHERE RESERVE*

OGU Species
1 OGU 30 46
2 OGU 16 33
3 OGU 22 29
4 OGU 68 20
5 OGU 4 19
6 OGU 39 18
7 OGU 37 17
8 OGU 13 16
9 OGU 21 16
10 OGU 29 15
11 OGU 42 15
12 OGU 56 15
13 OGU 81 14
14 OGU 31 13
15 OGU 47 13
16 OGU 34 12
17 OGU 76 12
18 OGU 28 11
19 OGU 36 10
20 OGU 62 10

OGUs in black are those included in the identi-
fied areas of endemism.

three core zones represent
25.8% of the Reserve,
and would be able to pro-
tect 148 endemic species
(85.0% of the total). In addition, they
would include 1300 species, which
represents about 68.0% of the total
floristic richness of the TCBR.

It is important to note
that these results depend on the
amount of collection and registration
of herbarium specimens. Even though
the reserves’ surface area of approxi-
mately 5000ha has been studied flo-
ristically for more than 100 years and
presently counts with a data base of
more than 18000 registers, there are
still certain regions which have not
been explored into such detail.
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Appendix. Data matrix used in the PAE analysis to identify the areas of endemism in the Tehuacdn-Cuicatlin Biosphere Reserve. Col-
umns: OGUs, rows: taxa. List of taxa at the bottom; numbers of OGUs correspond with those in Figure 1.

00011111122222222333333333444444445555556666666677888
46912345601235789012346789012456790236890123478956012

00011111122222222333333333444444445555556666666677888
46912345601235789012346789012456790236890123478956012

OO WN B W —

000000001000000000000000000000000000000000001 11000010
00000000101000000100000100000000000000000000000000000
00000000000000000001000001000000000001000110001000000
00000000000100000100000000000000000000000000000000000
00000000000100000000010001001000001000000000001000000
00000100110000000010000000000000000000000000000000000
00000000000000000100000001000000000000000010000000000
00000000100000010000000000000000000000000000000000000
00000000000000001010001100000111100000000000000000000
0000010000000000010000010000010000000000000100000001 1
00000000001000000000000000000000000000000001000000000
00000000000100000000000000000000000000000000000010010
00000000000000000000000000000000000000000000000000100
00000000000000000000000000000000000000000000000000100
00000000001100000000000000000000000000000000000000000
00000000001100000000000000000000000000000000000000000
00000000000000001010001100000111100000000000000000000
00000000000000000000000000000000100000000000000000000
00000000000000000000000000000000000000000000000010000
00000000000000000000000000000000100000000000000000000
00000000000010000100000000000000000000000000000000000
00100000000000000000000000000100000000000000000000000
00000000100000000000000000000000000000000000000000000
00000000000000000000000000000100000000000000000000000
00000000000000000000000000000000001001001010011011000
00000000000000000100000000000000000000000100001000000
00000000000000000100000100000000000000000000000000000
10000000000000000000000000000000000000000000000000000
00000000001000000000000000000100000000000000000000000
00000000000000000000000000000000000000000010000000010
00000000100000000000010000001000000000000000000000000
00000000000000000000000000001000000001000000000000000
00000000000000000100000000000000000000000000000000000
00000000000100000100000000000000000000000010000000000
00010000000100000000000000000000000000000000000000010
00000000000000000000000001000000000000000010000000000
00000000000000000000000000000100000000000000000000100
00000000000000000010000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000000000000000000000000000000001000000000
00000000000000000000000000000000100000000000000000000
00000101000000000000000000000000001000000000000001000
00000000000000000000000000000100000000000000000000000
00100000000000000000000100000000000000000000000000000
00000000000000000000000000000101000000000000000000000
00000000000000000010000000000000000000000000000000000
00000000100000000000000110000000000000000000000000001
10000000000000000000000000000000000000000000000000000
00000000000000000000000000000100000000000000000000000
00100000000000010000000000000000000000000000000000000
00000000100000000000010001001000000010000000000000000
00000000000001000000000000000000000000000010000000000
00000000000000000000000000000000000000000000000000001
00000000000000000000000000100000000001000000000000000
00000000100000000000000000000000000000000000000000000
00000110101100011100000000010110010101000100000000000
00000000000000001100000100000000000000000000000000000
00000000100100000000000000000000000000000000000000010
00000000100000100000000000000000000000000000000000000
00000000000000000000010000000000000000000000000000000
00000100101000000000000000000000000000000000000000000
00000000000000000000000000100000000000000000000000000
00000000000000000000000000000000000000000010000000000
00000000000000000000000000000000000000000000000001000
00000010100000000000000000000000000000000000000000000
00000000101100000100000000000000000000001000000000000
00000000000000000000000000000000001000000000000001000
01000000000000000000000000000000000000000000000000000
00000000100000000000000000000000000000000000000000000
00000000010000000100000000000000000000000000000000000
00000000000100000101000000000000000000000000000100000
00000000000010000000000000011000000000000000000000000
00000000101100000000110000000000000000000000000000000
00000000100100000000000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000000000000000000000001001001010011011000
00000000100000000100010000000000000000000001001000000
00000000000000000100000001000000000000000000000000000
00001000000000000000000000000000000000000000000000000
0000000000000000000010000000000000000000000000001001 1
00000000101000000000000000110000000001000000000000000
00000000000010000000000000011000000000000000000000000
00100000000000000000000000000000100000000000000000000
00000000000000000000000000000000000001000000000000000
00000000000000000000000100000000000000000000000000000
00000000000100000000000000000000000001000000000000000
00000000000000000000100001000000000000000000000000000

00000000000000000000000000000000000000000000000000000
00000000000000001000000000000000000000000000000000000
00000000000000000000100000010000000000000000000000000
00000000000000000000000000100000000000000000000000000
00000000100100100000010101100100000000000000000001000
00011100000000000000000000000000000000000000000000000
00000000000001000000000000000000100000000000000000000
00000000000000000100000000000000000000000000000000000
00000010100100000010001101000000000000100000000000000
00001000000100001000100000000110000000000000000000000
00010000000000000000000010100000000000000000001000000
00000001000100000000000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00010000000000000000100001010000000000000000001000000
00000000101100000001000011011000001000000000001100000
00000000000000000000000000000000000000000000000001000
00000100000000000000100000000000000000000000000100000
00000000000001000101000010000000000000000000000000000
00000100100000000000000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000100110100011100000101000100000000000100001000000
00000000000000001000000000000000000000000000000000000
00000000000000000000000000001000000000000000000000000
00000000000010000100001000000100000000000000000000000
00000000000010000000000000000000000000010000000000000
00000000000000000000000000000000000000010000000000100
00000000000010000100000001000100100000000000010000000
00000000000000000100000000000000000000000000000000000
00000100000000000100000000000000000000000000000000000
00000000000000001100001000000000000000000000000000000
00010000000000000000000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000001000101001000000000000000000000000000
00000000100100000011001001000000100000100001001000010
00000000000000000000000000000000000001000000001000000
00000000000100000100000000000000000000000000000000000
01000000000000000000000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
0000000000000000000000000000000000100000000000000001 1
00000000000000000100000000000000000000000000000000000
00000000000000001010001100000111100000000000000000000
00000000000000000010000000000000000000000000000000000
00000000000000000000000100000000000000000000000000000
00000000000000000000000000000000001001001010011011010
00000000010101001010000000000000000000000000001000000
00000000000000010000001001000000000000000000000000000
00000000000000000000000000001000000000000000100000000
00000000000000000000000000001000000000000000000000001
01000000101000000000010000001000000001000000001100000
00000000000000000100000000000000000000000000000000000
00000000000000100110000000000100000000100000000000000
00010010000000000000000000000000001000000000000000010
00000101101010000000000000000000000000000000000000000
00001110011000011100000001000100000010000000000000000
00000000000000000000000000000000000000001000000000000
00000001100100000000010000000000000001010000001001001
00100000000000000000000000000000000000000100000000000
00000000000000000000000000000000000000000000000001000
00000100000000000000000000000000000000000000000000000
00000000000000010100100000000000000000000000000000000
00000100100100000000010100001000000001000000000101000
00000000000100010100000000000000000000000000000000010
00000100000100011010000001000001000001000000001000010
00000000000000000100000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000000000000000100000000000000000000000000000000000
00000001100000000000010000000000000000000000001100000
00000000000000100100000000000000000000000000000000000
00000000000000000000000000000000000000000000000000010
00000000000001000000000000000000000000000000000010000
00000000000000000000000000000000010000000000000000000
00000000000000000000000000001000000000000000000000000
00000000100000000000000000000000000000000000000000000
00000010000000010000000000000000000000000100000000000
00000000000000000000000000000000000000001000010000000
00010000001000000000000000000000000000000000000000000
00000100000100100000001010001000000000000001001000000
00000000000000000000000000000000000000000000000101000
00000000000000000000000000000000100000000000000000000
00000000001100000100000000000000000000000000000000000
00000000000000000000010100010000100000000000000000000
00000000000000000000000000000000000000000000000100000
00000011100000011110000100000000100100000000000000000
00000000000000000000000000001000000000000000010000000

MAY 2005, VOL. 30 N° 5 JWERCIENDIA



Taxa:

Acanthaceae: 1.Dyschoriste purpusii Kobuski, 2. Holographis
pueblensis T.F. Daniel, 3. H. velutifolia (House) T.F. Daniel, 4.
Justicia paucifolia T.F. Daniel

Agavaceae: 5. Agave macroacantha Zucc., 6. A. stricta Salm-Dyck, 7.
A. titanota Gentry, 8. A. triangularis Jacobi, 9. Yucca mixtecana
Garcia-Mend.

Amaranthaceae: 10. Iresine discolor Greenm., 11. I. nitens Standl.

Anthericaceae: 12. Echeandia platyphylla (Greenm.) Cruden

Araceae: 13. Anthurium nelsonii Croat

Asclepiadaceae: 14. Asclepias conzattii Woodson, 15. Marsdenia
parvifolia Brandegee, 16. Matelea atrocoronata (Brandegee)
Woodson, 17. M. inconspicua (Brandegee) Woodson, 18. M.
pueblensis (Brandegee) Woodson, 19. Microdactylon cordatum
Brandegee, 20. Pherotrichis mixtecana Brandegee

Asteraceae: 21. Acourtia caltepecana B.L. Turner, 22. A.
fragrans Rzed., 23. A. lobulata (B Acta Bot. Mex. 15acig.)
Reveal & R.M. King, 24. A. umbratilis (B.L. Rob. &
Greenm.) B.L. Turner, 25. Bidens brandegeei Sherff, 26.
Brickellia problematica B.L. Turner, 27. Coreopsis davilae
Panero & Villasefior, 28. C. oaxacensis B.L. Turner, 29.
Dahlia apiculata (Sherff) Sorensen, 30. Flaveria cronquistii
AM. Powell, 31. F. ramosissima Klatt, 32. Florestina
purpurea (Brandegee) Rydb., 33. F. simplicifolia B.L.
Turner, 34. Gochnatia purpusii Brandegee, 35. Hofmeisteria
malvifolia (B.L. Rob. & Greenm.) B.L. Turner, 36.
Melampodium  pringlei B.L. Rob., 37. Perymenium
glandulosum Brandegee, 38. P. ovatum Brandegee, 39.
Psacalium calvum (Brandegee) Pippen, 40. P. purpusii
(Greenm.) H. Rob. & Brettell, 41. Sanvitalia fruticosa
Hemsl., 42. Stevia revoluta B.L. Rob., 43. Tetrachyron
brandegei (Greenm.) Wussow & Urbatsch, 44. Tridax
luisana Brandegee, 45. Verbesina mixtecana Brandegee, 46.
V. petrophila Brandegee, 47. Viguiera davilae Panero &
Villasefior, 48. V. purpusii Brandegee

Boraginaceae: 49. Antiphytum paniculatum (Brand) 1.M. Johnst.

Bromeliaceae: 50. Hechtia conzattiana L.B. Sm., 51. H. fragilis
K.B. Utley & J.F. Utley, 52. H. galeottii Mez, 53. H. lyman-
smithii K.B. Utley & J.F. Utley, 54. Tillandsia califanii Rauh

Burseraceae: 55. Bursera arida (Rose) Standl.

Buxaceae: 56. Buxus mexicana Brandegee

Cactaceae: 57. Cephalocereus columna-trajani (Karw.) K.
Schum., 58. Ferocactus flavovirens (Scheidw.) Britton &
Rose, 59. F. latispinus (Haw.) Britton & Rose var. spiralis
(Karw. ex Pfeiff.) N.P. Taylor, 60. F robustus (Pfeiff.)
Britton & Rose, 61. Mammillaria crucigera Mart. subsp.
crucigera, 62. M. dixanthocentron — Backeb.  subsp.
dixanthocentron, 63. M. huitzilopochtli D.R. Hunt, 64. M.
pectinifera (Stein) F.A.C. Weber, 65. M. sphacelata Mart.,
66. M. supertexta C. Mart. ex Pfeiff., 67. M. tepexicensis J.
Meyréan, 68. M. viperina J.A. Purpus, 69. Neobuxbaumia
macrocephala (F.A.C. Weber) E.Y. Dawson, 70. Opuntia
parviclada S. Arias & S. Gama, 71. O. tehuacana S. Arias &
L.U. Guzman, 72. Pachycereus hollianus (F.A.C. Weber)
Buxb., 73. Peniocereus viperinus (F.A.C. Weber) Buxb., 74.
Polaskia chende (Rol.-Goss.) A.C. Gibson & K.E. Horak

Caesalpiniaceae: 75. Caesalpinia melanadenia (Rose) Standl., 76.
Senna andrieuxii (Benth.) Irwin & Barneby, 77. S. apiculata
(M. Martens & Galeotti) Irwin & Barneby var. apiculata, 78. S.
galeottiana (Martens) Irwin & Barneby

Caprifoliaceae: 79. Viburnum macdougallii Matuda

Commelinaceae: 80. Tradescantia monosperma Brandegee, 81. T.
parvula Brandegee

Convolvulaceae: 82. Ipomoea nana Collete & Hemsl.,, 83. I
teotitlanica McPherson, 84. Jacquemontia smithii B.L. Rob. &
Greenm.
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Crassulaceae: 85. Echeveria derenbergii J.A. Purpus, 86. E. laui
Moran & J. Meyran, 87. E. leucotricha J.A. Purpus, 88. E.
longissima E. Walther var. aztatlensis J. Meyran, 89. E. pilosa
J.A. Purpus, 90. E. pulvinata Rose, 91. E. purpusorum Berger,
92. Thompsonella spathulata Kimnach

Euphorbiaceae: 93. Adelia  rotundifolia  Brandegee, 94.
Cnidoscolus egregius Breckon, 95. C. tehuacanensis Breckon,
96. Croton pulcher Mill. Arg., 97. Euphorbia gradyi V.W.
Steimm. & Ramirez-Roa, 98, E ixtlana M.J. Huft,, 99.E.
pueblensis Brandegee, 100. E. tricolor Greenm., 101. Jatropha
neopauciflora Pax, 102. J. rufescens Brandegee, 103. J.
rzedowskii  Jiménez-Ramirez, 104. Manihotoides pauciflora
(Brandegee) Rogers & Appan, 105. Pedilanthus olsson-sefferi
Millsp., 106. P. tehuacanus Brandegee

Fabaceae: 107. Astragalus pueblae M.E. Jones, 108. Ateleia
macvaughii Rudd, 109. Brongniartia luisana Brandegee, 110. B.
mollicula Brandegee, 111. B. vicioides M. Martens & Galeotti,
112. Dalea botterii (Rydb.) Barneby var. atrocyanea (Rydb.)
Barneby, 113. D. rubrolutea Barneby, 114. D. tuberculina
(Rydb.) FJ. Herm., 115. Hesperothamnus grandis Standl., 116.
Indigofera conzattii Rose, 117. Lonchocarpus oaxacensis Pittier,
118. Trifolium nelsonii House

Fouquieriaceae: 119. Fouquieria purpusii Brandegee

Hydrangeaceae: 120. Deutzia occidentalis Standl.

Hydrophyllaceae: 121 Nama spathulata Brandegee

Lamiaceae: 122. Salvia aspera M. Martens & Galeotti, 123. S.
boegei Ramamoorthy, 124. S. divinorum Epling & Jativa, 125. S.
incana M. Martens & Galeotti, 126. S. inornata Epling, 127, S.
pannosa Fernald, 128. S. ramosa Brandegee, 129. S. sousae Ra-
mamoorthy, 130. S. fenoriana Ramamoorthy, 131. S.
umbraticola Epling, 132. S. variana Epling, 133. Scutellaria
saxicola Brandegee, 134. Stachys collina Brandeege, 135.
Stachys inclusa Epling

Lentibulariaceae: 136. Pinguicula mirandae Zamudio & A. Salinas

Loranthaceae: 137. Struthanthus inornus Standl.

Lythraceae: 138. Nesaea pringlei Rose

Malvaceae: 139.  Abutilon  straminicarpum  Fryxell, 140.
Bakeridesia subcordata (Hochr.) Bates, 141. Hibiscus longifilus
Fryxell, 142. Phymosia crenulata (Brandegee) Fryxell, 143.
Robinsonella chiangii Fryxell, 144. Sida pueblensis Fryxell, 145.
Sidastrum tehuacanum (Brandegee) Fryxell

Mimosaceae: 146. Acacia angustissima (Mill.) Kuntze var. oaxacana
B.L. Turner, 147. A. purpusii Brandegee, 148. Leucaena
confertiflora Zarate var. confertiflora, 149. Mimosa brevispicata
Britton, 150. M. hystricosa Brandegee, 151. M. luisana
Brandegee, 152. M. mixtecana Brandegee, 153. M. pueblensis R.
Grether, 154. Zapoteca formosa (Kunth) H.M.Hern. subsp.
mollicula (M. Martens & Galeotti) H.M. Hern.

Nolinaceae: 155. Beaucarnea gracilis Lem., 156. B. purpusii Rose

Orchidaceae: 157. Schiedeella diaphana (Lindl.) Burns-Balogh &
Greenwood

Passifloraceae: 158. Passiflora liebmannii Mart.

Piperaceae: 159. Peperomia amatlensis DC.

Poaceae: 160. Bouteloua distans Swallen, 161.
(Piper) St. Yves

Polygalaceae: 162. Polygala annectans
cuspidulata S.F. Blake

Rutaceae: 164. Casimiroa calderoniae F. Chiang & Medrano, 165.
Helietta lucida Brandegee, 166. Megastigma galeottii Baill.

Sapindaceae: 167. Thouinidium insigne (Brandegee) Radlk.

Scrophulariaceae: 168. Lamourouxia smithii B.L. Rob. &
Greenm., 169. Leucophyllum pringlei (Greenm.) Standl.

Theaceae: 170. Ternstroemia hemsleyi Hochr.

Thymelaeaceae: 171. Daphnopsis purpusii Brandegee

Urticaceae: 172. Pouzolzia pringlei Greenm.

Verbenaceae: 173.  Stachytarpheta  luisana
Stachytarpheta nelsonii B.L. Rob. & Greenm.

Festuca callosa

S.F. Blake, 163. P

Standl., 174.
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