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Impact of different shade coffee management scenarios, on a population of Oncidium poikilostalix
(Orchidaceae), in Soconusco, Chiapas, Mexico
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(Received 30 October 2016; accepted 2 April 2017)

Background: Understanding the effect of perturbation, be it natural or anthropogenic, on the demography and dynamics of
the plant populations can help conservation management planning.
Aims: We assessed the impacts of management of a shade coffee plantation on a population of Oncidium poikilostalix
(Orchidaceae).
Methods: We studied in a coffee (Coffea arabica) agroecosystem the impact of the current traditional management [T] and
two hypothetical epiphyte control management scenarios (intense ‘desmusgue’ [ID] and moderate ‘desmusgue’ [MD]), on
the only known Mexican population of O. poikilostalix. Based on 3 years of field demographics data, the population
dynamics of the orchid were projected using T, ID and MD scenarios for 20 years into the future.
Results: Under the current management T, the population of O. poikilostalix was projected to grow continuously
(λ = 1.102). Conversely, under management ID, the loss of individuals would lead to a sustained population decline
(λ = 0.843); in the case of MD, the population would decline more slowly with the population growth rate tending towards
equilibrium (λ = 0.966).
Conclusions: The changes in the management of coffee plantations that have become common throughout the south-east of
Mexico represent a threat to the survival of the only population of O. poikilostalix in Mexico, and likely threaten other
epiphytic species.
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Introduction

Epiphytes play an important role in recycling nutrients and
water in the ecosystems they inhabit (Nadkarni and
Matelson 1992). There are relatively few studies that
have evaluated the effect of perturbation on the popula-
tions of epiphytic orchids (e.g. Calvo and Horvitz 1990;
Larson 1992; Calvo 1993; Tremblay 1997; Tremblay and
Ackerman 2001; Zotz and Schmidt 2006; Mondragón
et al. 2007; Mondragón 2009; Raventós et al. 2015).
Although shaded coffee plantations are one of the agroe-
cosystems that most closely replicate the environmental
conditions found in the original forests and thus serve as
refuges for numerous taxa, including orchids (Moguel and
Toledo 1999; Espejo et al. 2005; Hágsater et al. 2005;
Solís-Montero et al. 2005; Manson et al. 2008), the popu-
lation dynamics of orchids in coffee agroecosystems has
not been studied at all. This is despite the fact that it is
essential to understand the effect of both natural and
anthropogenic perturbation on the demography and
dynamics of the populations affected (Raventós et al.
2015) so that sustainable management can be recom-
mended /practiced.

In Mexico, one of the orchid species found exclusively
in shaded coffee plantations is Oncidium poikilostalix
(Kraenzl.) M.W. Chase & N.H. Williams, a taxon reported

for the first time in 2008 as a new record for this country
(García-González et al. 2011; Solano et al. 2011). This
orchid grows mainly on shrubs of Coffea arabica L.
(Rubiaceae), a crop introduced into south-east Mexico
towards the end of the twentieth century, and the epiphytic
orchid presents adaptation to this novel habitat, with high
reproduction rates (García-González et al. 2013). In fact,
these authors have suggested that O. poikilostalix presents
characteristics of weedy species and apparently entered
into competition with other native orchid species.
Nonetheless, O. poikilistalix remains confined to two
localities, with a distance of ca. 2.5 km between them,
with relatively small and aggregated populations (García-
González et al. 2011; Solano et al. 2011).

It is of great conservation concern that over the last
10 years, changes in the management of coffee plantations
have become common throughout the region of
Soconusco, Chiapas, wherein most recently, the practice
of periodic removal of epiphytes, known locally as ‘des-
musgue’ has been introduced. This activity consists of
systematic manual removal from the coffee bushes of
epiphytes whether vascular (e.g. orchids, bromeliads,
ferns, Gesneriaceae, Piperaceae) or non-vascular (moss)
(A. García-González, pers. obs.).

*Corresponding author. Email: alfredmx22@gmail.com

Plant Ecology & Diversity, 2017
http://dx.doi.org/10.1080/17550874.2017.1315840

© 2017 Botanical Society of Scotland and Taylor & Francis

http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/17550874.2017.1315840&domain=pdf


This practice is probably very detrimental to epiphytic
plants. Therefore, it is very important to be able to esti-
mate the effect of this type of management, and its con-
sequences for the survival of populations of many species
of the epiphytic plants that grow on coffee bushes. They
include mainly orchid species with scarce and very much
localised populations.

Population Projection Matrix Models (PPMs) is one of
the most widespread approaches used to evaluate the
population dynamics of animals and plants (Crone et al.
2011, 2013). These models use discrete time and size
classes and summarise the asymptotic growth rate of
populations within deterministic or stochastic environ-
ments (Caswell 2001). We used this approach to: (1)
estimate the viability of the population of O. poikilostalix
over the next 20 years under current traditional manage-
ment; (2) compare the predictions between two methods of
perturbation analysis (sensitivity and transfer function ana-
lyses) on the dynamics of O. poikilostalix population; (3)
simulate and project over a period of 20 years the effect of
two different intensities of epiphyte management which
are considered common practices in other coffee planta-
tions in the study region.

Materials and methods

Field study and species characteristics

The study was carried out from 2013 to 2015, in a 20-
year-old, traditional, shaded plantation of arabica coffee
(C. arabica), with a commercial polyculture system
(Moguel and Toledo 1999). The plantation was located
within the rural community Fracción Montecristo, in the
buffer zone of the Volcán Tacaná Biosphere Reserve, in
the municipality of Cacahoatán, Soconusco, Chiapas,
Mexico (15°5′31.5″ N, 92°9′57.9″ W), at an elevation of
1410 m a.s.l. The mean annual rainfall was 3670 mm and
the average temperature 20.7°C (SEMARNAT and
CONANP 2013). Oncidium poikilostalix is a relatively
small (10–20 cm tall, inflorescences not included) epiphy-
tic orchid, with basal-lateral inflorescences (1–2 per pseu-
dobulb), and small yellow flowers with reddish-brown
spots on the sepals, petals and labellum (Behor and
Tinschert 1998; Atwood and Mora De Retana 1999;
Soto-Arenas and Solano-Gómez 2007; Solano et al. 2011).

In the selected coffee plantation, four plots were
marked out, each measuring 20 m × 20 m within the
areas with the greatest aggregation of O. poikilostalix
(Mújica 2008). The greater part of the entire population
found in Mexico (Solano et al. 2011) was included within
these plots.

In July 2013, each individual of O. poikilostalix within
the four plots was marked with a small, soft, aluminium
label bearing a unique number. The microsite occupied by
each individual on the coffee bushes was determined using
the vertical zonation proposed by García-González et al.
(2011) designed specifically for this type of phorophyte
[trunk, forks, branches (diameter ≥ 3.1 cm) and twigs

(diameter ≤ 3.0 cm)]. In this study, only those individuals
of O. poikilostalix that were growing on coffee bushes
were considered; on the shade trees, there were only few
individuals present (García-González et al. 2016), and
mostly unhealthy, individuals (chlorotic, underdeveloped
pseudobulbs, small, etoliated leaves or plants without
leaves).

We defined four size categories (life stages) based on
leaf area: seedling (S1: 0.01–2.12 cm2), juveniles (S2:
2.13–7.31cm2) and adults (S3: 7.32–22.09 cm2; S4:
≥22.1 cm2). We used two adult classes (reproductive
classes) to ensure that the matrix was irreducible and
primitive (Caswell 2001) and thus would have a stable
structure. We measured the three largest leaves (length ×
width) of each individual and estimated the mean total
foliar area per individual (Gregg and Kéry 2006; Mújica
2008; González 2010). We used leaf area as a state vari-
able in all analyses because leaf area is generally a good
predictor of the relative size of epiphytic orchids (Gregg
and Kéry 2006; Mújica 2008). The leaf area value calcu-
lated by this method is useful to estimate the size changes
of individuals over time. Each year we evaluated the status
of all individuals marked the previous year and new indi-
viduals were labelled and incorporated into the study.

During the 3 years of study, in October (the middle of the
flowering period and the end of peak flowering; García-
González et al. 2013), the number of O. poikilostalix indivi-
duals with repeat flowering, the number of repeating flowers
and the number of fruits produced in the first flowering (prin-
cipal flowering), was recorded. García-González et al. (2013)
defined the repeat flowering as a second flowering that is
produced on the same spikes, within the same year, in which
the buds develop directly from the scars left from the first set of
flowers, and even where fruits are present.

Finally, during the month of December (end of flower-
ing period; García-González et al. 2013), the total number
of O. poikilostalix individuals that flowered, the total
number of flowers produced (including repeat flowering)
and the total number of fruits produced (including repeat
flowering), was counted.

Considering that, in the case of orchids, fruits may contain
thousands of seeds and that these depend on the association
with mycorrhizal fungi in order to germinate, differentiate and
develop (Arditti 1967; Hágsater et al. 2005; Jersáková and
Malinová 2007; Otero et al. 2007; Chung et al. 2011), it is
difficult to relate the number of new plants to the number of
viable seeds liberated by the fruits (González 2010). With that
in mind, the number of fruits was used to estimate the repro-
ductive rate (Ackerman et al. 1996; González 2010; Raventós
et al. 2015). The fecundity (F) of the reproductive individuals
(S3 o S4) was estimated using the formulae proposed by
González (2010); whereby, first, a reproductive index (Ri) is
calculated from which the value for F is derived.

Ri = NI/TF,

where Ri is the reproductive index of the population dur-
ing the analysed growth period (e.g. 2013–2014), NI is the
total number of new individuals that were recruited during
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2014 and TF is the number of total fruits produced within
the population in the year 2013.

FS3 = Ri*FPS3/IPS3,

where FS3 is the fecundity of the S3 individuals, Ri is the
reproductive index of population in the analysed growth period
(e.g. 2013–2014), FPS3 is the number of fruits produced by S3
individuals in 2013 and IPS3 is the total number of productive
S3 individuals (i.e. all those that flowered, including indivi-
duals that did not produce fruits) in 2013. The same formulae
were used to calculate the fecundity (F) of S4 individuals.

Demographic modelling

We constructed a time-invariant size matrix model for
each annual transition (2013–2014, 2014–2015) to

estimate the temporal variability of demographic rates
(Figure 1(a–d)). In addition, we built a matrix of mean
rates averaged across years (Figure 1(e,f)). We calcu-
lated the dominant eigenvalue λ for each annual model
and for the mean model. We also calculated the stable
stage distribution (the right eigenvector, W) and repro-
ductive value (the left eigenvector, V), to estimate the
most vulnerable life stage and that with the highest
reproductive value, respectively, (Caswell 2001;
González 2010; Martínez-Ramos et al. 2016). We simu-
lated the absolute population dynamics, including both
transient and asymptotic influences, to predict the
dynamics of O. poikilostalix 20 years into the future,
using the starting stage distribution obtained from the
field measurement, consisting of seedling (S1 = 284

Figure 1. The life cycle of Oncidium poikilostalix (Fracción Montecristo, Cacahoatán, Soconusco, Chiapas, Mexico [15°5′31.5″ N, 92°
9′57.9″ W]), showing demographic parameters for 2 successive years, plus the mean matrix. The four nodes represent the four size
categories based on leaf area of O. poikilostalix. Size 1 corresponds to seedling, size 2 to juvenile, size 3 to small reproductive adult and
size 4 to large reproductive adult individuals. a–b: Graph and matrix of the growth period 2013–2014. c–d: Graph and matrix of
2014–2015. e–f: Graph and matrix of the mean of both periods of growth (2013–2015).
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individuals), juveniles (S2 = 194) and adults (S3 = 270
and S4 = 338) under the current situation and for two
different potential management scenarios, as explained
later.

Perturbation analysis

To evaluate the effect of perturbation (natural or anthro-
pogenic) on these populations, we performed two kinds of
analysis:

First, the traditional, sensitivity analysis that measures
the linear effect on λ when an absolute change is applied
to the ai;j matrix element:

@λ
@ai;j

¼ viwj;

where the sensitivity of λ to change in ai;j is proportional
to the product of the ith element of reproductive value
vector and the jth element of the stable stage distribution
(Caswell 2001).

Second, the transfer function analysis that measures
the non-linear change when an absolute perturbation is
applied to the ai;j matrix element.

δ�1 ¼ eT ðλI � AÞ�1d;

where A is the generic matrix we are working with, I is an
identity matrix with the same dimensions as A, e and d are
two row vectors measuring zero for all elements, except on
the i; j position where the perturbation is applied on the
matrix element and δ is the intensity of that perturbation.
The above equation gives the exact relationship between
the applied perturbation and growth rate (Hodgson and
Townley 2004).

To predict the effect on λ when this entry was per-
turbed, we carried out a comparison with the prediction
calculated using a classical method (i.e. sensitivity analy-
sis) that gives a linear approximation and a method that is
derived from the robust control theory of engineering, the
transfer functions (Hodgson and Townley 2004).

The projection of the population, the sensitivity analy-
sis and the transfer functions simulations were made in
RStudio software (ver. 1.0.44; RStudio Team 2015) using
the packages “popdemo” (ver. 0.1–4; Stott et al. 2012) and
“popbio” (version 2.4.3; Stubben and Milligan 2007).

Potential perturbation (management) scenarios

(1) The scenario of intense ‘desmusgue’ (ID) would result
in the hypothetic loss of all the individuals of O. poikilos-
talix that grow on the trunks, forks, branches and the
thickest twigs (diameter 2–3 cm) of the coffee bushes.
These are the most visible sections of coffee bushes
where farmers mainly focus their removal of epiphytes.
This practice is commonly observed in coffee plantations
throughout the region.

(2) The scenario of moderate ‘desmusgue’ (MD)
would result in the hypothetic loss of all the individuals
of O. poikilostalix growing on the trunk, forks and
branches of the coffee bushes (leaving those growing on
the twigs untouched), as a result of management.

In practice, ID is most frequently observed, but occa-
sionally plantations where MD is practiced have been
observed. In order to simulate the two potential scenarios,
we estimated the matrix entries using data obtained in field
(2013–2015) for ID and MD, respectively, (supplementary
information 1). For this, we used only two categories:
seedling [1 0 0 0] or adults [0 0 0 1] to simulate manage-
ment projections. To construct the matrix of both potential
scenarios (ID and MD), the data of the individuals occu-
pying the indicated microsites in each scenario were
hypothetically withdrawn.

To evaluate the effect of the two management scenar-
ios of the coffee plantation (i.e. ID and MD) on the
population of O. poikilostalix, we estimated the mean
asymptotic growth rate for the two successive years
(2013–2014, 2014–2015) and projected the population
dynamics 20 years into the future for the two treatments.

Stochastic simulation

Assuming equal probabilities for each year, we estimated
the long-term stochastic growth rate, λs and the 95% con-
fidence limits of this estimate. These simulations were
made 50,000 times. We perturbed the initial mean matrix
by eliminating each time an additional 10% of the element
a[4,4]. In the first simulation, we removed 10% of the a
[4,4] value; on the second simulation, we eliminated 20%
of the initial a[4,4] value and so on. All of the simulations
were made using popbio package (Stubben and Milligan
2007).

Results

Demographic modelling

Under the current conditions of coffee plantation manage-
ment, the population projection of O. poikilostalix for the
2 successive years showed a finite rate of increase
(λ = 1.188; λ = 1.013, respectively). These values of λ
indicated that the population was growing, although with a
lower rate for the second year (Figure 2(a–d)). The long-
term stochastic growth rate of the mean matrix was
λs = 1.102 (lower and upper 95% confidence limits = 1.101
and 1.103, respectively). Under the prevailing conditions
of traditional management, O. poikilostalix showed an
increasing growth rate for both deterministic (18% and
1%) and stochastic simulations (10%).

The population growth rate was most sensitive to
changes in entries in the lower right corner of the matrix
(Figure 3). In general, λ was more sensitive to changes that
involved individuals reaching or staying in the most
advanced life stages (S4); the survival and growth of seedling
(S1) were also influential, especially in 2013–2014. The
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fecundities were the entries less affected by the perturbations.
A stochastic simulation of a progressive elimination of the
most advances age class (S4) predicted a quasi-extinction of
O. poikilostalix after 18 years.

Perturbation analysis

The perturbation magnitude on λ was restricted to values
that are biologically permissible (i.e. with an upper limit
the sum of perturbed stasis and growth rate � 1) (Figures
4 and 5).

The sensitivity analysis of asymptotic growth rate over-
estimated the effect of perturbation on the element a[4,4] for

both years. For a given perturbation on a[4,4], the dominant
eigenvalue was lower for the sensitivity (dashed line) than
transfer function analysis (solid line), consequently the effect
of perturbation was greater than in the sensitivity analysis.
Thus, the sensitivity analysis underestimated λ. The sensitivity
and transfer function approach predicted different perturbation
values to achieve λmax = 1. If we perturbed the S4 individuals
(largest adults), sensitivity (dashed line) suggested a perturba-
tion by ca. −0.37, whereas the transfer function (black solid
line) suggested a further decrease of −0.50 (Figure 5).

The most sensitive element on OP1415 was a[4,3] with a
sensitivity value of 0.439. In this case, sensitivity

Figure 2. Predicted asymptotic population dynamics for the total population and life stages for Oncidium poikilostalix for 2 successive
years, under the current traditional, shaded coffee management, Fracción Montecristo, Cacahoatán, Soconusco, Chiapas, Mexico (15°5′
31.5″ N, 92°9′57.9″ W). a: Total population 2013–2014. b: Population divided into life stages 2013–2014. c: Total population
2014–2015. d: Population divided into life stages 2014–2015. [B–D: Red – seedling (S1), green – juveniles (S2), blue – adult I (S3),
purple – adult II (S4)].

Figure 3. Sensitivity analysis of Oncidium poikilostalix population Fracción Montecristo, Cacahoatán, Soconusco, Chiapas, Mexico
(15°5′31.5″ N, 92°9′57.9″ W), for 2 successive years (2013–2014, 2014–2015). Each box represents the sensitivity to change of λ of each
matrix element when perturbed individually.
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overestimated the positive perturbation effect on λ and under-
estimated the negative perturbation effect on λ (Figure 5).

Simulated ‘desmusgue’ management

For both ID andMD, the population was predicted to decrease
(λ = 0.843 and λ = 0.966, respectively; Figure 6(a–d)). After
the hypothetical ‘desmusgue’, the more sensitive entries of the

matrix were essentially the same as under current conditions of
management, reaching from S1 to S4, a[4,1] = 0.558 and
0.451, and maintaining S4, a[4,4] = 0.456 and 0.45 for ID
and MD, respectively, (Figure 7).

We carried out a stochastic simulation to predict the
effect on the population growth rate of a progressive
elimination of the a[4,4] matrix element (Figure 8). An
elimination of � 40% on a[4,4] was predicted, to

Figure 4. Transfer function analysis of perturbation for each non-negative entry, {row, column}, in Oncidium poikilostalix, using
Population Projection Matrix Models (PPM) for 2 successive years (2013–2014, 2014–2015), Fracción Montecristo, Cacahoatán,
Soconusco, Chiapas, Mexico (15°5′31.5′ N, 92°9′57.9′ W). All perturbation magnitude axes for probabilities (i.e. stasis and growth)
are bounded below by perturbation causing zero transition, and above by preventing the sum of perturbed stasis and growth rates from
exceeding 1. Population growth rate predictions based on sensitivity analysis are presented as dashed, straight lines. Solid, curved lines
are dashed, straight lines showed the population growth rate based on prediction from sensitivity analysis and the Solid, curved lines are
the actual resulting population growth rate predicted using a non-linear transfer function.

6 A. García-González et al.



obtain a decreasing population growth rate; full elimina-
tion of a[4,4] produced a value of λs = 0.896 ± (0.895,
0.896).

Discussion

If the prevailing of traditional management conditions
were maintained in the studied coffee plantations, the
population of O. poikilostalix should continue to grow
and could expand into other similar coffee plantations in
the area. However, it is likely that O. poikilostalix will not
be able to overcome the loss of individuals caused by ID;
with a moderate version of ‘desmusgue’ [MD], the nega-
tive impact upon the population would be more reduced.

Similar to what happens with O. poikilostalix, under
the prevailing conditions of traditional management of the
coffee plantation, Mondragón (2009) working with the
epiphytic orchid Guarianthe aurantiaca (Bateman ex
Lindl.) Dressler & W.E. Higgins found that in most
cases the two demographic processes, stasis (increasing
or decreasing in size but no change in size class at t + 1
time) and retrogression (decreasing in size class at t + 1
time) are the demographic processes with highest elasti-
city values. Furthermore, Mondragón et al. (2015), in a

review of the population ecology of epiphytic angios-
perms, found that, in most cases, stasis/retrogression is
the demographic process with the highest elasticity values.

In general, the sensitivity analysis and the transfer
function approaches gave different results. This is because
the sensitivity analysis only considers the linear effects
whereas the transfer function approach considers the
non-linear effects of the perturbation in the calculation of
the maximum eigenvalue. For instance, comparing the
predicted λ when after applying a range of biologically
realistic perturbations to the a[4,4] element, we found that
for the period 2013–2014, the sensitivity approach under-
estimated the magnitude of the perturbation needed to
reach to λmax = 1, whereas for the next couple of years,
the linear approach overestimated the magnitude of per-
turbation needed to reach λmax = 0.90. Similar disagree-
ments for the linear and non-linear predictions of λ were
found when these two methods where applied to the
transient analysis six populations of Lepanthes rubripetala
Stimson, an endemic orchid of Puerto Rico (Tremblay
et al. 2015).

In our matrices, the magnitude of the perturbation pre-
dicted by the linear sensitivity analysis, and non-linear, transfer
function approach, needed to achieve a determinate asymptotic

Figure 5. Comparison between the predicted λ obtained by sensitivity and transfer function methods for Oncidium poikilostalix when
applying a biologically realistic range of perturbations on the element a[4,4] for the successive years (2013–2014, 2014–2015). Dashed,
straight lines showed the population growth rate based on prediction from sensitivity analysis and the Solid, curved lines are the actual
resulting population growth rate predicted using a non-linear transfer function.

Impact of coffee management scenarios on Oncidium poikilostalix 7



growth rate, generally differs. Hodgson and colleagues
(Hodgson and Townley 2004; Hodgson et al. 2006) have
introduced the use of transfer functions in ecology and pro-
moted their use in population ecology and conservation man-
agement. A significant advantage of transfer functions over
sensitivity analysis is that the first one captures analytically the
true relationship between perturbation, magnitude and PPMs
eigenvalues (Hodgson and Townley 2004).

In the commercial polyculture coffee plantations in the
study area, despite the predominance of introduced species as
shade trees, there is a great diversity of vascular epiphytes,
including orchids that grow on the coffee bushes (A. García-

González, pers. obs.). These coffee agroecosystems offer
suitable microclimatic conditions and, in most cases, suitable
pollinators are also available. This coffee plantation func-
tions as a refuge for these epiphytic species, but only as long
as those favourable environmental conditions can be main-
tained (Solís-Montero et al. 2005). If the prevailing condi-
tions in the study site are maintained, the population of O.
poikilostalix should continue growing and expanding into
other similar coffee plantations in the area. However, in the
potential scenarios of ‘desmusgue’, our results agree with the
general indications of decline or precarious equilibrium in
the population trends of epiphytic orchids (Calvo 1993;

Figure 6. Predicted asymptotic population dynamics for the mean of the total population and for the four life stages of Oncidium
poikilostalix, under two potential management scenarios for the coffee plantations where this orchid is found, in Soconusco, Chiapas,
Mexico: intense ‘desmusgue’ (ID) and moderate ‘desmusgue’ (MD). Population Projection Matrix Models (PPM) were used. A: Total
population 2013–2015 with ID. B: Population divided into life stages 2013–2015 with ID. C: Total population 2013–2015 with MD. D:
Population divided into life stages 2013–2015 with MD. [B–D: Red – seedling (S1), green – juveniles (S2), blue – adult I (S3), purple –
adult II (S4)].

Figure 7. Sensitivity analysis of the Oncidium poikilostalix population, for the mean of 3 years (2013–2015; 2 years of demographic
data), considering two hypothetical epiphyte management scenarios: intense ‘desmusgue’ (ID) and moderate ‘desmusgue’ (MD). Each
box represents the sensitivity to change of λ of each matrix element when perturbed individually.
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Tremblay and Ackerman 2001; Zotz and Schmidt 2006;
Mondragón 2009; Winkler et al. 2009).

Considering that the recruitment of new seedlings and
the survival of adult individuals are the usual bottlenecks
in plant population dynamics and growth (Mondragón
2009; Martínez-Ramos et al. 2016), it is likely that O.
poikilostalix will not be able to overcome the loss of
individuals caused by ID. Our results suggest that this
aggressive form of management would lead to the extinc-
tion of this orchid species in Mexico in less than 30 years.
The situation is aggravated further if we consider that
during the process of ‘desmusgue’ not only vascular epi-
phytes are removed but also the layer of moss that covers
the bark of the coffee bushes, leaving it smooth and
unsuitable for the recolonisation by epiphytes in the
short term. However, if a moderate version of ‘desmusgue’
[MD] is practised, the negative impact upon the population
of O. poikilostalix would be more reduced (in this scenario
the population growth tends to equilibrium; λ approaches
1), and it is possible that the orchid would be little
affected, only suffering a slowing of population growth.
This scenario also offers an economic benefit to the
farmer, who would spend less time and money on the
process of ‘desmusgue’.

In many Latin American countries, it is a common
practice to remove epiphytes from the shade trees in coffee
plantations; this is common in the state of Veracruz,
Mexico, where it is known as “destenche”. In this case,
the farmers remove the epiphytes to increase yield and
studies have shown that removing epiphytes from the
shade trees increases light levels and promotes greater
production of coffee flowers and fruit (Toledo 2014).
However, in the region of Soconusco, the ‘desmusgue’ is
directed towards the coffee bushes (on which grow the
greater part of the vascular epiphytes), not on the shade
trees, and to date there is no evidence that this practice
increases coffee production. Furthermore, the farmers do
not have a clear idea of why they have been carrying out

this practice for the last 10 years. Although, they fre-
quently mention the mistaken idea that epiphytes are para-
sites (Hágsater et al. 2005; Toledo 2014) that damage their
host plants and for that reason they should be removed.
This fake idea was rejected in oil palm crops (Elaeis
guineensis Jacq.; Arecaceae) where Prescott et al. (2015)
demonstrated that epiphytes do not cause damage to plan-
tations and that their removal does not improve yields.

There are many natural stochastic factors, such as
hurricanes, freezing temperatures or drought, which can
put at risk or otherwise affect the survival of vascular
epiphytes in their natural habitats (Larson 1992; Zotz and
Schmidt 2006; Raventós et al. 2015). Nonetheless, the
anthropogenic factor that involves the loss or deterioration
of natural habitats is the major threat to epiphyte survival.
Additional threats are the unsustainable collection of
plants for commercial, ornamental, religious or in a few
cases medicinal purposes (Hágsater et al. 2005;
Mondragón 2009; Toledo 2014) and inadequate manage-
ment practices of agroecosystems as our study demon-
strated. One example is the populations of three species
of epiphytic bromeliads (Tillandsia multicaulis Steud., T.
punctulata Schltdl. & Cham. y T. butzii Mez) that are
rapidly declining as a result of intense annual harvesting
to make floral arrangements for religious festivals (Toledo
2014). In addition, Mondragón (2009) determined that a
population of G. aurantiaca survived in a precarious equi-
librium owing to the continuous collection of adult indi-
viduals for sale as ornamental plants, although the author
suggested that the population could support controlled
harvesting of immature individuals. In the case of the
‘desmusgue’, the epiphytes removed are not used in
any way.

The small number of O. poikilostalix individuals that
are removed and die from actual traditional coffee planta-
tion management activities (both immature and adult indi-
viduals) may be equivalent to controlled harvesting that
could be supported by the population of G. aurantiaca

Figure 8. Stochastic simulation of the mean of 3 years (2013–2015; 2 years of demographic data), using Population Projection Matrix
Models (PPM) of the Oncidium poikilostalix population, Soconusco, Chiapas, Mexico. A total of 50,000 simulations of a progressive
percent elimination of individuals on a[4,4] were applied. The red line indicates a steady state asymptotic growth rate (λ = 1).
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(only immature individuals) (Mondragón 2009). Also, it is
similar to the harvesting in the forest floor of individuals
of Tillandsia macdougallii L.B. Sm. and T. violacea
Baker, which naturally fall from the trees (Mondragón
and Ticktin 2011).

In the study region, there are other factors related to
the intensive management of coffee plantations that should
be taken into account and monitored. As a consequence of
the intense and repeated attacks of the rust fungus
Hemileia vastatrix Berkeley & Broome since 2010, yields
have been seriously affected (González and Ramírez
2013). In an attempt to control this disease, and with
limited financial aid, farmers have been excessively prun-
ing the coffee bushes and also the shade trees, and/or
replacing arabica coffee, C. arabica, with the more resis-
tant Coffea canephora Pierre ex A. Froehner (ITC 2011),
which, however, apparently is not a suitable phorophyte
for most epiphytic orchids (A. García-González,
pers. obs.).

Despite the fact that O. poikilostalix continues to be a
locally abundant species, and with a dynamic and growing
population, the total area of distribution in Mexico is
extremely limited and we do not know anything about
the distribution of this species in other countries. The
recent changes in the management of coffee plantations
in the region of Soconusco (‘desmusgue’, excessive prun-
ing of coffee bushes and substitution of C. arabica by C.
canephora) represent a danger to the survival of O. poiki-
lostalix in Mexico. Although there are no supporting data,
this situation most probably applies generally to all groups
of epiphytes thus affected, in particular, the miniature
species of orchids that are almost exclusively found in
shaded coffee plantations in the region (Damon 2003;
Espejo et al. 2005; Hágsater et al. 2005).

This study covered a period of only 3 years (2013–
2015; 2 years of demographic data [2013-2014, 2014-
2015]) and temporal variation is an important component
of changes in demographic parameters (Mondragón 2009),
being 4 years the recommended minimum period to pro-
duce sufficient information to permit the development of
the models (Pfeifer et al. 2006). Despite those limitations,
this study offers a clear vision of the population dynamics
of O. poikilostalix and serves as a warning of the possible
negative impact of the practice of ‘desmusgue’ on the
potentially important contribution towards biodiversity
conservation made by commercial polyculture shaded cof-
fee. The study also offers reference data for future studies
on demography of vascular epiphytes and the information
could serve as a vital tool for the elaboration and imple-
mentation of programmes for the management and con-
servation of biodiversity in agroecosystems.

Further studies are needed to determine the hypothe-
tical economic benefits of the ‘desmusgue’ of the coffee
bushes, in terms of the productivity of the plantations. If it
were possible to prove a positive relationship (similar to
“destenche”), it would be necessary to promote less
aggressive forms of management that offered an economic
benefit to the farmers and at the same time permitted the

conservation epiphytes, such as the MD looked at in this
study. However, it is important to keep in mind that MD
only contributes to the conservation of twig epiphytes but
not on conservation of species that grow on the trunks and
thicker branches of the coffee bushes.
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