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ABSTRACT 
We conducted a demographic examinarion of Pterocerew gaumeri, a rare and endemic columnar cactus of the Yucatan 
peninsula, Mexico. Growth, survival, and fecundity of individuals were recorded in two populations from 1997 to 
1999. Size-based population projection matrices were constructed to document the population dynamics. Seed ger- 
mination and seedling establishment experiments were conducted in the field to estimate the rate of seed and seedling 
survival. Our results show that I? gaumeri did not reproduce by asexual means or vegetative growth and thus relies 
wholly on sexual reproduction for population growth. Low reproductive success, seed predation, and low seedling 
survival appear to be important factors that contribute to the rarity of this species. The population growth rate (A) 
varied between 0.9545 and 1.0316. According to the matrix elasticity values, population dynamics of this species 
depend mainly on adult survival, with low values in fecundity and survival for the lowest size categories. Our results 
did not indicate that the population size of I? gaumeri was decreasing; however, increasing pressure on land use 
transformation is one of the most important factors that may threaten the persistence of this species. 

RESUMEN 
Se presenta un estudio demogrifico de Pterocerew gaumeri, un cactus raro, y endtmico columnar de la Peninsula de 
Yucatin, Mtxico. Desde 1997 a 1999, se registrb el crecimiento, la sobrevivencia y la fecundidad de individuos en 
dos poblaciones. Se construyeron matrices de proyeccibn basadas en tamafio poblacional para documentar la d inh ica  
de las poblaciones. Se realizaron experimentos de germinacibn de semillas y establecimiento de plhtulas en condiciones 
naturales, para estimar la tasa de sobrevivencia de semillas y pllntulas. Nuestros resultados sugieren que I? gaumeri no 
se reproduce asexualmente o por crecimiento vegetativo, por lo tanto el crecimiento poblacional depende completa- 
mente de la reproducci6n sexual. El bajo Cxito reproductivo, la depredacibn de semillas y la baja tasa de sobrevivencia 
parecen ser factores importantes que contribuyen a la rareza de esta especie. La tasa de crecimiento poblacional (A) 
varia entre 0.9545 y 1.0316. De acuerdo con 10s valores de las matriz de elasticidad, la dinlmica poblacional de esta 
especie depende principalmente de la sobrevivencia de 10s adultos, con valores bajos en fecundidad y sobrevivencia de 
las categorias de tamaiios menores. Nuestros resultados no indican que el tamaiio poblacional de I? gaumeri estC 
decreciendo, sin embargo, el increment0 de presion por el cambio de us0 de la tierra es uno de 10s factores mis 
significativos que puede amenazar la continuidad de esta especie. 

IGy word: ekzsticity anabsis; endemic cacti; plant dmograpby; population dynamics; Pterocereus gaumeri; rare species. 

THE CONCEPT OF RARITY is associated with abun- 
dance, distribution, habitat specificity, and taxon 
persistence (Harper 198 1 ,  Rabinowitz 1981, Fied- 
ler & Ahouse 1992, Gaston 1994). The study of 
rarity is important because the risk of extinction 
for rare species is generally high (Wilson 1988, 
Fielder & Jain 1992, Harrison 1993) and the num- 
ber of species at such risk is increasing as the rate 
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of disturbance and destruction of natural ecosys- 
tems intensifies. 

Demographic studies are an important tool to 
evaluate the current status of rare species and their 
populations because the processes of birth, mortal- 
ity, reproduction, and migration allow us to quan- 
tify the regenerative potential of a species (Schems- 
ke et al. 1994, Martinez-Ramos & Alvarez-Buylla 
1995). Information on variation in population size 
can be used to determine which is the most vul- 
nerable stage in the life cycle and predict the fate 
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of the population in time and under different eco- 
logical conditions (Schemske et al. 1994, Olmsted 
& Alvarez-Buylla 1995, Esparza-Olguin et al. 
2002). Demography and population dynamics of 
many plants have been studied intensively in the 
last 20 years (Oyama 1993, Silvertown eta/ .  1993, 
Olmsted & Alvarez-Buylla 1995). Most of these 
studies, however, have focused on dominant, abun- 
dant, or common species (Franc0 & Silvertown 
1990). Due to the limited number of demographic 
studies on rare species, life history patterns of re- 
lated common species are sometimes used to make 
generalizations about unstudied rare species (Byers 
& Meagher 1997). 

Among vascular plants, the Cactaceae has a 
high proportion of rare and endangered species. 
The entire family has been included in the Appen- 
dix I1 of CITES (Convention on International 
Trade in Endangered Species of Wild Fauna and 
Flora) and 45.7 percent of total cactus species are 
listed in the Red Data Book as rare, threatened, or 
in danger of extinction (Walter & Gillett 1998). 
Many cactus species have very low recruitment 
rates via seeds or ramets; also, they possess low 
growth rates, long life cycles (Steenberg & Lowe 
1983, Valiente-Banuet & Ezcurra 1991, Nobel 
1994), restricted geographic distribution, and small 
population sizes (Hernindez & Godinez 1994). 
Mexico is the most important center of diversifi- 
cation for Cactaceae; 850 of the almost 2000 total 
species are found in Mexico and 84 percent of 
them are endemic to Mexico (Bravo-Hollis & Sin- 
cha-Mejorada 1978, 1991 ; Arias-Montes 1993). 
Surprisingly, there have been few demographic 
studies of cactus species even though there is great 
interest in conserving and managing these species. 

One of the endangered species in Mexico is the 
rare and endemic columnar cactus Pterocerew gau- 
meri (Britton & Rose) MacDougall & Miranda 
(Walter & Gillett 1998). It has a very restricted 
distribution range on the Yucatan peninsula and 
low population densities (ca 100 adult plantdha), 
compared with other co-occurring columnar cacti 
(Stenocerew laevigatw: 400 adult plantdha; Piloso- 
cereus gaumeri: 165 adult plantdha [M. Mkndez, 
pers. obs.]) and columnar cacti from different ar- 
eas, (Neobuxbaumia tetetzo: 1500-2000 plantdha 
in the Tehuacan Valley [Valiente-Banuet & Ezcurra 
19911). We conducted a demographic study to ex- 
amine the dynamics of this rare species as a fun- 
damental step toward the development of manage- 
ment and conservation programs for this species 
(Harvey 1985, Lande 1988, Mehrhoff 1989, Oya- 
ma 1993, Schemske et af. 1994). The main objec- 

tives of this study were to: (1) contribute to the 
information base on rare plants by describing the 
demographic patterns of Z? gaumeri; (2) define the 
importance of each stage of the life cycle and each 
demographic parameter of the population growth 
rate ; and (3) determine the demographic traits that 
explain the rarity of this species. 

MATERIALS AND METHODS 
THE srEcim-Pterocereus gaumeri (Britton & Rose) 
MacDougall & Miranda is a rare and endemic co- 
lumnar cactus with a restricted distribution in low- 
land deciduous forests in the northern portion of 
the Yucatan peninsula, Mexico. Individual height 
is up to 8 m and the trunks are ramified after 
reaching 2 m in height. Bravo-Hollis (1978) de- 
scribed this species as having four ribs, but we 
found individuals with up to seven ribs; when 
young, the plants have a single trunk with three 
ribs. Flowers are ca 5 cm long and are yellow-green 
or cream colored. The flowering peak is in March. 
Anthesis occurs at night and flowers are pollinated 
by bats. The red globose fruit is 3-4 cm in diam- 
eter with many black seeds and is presumably dis- 
persed by birds. 

The genus Pterocerew is at the base of the phy- 
logeny of the columnar cacti of North America 
(Buxbaum 1958, Gibson & Horak 1978). Ptero- 
cereus has been assigned to the tribe Pachycereae, 
and it has been suggested that extinct ancestors of 
that tribe may have been related to ancestors of the 
tribe Leptocereae, which is distributed in the 
northern portion of South America, Central Amer- 
ica, and the Antilles (Bravo-Hollis 1978). 

STUDY -.-A 1 ha permanent plot was estab- 
lished in both Chumhabin (21" 18' N; 89" 10' W) 
and San Antonio (21" 18' N; 89" 19' W) localities 
in the northern part of the Yucatan peninsula, 
Mexico (Fig. 1). This area has an annual mean 
temperature of 26°C with a maximum of 40°C and 
a minimum of 11°C; the average annual precipi- 
tation is 528.5 mm. The dry season is from Feb- 
ruary to May and the rainy season is from June to 
January, which contributes 71 percent of the total 
annual precipitation. Litosol with redzina soils pre- 
dominate with some calcareous rocks in a flat ter- 
rain; the elevation is below 10 m (Lug0 & Garcia 
1999) and the soils are shallow and patchily dis- 
tributed. 

The vegetation of both study areas is low de- 
ciduous forest ( s e w  Holdrige 1967) or low decid- 
uous forest with columnar cacti (Miranda & Her- 
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FIGURE 1. Location of study sites, in the northern 
part of the Yucatan Peninsula, Mexico. A 1 ha permanent 
plot was established in both Chumhabin and San Anto- 
nio. 

nindez-X. 1964). Dominant trees are Acacia gau- 
meri, A. pringlei, Bursera simruba, Guaiacum sanc- 
tum, Lysiloma latisiliquum, Metopium brownei, 
Malpighia glabra, and vi'tex gaumeri. Many species 
in these forests are endemic and several other cactus 
species also occur, such as Acanthocereuspentagonus, 
Stenocerew laevigatw, Nopalea gaumeri, N.  inaperta, 
Mammillaria gaumeri, Opuntia stricta, Hylocereus 
u n h t w ,  and Selenicerew donkehrii (Durin et al. 
1998). 

At the end of the 19th century and during the 
first half of the 20th, a large portion of the dry 
tropical forest was used for cultivation of henequen 
(Agavefourcroydes Lem.). This activity has declined 
considerably and the fields have either been aban- 
doned or burned prior to current use for cattle 
ranching (Gonzilez-Iturbe et al. 2002). In Chum- 
habin, the forest is generally less than 8 m tall and 
the vegetation has not been cut for at least 40-50 
years. The study area is surrounded with lands ded- 
icated to cattle ranching; however, the forest has 
been protected from cattle perturbation and there 
is no sign of cattle presence within the forest. 

In San Antonio, the vegetation is ca 12 m high 
and probably had not been cut for previous hene- 
quen cultivation. This area has been dedicated to 
cattle ranching for ca 100 years. A common prac- 
tice of the ranching activity consists of letting the 
animals graze in open areas while providing access 
to forested areas where they can browse and find 
shade. 

DEMOGRAPHIC DATA.-Each plot was divided into 
quadrats of 100 m2 (10 x 10 m) and all individual 
plants were located, tagged, mapped, and moni- 
tored for three years (1997-1999). The total length 

of each plant was determined with a measuring 
tape. When a plant had a several branches, the 
length of each branch was measured from its point 
of attachment and then added to the length of the 
main steam to give a measure of total steam length. 
Growth and survivorship were recorded on March 
1997, 1998, and 1999. During the reproductive 
seasons (January-June) of 1998 and 1999, every 
two weeks, the numbers of flowers and immature 
and mature fruits produced per plant were record- 
ed. The probability of reproduction for both pop- 
ulations was defined as the proportion of individ- 
uals that reproduced each year in relation to the 
total. Fruit set was defined as the number of ma- 
ture fruits in relation to the number of flowers pro- 
duced and reproductive success was defined as the 
proportion of individuals that produced mature 
fruits. To estimate the mean number of seeds pro- 
duced per fruit, 30 fruits outside of the study site 
were collected in 1997. Fruits were produced at the 
beginning of the rainy season in June. After dis- 
persal seeds were difficult to find, and because they 
have around five months of viability (M. Mindez, 
pers. obs.), the seed stage was not included in the 
population projection matrix; it seems that Ptero- 
cereusgaumeri does not form a long-term seed bank 
as is the case for other columnar cacti (Godlnez- 
Alvarez et al. 1999, Esparza-Olguin et al. 2002). 

GERMINATION AND SEEDLING ESTABLISHMENT.-h 

August 1998 during the rainy season, seed germi- 
nation experiments were conducted in the field. 
For 200 replicate plots, 30 one-month old-seeds 
were placed on the ground in 10 cm quadrats on 
a side and locations were tagged and mapped. Half 
of the seed plots were protected from predators 
with 5 mm wire mesh cages (15 X 15 X 10 cm), 
which were partially buried in the soil. To exclude 
ants in the protected plots, chlordane was applied 
to the soil on the periphery of each plot every 
week. The remaining 100 plots were sown without 
protection, and no insecticide was applied. During 
the first month, germination was recorded weekly, 
and then every two weeks until no further germi- 
nation occurred. Five additional groups of 30 seeds 
each were simultaneously germinated in a germi- 
nation chamber to test viability; the seeds were 
placed in petri dishes with expanded perlite as the 
substrate. The chamber's daylnight temperature 
was 35/3OoC with a 12-hour photoperiod and the 
perlite was kept moist with weekly watering. 

Seedlings from the unprotected germination 
experiment were followed for one year in the field. 
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TABLE 1. Size categories used to &scribe the population 
dynamics of Pterocereus gaumeri. 

Size Total length 
category (cm) 

1 0.1-1 .o 
2 1.1-5.0 
3 5.1-10.0 
4 10.1-25.0 
5 25.1-50.0 
6 50.1-100 
7 100.1-200 
8 200.1-300 
9 300.1-400 

10 >400 

During the first month, seedling survival was re- 
corded weekly, and then every 50 days. 

POPULATlON PROJECTION MATRlCES.-FOT the con- 
struction of population projection matrices, we de- 
fined ten size categories according to the total 
length of the plant (Table 1). Four Lefkovitch 
(1 965) transition matrices were constructed, one 
for each time period (1997-1998 and 1998-1999) 
and one per population, to estimate probabilities 
of survival, growth, and fecundity (Caswell 1989). 
The permanence and transition probabilities for 
each size class were estimated by calculating the 
relative frequencies of each observed transition, in- 
cluding regressions to smaller size categories and 
death. 

We used the probability of germination in the 
unprotected treatment with the information of seed 
production to calculate the fecundity matrix com- 
ponent, which we defined as the mean number of 
seedlings produced per adult plant in each size class 
(F = number of seeds per plant x seed germina- 
tion probability). 

The survival and transition probabilities from 
the first to the second size category were calculated 
from the unprotected germination experiment by 
counting the number of seedlings alive after one 
year with respect to the initial number. 

Finite population growth rate (A) along with 
the stable size structure (w) and the reproductive 
value associated with each of size categories (v) were 
estimated by iteration using the computer program 
Gauss. The analytical method proposed by Alvarez- 
Buylla and Slatkin (1 994) was used for estimating 
the 95 percent confidence intervals for A. 

A sensitivity analysis (sii = aA/du,) was per- 
formed to measure how the changes in each matrix 
entry could modify the rate of population growth. 
A measure of the proportional sensitivity was given 

by the elasticity (eii = aiJA x sy), which determines 
what the relative effect of a proportional change in 
any matrix element may be on the population 
growth (de Goon et al. 1986). Four elasticity ma- 
trices were constructed, one for each study period 
(1997-1998 and 1998-1999), and one per popu- 
lation (Chumhabin and San Antonio). To deter- 
mine the relative importance of each demographic 
process to the maintenance and growth of the stud- 
ied populations, the elasticity values for each de- 
mographic process were summed following the cri- 
teria of Silvertown et ul. (1996). 

DATA ANALYSIS.-TWO log-linear analyses were used 
to test the demographic differences between pop- 
ulations and among different times by comparing 
the complete transition matrices (Caswell 1989, 
Ehrlen 1995, Horvia & Schemske 1995, Valverde 
& Silvertown 1998). A three-way contingency ta- 
ble was constructed to compare the observed size 
class structures between the two populations 
(Chumhabin and San Antonio) and among the 
three census dates (March 1997, 1998, and 1999); 
a four-way contingency table was constructed to 
examine the effects of year, population, and initial 
size category on the fate of the individuals, where 
death was included as a fate, fecundity was exclud- 
ed, and a 0.5 constant was added to all of the entry 
cells of the table (Silva et ul. 1990). 

Differences between the population structures 
were tested using the log-likelihood ratio G, which 
is a more robust test than x2 (Zar 1999). To com- 
pare the mean germination percentage, we used an 
ANOVA after an arcsine transformation for line- 
arity. Seedling survivorship curves for each condi- 
tion were compared through the Peto and Pet0 
analysis (Pyke & Thompson 1986, Esparza-Olguin 
et ul. 2002) to test the significance of predation on 
the probability of germination. 

RESULTS 
GERMINATION AND SEEDLING ESTABLISHMENT.-The 
mean percentage of germination obtained in the 
laboratory was 97.3 percent; all seeds germinated 
within two weeks after sowing. Germination in the 
field was much lower. During August and Septem- 
ber 1998, germination in the protected treatment 
was significantly higher (33.7%) than in the ex- 
posed treatment (1.7%; Fl, 198 = 110.97, P < 
0.001). After one year, 88 percent of the seedlings 
died in the exposed treatment as opposed to 64 
percent in the protected treatment (Fig. 2; LR = 
11.90, df = 1, P < 0.01). One-year-old seedlings 
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FIGURE 2. 
protected and unprotected treatments. 

Survivorship curves (log lJ for seedlings in 

in both treatments grew to an average height of 38 
mm. 

DEMOGRAPHIC PwE-rEr-s-The Chumhabin pop- 
ulation, which had 701 indivuduals in the first cen- 
sus (1997), had a density 3.2 times greater than 
that of San Antonio (222 initial individuals). Pop- 
ulation structures of both areas, however, were very 
similar (x2 = 9.8692, df = 8, P = 0.7256). Also, 
population structures did not change significantly 
during the three-year study (x2 = 10.826, df = 
16, P = 0.1799). Almost 80 percent of the indi- 
viduals were concentrated in the first four size cat- 
egories (Fig. 3). 

During 1997-1998 and 1998-1999 for both 
populations, the highest probability of death was 
for newly germinated seedlings (seedlings up to 1 
cm height, size category 1; Table I), followed by 
categories 2 and 3. After plants reached more than 
10 cm height (category 4), the probability of dying 
was lower (Fig. 4). The mortality pattern was sim- 
ilar for both populations (x2 = 0.105, P > 0.05) 
and both years (xz = 0.12; P > 0.05). 

The smallest plants that reproduced were 110 
cm tall (category 7). In Chumhabin during 1998, 
only plants in size categories 8 and 10 reproduced; 
however, all adult plants (categories 7-10) pro- 
duced mature fruits the following year. In contrast, 
in San Antonio, only plants in category 10 repro- 
duced during both years (Table 2). Of the 132 
flowers censused during 1998 in Chumhabin, 73 
produced immature fruits and only 11 produced 
mature fruits, resulting in a fruit set of 8.3 percent 
relative to the total number of flowers produced. 
In the same year, of the 108 flowers produced in 
San Antonio, 84 produced immature fruits but 
only 2 fruits attained maturity, resulting in a fruit 
set of 1.9 percent. For 1999 in Chumhabin, the 
number of flowers produced was 254, more than 
double that of 1998; from this, 174 become im- 
mature fruits and 61 reached maturity, resulting in 
a fruit set of 24.0 percent. In San Antonio, of 83 

035: 

2 3 4 5 6 7 8 9 10 

Categones 

I998 

2 3 4 5  6 7 8 9 1 0  

Categories 

2 3 4  5 6 7 8 0 1 0  

Calegones 

Chumhabin 0 San Antonio 

FIGURE 3. Frequency (%) of individuals observed in 
each size category for 1997, 1998, and 1999, in Chum- 
habin and San Antonio. Category 1 is not included be- 
cause few seedlings were observed in the field during the 
study period. 

flowers produced, 27 became immature fruits and 
only 2 fruits reached maturity, resulting in a fruit 
set of 2.4 percent. The mean number of seeds per 
fruit was ca 350. 

MATRIX .mALysIs.-OnIy one population's finite 
rate of increase (A) was above unity (1.032; Chum- 
habin 1998-1999); the other three values were 
slightly below unity (Table 3). The 95 percent con- 

FIGURE 4. Mortality (Q) for each size category dur- 
ing 1997-98 and 1998-99 in Chumhabin and San An- 
tonio. 
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TABLE 2. Reproductive behavior of Pterocereus gaumeri. Reproductive success was defined as the proportion of adults 
that contributed seed (rnaturehits) to the population. 

Churnhabin San Antonio 

Size categories 7 8 9 10 7 8 9  10 

Adults in each category (N) 30 26 16 20 13 6 5 7 
1998 

Reproductive individuals (%) 10 42 75 40 8 50 40 100 
Reproductive success 0 0.36 0 0.25 0 0  0 0.14 

1999 
27 13 6 3 11 

31 0 100 73 
0 0  0 0.13 

l3  74 
Adults in each category (N) 30 21 
Reproductive individuals (%) 13 38 77 
Reproductive success 0.5 0.38 0.5 0.4 

fidence intervals of the four matrices (Chumhabin 
for 1997-1998 and 1998-1999; San Antonio for 
1997-1998 and 1998-1999) indicated that the A 
values did not differ significantly from 1 (Table 3). 
The lowest A value (0.954) occurred in San An- 
tonio during 1998-1999. 

The log-linear analysis of the complete transi- 
tion matrices indicated that the effect of the pop- 
ulation ( x 2  = 74.82, df = 180, P = 0.99) and the 
year (x2 = 46.09, df = 180, P = 0.99) on the fate 
of individuals was not significant; however, the ini- 
tial size category had a significant effect on the fate 
of individuals ( x 2  = 3280.79, df = 390, P < 
0.001). 

For Chumhabin during 1998-1999, the stable 
size category structure indicated that most individ- 
uals were concentrated in the seedling stage (size 
category l) ,  whereas for Chumhabin during 1997- 
1998 and for San Antonio during both periods, 
the distribution of individuals was concentrated in 
both the first (seedling) and the last (adult) size 
categories (Fig. 5). The observed population struc- 
tures differed significantly from the stable struc- 
tures for both Chumhabin (1997-1998: G = 
609.83, df = 9, P < 0.005; 1998-1999: G = 
748.15, df = 9, P < 0.005) and for San Antonio 
(1997-1998: G = 130.69, df = 9, P < 0.005; 
1998-1999: G = 247.54, df = 9, P < 0.005). For 
Chumhabin during both time periods and for San 
Antonio during 1998-1999, the lowest size-specific 
reproductive values occurred for the smallest size 
categories, and the highest values occurred for size 
categories 7-1 0 (reproductive individuals). 

ELASTICITY m,uYsIs.-The highest values of elastic- 
ity corresponded to the survival of categories 7-10 
(reproductive individuals). For all four elasticity 
matrices, category 10 had one of the two highest 
values, the other corresponding to category 7, 8, or 

9, depending on the year or site, whereas categories 
1-3 had the lowest values (Table 4). Fecundity had 
the lowest values in all four elasticity matrices. For 
both populations and both years, the demographic 
process of greatest importance in the determination 
of the population growth rate was survival of the 
individuals (Fig 6). 

DISCUSSION 
In its narrow sense, rarity implies limited abun- 
dance or distribution (Gaston 1994); however, spe- 
cies that are considered rare can exist within a vast 
range of abundance and distribution. Rabinowitz 
(1981) identified seven forms of rarity distin- 
guished by differences in local abundance, geo- 
graphical range, and habitat specificity whereas 
Fiedler and Ahouse (1992) proposed an alternative 
scheme with four classes of rare plants based upon 
differences in spatial distribution and taxon persis- 
tence. Pterocereus gaumeri has a limited distribution 
(restricted to the low deciduous forest with colum- 
nar cacti of Yucatan, Mexico) and a lower density 
(ca 100 plantdha) than other columnar cacti from 
the same area (e.g., S. kzevigatw with 400 plants/ 
ha and Pilosocereus gaumeri with 165 plandha). 

In contrast to other columnar cacti such as S. 
kzevigatw and Pihsocereus gaumeri, Pterocereus gau- 
meri did not reproduce by asexual means or vege- 
tative growth and thus relies wholly on sexual re- 
production for population growth. In both popu- 
lations, Pterocereus gaumeri lost immature fruits by 
abortion and predation. Consequently, plants of 
Pterocereus gaumeri had very low reproductive suc- 
cess. The fruit set (1.9-24%) was lower than that 
reported for other columnar cacti such as Carnegia 
gigantea (48%; McGregor et a/. 1962), Pilosocereus 
mortizianus (46%), Subpilosocereus horrispinus 
(50%), stenocmeus griseuS (76 and 82 %), Subpi- 
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losocereus repandw (49 and 100%; Petit 1995, Nas- 
sar et al. 1997), Pacbycereuspringlei (50%; Fleming 
et al. 1994), and Stenocerew stellatus (71%; Casas 
et al. 1999). 

Seed predation played a fundamental role in 
the low recruitment of new individuals of Pteroce- 
reus gaumeri to the population. Granivores re- 
moved a high percentage of seeds (ca 95%), similar 
to data reported for Neobuxbaumia tetezo (Valiente- 
Banuet & Ezcurra 1991). In Pterocereus gaumeri, 
like other species in dry deciduous forests, flower- 
ing and fruiting of plants occur during the dry sea- 
son, and fruit maturation and seed dispersal are 
synchronized at the beginning of the rainy season; 
however, the percentage of germination obtained 
in the field (33.7% for a predator-protected site 
and 1.7% in an unprotected site) was much lower 
than that under laboratory conditions (97.3%). In 
addition to high seed predation, high seedling mor- 
tality was another factor that contributed to the 
limited abundance of Pterocerew gaumeri. Afier one 
year, only 6 experimental seedlings of 3000 seeds 
sowed in the field survived. High solar radiation, 
extreme temperatures, and soil moisture evapora- 
tion may have contributed greatly to the low ger- 
mination and survivorship of seedlings (Nobel 
1980, 1994; Franco & Nobel 1989; Valiente-Ba- 
nuet et al. 1991 ; Godinez-Alvarez et al. 1999; Es- 
parza-Olguin et al. 2002). In Pterocereus gaumeri, 
low reproductive success, large seed predation, low 
seed germination, and low seedling survival appear 
to be strong factors that contribute to the rarity of 
this species, as in other rare cacti (Contreras & 
Valverde 2002, Esparza-Olguin et al. 2002). 

The highest mortality rates in seedlings and 
saplings (categories 1-4) were recorded during the 
dry season (February-May) when plants are sub- 
jected to extreme temperatures (35.5-43.5”C) and 
drought (< 61 rnm of rain). During this period, 
almost all tree species lose their foliage in these 
forests (Olmsted et al. 1999). Once an individual 
has reached more than 10 cm height, its chance of 
survival is high. Although they have the capacity to 
regenerate a portion of the stem or new branches, 
stem damages by insects can transmit bacterial or 
fungal infections that may damage and kill a plant 
within a few months (M. Mhdez, pers. obs.). Sim- 
ilar causes of death have been reported in the “pi- 
taya” (H. undatm) when areoles are infected by the 
fungus Dothiorella sp. The fungal infection com- 
bined with a bacterial infection by Erwinia caro- 
tovora, transmitted by a hernipteran Leptoglossw sp., 
can damage the vascular bundles and kill the plant 
(Chi-May 1998). 
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FIGURE 5. 
for Chumhabin and San Antonio. 

Observed population structures and calculated stable-stage distributions during 1997-98 and 1998-99 

The results of the matrix analysis indicated that 
the population growth rates were not significantly 
different from unity and thus the population sizes 
were in equilibrium. In general, long-lived species 
have A values close to unity, including columnar 
cacti like C. gigantea (Pierson & Turner 1998), N. 
tetezo (Godinez-Alvarez et al. 1999), Neobuxbaumia 
macrocephah (Esparza-Olguin et al. 2002), and 
other cactus species like Coryphantha robbinsorum 
(Schamalzel et al. 1995). 

There were no significant differences between 
the matrices, which summarized the demographic 
parameters behavior even though there was a large 

difference in population density. This may indicate 
that the observed similar demographic processes are 
a response to similar selective pressures on specific 
life cycle phases. On the other hand, there were 
large differences between the observed and the sta- 
ble structures of both populations, which may be 
reasonable considering matrix models predict long- 
term stable population structures, something that 
may not be compatible with environments as var- 
iable as the low deciduous forests in which Ptero- 
cereus gaumeri occurs. 

According to the matrix elasticity values, pop- 
ulation dynamics of Pterocerm gaumeri depend 
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FIGURE 6. Relative importance of demographic pro- 
cesses in growth and maintenance of the populations 
studied. 

mainly on adult survival, with low values in fecun- 
dity and survival of the lowest size categories (seed- 
lings). In general, many long-lived species with A 
values close to unity have this kind of elasticity 
pattern (Oyama 1993, Silvertown et a/. 1993, 
Schamdzel et al. 1995, Alvara-Buylla et al. 1996, 
Fiparza-Olguin et al. 2002). These results suggest 
that potential changes in matrix entries represent- 
ing fecundity or seedling survival may have a neg- 
ligible effect on population growth rate. The vari- 
ance in these values, however, is high and these 
stages of the life cycle play a critical role in popu- 
lation regulation; therefore, the interpretation of 
these elasticity values for conservation purposes 
must be done with caution (de Kroon et al. 2000). 

Fortunately, our results do not indicate that the 
population size for Pterorereus gaumeri is decreas- 

ing, however, we should consider that increasing 
pressure on land use transformation is one of the 
most important factors that may threaten the per- 
sistence of this species. The increasing use of land 
for cattle ranching has fractured the habitat of this 
species and slash-and-burn agricultural practices 
continue with a current deforestation rate of 3000 
ha /yr (Dudn et al. 2000). Additionally, a major 
part of the populations of Pterocereus gaumeri are 
located on land within ranches or adjacent to them 
and the presence of livestock most likely reduces 
the probability of seedling survival. Plans for con- 
servation of Pterorereus gaumeri should include re- 
stricting areas from potential invasion by livestock 
to protect both seedlings and adults and the intro- 
duction of laboratory-germinated seedlings to aid 
in increased recruitment of this highly restricted, 
scarce, and slow-growing but long-lived species. 
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