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Diversity and composition of tropical forest plant
communities in the Golfo Dulce region
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SiLra, Werner HUBER, Anton WEISSENHOFER & \Wolfgang WANEK

The Golfo Dulce region located in southwestern Costa Rica represents one of the
remnant global biodiversity hotspots containing the largest Pacific lowland tropical
forest in Central America. Recent biogeographical analyses revealed a close relation of
taxonomic tree species composition to northern South America. However, the under-
lying factors leading to the extraordinary taxonomic richness of the region have so far
remained elusive. In this study, we analyzed the composition of tropical forest plant
communities (trees, lianas and palms with a diameter at breast height 210 cm) occur-
ring in one-hectare permanent forest inventory plots. To that end, we established 20
forest sites across the Golfo Dulce region, i.e. 5 geographic locations each comprising
4 forest habitat types in ridge, slope and ravine positions, as well as in secondary forest
stands. Our study highlights the oligarchic dominance of tropical forest plant com-
munities in the Golfo Dulce region, and further suggests that plant species composi-
tion is associated with topography, disturbance history and edaphic properties. The
finding that oligarchic and rare species are affected by environmental filtering has
important implications for assessment and modeling of important ecosystem func-
tions, such as carbon storage and productivity, as well as nutrient cycling and trophic
interactions and thus could potentially improve biodiversity conservation and man-
agement strategies.

HornansL F., CHACON-MADRIGAL E., MORERA A., SiLLA F., HUBER W., WEISSEN-
HOFER A. & WANEK W., 2019: Diversitit und Zusammensetzung tropischer
Pflanzengesellschaften in der Golfo Dulce Region.

Die Golfo Dulce-Region im Siidwesten von Costa Rica ist einer der letzten globa-
len Biodiversitits-Hotspots mit dem grofiten verbliebenen tropischen Wald im pazifi-
schen Tiefland in Mittelamerika. Jiingste biogeografische Analysen der taxonomischen
Baumartenzusammensetzung zeigten eine enge Beziechung zu den Pflanzengesellschaf-
ten Stidamerikas. Die zugrundeliegenden Faktoren, die zu dem auflerordentlichen ta-
xonomischen Reichtum der Region fiithrten, sind jedoch bislang schwer fassbar. In die-
ser Studie haben wir die Zusammensetzung der tropischen Vegetation (Biume, Lianen
und Palmen mit einem Durchmesser in Brusthéhe > 10 cm) auf 20 Inventarflichen von
jeweils 1ha Grofle (5 geografische Standorte mit jeweils 4 Habitatstypen in Kamm-,
Hang- und Schlucht Position, sowie einem Sekundirwald) analysiert. Unsere Studie
beschreibt die Dominanz hiufiger tropischer Pflanzenarten und legt nahe, dass die Zu-
sammensetzung der Vegetation mit der Topographie, der Stérungsgeschichte und den
edaphischen Eigenschaften zusammenhingt. Die Feststellung, dass die Zusammenset-
zung von sowohl hiufig vorkommenden als auch eher seltenen, Grofteils endemischen
Arten von denselben Umweltfaktoren beeinflusst wird, birgt interessante Erkenntnisse
tiber wichtige Okosystemfunktionen wie die Kohlenstoffspeicherung und die Produk-
tivitdt des Okosystems und konnte somit helfen Strategien zur Erhaltung und Bewirt-
schaftung der Artenvielfalt in tropischen Okosystemen zu entwickeln.

Keywords: Biodiversity, biogeography, Costa Rica, Golfo Dulce, tropical plant com-
munities.

Introduction

Tropical forest ecosystems typically persist on strongly weathered nutrient-poor soils but
comprise high species richness and store large amounts of carbon. Hence, tropical forest
ecosystems provide crucial ecosystem functions, such as carbon sequestration from the
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atmosphere via plant carbon metabolism (DuseNGE et al. 2018). However, despite their
global importance in mitigating global warming, tropical ecosystems are still increasingly
exploited by human activities, such as deforestation and logging, to support the increas-
ing demands of global populations (Barlow et al. 2018). It is therefore of the utmost im-
portance to understand how these important ecosystems function in order to derive and
implement management plans that succeed in maintaining crucial ecosystem processes
under projected future scenarios, while concomitantly providing ecosystem functions,
such as continuous extraction of food and timber under realistic socioeconomic pathways.

Tropical tree communities are characterized by high species richness, often surpassing
100 species per hectare (VALENCIA et al. 1999). What drives this exuberant diversity has
been a mactter of scientific debate, but in general the number of co-occurring species de-
pends on the number of available niches determined by local environmental factors, such
as climate, parent material, topography and soil type (JUCKER et al. 2018). A structurally
diverse environment was found to increase the available niche space and thereby enable a
high diversity of co-occurring biota (FIGUEIREDO et al. 2018). As a result, distinct floristic
communities with distinct functional properties may emerge on different parent material
and soil types (PRaDA & STEVENSON 2016). Both species diversity and taxonomic compo-
sition of tropical plant communities might therefore differ in association with geological
substrate and topoedaphic factors by affecting the availability of resources, such as light,
water and nutrients along environmental gradients.

Topography strongly influences local-scale variability in soil chemistry, hydrology and
microclimate (WERNER & HoMEIER 2015, JuCKER et al. 2018) thus being one of the
main factors determining species-habitat associations in tropical forests (ZULETA et al.
2018). Due to subtle differences in elevation controlling soil chemistry and hydrology,
such environmental filtering was found to profoundly influence forestlevel patterns of
community assembly by affecting diversity and composition of tropical tree communi-
ties (JuckeR et al. 2018). Furthermore, more diverse communities should have the poten-
tial to exploit available resources more efficiently due to niche complementarity and posi-
tive species interactions (TtLmMaN 1999). Therefore, it has been proposed that biodiversity
positively affects ecosystem functioning in hyperdiverse tropical forests (POORTER et al.
2015). However, because a high proportion of biodiversity in tropical regions stems from
closely related species, species diversity is not proportional to functional diversity (Safi
et al. 2011), but higher levels of functional diversity imply larger numbers of functional
types and therefore a greater breadth of functional response-spectra to climatic signals.
Hence, it might not necessarily be species diversity of a location but rather species com-
position in a given environment, and particularly the functional composition of a given
community, that will determine ecosystem functioning under future scenarios of project-
ed environmental changes.

In this case study we examined tropical tree communities growing on nutrient-poor soils
in a topographically heterogeneous environment located in southwestern Costa Rica. The
study region is located in the largest remaining tropical rainforest in the Pacific lowlands
of Central America (GILBERT et al. 2016), and constitutes one of the remnant global biodi-
versity hotspots. The region therefore is especially suited for studying biodiversity and spe-
cies composition of tropical plant communities. We compiled a unique dataset comprising
10,007 individuals and 485 species recorded in twenty one-hectare permanent inventory
plots established across five sites (differing in climate, parent material and soil type), each
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one comprising four forest habitat types (differing in topographic position and disturbance
regime). Based on this set-up we investigated the following hypotheses: (1) Plant species
richness varies between sites, along spatial gradients in climate, soil parent material, land-
form and soil types; (2) plant species composition varies between forest habitat types, in
association with local topography and disturbance regime and thus; (3) the abundance of
hyperdominant plant species varies in relation to habitat preference among co-occurring
plant species distributed across the Golfo Dulce region.

Material and Methods

The study was conducted in tropical lowland forests located between 50 and 450 m a.s.l.
in the Area de Conservacién Osa (ACOSA) at the Pacific slope of southwestern Costa
Rica (08.6°N, 83.2°W). The region is considered a “hot spot” of biodiversity with 700 tree
species among 2,369 species of ferns, fern allies and flowering plants recorded in total
(Quesapa etal. 1997). The terrain is characterized by parent material originating from the
Cretaceous, Tertiary and Quaternary (i.e. basalt, alluvium and sediment) and is divided
into six different landforms (i.e. denudational, volcanic, alluvial, structural, littoral, tecton-
ic) and four soil orders, i.e. Entisols, Inceptisols, Mollisols and Ultisols (Loo 2016). The
dominating, highly weathered, strongly acidic Ultisols on ridges and upper slopes are re-
placed by younger, moderately weathered Inceptisols in ravines and lower slopes and little-
developed Mollisols in fluvial deposits (Loo 2016). Daily climatologic data for tempera-
ture and precipitation (starting in 1997) are available from La Gamba field station; https:/
www.lagamba.at/en/tropical-field-station/scientific-data-of-the-golfo-dulce-region/. Mean
annual precipitation for the period 1998-2017 accounted for 5892 mm with no month re-
ceiving less than 180 mm on average. The rainy season lasts from April to December, the
driest months are January to March. Mean annual temperature for the period 1998-2017
was 28.0°C and ranged between 23.7°C and 33.7°C.

Study plot locations were selected based on a stratified sampling design (CLark & CLARK
2000), i.e. the set of ecosystem types to be studied was pre-selected upon a thorough
evaluation of the relative spatial contribution of different ecosystem types in the ACO-
SA region. Dominant regional ecosystem types are broad-leaved evergreen well-drained
lowland forests (38.3 %), dense tropical evergreen well-drained lowland (woody) herbland
dominated by graminoids (pastures) (22.0 %) and dense tropical broad-leaved evergreen
well-drained lowland shrubland with early to late successional re-growth (9.7 %). The
old-growth lowland forests stock on narrow ridges (3.2 %), steep slopes (94.0 %) and val-
leys (2.8 %) passed by streams and small rivers (WEISSENHOFER et al. 2008). To account
for the spatial variability of climate, parent material and soil types, permanent forest
inventory plots were installed in replicates across five sites, i.e. La Gamba (LG), Riyito
(RY), Agua Buena (AB), Rancho Quemado (RQ), and Piro (PR), each comprising four
plots: three plots of old-growth forest in habitat types differing in topographic position,
i.e. forest stands in hilltop (ridge), intermediate (slope) and valley bottom (ravine) posi-
tions and one plot in secondary re-growth forest stands. Plots were of 1-ha in size and
subdivided into subplots of 10x 10 m following the standards of ALDER & SyNNoOTT
(1992). Plot shape was adapted to the physiography of the terrain, ranging from regu-
lar (100x 100 m) to irregular shapes, especially in the case of ravine forest plots where
subplots were situated along the small streams and adjacent terraces. For further in-
formation and an interactive map showing respective locations of forest plots includ-
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ing numbers of surveyed tree individuals and identified taxonomic species please visit
http://www.univie.ac.at/bdef/.

Plant species were identified in the field (Eduardo Chacon) and, where direct ID in the
field was not possible, samples were collected for taxonomic identification and deposited in
the herbarium of the Biology School of the University of Costa Rica (US], acronym). The
number of species analyzed in this study was 485 species of trees, palms and lianas from a
total of 11,786 individuals with a diameter at breast height > 10 cm, of which only 11,514
represented live trees, 272 dead trees, and around 86 % were identified to species level
(96 % at genus level), thus representing 10,007 individuals analyzed subsequently. Plot
survey and data collection involved all live stems from individuals with a diameter above
breast height larger than 10 cm (DBH 210 cm at 1.3 m), thus representing 485 species,
280 genera and 77 families of trees, palms and lianas recorded in the 2012-2015 census
interval. To compare the diversity of species between locality and forest habitat types we
used rarefaction analysis of Hill numbers based on the abundance of species (Hill 1973).
We estimated the diversity of Hill numbers of order 0, 1 and 2, which represent the rich-
ness (number of species), the effective number of rare species and the effective number of
abundant species (Hsieh et al. 2016), respectively. For each forest site we estimated the
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Fig. 1: Map of the study region showing the distribution of permanent plots surveyed per geographic
location i.e. Site 1: La Gamba; Site 2: Riyito; Site 3: Agua Buena; Site 4: Rancho Quemado; Site 5:
Piro, situated across the Golfo Dulce region in southwestern Costa Rica. — Abb. 1: Karte des Un-
tersuchungsgebiets in der Golfo Dulce Region im Siidwesten von Costa Rica inkl. Verteilung der
geografischen Standorte, d. H. Standort 1: La Gamba; Standort 2: Riyito; Standort 3: Agua Buena;
Standort 4: Rancho Quemado; Standort 5: Piro.



Diversity and composition of tropical forest plant communities in the Golfo Dulce region 35

diversity by extrapolation using rarefaction analysis to 3,500 individuals per site and for
forest habitat type we estimated the richness by extrapolation using rarefaction analysis to
1,000 individuals for each forest habitat type in each site. Variation in species composition
among forest plots was assessed using hierarchical cluster analysis and non-metric multi-
dimensional scaling (NMDS) based on a double-standardized, square root-transformed
species abundance Bray—Curtis dissimilarity matrix. To assess the relationships between
tropical forest plant community composition, environmental variables and geographic dis-
tance we correlated the respective matrices of species composition, environmental variation
and a matrix of three-dimensional Euclidean geographic distances calculated from GPS
coordinates. Based on these parameters we performed variation partitioning among factors
controlling variation of plant community composition (i.e. beta diversity) among twenty
1-ha permanent inventory plots established in the Golfo Dulce region, Costa Rica (Fig. 1).

Results and Discussion

Species richness (alpha diversity) of rare and abundant tropical plants

Tropical forests are characterized by extraordinary species richness, however, less is
known about variation in species richness between rare and abundant species. We found
that alpha diversity (species richness) varied throughout the study region (Fig. 1). How-
ever, while some regions, such as Rancho Quemado and Agua Buena, had high species
richness with over 300 estimated species, other regions, such as Piro, hardly reached 200
estimated species based on extrapolation using rarefaction analysis (Fig. 2). Since all sites
showed similar diversity of abundant species, the variation in alpha diversity was main-
ly due to differences in the number of rare species (Fig. 2). Within each region, plots in
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Fig. 2: Rarefaction analysis using Hill's numbers (0, 1, and 2) of the tree species by locality. The
Hill's number 0 represents the species richness, the Hill's number 1 represents the effective number
of rare species and the Hill's number 2 represents the effective number of abundant species. The
solid lines represent the interpolation with the observed data and the dotted lines represent the ex-
trapolation to 3,500 individuals. Shaded areas represent 95 % confidence intervals. — Abb. 2: Ra-
refaction-Analyse unter Verwendung der Hill-Zahlen (0, 1 und 2). Die Zahl 0 steht fiir den Arten-
reichtum der Baumarten nach Lokalitit, die Zahl 1 fiir die effektive Anzahl seltener Arten und die
Zahl 2 fiir die effektive Anzahl hiufig vorkommender Arten. Die durchgezogenen Linien reprisen-
tieren die Interpolation mit den beobachteten Daten und die gepunkteten Linien reprisentieren die
Extrapolation auf 3.500 Individuen. Schattierte Bereiche reprisentieren 95 % Konfidenzintervalle.
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Fig. 4: Diversity of tree species observed for each Hill’s number (0, 1, 2) in each locality and for each
forest habitat type. The Hill's number 0 represents the species richness, the Hill's number 1 repre-
sents the effective number of rare species and the Hill‘'s number 2 represents the effective number of
abundant species. — Abb. 4: Diversitit der Baumarten fiir die jeweilige Hill-Zahl (0, 1, und 2). Die
Zahl 0 steht fiir den Artenreichtum der am jeweiligen Ort und fiir den jeweiligen Lebensraumtyp
beobachtet wurden, die Zahl 1 fiir die effektive Anzahl seltener Arten und die Zahl 2 fiir die effek-

tive Anzahl hiufig vorkommender Arten.

secondary forest stands exhibited lower species diversity compared to old-growth forest
plots (Fig. 3). However, this difference was less pronounced when only abundant species
were considered (Fig. 3). Among old-growth forest stands within each region, there was
no clear pattern of a particular forest habitat type association; however, the contribution
of rare species to overall species diversity was higher for old-growth forests in slope posi-
tion and lower for secondary forest stands (Fig. 4). The low alpha diversity and low con-
tribution of rare species in more disturbed re-growth forest stands is likely a result of high
colonization rates of opportunistic fast-growing species, taking advantage of high-light
environments and thus attaining relatively high abundances. In contrast, high contri-
bution of rare species to overall diversity in old-growth forests (especially in slope posi-
tion) likely results from the fact that slope forests are situated between uphill ridges and
downslope ravines, thus differing in edaphic properties and taxonomic species composi-
tion. Similar associations between rare species and edaphic conditions have been previ-
ously reported for other tropical regions (LAURANCE et al. 2010). Hence, our results in-
dicate that the contribution of rare and abundant species to alpha diversity is affected by
geological, topographic, and edaphic factors, as well as natural and anthropogenic distur-
bance regimes that in turn shape the distribution of species and determine the heteroge-
neity of habitats in the Golfo Dulce region.

Species composition (beta diversity) among forest plots

In tropical forest ecosystems the diversity of species assemblages across space and time has
been explained by various theories (HusBeLL 1979, TiLman 1999). Nonetheless, due to the
spatial dependence of factors controlling plant species composition along environmental
gradients, it might be impossible to separate contrasting theories explaining the high level
of species co-existence in tropical forests (WriGHT 2002, CHAVE 2004, CHISHOLM et al.
2013, Cuask 2014). While on a larger spatial scale intraspecific variability and functional
equivalence of tropical plant species would indicate that species richness is maintained as
a balance between immigration and extinction of species (HuBBELL 1979, GARZON-LOPEZ
et al. 2014), on a smaller local-scale specialization of species to particular environmental
conditions may better explain the co-existence and distribution of tropical tree commu-
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nities (BRowN et al. 2013). Despite the fact that these theories emphasize different pro-
cesses contributing to the maintenance of species diversity at the landscape-scale (Q1a0 et
al. 2015), we found both significant effects of spatial distance and environmental factors
(i.e. climate, parent material, soil type) on plant species composition across nearby lowland
forest plots (Fig. 5). Our results suggest that both biotic and abiotic factors shape floris-
tic community composition at the landscape-scale. Although residual variation was high
(66 % unexplained variance), environmental factors, such as climate (4 %), soil type (6 %),
parent material (11 %), and spatial autocorrelation (13 %) explained up to one third of the
variation in species composition among lowland forest stands (Fig. 5). Similar levels of spa-
tial autocorrelation have been observed by other authors in foregoing studies and have been
attributed to multiple processes regulating forest structure and plant species composition
across environmental gradients at the landscape-scale (e.g. TAyLOR et al. 2015). Further-
more, PRADA & STEVENSON (2016) reported that distinct floristic communities emerged
on different parent materials and soil types, such that taxonomic species composition of
tropical tree communities differed in association with topoedaphic factors. Based on dif-
ferences in geological substrates and soil types described across the Golfo Dulce region,
we hypothesized that floristic community composition varies in relation to regional dif-
ferences in geomorphology, topography and climate. Indeed, we found that each region,
i.e. La Gamba, Riyito, Agua Buena, Rancho Quemado and Piro, exhibited its unique flo-
ristic community composition. For instance, whereas La Gamba was characterized by a
high abundance of palms (33 % Arecaceae), Piro exhibited only a very small proportion of
palm species (4% Arecaceae) but much higher percentage of tree species (Fig. 6). Hence,
our findings of regionally variable taxonomic composition might indicate that both large-
scale abiotic factors (i.e. geomorphology, topography, climate) as well as local biotic pro-
cesses (i.e. competition, dispersal, stochastic events of colonization and extinction) influ-
ence taxonomic community composition at the landscape-scale (ConprT et al. 2002) and
thus contribute to the extraordinary plant species richness of the Golfo Dulce region.

Fig. 5: Factors controlling
Controls on plant community composition beta diversity (i.e. variation
of plant community com-
position) among permanent
inventory plots established
across the Golfo Dulce re-
gion, Costa Rica. Note the
high amount of residual un-
explained variation (66 %).
M climate — Abb. 5: Varianzanalyse
der Faktoren, welche die Be-

B soil e . -

ta-Diversitit (d. H. die Vari-
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Fig. 6: Relative distribution (%) of dominant plant families (> 500 individuals) across different for-
est sites surveyed across the study region, i.e. for all forest sites (Grand Total), as well as for local
clusters surveyed in La Gamba, Riyito, Agua Buena, Rancho Quemado and Piro, respectively. Note
that most sites are dominated by palms (Arecaceae), but that every cluster exhibits a unique compo-
sition of tropical plant families (e.g. La Gamba dominated by Arecaceae; Piro by Moraceae, etc.). —
Abb. 6: Relative Verteilung (%) der dominanten Pflanzenfamilien (> 500 Individuen) auf verschie-
dene Waldstandorte in der Golfo Dulce-Region, dh iiber alle Waldstandorte (Grand Total) sowie
auf den lokalen Standorten La Gamba, Riyito. Agua Buena, Rancho Quemado und Piro. Beachten
Sie, dass die meisten Standorte von Palmen (Arecaceae) dominiert werden, wihrend jeder Cluster
eine einzigartige Zusammensetzung tropischer Pflanzenfamilien aufweist (z. B. La Gamba, domi-
niert von Arecaceae; Piro von Moraceae usw.).

Species composition and relative abundance of plant functional groups

We found that local small-scale heterogeneity of environmental and topo-edaphic factors
promotes tropical plant species richness in the Golfo Dulce region. Previous studies re-
ported that variation in tree species composition across forest plots was highly correlated
to gradients in resource availability (PRaDA & STEVENSON 2016), due to feedbacks be-
tween edaphic properties, disturbance and floristic community composition (Prapa et al.
2017). Indeed, we found that topographic forest habitat types, i.e. forest plots established
in hilltop (ridge), slope and valley bottom (ravine) positions, showed a distinct pattern in
plant species composition and relative abundance. We found that ridge and slope forests
exhibited a higher abundance of palms (i.e. /riartea, Welfia) and certain tree species (e.g.
Mabea, Compsoneura), while ravine forests were dominated by other taxa (e.g. Otoba), and
that secondary re-growth forests were characterized by a distinct taxonomic species com-
position (Fig. 7). The latter finding for re-growth forest stands indicates differences in
successional stage and disturbance regime between forest habitat types, whereas the vari-
ation among old-growth forest stands points to variability in edaphic properties, in turn
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affecting species diversity and community composition between forest stands. It has been
proposed that physical and chemical properties of forest soils determine local commu-
nity composition via positive feedback mechanisms (QUEesapa et al. 2012). According to
this theory, in relatively stable environments on flat terrain, low clay content and nutrient
availability favor a rather slow-growing tree community, whereas in highly disturbed sys-
tems on steep terrain, high clay content and nutrient availability support a fast-growing
community in competition for resources (QUEsapA & Lroyp 2016). This would suggest
that local resource availability affects forest structure and function, such that distinct flo-
ristic communities emerge in different topographic forest habitat types. Accordingly, we
found that /. deltoidea, a fast growing palm, was especially abundant in slope forests, as
its characteristic stilt roots allow for early exploitation of light gaps without loss of stabil-
ity on steep slopes (HuBer 2005, HUBER et al. 2008). In contrast, O. novogranatensis, a
late-successional mid-canopy tree, was associated with moist but well-drained soils in ra-
vine forests (LIEBERMAN et al. 1996) but can be successfully introduced into ecarly stages
of succession (CoLE et al. 2011). Apeiba tibourbou and Goethalsia meiantha were present in
high densities in tree inventories of secondary re-growth forest stands, with juvenile stages
associated with canopy gaps (CLark & CLARK 2001). In contrast, Mabea occidentalis and
Compsoneura excelsa were almost exclusively found at ridges and slopes in moderate to high
densities, with the endemic C. excelsa being restricted to the very humid forests of Costa
Rica and west Panamd (CornEgjo et al. 2012). As a result, such differences in habitat pref-
erence between co-occurring plant species and associated differences in abundance across
environmental gradients caused differences in floristic dominance between forest habitat

types in the Golfo Dulce region (Fig. 7).

M Ridge Forest " Slope Forest ™ Ravine Forest ™ Secondary Forest

Hilill

Iriartea deltoidea  Welfia regia Compsoneura Otoba Mabea Apeiba tibourbou  Goethalsia
I g 7 occid li meiantha

Fig. 7: Most abundant (> 100 individuals) plant species per habitat type, i.e. ridge forest, slope for-
est, ravine forest and secondary forest surveyed across the Golfo Dulce region, SW Costa Rica. —
Abb. 7: Die am hiufigsten vorkommenden Pflanzenarten (> 100 Individuen) pro Lebensraumtyp,
d. H. Kammwald, Hangwald, Schluchtenwald und Sekundirwald, in der Golfo Dulce-Region,
Costa Rica.
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Hyperdominance in the Costa Rican plant flora

Tropical forests are characterized by extraordinary species richness and scientists still de-
bate how many tree species might occur in the Amazon or how many will go extinct in
the course of climate change (HuBBELL et al. 2008). However, it may not be so impor-
tant to know the exact number of species, as it has been proposed that only a few abun-
dant tropical plant species make up a large proportion of tree stems found in the Amazon
(TER STEEGE et al. 2013). Accordingly, it was reported that only about 1% of Amazon tree
species are responsible for 50 % of carbon storage and productivity (FAUSET et al. 2015).
Hence, knowledge about patterns in floristic dominance might be crucial for understand-
ing ecosystem functioning and associated responses of tropical forests to changing climat-
ic signals. Previous studies on nearby forest plots in the Golfo Dulce region found that
the climate sensitivity of tropical forest productivity was affected by local topography and
disturbance history (HoruANSL et al. 2014). This suggests that ecosystem resistance to
projected global changes might be strongly related to local site characteristics, while eco-
system resilience might depend on the potential of the local species pool to adapt to these
novel conditions. Hence, hyperdominant plant species could determine local responses of
tropical forest ecosystems due to their abundance in certain habitat types. Nonetheless, the
most species-rich plant families in a given region must not necessarily coincide with the
most abundant plant families. For instance, while Fabaceae, amounting to approx. 7% of
flowering plant species, represent the most diverse plant family found in tropical rainfor-
ests, the palm 1. deltoidea is reportedly one of the most abundant plant species in the Neo-
tropics (P1TMAN et al. 2001, TER STEEGE et al. 2013, ARELLANO et al. 2014). Accordingly,
we found that although Fabaceae represented the most species-rich plant family, Arecace-
ae was the most abundant plant family in the Golfo Dulce region, followed by Moraceae,
Myristicaceae and Malvaceae (Fig. 8), which is a pattern reported similarly for other forests
in the Neotropics (GENTRY 1990). Nonetheless, our study further highlighted that floristic
plant species composition and diversity was related to landscape heterogeneity and local
topoedaphic properties, thus allowing for characterization of hyperdiverse forest commu-
nities and potentially improving our understanding of tropical ecosystem processes and
associated crucial ecosystem services, such as carbon storage in tropical forest ecosystems

Number of tree species per plant family (above each bar)
number of individuals per family (below each bar)
60 57
50 -
40
30
30 - 26 25
20 16 14 13
9
ol -
712 396 722 1004 532 481 410 1274 822 408
Fabaceae | Meliaceae | Malvaceae | Moraceae Euphorbiaceae Clusi Ar MyristicaceaeVochysi

Fig. 8: Most species-rich plant families in the region (N above each bar). Most abundant plant fami-
lies in the region (N below each bar). — Abb. 8: Die artenreichsten Pflanzenfamilien der Golfo Dul-
ce-Region (N iiber jedem Balken), sowie am hiufigsten vorkommende Pflanzenfamilien in der Re-
gion (N unter jedem Balken).



HorHANsL F., CHACON-MADRIGAL E., MORERA A., SiLra F., HuBer W,
42 WEISSENHOFER A. & WANEK W.

(TER STEEGE et al. 2013, FAUSET et al. 2015). Eventually, we conclude that our findings of
local hyperdominance in the Costa Rican plant flora could provide useful information for
biodiversity conservation and management strategies by focusing on a subset of the most

abundant plant species in the Golfo Dulce region (Tab. 1, Tab. 2).

Tab. 1: List of the 20 most abundant plant species in the Golfo Dulce region, SW Costa Rica. —
Tab. 1: Liste der 20 hiufigsten Pflanzenarten in der Golfo Dulce Region, SW Costa Rica.

% of re-
et Family Distribution corded in- Mean den- Standard Max.
dividuals sty ha-1 error  density
DBH>10cm

[riartea deltoidea Arecaceae Widespread in Tropical America 6,97 40,15 + 884 148
Otoba novogranatensis Myristicaceae  Mesoamerica/ NW South America 2,51 14,45 + 339 46
Compsoneura excelsa Myristicaceae  Costa Rica/ Panama 2,3 13,25 + 399 60
Tetrathylacium macrophyllum ~ Salicaceae Widespread in Tropical America 2,08 12 £ 209 36
Symphonia globulifera Clusiaceae Pantropical 1,97 11,35 + 201 24
Carapa nicaraguensis Meliaceae Mesoamerica/ NW South America 1,93 11,1 + 208 32
Tapirira guianensis Anacardiaceac Widespread in Tropical America 1,72 9,9 + 2006 41
Apeiba tibourbou Malvaceae ~ Widespread in Tropical America 1,61 9,25 395 76
Castilla tunu Moraceae Mesoamerica/ NW South America 1,44 83 + 442 85
Perebea hispidula Moraceae Mesoamerica 1,22 7 + 14 24
Vochysia ferruginea Vochysiaceae  Widespread in Tropical America 1,02 585 + 243 39
Socratea exorrhiza Arecaceae Widespread in Tropical America 0,99 57 + 143 24
Brosimum guianense Moraceae Widespread in Tropical America 0,96 5,55 + 087 13
Tetragastris panamensis Burseraceae  Widespread in Tropical America 0,92 53 + 186 31
Sorocea pubivena Moraceae Widespread in Tropical America 0,9 5.2 1 27
Brosimum lactescens Moraceae Widespread in Tropical America 0,86 4,95 + 15 23
Cecropia insignis Urticaceae Mesoamerica/ NW South America 0,86 495 + 164 29
Chimarrhis parviflora Rubiaceae Costa Rica/ Panama 0,83 475 + 145 21
Virola sebifera Myristicaceae  Widespread in Tropical America 0,82 47 + 193 33
Chimarrhis latifolia Rubiaceae Mesoamerica 0,8 4,6 + 293 45
Pourouma bicolor Urticaceae  Widespread in Tropical America 0.8 4,6 + 323 51
Pleuranthodendron lindenii ~ Salicaceae Mesoamerica/ NW South America 0,77 445 + 198 35
Marila pluricostata Calophyllaceae Mesoamerica/ NW South America 0,68 39 + LIS 15
Virola surinamensis Myristicaceae  Widespread in Tropical America 0,68 39 + 062 10
Lacmellea panamensis Apocynaceae  Mesoamerica/ NW South America 0,64 37 + 082 14
Virola koschnyi Myristicaceae  Mesoamerica/ NW South America 0,58 3,35 057 9
Vochysia gentryi Vochysiaceae  Mesoamerica/ NW South America 0,56 32 + 092 10

Tab. 2: Top 30 species (O: oligarch/ C: common/ R: rare; total number of individuals) per forest
habitat type, i.e. ridge forest, slope forest, ravine forest and secondary forest surveyed across the
Golfo Dulce region, SW Costa Rica. — Tab. 2: Die 30 hidufigsten Arten (O: oligarchen / C: hiufig
/ R: selten; Gesamtzahl der Individuen) nach Waldlebensraumtyp, d.H. Kammwald, Hangwald,
Schluchtwald und Sekundirwald, der Untersuchungsflichen in der Golfo Dulce-Region, Costa
Rica.

Ridge Forest Slope Forest Ravine Forest Secondary Forest
Welfia regia [riartea deltoidea [riartea deltoidea Goethalsia meiantha
G 13D (0;369) (0;258) (G218)
Compsoneura excelsa Compsoneura excelsa Otoba novogranatensis Apeiba tibourbou
(05 122) (O 130) (05 123) (05 141)
Mabea occidentalis Otoba novogranatensis Tetrathylacium macrophyllum  Hieronyma alchorneoides

(C; 100) (05 95) ©;71) G 9)
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Tab. 2 continued

Ridge Forest
Symphonia globulifera
©;99)

Iriartea deltoidea
(0;95)

Qualea paraensis

(C; 86)

Tapirira guianensis
(0;72)

Vochysia ferruginea
(O; 64)

Carapa nicaraguensis
©;62)

Pourouma bicolor

(05 61)

Perebea hispidula
(0559)

Marila laxiflora

(G 50)

Pausandra trianae
(G52)

Socratea exorrhiza
(0;48)

Brosimum guianense
(O; 44)

Tetragastris panamensis
(O; 44)

Brosimum lactescens
(O;41)

Lacmellea panamensis
(0533)

Guarea pterorhachis
(€32

Euterpe precatoria
(C;30)

Otoba novogranatensis
(©;28)

Calophyllum brasiliense
(G289

Vochysia gentryi
6;25)

Virola sebifera

(O521)

Marila pluricostata
©521)

Cassipourea elliptica
G21)

Garcinia madruno

(C; 20)

Calophyllum longifolium
(G20

Castilla tunu

0;18)

Aspidosperma spruceanum

C;18)

Slope Forest
Symphonia globulifera
(©O;81)

Welfia regia

(G 78)
Tetrathylacium macrophyllum
(0570)

Carapa nicaraguensis
(0:64)

Chimarrhis latifolia
(05 58)

Tapirira guianensis
(O556)

Mabea occidentalis
(C;56)

Sorocea pubivena

(O 49)

Qualea paraensis
(OX5)

Castilla tunu

(O;43)

Marila pluricostata
(0 35)

Pausandra trianae

G 33)

Brosimum guianense
(©531)

Tetragastris panamensis
(0530

Perebea hispidula
;29

Brosimum lactescens
©:29)

Cecropia insignis
(O520)

Lacmellea panamensis
(0520)

Chimarrhis parviflora
6;29)

Batocarpus costaricensis
(G 24)

Marila laxiflora
€23

Virola surinamensis
(©523)

Guarea pterorhachis
G 23)

Pourouma bicolor
(0521)

Protium pecuniosum
(G20

Aspidosperma spruceanum
(G;20)

Protium glabrum

G19

Ravine Forest
Welfia regia
(C;59)
Pleuranthodendron lindenii
(0,51)
Carapa nicaraguensis
(05 50)
Goethalsia meiantha
(C; 49)
Sorocea pubivena
(O;41)
Symphonia globulifera
(05 40)
Socratea exorrhiza
(O; 40)
Chimarrhis parviflora
(05 40)
Virola sebifera
;39
Calarola costaricensis
(C; 36)
Eschweilera biflava
(G 35)
Apeiba tibourbou
©0;32)
Cleidion castaneifolium
(G 31)
Tapirira guianensis
(05 30)
Perebea hispidula
(05 30)
Chrysochlamys glauca
(C; 30)
Ocotea rivularis
(C; 30)
Tetragastris panamensis
(6;29)
Brosimum utile
(G;28)
Virola surinamensis
(05 26)
Brosimum lactescens
(0525)
Cecropia insignis
(0;25)
Peltogyne purpurea
G 23)
Cryosophila guagara
(C;23)
Brosimum guianense
©521)

Marila pluricostata
(O;21)

Virola koschnyi
6;21)

Secondary Forest
Castilla tunu
(0;90)
Alchornea costaricensis
(C; 88)
Tetrathylacium macrophyllum
(05 85)
Iriartea deltoidea
(©:8D)
Spondias radlkoferi
(C; 81)
Gmelina arborea
(R; 67)
Guatteria chiriquiensis
(&)
Carapa nicaraguensis
(05 46)
Miconia trinervia
(C; 44)
Otoba novogranatensis
(0:43)
Luehea seemannii
(C; 43)
Cecropia insignis
(O;42)
Tapirira guianensis
(05 40)
Ficus tonduzii
(C; 40)
Hampea appendiculata
(G 39)
Vochysia ferruginea
(05 36)
Platymiscium curuense
(3D
Inga oerstediana
(G5 30)
Jacaranda copaia
G29)
Chimarrhis parviflora
(0:29)
Terminalia amazonia
(C;29)
Trattinnickia aspera
G29)
Perebea hispidula
(0523)
Vochysia allenii
G 23)
Terminalia oblonga
G2
Virola sebifera
;19
Virola koschnyi
(05 19)




HorHANsL F., CHACON-MADRIGAL E., MORERA A., SiLra F., HuBer W,
44 WEISSENHOFER A. & WANEK W.

Literature

ALDER D. & SynnotT TJ., 1992: Permanent sample plot techniques for mixed tropical forest. Uni-
versity of Oxford.

AReLLANO G., Cara V. & Macia M.J., 2014: Niche breadth of oligarchic species in Amazonian and
Andean rain forests. J. of Vegetation Science 25, 1355-1366.

Barrow J., Franca F., Garponer T.A., Hicks C.C., LEnnox G.D., BEReNGUER E., CasTELLO L.,
Economo E.P., FERREIRA J., GUENARD B. et al., 2018: The future of hyperdiverse tropical ecosys-
tems. Nature, 559, 517-526.

BrowN C., Burstem D.F, IrrLian J.B., Bao L., Brockerman W., Cao M., Cuanc LW,
Dartaraja H.S., Davies S., GUNATILLEKE CV. et al.,, 2013: Multispecies coexistence of trees in
tropical forests: spatial signals of topographic niche differentiation increase with environmental het-
erogeneity. Proceedings of the Royal Society B: Biological Sciences 280, 20130502.

CHaSE J.M., 2014: Spatial scale resolves the niche versus neutral theory debate. J. of Vegetation Sci-
ence 25, 319-322.

CHAVE ]., 2004: Neutral theory and community ecology. Ecology Letters 7, 241-253.

CuisHoLM R.A., MuLLer-Lanpau H.C., AepuL Rauman K., BEser D.P, BiN Y., BoHLMAN S.A.,
Bourg N.A., BRINKS ]., BUNYAVEJCHEWIN S., BUuTT N. et al., 2013: Scale-dependent relationships
between tree species richness and ecosystem function in forests. J. of Ecology 2013, 101, 1214-1224.

Crark D.A. & Crark D.B., 2001: Getting to the canopy: tree heigth growth in a neotropical rain
forest. Ecology 82, 1460-1472.

Cotg, RJ.,, Hort K.D., Keene C.L. & Zauawt R.A., 2011: Direct seeding of late-successional trees
to restore tropical montane forest. Forest Ecology and Management 261, 1590-1597.

Conbpit R, Prrman N, LeicH E.G., CHAVE |., TERBORGH ]., FOosTER R.B., NUNEZ P., AGUILAR S.,
VaLencia R., ViLra G. etal,, 2002: Beta-Diversity in Tropical Forest Trees. Science 295, 666—669.

Corngjo X., Mort S.A., AGurLar R., Stevens H. & Douwes F, 2012: Phytogeography of the trees
of the Osa Peninsula, Costa Rica. Brittonia 64, 76—101.

DuseNGe M.E., DuarTe A.G. & Way D.A., 2018: Plant carbon metabolism and climate change: el-
evated CO 2and temperature impacts on photosynthesis, photorespiration and respiration. New
Phytologist 221, 32-49.

Ficueireno F.O., Zuquim G., Tuomisto H., MouratLET G.M., BaLsLev H. & Costa ER., 2018:
Beyond climate control on species range: The importance of soil data to predict distribution of Am-
azonian plant species. ]. of Biogeography. 45, 190-200.

FauseT S., Jounson M.O., GLoor M., Baker T.R., MoNTEAGUDO A., BRIENEN R.J., FELDPAUSCH
T.R., Lorez-GonzaLEz G., MALHI Y., TER STEEGE H. etal.,, 2015. Hyperdominance in Amazonian
forest carbon cycling. Nat. Commun. 6:6857 doi: 10.1038/ncomms7857.

Garzon-Lorez C.X., JanseN P.A., BouLman S.A., OrpoNez A. & Ovrr H., 2014: Effects of sam-
pling scale on patterns of habitat association in tropical trees. J. of Vegetation Science 25, 349-362.

GENTRY A., 1990: Floristic similarities and differences between southern Central America and Upper
and Central Amazonia. In: A. Gentry (ed.) Four Neotropical Rain Forests. pp. 141-157. Yale Uni-
versity Press. New Haven & London.

GILBERT L., CHRISTEN C., ALTRICHTER M., LoNGINO |., SHERMAN P., PLowEs R., Swartz M.,
WiNeMILLER K., WEGHORST J., VEGA A. et al., 2016: The southern pacific lowland evergreen moist
forest of the Osa region. In: M. KaPPELLE (ed.). Costa Rican ecosystems, pp. 360—411. The Uni-
versity of Chicago Press, Chicago.

Hirr M.O., 1973: Diversity and evenness: a unifying notation and its consequences. Ecology 54 (2),
427-432.



Diversity and composition of tropical forest plant communities in the Golfo Dulce region 45

HoruansL F., KoBLER J., OFNER J., DRAGE S., Porz E.M. & WaNEk W., 2014: Sensitivity of tropical
forest aboveground productivity to climate anomalies in SW Costa Rica. Global Biogeochemical

Cycles 28, 1437-1454.

Hsien T.C., Ma K.H. & CHao A., 2016: iNEXT: a R package for rarefaction and extrapolation of
species diversity (Hill numbers). Methods in Ecology and evolution 7, 1451-1456.

HusserL S.P., 1979: Tree dispersion, abundance, and diversity in a tropical dry forest. Sci-
ence 203(4387), 1299-13009.

HusserL S.P., He E,, Conprt R., BorpA-DE-AGUA L., KELLNER J. & TER STEEGE H., 2008: How many
tree species are there in the Amazon and how many of them will go extinct? Proceedings of the Na-
tional Academy of Sciences 105, 11498-11504.

Huser W, 2005: Tree diversity and biogeography of four one-hectare plots in the lowland rainforest
of the Piedras Blancas National Park (“Regenwald der Osterreicher”), Costa Rica. PhD Disserta-
tion, University of Wien.

HuBer W., WEISSENHOFER A., ZaAMORA N. & WEBER A., 2008: Plant diversity and biogeog-
raphy of the Golfo Dulce region, Costa Rica (survey). Pp. 97-103. In: WEISSENHOFER A.,
Huser W., MaYeR V., PAMPERL S., WEBER A., AUBRECHT G. (eds.), Natural and Cultural History
of the Golfo Dulce Region, Costa Rica. Landesmuseen Stapfia 88, 769 p.

Jucker T., Bongarov B., BursLem D.E, NiLus R., DarronTE M., LEwis S.L., ParLiies O.L.,
Qie L. & Coomes D.A.., 2018: Topography shapes the structure, composition and function of tropi-
cal forest landscapes. Ecology Letters 21, 989-1000.

Laurance S.G., LAurRaANCE W.F., ANDRADE A., FEARNSIDE P.M., Harms K.E., VicenTINI A. &
Luizio R.C., 2010: J. of Vegetation Science 21, 96-106.

LieBerMAN D., LiEBERMAN M., PERALTA R. & HARTSHORN G.S., 1996: Tropical forest structure and
composition on a large-scale altitudinal gradient in Costa Rica. J. of Ecology 84, 137-152.

Loso R.G., 2016: Costa Rican Ecosystems. University of Chicago Press. ISBN-13: 978-0-226-27893-
3 (paper) ISBN-13: 978-0-226-12164-2 (e-book) DOI: 10.7208/chicago/9780226121642.001.0001.

Prrman N.C., TerBORGH JW., SiLman ML.R., NUREZ V.P., NEILL D.A., CERON C.E., PaLACIOS W.A.
& Aurestia M., 2001: Dominance and Distribution of Tree Species in Upper Amazonian Terra
Firme Forests. Ecology 82, 2101.

PoORTER L., VAN DER SANDE M.T., THOMPSON J., ARETS E.J., ALARCON A., ALVAREZ-SANCHEZ ].,
AscarRrRUNZ N., Barvanera P., Barajas-GuzmAN G. & Borr A. et al., 2015: Diversity enhances
carbon storage in tropical forests. Global Ecology and Biogeography 24, 1314-1328.

Prapa C.M., Morris A., ANDERSEN K.M., TURNER B.L., CaBALLERO P. & DavrrinG JW., 2017: Soils
and rainfall drive landscape-scale changes in the diversity and functional composition of tree com-
munities in premontane tropical forest. J. Vegetation Science 28, 859-870.

Prapa C.M. & StevENsoN P.R., 2016: Plant composition associated with environmental gradients
in tropical montane forests (Cueva de Los Guacharos National Park, Huila, Colombia). Biotropica

48, 568-576.

Qrao X., L1 Q,, Jiang Q., Lu |, FrRankLIN S., TanG Z., WanG Q., ZHANG ]., Lu Z., Bao D. et al,,
2015: Beta diversity determinants in Badagongshan, a subtropical forest in central China. Sci. Rep.

5, 17043-9.

QuEesapa C.A. & Lroyp J., 2016: Soil-Vegetation Interactions in Amazonia. In: Nagy L., Fors-
BERG B., ArRTAXO P. (eds) Interactions Between Biosphere, Atmosphere and Human Land Use in the
Amazon Basin. Ecological Studies (Analysis and Synthesis), vol 227. Springer, Berlin, Heidelberg.

Quesapa C.A., PaiLLps O.L., Scawarz M., Czimczik C.1., BAkKeR T.R., PaTito S., Fyrras N.M.,
HobpNerT M.G., HERRERA R., ALMEIDA S. et al., 2012: Basin-wide variations in Amazon forest
structure and function are mediated by both soils and climate. Biogeosciences 9, 2203-2246.



HorHANsL F., CHACON-MADRIGAL E., MORERA A., SiLra F., HuBer W,
46 WEISSENHOFER A. & WANEK W.

Quesapa FJ., Jiménez Q., Zamora N., AguiLar R. & GoNzALEZ ]., 1997: Arboles de la Peninsula
de Osa. Heredia, Costa Rica. Instituto Nacional de Biodiversidad.

Sar1 K., Cianciaruso MV, Lovora R.D., Brrro D., ARMOUR-MARsHALL K. & Diniz-Firuo J.AF,
2011: Understanding global patterns of mammalian functional and phylogenetic diversity. Philo-
sophical Transactions of the Royal Society B: Biological Sciences 366, 2536-2544.

Tavror P, Asner G., Danrin K., Anperson C., Knare D., MarTIN R., Mascaro J., CHAz-
poN R., CoLE R., WaNEK W. et al., 2015: Landscape-Scale Controls on Aboveground Forest Car-
bon Stocks on the Osa Peninsula, Costa Rica. PLoS ONE 10, 1-18.

Ter Steece H., Prrman N.C., SaBarier D., Baravroro C., Saromio R.P., Guevara J.E.,
Puiriips O.L., CastiLno CV., MagNussoN W.E., Morino J.F. et al., 2013: Hyperdominance in
the Amazonian Tree Flora. Science 342, 1243092-1243092.

Trman D., 1999: The ecological consequences of changes in biodiversity: a search for general prin-

ciples. Ecology 80, 1455-1474.

VaLencia R., BaLstev H & Paz vy miRko C.G., 1994: High tree alpha-diversity in Amazonian Ecua-
dor. Biodiversity & Conservation 3(1), 21-28.

WEISSENHOFER A., HUBER W., MAYER V., PAMPERL S., WEBER A. & AUBRECHT G., 2008: Natural and
cultural history of the Golfo Dulce region, Costa Rica. Stapfia 88, 80 pp.

WERNER F.A. & HOMEIER ., 2015: Is tropical montane forest heterogeneity promoted by a resource-
driven feedback cycle? Evidence from nutrient relations, herbivory and litter decomposition along a
topographical gradient. Functional Ecology 29, 430—440.

WRriGHT J.S., 2002: Plant diversity in tropical forests: a review of mechanisms of species coexistence.
Oecologia 130, 1-14.

ZuLeTA D., Russo S.E., BARoNA A., BARRETO-S11vA ].S., CARDENAS D., CasTtaRO N., Davies S.J.,
DerTo M., Sua S., TURNER B.L. et al., 2018: Importance of topography for tree species habitat dis-
tributions in a terra firme forest in the Colombian Amazon. Plant Soil 10, 1-17.

Received: 2019 06 25
Addresses:

Dr. Florian Horuanst, IIASA International Institute for Applied Systems Analysis,
Schlossplatz 1, 2361 Laxenburg, Austria. E-Mail: hofhansl@iiasa.ac.at

Dr. Eduardo CuacON-MabpRricaL, Escuela de Biologia, Universidad de Costa Rica, San
José, Costa Rica. E-Mail: edchacon@gmail.com

Dr. Albert MoRrERA, Laboratory of Applied Tropical Ecology, National University of Costa

Rica, Costa Rica. E-Mail: amorerabeita@gmail.com

Dr. Fernando SiLra, Area of Ecology, Faculty of Biology, University of Salamanca, Spain.
E-Mail: fsilla@usal.es

Dr. Werner HUBER, Department of Botany and Biodiversity Research, University of Vi-
enna, Rennweg 14, 1030 Vienna, Austria. E-Mail: werner.huber@univie.ac.at

Dr. Anton WEISSENHOFER, Department of Botany and Biodiversity Research, University
of Vienna, Rennweg 14, 1030 Vienna, Austria. E-Mail: anton.weissenhofer@univie.ac.at

Univ.-Prof. Dr. Wolfgang WANEK, Department of Microbiology and Ecosystem Science,
University of Vienna, Althanstrasse 14, 1090 Vienna, Austria.
E-Mail: wolfgangwanek@univie.ac.at



ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Verhandlungen der Zoologisch-Botanischen Gesellschaft in Wien.

Frueher: Verh.des Zoologisch-Botanischen Vereins in Wien. seit 2014 "Acta ZooBot
Austria"

Jahr/Year: 2019
Band/Volume: 156

Autor(en)/Author(s): Hofhansl Florian P., Chacon Eduardo, Morera Albert, Silla
Fernando, Huber Werner, Weissenhofer Anton, Wanek Wolfgang

Artikel/Article: Diversity and composition of tropical forest plant communities in the
Golfo Dulce region 31-46



https://www.zobodat.at/publikation_series.php?id=146
https://www.zobodat.at/publikation_volumes.php?id=62607
https://www.zobodat.at/publikation_articles.php?id=446946

