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Abstract

Background: Tree species with narrow ranges are a conservation concern because heightened extinction risk
accompanies their small populations. Assessing risks for these species is challenging, however, especially in tropical
flora where their sparse populations seldom appear in traditional plots and inventories. Here, we utilize instead large
scale databases that combine tree records from many sources to test whether the narrow-range tree species of
Panama are concentrated at certain elevations or in certain provinces. Past investigations have suggested that the
Choco region of eastern Panama and the high mountains of western Panama may be potential hotspots of
narrow-range tree species.

Methods: All individual records were collected from public databases, and the range size of each tree species found
in Panama was estimated as a polygon enclosing all its locations. Species with ranges< 20, 000 km2 were defined as
narrow endemics. We divided Panama into geographic regions and elevation zones and counted the number of
individual records and the species richness in each, separating narrow-range species from all other species.

Results: The proportion of narrow endemics peaked at elevations above 2000 m, reaching 17.2% of the species
recorded. At elevation< 1500 m across the country, the proportion was 6-11%, except in the dry Pacific region, where
it was 1.5%. Wet forests of the Caribbean coast had 8.4% narrow-range species, slightly higher than other regions. The
total number of narrow endemics, however, peaked at mid-elevation, not high elevation, because total species
richness was highest at mid-elevation.

Conclusions: High elevation forests of west Panama had higher proportions of narrow endemic trees than
low-elevation regions, supporting their hot-spot status, while dry lowland forests had the lowest proportion. This
supports the notion that montane forests of Central America should be a conservation focus. However, given
generally higher diversity at low- to mid-elevation, lowlands are also important habitats for narrow-range tree species,
though conservation efforts here may not protect narrow-range tree species as efficiently.
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Background
Species with narrow ranges are vulnerable to extinction
compared to widespread species due to small population
size and narrow environmental tolerance (Hubbell et al.
2008; Sykes et al.2020). Yet these reputed rare species
can contribute substantially to local and regional diver-
sity (Heegaard et al.2013). Maintaining their populations
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in the face of anthropogenic pressure requires knowing
where they occur (Jenkins et al.2013). If many scarce
species are concentrated in a particular region or habi-
tat, then localized conservation efforts can cover mul-
tiple species (Brown et al.1995) as well as protect a
unique habitat (Griggs1940). But •hot-spots• of narrow
endemic species may not coincide with areas of high over-
all diversity (Prendergast et al.1993), so it is important to
understand the distribution of narrow-range species sepa-
rately from widespread species. In diverse tropical forests,
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ranges are seldom known completely, and aggregating
across many species offers a way not only to identify hot-
spots but also to improve inference in poorly-explored
regions.

Panama is highly diverse due to its strong precipita-
tion and soil gradients (Gentry1982; 1992; Condit et al.
2004; Condit et al. 2011; Condit et al. 2013; Barthlott et
al.2005), and it has many tree species with narrow ranges
(Condit et al. 2020). In particular, the country is divided
into a relatively dry Pacific slope and a wet Caribbean
slope (Condit et al.2002; Condit et al.2004). The moun-
tain chain running the length of the isthmus creates a
division between the two slopes (Condit et al.2011). The
Caribbean slope is wet forest according to the Holdridge
system (Holdridge1967), while the Pacific slope is vari-
able, including dry and moist forest with some pockets
of wet. True Holdridge dry forest occurs only in the
isolated •arco seco• in the provinces Herrera and Los San-
tos, and is home to an unusual flora. Examples of trees
restricted to the dry zone includeProsopis juliflora (the
mesquite, Fabaceae) andGyrocarpus americana (Hernan-
diaceae). The Choco region along the Caribbean of east-
ern Panama into Colombia, and the high mountains of
western Panama into Costa Rica are two other such pro-
posed diversity hotspots in Panama that may encompass
areas rich in these narrow endemics (Stattersfield et al.
1998; Montañez and Angehr2007; Pérez-Escobar et al.
2019; Fagua and Ramsey2019). Our goal is a rigorous
assessment of the number of narrow-range tree species
relative to total diversity, and whether the proposed hot-
spots are indeed concentrations of narrow endemics, as
they are hereafter called.

We have established many tree plots in Panama (Condit
1998; Condit et al.2002; Condit et al.2013), but those tree
species with the smallest ranges seldom appear in plots
(Condit et al. 2020). Our assessment thus requires wider
data collecting, only possible by databases that combine
records from many observers (Maitner et al.2017). Using
two large online sources, we completed full range esti-
mates of all tree species known in Panama, verifying both
the species and their coordinates using expert knowledge
(Condit et al.2020). Here we are concerned with trees hav-
ing the narrowest ranges, ornarrow endemics (Rabinowitz
1981; Magurran 2004; Espeland and Emam2011; Flather
and Sieg2007). We calculate regional endemicity using
two definitions: 1) the proportion of narrow-range species
relative to all species, and 2) the total number of narrow-
range species, and we test the hypothesis that endemicity
thus defined is concentrated in certain regions, including
the proposed hot-spots of the previous paragraph. These
narrow endemics may be found outside of Panama as well,
but their range confines them to the region of southern
Central America.

Methods
Narrow-range species
A checklist of all tree species in Panama≥ 3 m tall
was thoroughly vetted, eliminating invalid names, har-
monizing taxonomic synonyms, and confirming records
within the country by cross-checking several floras, start-
ing with the Missouri Botanic Garden•sFlora Mesoameri-
cana (Condit et al.2020). The full list is available in Condit
et al. (2019). All records with coordinates for those con-
firmed species were then collected from public, online
sources at BIEN (Maitner et al.2017) and the Missouri
Botanical Garden (http://legacy.tropicos.org/Home.aspx).
Duplicate sets of coordinates within any species were
discarded. Further details can be found in Condit et al.
(2020).

The global range size … Panama and elsewhere …
of a species was estimated as the area of the mini-
mum convex polygon enclosing all occurrences, exclud-
ing large bodies of water (Condit et al.2020). We
then employed the IUCN Red List range size criterion
for a status of vulnerable, 20,000 km2 (IUCN Stan-
dards and Petitions Committee2019), to define narrow
endemics. There were 448 species with at least three
sets of coordinates whose range was below this limit,
plus 46 more species with 1-2 records that we assume
met this criterion. Those 494 were defined as narrow
endemics, and the remaining 2549 species as the con-
trol group with wide ranges. By this definition, 16.3% of
all tree species in Panama belonged in the narrow-range
category.

Elevation
We downloaded shuttle radar topography at 90-m reso-
lution from the CGIAR Spatial Data Consortium (http://
srtm.csi.cgiar.org/srtmdata/). These were interpolated
using the R raster package (Hijmans2020) to estimate
the elevation of every tree record in Panama. Our first
question is whether narrow endemics are concentrated
at certain elevations, so we divided Panama into bands
of 250 m vertical range from sea level to 1000 m ASL,
one band 1000-1500 m, one band 1500-2000 m, and
a final band > 2000 m. We increased the elevation
range in bands at higher elevations to augment the
total species count in each band because fewer species
occur at higher elevations. The maximum elevation in
our dataset was 3933 m. Then we counted the number
of narrow-range and widespread species in each band
(Fig. 1). We also estimated the sample size per eleva-
tion band as the number of distinct records (eliminating
duplicate coordinates within species) for both groups of
species (Table1). The elevation bands vary greatly in
area, with the band area generally shrinking as elevation
increases.
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Fig. 1 Panama elevation zones. Elevation bands were defined as 250 m vertical up to 1000 m, then 1000-1500, 1500-2000, and≥ 2000 m, and are
distinguished by color. The highest elevation, in white, corresponds with the red on the province map (Fig.2)

Climatic provinces
To evaluate whether narrow-range tree species occur dis-
proportionately relative to this division between Pacific
and Caribbean slopes, we utilized Panama•s political
provinces, most of which are either on the Caribbean
or the Pacific slope. The province of Veraguas is one
exception, so we split it into two at 8.51◦ N. latitude,
creating North Veraguas on the Caribbean and South
Veraguas on the Pacific. The province of Darien also
crosses the isthmus, but it was not divided because the

Table 1 Area, collection effort, and observed species richness of
Panama across elevation zones. Endemic species are defined as
those with ranges< 20, 000 km2

Area Records Species

Elevation (m) (km2) total endemic total endemic

0-250 46558 76390 2004 2337 240

250-500 13156 17284 1271 1975 212

500-750 5900 11854 674 1806 184

750-1000 3353 12609 1061 1838 218

1000-1500 3367 10597 506 1490 169

1500-2000 1271 4666 415 755 95

2000+ 734 4167 502 469 81

mountain spine does not continue that far east, and the
wet-dry contrast breaks down. Finally, the provinces Her-
rera and Los Santos were combined because they are small
and adjacent, and they are mostly dry forest. We utilize
the old province borders of Panama, prior to demarca-
tion of Native American comarcas, because the origi-
nal borders split the Caribbean and Pacific slopes better
(Fig.2).

In most of Panama, the central mountain ridge divid-
ing Caribbean and Pacific is< 1000 m elevation. In the
far west, however, elevations are higher, including a region
> 1500 m, up to 3400 m, in two western provinces (Fig.1).
We thus created an additional high-elevation •province•
spanning Bocas del Toro and Chiriqui, leaving the low-
lands of Chiriqui on the Pacific slope and Bocas del
Toro on the Caribbean slope. The high-elevation province
combines the two highest elevation bands (Table1). As
with elevation bands, the number of species and num-
ber of records in narrow endemic and widespread groups
were counted in each province (Table2). Again, the
provinces varied greatly in land area. The high-elevation
province was the second-smallest at about one-eighth
the area of the largest province (Darien) and just a few
hundred square kilometers larger than the smallest
province (North Veraguas).


