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ABSTRACT

Objective: To analyze the orchid abundance and diversity in an elevation gradient in the tropical montane
cloud forest (TMCT) of Tezonapa, Veracruz, Mexico.

Design/Methodology/Approach: Orchids were sampled in 100X20 m temporary transects, randomly
distributed in an elevation gradient (T1=800-900, T2=901-1,000, T3=1,001-1,100, T4=1,101-1,200, and
T5=1,201-1,300 m). Each specimen was georeferenced, species were identified, and the conservation status
was determined.

Results: The diversity in the area reached 26 orchid species from 16 genera. The passport data of 204
specimens were recorded.

Study Limitations/Implications: The greatest abundance, richness, and diversity were recorded in T3. This
result matches the favorable temperature and humidity conditions required for the development of orchids in
a TMCEF.

Findings/Conclusions: Stanhopea tigrina is in danger of extinction. Therefore, the following protocol is
urgently required: in vitro propagation, release of individuals into the environment, and follow-up of wild
populations for genetic improvement purposes.

Key words: Cloud Forest, NOM-059, Orchidaceae, orchid flora.

INTRODUCTION
Family Orchidaceae is composed of approximately 25,000 species and makes up 10%
of the world floral diversity (Atwood, 1986). Mexico’s diverse physiography and weather

conditions have favored many biological families, particularly 167 genera and 1,296 species

of family Orchidaceae (Rzendowski, 2006).
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Orchid abundance is threatened by weather and anthropic factors that damage,
destabilize, and carelessly exploit their populations, ultimately decimating them (Soto-
Arenas et al., 2007; Toledo et al., 2020). Despite their environmental, industrial, medicinal,
food, religious, and economic importance, at least 22 orchid species have become extinct
in Mexico (Emeterio-Lara et al., 2016). Wild orchids are informally sold in local markets or
online, which increases the number of threatened specimens that are plundered, according
to the NOM-059-SEMARNAT-2010 Mexican standard (Tejeda-Sartorius and Téllez-
Velasco, 2017; SEMARNAT, 2010, 2019).

Most orchids are found in tropical ecosystems; however, the tropical montane cloud
forest (TMCF) houses 60% of the Mexican orchid flora (Toledo et al., 2020; CONABIO,
2022). The TMCF accounts for 18,534 km?® (1%) of the Mexican territory and faces
disturbance problems resulting from anthropogenic factors, leading to the loss of orchid
biodiversity (Francisco-Ventura et al., 2018; Toledo et al., 2020; CONABIO, 2022).

The TMCFs record the highest orchid diversity in Mexico (443 species). Most of them
(257 species from 93 genera) are found in the state of Veracruz (Villasenior, 2010). Few
researches have studied the abundance and diversity of orchids in the TMCFs of the state
of Veracruz (Tejeda-Sartorius et al., 2013; Tejeda-Sartorius and Téllez-Velasco, 2017).
Diaz et al. (2012) reported that the main causes of the patterns of diversity and abundance
are topography, slope, exposure to solar radiation, and altitude. Consequently, the patterns
of orchid abundance and diversity were analyzed in an elevation gradient in the TMCF
of Tezonapa, Veracruz, Mexico, to propose potential conservation and management plans
(Tejeda-Sartorius and Téllez-Velasco, 2017).

MATERIALS AND METHODS

The work was carried out from July to December 2022, in the municipality of Tezonapa,
Veracruz (Figure 1), which has a border to the north with the municipality of Zongolica,
to the west with the municipality of Omealca and the state of Oaxaca, to the south with

Figure 1. Orchid sampling area in the TMCF of Tezonapa, Veracruz (CONABIO, 2001).
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the states of Oaxaca and Puebla, and to the west with the municipality of Zongolica
and the state of Puebla. The municipality is located between 18.366° and 18.75° N and
96.666° and 96.916° W, at an altitude between 60 and 1,500 m. The average temperature
ranges from 18 to 26 °C, while the mean annual rainfall ranges from 2,400 to 3,100 mm
(SIEGVER, 2020; INEGI, 2021). The vegetation includes oak and pine forest, tropical
montane cloud forest, montane tropical evergreen forest, and lowland subperennifolious
tropical forest; meanwhile, the soils include humic acrisols, orthic acrisols, chromic luvisols,
orthic luvisols, chromic vertisols, pellic vertisols, and lithosols (CONABIO, 2001; INIFAP-
CONABIO, 1995).

The orchids were collected following the Hagsater-Stewart method (1986) and the
sampling was carried out in 100X 20 m temporary transects (Mostacedo and Fredericksen,
2000), randomly distributed in an elevation gradient (T1=800-900, T2=901-1,000,
T3=1,001-1,100, T4=1,101-1,200, and T5=1,201-1,300 m). Each specimen was labeled
with its collection number, transect number, and habitat; the georeferenced coordinates were
recorded with a Garmin ¢Trex® 10 GPS. The collected plants were taken to the nursery of
the Instituto Tecnoldgico de Zongolica for their conservation and taxonomic identification.

The orchids were identified according to Pridgeon et al. (2005, 2009), Blanco et al.
(2007), Soto-Arenas ¢t al. (2007), and Chase ¢t al. (2015). The data were checked with
the information available in virtual herbaria (AMO) and digital platforms (CONABIO,
iNaturalista, Missouri Botanical Garden, and Global Biodiversity Information Facility
(GBII)). Additionally, the conservation status was determined according to the NOM-
059-SEMARNAT-2010 (SEMARNAT, 2010, 2019).

The richness and abundance of the orchid species recorded at different altitudes were
compared with the species cumulative curve analysis. The curves were developed using the
iINEXT software, based on the number of individuals and species reported for each sample
(Chao et al., 2016). When confidence intervals overlap, there is no significant differences in
richness and/or abundance (Cumming ez al., 2007).

The species inventory completeness was determined calculating the coverage estimation
of the sample, which indicates the ratio of the plant community represented by the collected
species. When the sample coverage approaches 100%, the sampling has been completed,
considering the collection effort and technologies employed. In addition, the values of the
effective number of species (qo or abundance, ql or abundant species, and qQ or very rare
species) can be therefore compared (Chao and Jost, 2012) with sets whose inventory has
a similar completeness level (Magurran and Henderson, 2010). A Principal Component
Analysis (PCA) was likewise applied, using the abundance correlation matrix for each
classified species for the altitude range. The orchid species were classified based on the
classification criteria of epiphytic plants; their frequency was determined with the Infostat

software (2021), based on the elevation gradient.

RESULTS AND DISCUSSION

Orchid abundance is made up of 204 specimens, 26 species, and 16 genera. Figure
2 includes some of the most representative species. Epidendrum was the genus with the
highest number of species (E. amphistomum, E. melistagum, E. paranthicum, E. radicans, E.
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ramosum, and E. rogidum), followed by Campylocenthum (C. micranthum and C. schiedei), Dichaea
(D. glauca and D. muricatoides), Isochilus (I. unirantiacus and I. aurantiacus), and Prosthechea
(P. ochracea and P. cochleata). According to the distribution per habit, the most abundant
species are: epiphytes (93%), ground and epiphytes (6%), and lithophytes and epiphytes
(1%). Tejeda-Sartorius and Téllez-Velasco (2017) reported a similar diversity in their study
of a TMCI in the state of Veracruz; they identified 36 orchid species from 25 genera, the
most diverse of which was Epidendrum (7). The orchid abundance reported in this study
accounts for 5.86% and 10.11% of the orchid flora of Mexico and the state of Veracruz,
respectively (Villasefior and Gual-Diaz, 2014; Villasenor, 2010).

T3 (1,001-1,100 m, the intermediate elevation stratum) recorded greater abundance
and richness than the other strata (Table 1). However, Diaz et al. (2012) reported different
results: they found greater diversity and abundance of plant species at higher than at lower
altitudes. They attributed this result to the intensive management, easy access, and high
rates of resource exploitation.

The T3 altitude recorded the highest diversity of species and abundance of individuals
per species. Meanwhile, T'5 was significantly similar recorded the same number of species,
but highest abundance (Figure 3).

Figure 2. Representative orchid species of the TMCF of Tezonapa, Veracruz. A) Dichaea muricatoides, B)
Epidendrum amphistomum, C) Trimezia steyermarkii, D) Govenia alba, E) Stelis platystylis, ¥) Prosthechea cochleata, G)
Stanhopea tigrina, H) Epidendrum radicans, and 1) Malaxis excavata.
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Table 1. Indicators of the effective number of orchid species at various altitudes in a TMCF.

Abundance Species richness Sample coverage

Indicator
T1 (800-900) T2 (901-1000) T3 (1001-1100) T4 (1101-1200) T5 (1201-1300)

Abundance 4 52 61 53 34
Species richness 2 9 14 9 9
Sample coverage 1.0 0.9 0.9 0.9 0.9
7 2 9 14 9 9
q' 1.7 6.6 11 7.3 6.7
7 1.6 5.4 9 6.6 5.5
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Figure 3. Rarefaction and extrapolation curves of the orchid diversity and number of individuals found at
various elevation ranges in the TMCF of Tezonapa, Veracruz, México.

The T3 altitude community had the highest abundance of species and the greatest
number of abundant species and rare orchid species, indicating that its diversity is
structurally stable (Figure 4). Figure 4 shows that T'1 had an unstable structure and a low
abundance (two common species and one rare species). Its proximity to human settlements
and agricultural and livestock areas fragments the ecosystem and the diversity of orchids.
Baltazar and Solano (2020) recorded a ¢' of 7.1 orchid species, attributing this diversity to
temperature, humidity, and tree canopy.

The first two PCs show a cumulative variance of 61% (Figure 5), while PC3 has an 82%
variance. In this sense, 82% of the orchid species can be found at three altitudes: 14 species
at T3 and 9 species each at T2, T3, and T5. The remaining altitudes had a lower variation
(e.g., T1 only had two orchid species). Finally, the two species with the greatest variation in
T3 were M. densa and L. aurantiacus.

Stanhopea tigrina is included in NOM-059-SEMARNAT-2010 as a category A species
(endangered). Nevertheless, the TMCF in which that species was found is not included
among the Federal Protected Natural Areas of Mexico (CONANP, 2023). Therefore,
according to Tejeda-Sartorius and Téllez-Velasco (2017), the orchid flora of Veracruz
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Figure 4. Comparison of the effective number of orchid species of order qo, ql, and q2 of the community in the
elevation gradient of the TMCF of Tezonapa, Veracruz, México.
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Figure 5. Elevation variation of the diversity of orchid species in the TMCF.

requires further studies to develop public policies for the conservation and management of

the TMCF.

CONCLUSIONS

The tropical montane cloud forest of Tezonapa, Veracruz proves the important
relationship between this plant community and the orchid flora, recording an abundance
of 204 specimens from 26 species. The greatest abundance and diversity were recorded at
an altitude of 1,001 to 1,100 m, which favors the development of orchids. S. tigrina is an
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endangered species that requires an urgent protocol that should include in vitro propagation,

the release of individuals into the environment, and follow-up of wild populations.

ACKNOWLEDGMENTS

This research was part of the activities of the Red de Orquideas of the Subcomité de Recursos Genéticos
Agricolas, coordinated by the Servicio de Inspeccién y Certificacién de Semillas (SNICS), of the Mexican
Ministry of Agriculture and Rural Development (SADER).

REFERENCES

Atwood, J.T. 1986. The size of the orchidaceae and the systematic distribution of ephiphytic orchids. Selbyana
9(1): 171-186. https:/[journals.flvc.org/selbyana/article/view/120807/119325.

Blanco M.A, G. Carnevali, WM. Whitten, R.B. Singer, S. Koehler, N.H. Williams, I. Ojeda, K.M. Neubig
y L. Endara. 2007. Generic realignments in Maxillariinae (Orchidaceac). Lankesteriana 7: 515-537.

Baltazar S y R. Solano. 2020. Diversidad y rasgos funcionales de orquideas terrestres en bosques de un drea
natural protegida del noreste de México. Botanical Sciences 98(4): 468-485.

CONABIO (Comisién Nacional para el Conocimiento y Uso de la Biodiversidad). 2001. Carta Fisonémica
Estructural de la Vegetacién de México. Escala 1: 4 000 000.

CONABIO (Comisién Nacional para el Conocimiento y Uso de la Biodiversidad). 2022. Ecosistemas de
Meéxico: Bosques nublados. https://www.biodiversidad.gob.mx/ecosistemas/bosqueNublado.

CONANP (Comisién Nacional de Areas Naturales Protegidas). 2023. Areas Naturales Protegidas Federales
de México. Comisién Nacional para el Conocimiento y Uso de la Biodiversidad. http://www.conabio.
gob.mx/informacion/gis/.

Chao A, KH Ma, T.C. Hsich. 2016. iNEXT (iNterpolation and EXTrapolation) Online: Software
for Interpolationand Extrapolation of Species Diversity. Disponible: https://chao.shinyapps.iof
iNEXTOnline/.

Chao A and L. Jost. 2012. Coverage-based rarefaction and extrapolation: standardizing samples by
completeness rather than size. Ecology 93: 2533-2547.

Chase M, K. Cameron, J. Freudenstein, A. Pridgeon, G. Salazar, C. Van Den Berg and A. Schuiteman. 2015.
An updated classifi cation of Orchidaceae. Botanical Journalof the Linnean Society 177(2): 151-174.

Cumming G, F. Fidler and D.L. Vaux. 2007. Error bars in experimental biology. The Journal of Cell Biology
177: 7-11.

Diaz V, J. Sosa-Ramirez y D.R. Pérez-Salicrup. 2012. Distribucién y abundancia de las especies arbéreas y
arbustivas en la Sierra Fria, Aguascalientes, México. Polibotdnica 34: 99-126.

Emeterio-Lara A, V. Palma-Linares, L. M. Vazquez-Garciay J. Mejla-Carranza. 2016. Usos y comercializacion
de orquideas silvestres en la region sur del Estado de México. Polibotdnica 42: 197-214.

Francisco-Ventura E, R.A. Menchaca-Garcia, T. Toledo-Aceves y T. Kromer. 2018. Potencial de
aprovechamiento de epifitas vasculares caidas en un bosque meséfilo de montana de Los Tuxtlas,
Veracruz, México. Revista Mexicana de Biodiversidad 89: 1263-1279. https://doi.org/10.22201/
1b.20078706¢.2018.4.2390.

Hdgsater E v J. Stewart. 1986. Estrategias para la conservacién de orquideas. Revista Orquideas 10(1): 213-221.

INFOSTAT. 2021. InfoStat versién 2021. Grupo InfoStat, FCA, Universidad Nacional de Cérdoba, Argentina.

INEGI (Instituto Nacional de Estadistica y Geografia) 2021. Aspectos Geograficos de Veracruz. Aguascalientes,
Meéxico. 47 p.

INIFAP-CONABIO (Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias- Comisién
Nacional para el Conocimiento y Uso de la Biodiversidad). 1995. Edafologia. Escala 1: 250 000.

Magurran AE and P.A. Henderson. 2010. Temporal turnover and the maintenance of diversity in ecological
assemblages. Philosophical Transactions of the Royal Society B: Biological Sciences 365: 3611-3620.

Mostacedo By T. Fredericksen. 2000. Manual de Métodos Bdsicos de Muestreo y Analisis en Ecologfa Vegetal.
Santa Cruz, Bolivia. 87 p.

SEMARNAT (Secretaria de Medio Ambiente y Recursos Naturales). 2010. Norma Oficial Mexicana NOM-
059-SEMARNAT-2010. Proteccién ambiental, especies nativas de flora y fauna silvestres de México,
categorias de riesgo y especificaciones para su inclusion, exclusién o cambio, y lista de especies en
riesgo. Diario Oficial de la Federacién. Consultado 02 de julio de 2022.

SEMARNAT (Secretaria de Medio Ambiente y Recursos Naturales). 2019. Modificacién del anexo normativo
III, Lista de especies en riesgo de la Norma Oficial Mexicana NOM-059-SEMARNAT-2010,


https://journals.flvc.org/selbyana/article/view/120807/119325
https://www.biodiversidad.gob.mx/ecosistemas/bosqueNublado
http://www.conabio.gob.mx/informacion/gis/
http://www.conabio.gob.mx/informacion/gis/
https://chao.shinyapps.io/iNEXTOnline/
https://chao.shinyapps.io/iNEXTOnline/
https://doi.org/10.22201/ib.20078706e.2018.4.2390
https://doi.org/10.22201/ib.20078706e.2018.4.2390

AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v1719.3044 234

Proteccién ambiental Especies nativas de México de flora y fauna silvestres Categorias de riesgo y
especificaciones para su inclusion, exclusién o cambio-Lista de especies en riesgo publicada el 30 de
diciembre de 2010. Consultado 02 de julio de 2022

SIEGVER (Sistema de Informacién Estadistica y Geografica del Estado de Veracruz de Ignacio de la
Llave) 2020. Cuadernillos Municipales de Tezonapa. 10 p. http://ceieg.veracruz.gob.mx/2020/12/03/
cuadernillos-municipales-2020.

Soto-Arenas ML.A., E. Hagsater, R. Jiménez M, G. Salazar C, R. Solano G, R. Flores G y I. Ruiz C. 2007. Las
orquideas de México. Catalogo Digital. Herbario Amo. Instituto Chinoin A.C. México, D.F.

Soto-Arenas M.A, R. Solano G. and E. Hdgsater. 2007. Risk of extinction and patterns of diversity los in
mexican orchids. Lankesteriana, 7(1-2): 114-121.

Pridgeon A.M, PJ. Cribb, M.W. Chase y F.N. Rasmussen. 2005. Genera Orchidacearum. Epidendroidaae.
Oxford Univesity Press. New York, USA. pp: 244-250.

Pridgeon A.M, PJ. Cribb, M.W. Chase y F.N. Rasmussen. 2009. Genera Orchidacearum. Epidendroideae.
Oxford Univesity Press. New York, USA. pp: 131-135y 174-176.

Rzendowski, J. 2006. Vegetacién de México Comision Nacional para el conocimiento y Uso de la Biodiversidad.
la. edicién, México. 504 p.

Tejeda-Sartorius O, M.A. Téllez-Velasco y E.J. Guzman-Herndndez. 2013. Las orquideas de Tepexilotla,
Chocaman, Veracruz. Agro productividad 6(3): 21-27.

Tejeda-Sartorius O y MLA. Téllez-Velasco. 2017. Riqueza de la familia Orchidaceae en un bosque meséfilo de
montana en Chocamdn, Veracruz, México en Chocamdn, Veracruz, México. Acta Botdnica Mexicana
121: 139-149. http://dx.doi.org/10.21829/abm121.2017.1177.

Toledo A.T, M. Mata R, M.H. Diaz K, K. Mehltreter y J.G. Garcia-Franco. 2020. Manejo de epifitas de
los cafetales de sombra para la diversificacién productiva y como fuente alternativa de ingresos.
Diagnéstico, productividad y ambiente en cafetales: estudios regionales y de caso. Lépez M.R y G.
Diaz P (Eds.). 1a ed.; INIFAP; México, pag. 231-250.

Villasefior, J.L. 2010. El bosque himedo de montafia en México y sus plantas vasculares: Catdlogo floristico-
taxondémico. 1* ed.; CONABIO-UNAM; México, 40 p.

Villasefior J.. y M. Gual-Diaz. 2014. El bosque meséfilo de montaiia en México y sus plantas con flores.
Bosques mesdéfilos de montana de México: Diversidad, Ecologia y Manejo. Gual-Diaz M y A. Rendén-
Correa (eds.). 1* ed.; CONABIO; México, pag. 221-236.


http://ceieg.veracruz.gob.mx/2020/12/03/cuadernillos-municipales-2020/
http://ceieg.veracruz.gob.mx/2020/12/03/cuadernillos-municipales-2020/
http://dx.doi.org/10.21829/abm121.2017.1177

	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	B13
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_Hlk159673217
	_Hlk171196092
	_Hlk172307150
	_Hlk172565041
	_Hlk168328901
	_GoBack

