Acta Botanica Malacitana 42, Num. 1 (2017), 41-47

DOI: http://dx.doi.org/10.24310/abm.v42i1.2959

Diversity and endemism of tree ferns (Cyatheaceae: Polypodiopsida) in
the Central Andes along latitudinal and elevation gradients

Adrian Tejedor
School for Field Studies

Correspondencia

A. Tejedor

e-mail: adriantejedor@gmail.com
Recibido: 21 junio 2017
Aceptado: 21 julio 2017
Publicado on-line: diciembre 2017

Abstract

Tree ferns are a conspicuous and yet poorly known component of Neotropical
montane forests. Conservation efforts for these plants are hindered by a lack
of information of patterns of species richness and endemism, which has been
in turn prevented by an unstable taxonomy and limited collections. Based on
distribution data from the most recent floristic accounts of tree ferns from Peru,
Bolivia, and Argentina, this study presents an analysis of species richness
and endemism of this group in the Central Andes. Results show that tree fern
diversity falls steeply with distance from the equator, and the effect is stronger
in the lowlands than at tree line to -20°. In elevation, tree fern species richness
shows a bimodal distribution with peaks at 1000 and 2100 m, where as many
as 24 species can coexist in 200 m elevation intervals. Endemic species are
concentrated in the northern Central Andes. Endemics in more southern latitudes
tend to be restricted to higher elevations. Correspondingly, the tree fern flora
of the southern Central Andes is mostly composed of widely ranging species,
potentially tolerant of higher seasonality and longer term climatic fluctuations.
These results provide a tool for predicting how many tree fern species should be
found in any given area of the Central Andes, even those botanically unexplored,
and indicates areas where species richness and endemism is concentrated,
and may serve to guide efforts aimed to conserve tropical montane forests.
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Resumen

Diversidad y endemismo de los helechos arborescentes (Cyatheaceae:
Polypodiopsida) en los Andes Centrales a lo largo de gradientes de latitud y
elevacion.

Los helechos arborescentes son un componente conspicuo pero poco conocido
de los bosques montanos Neotropicales. Su taxonomia inestable y limitadas
colecciones han dificultado el analisis de sus patrones de riqueza y endemismo
y por lo tanto de su conservacion. Este estudio presenta un analisis de riqueza y
endemismo de helechos arborescentes en los Andes Centrales sobre la base de
tratados floristicos de este grupo para Peru, Bolivia y Argentina. Los resultados
muestran que la diversidad declina rapidamente con la distancia al ecuador, y
el efecto es mas marcado en tierras bajas que a lo largo del limite superior del
bosque hasta los -20°. En elevacién, la riqueza muestra una distribucion bimodal
con picos a 1000 y 2200 m, en los cuales pueden coexistir hasta 25 especies
en intervalos de elevacion de 200 m. Los endémicos estan concentrados en los
Andes Centrales del norte. En latitudes mas australes, los endémicos tienden a
estar distribuidos a mayores elevaciones. Por consiguiente, los Andes Centrales
del sur estan dominados por especies de amplia distribucion, potencialmente
tolerantes a mayor estacionalidad y mayores fluctuaciones climaticas de largo
plazo. Estos resultados sirven como herramienta para predecir la riqueza y
endemismo de los helechos arborescentes en cualquier punto a lo largo de
los Andes Centrales y para guiar esfuerzos de conservacion en los bosques
montanos Neotropicales.

Palabras clave: Helechos arborescentes, diversidad, endemismo, Andes
Centrales, Perl
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Introduction

Cyatheaceae are one of the most diverse fern
families, with more than 600 species worldwide
(Smith et al., 2008) and constitute a dominant
vegetation element in tropical montane forests
(Large and Braggings, 2004). A previous analysis
of geographic patterns of tree fern community
richness and endemism in the Americas
(Rodriguez-Barahona et al.,, 2011) showed that
in the New World, Cyatheaceae are most diverse
along wet slopes of the Andes and southern
Central American mountains within 10° of latitude
north and south of the equator, with outlying local
centers of richness in the Brazilian Atlantic Forest,
and the southern Guiana Highlands. The results
of Rodriguez-Barahona et al. (2011), however,
are based on web databases that often suffer
from spotty geographic sampling (Feeley and
Silman 2011) and from specimen misidentification
(Goodwin et al., 2015). Moreover, while these
results are suitable to guide conservation efforts
at continental scales, their usefulness is limited
at country or province scales, where most of the
prioritization of conservation areas is actually made
(Possingham et al., 2006). The present study offers
a more fine-grained analysis of patterns of diversity
and endemism of tree ferns in the Central Andes,
with an emphasis on Peru, based on recent floristic
and taxonomic work (Lehnert, 2009; 2011; Lehnert
and Tejedor, 2016; Marquez, 2010; Martinez, 2014)
and on the assumption of non-disjunct distributions.
These results provide a tool for predicting tree
fern species richness in the Central Andes and for
identification of areas important for the conservation
of this group and tropical montane forests.

Methods

Given that avoiding potentially misidentified
herbarium accessions was a major concern of
this study, analyses were based on a database
of presence/absence at second order political
units (regions in Peru, departments in Bolivia,
and provinces in Argentina) and minimum and
maximum elevation records obtained from floristic
treatments and species descriptions (Lehnert,
2009; 2011; Lehnert and Tejedor, 2016; Marquez,
2010; Martinez, 2014). This approach required
assuming non-disjunct distributions. Political units
where a patrticular species had not been recorded
and which lay in between political units with known
occurrences of that species were assumed to have
presence of that species. This database was used
to construct graphs of elevation range of species
in every political unit. Based on the graphs, a

matrix of elevation by latitude was built recording
the presence or absence of species at 200 m
elevation intervals. Latitudes were obtained from
the centroid of every political unit. This matrix was
used to calculate the total number of species in
every political unit, to generate graphs of species
richness by elevation in every political unit, and to
produce an interpolation graph of species richness
across both elevation and latitude. Graphs were
made using the software packages Microsoft
Excel, PAST (Hammer et al., 2001), and Origin
(OriginLab, Northampton, MA, USA).

Maps for every species occurring in Peru
were made with DIVA-GIS (http://diva-gis.org/)
assuming, again, non-disjunct distributions
between the northernmost and southernmost
localities and the highest and lowest elevations
known for each species. Richness maps, based
on overlapping individual species maps, were
generated in ArcGIS (Esri). Widespread Andean
species were defined as those species that range
from Venezuela, Colombia, or Ecuador south into
Bolivia. Northern Andean species were defined
as those that range from Venezuela, Colombia,
or Ecuador south into Peru but not Bolivia. This
definition was used to assess patterns only within
Peru. Central Andean species excluding Peruvian
endemics (treated as Central Andean species in
the strict sense) were defined as those that range
from the south of the Huancabamba depression
in northern Peru into Bolivia. In the analysis of
endemism vs. elevation, only species distributed in
Peru and Bolivia, were included because only those
have published northernmost and southernmost
localities. Distribution of collection localities for
Cyatheaceae as a family but not for individual
species used to compare density of collection
localities vs. species richness curve was obtained
from Tropicos database. All statistical significance
analyses were performed using PAST (Hammer et
al., 2001). Correlation significance was assessed
with Pearson correlation tests, and mean elevations
between central Andean species vs. widespread
species were compared with a T-test.

Results

Across latitude and elevation along the Central
Andes, tree fern species richness is highest in
northern Peru (Amazonas-Cajamarca) on the
Andean foothills (around 1000 m) and middle
elevations (around 2100 m), where as many as 22-
24 species can potentially coexist. Tree fern species
richness is lowest, on the other hand, in southern
Bolivia (Chuquisaca) and northern Argentina
(Salta-Jujui), where only one species, the Bolivian-
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Tucuman forest endemic Alsophila odonelliana
(Alston) Lehnert, is found between 1000 and 1900
m (fig. 1A). Overall, tree fern species richness
decreases markedly with increasing distance from
the equator (fig. 1B; R?=0.94; P<0.01). In Peru,
potential richness across elevation has a humped
shape, with a tendency to being bimodal (figs. 1A
and 1C), but richness maxima shift upslope to 2100
m toward the south (e.g. in Cusco). At the upper
limits of tree fern distribution (elevations above
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Figure 1. A. Potential species richness of tree ferns
across latitude and elevation in the Central Andes. B.
Relationship of tree fern species richness with latitude
only. Tree fern species richness decreases markedly
with increasing distance from the Equator. C. Potential
number of tree fern species in seven regions of Peru
(colored lines) and average potential number of species
across elevation for the entire country (black line).
Open circles are expected species richness every 200
m elevation intervals based on species range overlap
and lines are 6" order polynomial functions. Figura 1.
A. Distribucion a lo largo de los gradientes de latitud y
elevacion de la riqueza potencial de especies de helechos
arborescentes en los Andes Centrales. B. Relacion entre
la riqueza de especies y la latitud solamente. La riqueza
de especies disminuye rapidamente con un incremento
de la distancia hacia el ecuador. C. Riqueza potencial
de helechos arborescentes en siete regiones de Peru
(lineas coloreadas) y promedio de riqueza de especies
para todo Pert (linea negra). Los circulos representan
la riqueza esperada cada 200 m de elevacion con base
en la yuxtaposicion de distribuciones. Las lineas son
polinomios de 6to orden.

3000 m), latitude has little effect on species richness
from northern Peru to central Bolivia. Latitude has
a stronger effect in the lowlands, where tree fern
communities are nearly twice as rich in northern
Peru (10-15 species) compared to those in southern
Peru (4-9 species). A map of species richness in
Peru also shows a clear decline in species numbers
from north to south but the trend is puntuated by
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Figure 2. Geographic distribution of species richness
of tree ferns in Peru and contribution of four floristic
components (see definition under Methods) to Central
Andean tree fern diversity. A. all species. B. Northern
species (red), Central Andean species (blue). C.
Peruvian endemics. D. Widespread species. The
percentages indicate the proportion contributed by each
component to regional floras at six latitudes from northern
to southern Peru. Figura 2. Distribucion geografica
de la riqueza potencial de especies de helechos
arborescentes en Peru y contribucion a la diversidad de
cuatro componentes floristicos definidos en la seccion
de métodos. A. Todas las especies. B. Especies con
distribucién nortefa (en rojo) y especies endémicas de
los Andes Centrales (en azul). C. Endemicos peruanos.
D. Especies de distribucion amplia. Los porcientos
indican la contribucion relativa de cada componente a
la flora regional en seis latitudes desde el norte hasta el
sur del Perd.
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the highly dissected topography of the Andes and
by the two elevation bands of maximum richness.
In spite of the resulting patchy mosaic of species
richness along the Andean slope, the overall steep
North-South gradient of species richness in the
Central Andes remains evident (fig 2A).

Endemism among Andean tree ferns is also
influenced by both latitude and elevation. Central
Andean endemics in a broad sense (30 % of the
flora), split here between those found only in Peru
(Peruvian Endemics, 15 %) and those shared
between Peru and Bolivia (here called “Central
Andean endemics” in a strict sense, 15 %) are
mostly confined to mid-high elevations (fig 2 B, C).
Northern species (33 % of the Central Andean flora,
fig. 2 B, see methods for definition) dominate the
lowland flora in northern Peru, whereas widespread
Andean and Amazonian species (32 %, dominate
mid and lower elevations in southern Peru (fig. 2D).
The dominance of widespread species increases
with distance from the Equator (fig 2D). In latitude,
Peruvian endemics are mostly concentrated along
a band stretching from northern (Amazonas/N San
Martin, -5°) to central Peru (Pasco, -10°, fig. 2 C).
Overall, species with range mid points at more
southern latitudes tend to be distributed at higher
elevations in the Central Andes (fig 3).

Discussion

Tree fern species richness in the Central Andes
shows a steep decline with increasing distance
from the Equator, losing linearly an average 6 %
of species per degree of arc, with northern Peru
having 45% more species than northern Bolivia.
This pattern stands in sharp contrast to that found
for all ferns in general at both regional (Kreft et
al.,, 2010) and plot scales (Salazar et al., 2013),
which shows virtually no change in species
richness between Ecuador and northern Bolivia.
This decline in species numbers also exceeds that
of all other vascular plants (Mutke and Barhlott,
2005), which within the South American tropics
lose on average 1% of species per degree of arc.
The decline in species richness for tree ferns, on
the other hand, is most similar to that of palms
(Bjorholm et al., 2006), which lose on average 5
% of species per degree of arc from the equator to
-15°. Thus, tree ferns species richness is favored
by the proximity to the equator much more than that
of most other plants. Given that the northernmost
latitude included in this study is only -4°, extending
the analysis further to northern South America
and into Central America should confirm whether
there is indeed an equatorial peak in Andean tree
fern species richness (as suggested here and by
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Figure 3. A. Central Andean species, including Peruvian
endemics, are on average distributed at higher elevations
than widespread Andean species. B. Among Central
Andean species there is a weak but significant negative
correlation between latitude and elevation of range
midpoint (R2=0.34, P<0.01). Southern species tend to
be distributed at higher elevations than northern species.
Figura 3. A. Las especies de helechos arborescentes
endémicas de los Andes Centrales, incluyendo a los
endémicos peruanos, estan distribuidos en promedio
a elevaciones mayores que las especies de amplia
distribucion en los Andes. B. Entre las especies de los
Andes Centrales hay una correlacion negativa leve pero
significativa entre la altitud y la elevacion del punto central
de distribucion de cada especie (R?=0.34, P<0.01). Las
especies distribuidas con centros de distribucion mas
al sur tienden a ocupar elevaciones mas altas que las
especies con centros de distribucion mas al norte.

Ramirez-Barahona et al., 2016) or whether species
richness plateaus in northern Colombia and Costa
Rica as shown by Ramirez-Barahona et al. (2011).

The tight latitudinal trend of regional species
richness in tree ferns documented here does not
seem to be associated with absolute precipitation,
which is spotty along the eastern flanks of the
Andes and has maxima at -13° and -17° (Killeen
et al.,, 2007), rather than in northern Peru. It
may be, instead, associated with precipitation
and temperature seasonality, which increases
consistently with latitude from the equator to the
Tropic of Capricorn along the eastern flank of the
Andes and western Amazon (Garreaud, 2009;
Wung and Fu, 2002). The steeper decline in species
numbers with latitude in the lowlands points more
specifically at precipitation seasonality as a major
correlate of species richness. Along Andean slopes,
precipitation seasonality is buffered by year-round
orographic rain (Killeen et al., 2006) and could
allow drought susceptible species to persist further
away from the equator than expected based on the
seasonal fluctuation of the ITCZ (Garreaud, 2009).

In elevation, the apparent bimodal distribution
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of richness found here among tree ferns is striking,
deviating from the unimodal hump found for all
ferns in the Neotropics (Salazar et al., 2013) and
other tropical regions (Kessler et al.,, 2011). The
species richness maxima found here coincide
with two elevations where many species ranges
end and overlap: around 1000 m, where lowland
and premontane species (e.g. Alsophila cuspidata
(Kunze) D.S. Conant, Cyathea lasiosora (Mett. ex
Kuhn) Domin, Cyathea leucolepismata Alston, and
Cyathea subincisa (Kunze) Domin) intergrade with
lower montane species (e.g. Cyathea bipinnatifida
(Baker) Domin, Cyathea uleana (Samp.) Lehnert,
and Cyathea ulei (Christ) Domin); and 2000 m,
where lower montane species intergrade with
montane species (e.g. Cyathea carolihenricii
Lehnert, Cyathea catacampta Alston, Cyathea
herzogii Rosenst., and Cyathea ruiziana Klotzsch).
These areas of overlap also appear to coincide
with climatic or otherwise vegetation boundaries
such as the band of maximum annual precipitation
along Andean foothills (Killeen et al., 2007) and
cloud base around 1800 m (Gentry, 1988; Rapp,
2010). Corroborating the bimodal species richness
with plot data and assessing whether elevation
floristic transitions among tree ferns are related
with climatic boundaries could be fruitful future
research avenues.

The concentration of endemics at mid to high
elevations found among Central Andean tree
ferns mirrors previous findings for Andean plants
(Balslev, 1988; Kessler, 2000; Kessler, 2001). The
decrease in the richness of endemics toward the
south is accompanied by a proportional increase
in the richness of wide-ranging species, which
span much of the length of the tropical Andes. This
floristic substitution also points to seasonality as a
major factor affecting tree fern species distribution
and richness. As seasonality increases, as it does
along the Central Andes and adjacent lowlands with
distance from the equator (Garreaud, 2009; Wung
and Fu, 2002), only species with broader niches
(Mori and Chuine, 2006) and greater tolerance of
desiccation (Baltzer et al., 2008) may be able to
cope with longer dry spells. Testing the relationship
between physiology and size and latitude of tree
fern species ranges remains a tantalizing question
for future studies.

The results presented here provide a tool for
predicting how many tree fern species are tobe found
in any given area of the Central Andes, even those
botanically unexplored. Because of the approach
followed with this study (i.e. the assumption of non-
disjunct ranges), species numbers at any given 200
m interval along the Andean slope have the risk of
being overestimated and thus should be interpreted
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Figure 4. Tree fern species richness in Peru in relation
to collection localities. The base map shows overall tree
fern species richness. Figura 4. Riqueza de especies
de helechos arborescentes en Peru en relacion a
localidades de colecta. El mapa de base muestra riqueza
de especies.

as the maximum richness expected for any of
those intervals. Still, even under the non-disjunct
distribution assumption, collection gaps continue to
affect the Central Andean species richness curve at
least in Peru (fig 4). Apparent species-poor valleys
in the species richness curve, which correspond to
central San Martin-Huanuco and Junin, are likely
artifacts of the paucity of collection efforts. Future
sampling in these areas should be expected to
bring their number of species up, smoothing out
the species richness curve and likely facilitating
analyses of environmental correlates of diversity.
Nonetheless, the patterns presented here are a
good starting point to understand the distribution
of richness and endemism of Central Andean tree
ferns and may serve to guide national and regional-
scale efforts to conserve tropical montane forests.

Conclusions

From the equator south along the Central
Andes, tree ferns show one of the steepest
latitudinal gradients of species richness among
vascular plants. In contrast to ferns in general,
Central Andean tree ferns do not have a single
maximum of species richness at middle elevations
but rather two peaks, at 1000 and 2100 m. In the
Central Andes, tree fern endemism is concentrated
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at middle to high elevations in the northern part
of the region, with widespread Andean species
dominating the flora in the south. Precipitation
seasonality may be the most important factor
affecting species richness, endemism, and floristic
composition of Central Andean tree ferns.
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