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Background: Central America is one of the most diverse floristic provinces in the world, but comprehensive plant
lists for the region are incomplete and need frequent updating. Full geographic ranges of individual species are
seldom known. Our detailed forest inventory plots of Panama thus lack a global geographic perspective. In order to
provide one, we assembled a thoroughly vetted checklist of all tree species of Panama, along with an estimate of each

Results: 1) Panama has 3043 tree species in 141 families and 752 genera; 57.6% were > 10 m tall and 16.9% were 3-5

2) The widest ranges were > 1.5 x 107 km?, covering the entire neotropics and reaching > 30° latitude; 12.4% of the
species had ranges exceeding 107 km?. The median range was 6.9 x 10° km?.

3) At the other extreme, 16.2% of the species had a range < 20,000 km?, a criterion suggesting endangered status.

4) Range size increased with a tree species’ height and varied significantly among families.

5) Tree census plots, where we mapped and measured all individuals, captured 27.5% of the tree species, but a biased
selection relative to range size; only 4.5% of the species in plots had ranges < 20,000 km?.

Conclusions: Our checklist of the trees of Panama, based on rigorous criteria aimed at matching plot censuses, is
20% larger than previous. By recording species’ maximum heights, we allow comparisons with other regions based on
matching definitions, and the range sizes provide a quantitative basis for assessing extinction risk. Our next goal is to
merge population density from plot censuses to add rigor to predictions of extinction risk of poorly-studied tropical

Introduction

Before human intervention, the nation of Panama was
nearly all forest, and forest ecosystems in the moist trop-
ics are diverse. The southern end of Central America,
morever, falls within a region where plant species rich-
ness reaches a global maximum (Barthlott et al. 1996).
Because conserving forest ecosystems requires an under-
standing of their component species, we set out to catalog
the tree species of Panama and document their geographic
ranges. Even to assemble a list of known species, how-
ever, is challenging because botanical knowledge across
the Neotropics lags well behind North America, Europe,
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and China. Where detailed work is done, new species
are frequently described and large range extensions are
commonplace. Less appreciated is how much taxonomic
revision continues, redefining existing species and genera
and reidentifying specimens. Our knowledge is expand-
ing greatly, though, thanks to large and readily available
taxonomic and specimen databases, and we produce here
the most rigorously assembled catalog to date of the tree
species of Panama along with the exact range size of each.

We have been studying trees of Panama for 35 years
at intensively surveyed research sites using fully censused
plots (Hubbell and Foster 1986a; Condit 1998a; Condit et
al. 2004; Condit et al. 2005; Condit et al. 2011; Condit et al.
2017). Our interest encompasses the entire assemblage of
species, from those few that dominate the forest canopy to
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the hundreds appearing at very low density (Hubbell and
Foster 1986b; Condit et al. 1996). The tree census plots,
however, beg the question of further levels of rarity. Are
there species altogether absent from the plots and, if so,
where are they?

Our goal here is to document the full tree flora of
Panama and compare it to the tree species found in our
66 fully censused plots (Condit et al. 2019b; Condit et
al. 2019c). We advance previous checklists of Panama
trees (D’Arcy 1987; Correa et al. 2004) first by using rig-
orous criteria for defining a tree: woody, free-standing,
terrestrial species reaching 3-m tall. These criteria closely
match the rules for inclusion in plots (Condit 1998b)
and are consistently reported in taxonomic monographs.
We explicitly omit any criteria relating to single- ver-
sus multiple-stems, often used to separate trees from
shrubs, because stem number is seldom and inconsistently
reported. We further advance the earlier checklists with
many taxonomic updates of the past 20 years.

Once the species list was vetted, we assembled every
Neotropical record from large published databases of
herbaria, checKklists, and plots, producing a range size esti-
mate for every species. This is a substantial step forward
for any diverse tropical region. Range sizes for complete
tree flora are known for depauperate temperate areas
(McGlone et al. 2010; Morin and Lechowicz 2011; 2013),
but in the Neotropics, existing quantitative analyses are
limited to the subsets of species encountered in local stud-
ies (Williams et al. 2010; Bemmels et al. 2018; Chac6n-
Madrigal et al. 2018). With the entire set of ranges, we
address several basic biogeographic questions. What frac-
tion of tropical trees are highly endemic, having ranges
< 20,000 km?? At the other extreme, how widely do the
broadest ranges extend? Do range sizes vary taxonomi-
cally, i.e. do some families have more narrow endemics
than others, and do ranges vary with the height of a tree
species? We also report how many tree species in Panama
have never been censused in plots.

Methods

A tree checklist

We started with the checklist for the entire Panama flora
published by D’Arcy (1987) and updated by Correa et
al. (2004). They both provide a code indicating trees
and shrubs. To update the list, we consulted first the
Flora Mesoamericana, a set of volumes published by Mis-
souri Botanic Garden over the past 25 years that reviews
all plant species, grouped by family, throughout Cen-
tral America. Unfortunately, only 49 of 141 families of
Panama trees are completed to date. For the missing fam-
ilies, we consulted first the Manual de Plantas de Costa
Rica, which is more complete but omits Panama species
whose ranges do not include Costa Rica. Between those
two major sources, 23 families of Panama trees are not
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covered (All chapters we consulted from those two mul-
tivolume works are cited in Appendix 1). Next, there is
a Flora of Panama, published over four decades in sepa-
rate articles, but all before 1980; we only consulted it for
those 23 missing families. Beyond those large sources, we
consulted many monographs and other taxonomic treat-
ments of families, genera, or single species (The Flora of
Panama and all other monographs we consulted are cited
in Appendix 2). To establish what species are present in
Panama, we relied on the description of geographic range
given in monographs. In species for which no monograph
asserted a range, we had the previous checklists (D’Arcy
1987; Correa et al. 2004) and then consulted specimen
records from the large data sources described below.

We also checked the Panama tree list published by
Beech et al. (2017) as the Global Tree Search (Botanic
Gardens Conservation International 2019). When we
accessed the list (2 Oct 2019), it included 2757 tree taxa
in Panama. We rejected 374 as not valid in Panama but
added 26 to our list that we had missed. It was missing
over 700 species we recognize.

Definition of a tree

Our goal was to employ a rigorous definition of a tree that
could allow precise comparison among regions. Published
definitions, however, are inconsistent, using height cut-
offs from 2-10 m, and vague, indicating that trees usually
but not always have a single main trunk (see for exam-
ple Little and Jones 1980; Allaby 1992; Western Australian
Herbarium 1998; Pell and Angell 2016; Beech et al. 2017;
Missouri Botanical Garden 2020). All definitions omit
forms that are largely tropical, such are stilts, stranglers,
or clonal palms. Gschwantner et al. (2009) also sought
consistency for the purpose of national forest inventories
and reviewed a range of definitions but ended up omitting
any height and retaining the vague 'typically’ for a single
trunk.

We have the additional goal of establishing a checklist of
trees that matches species that would be included in our
forest inventory plots in Panama, in which free-standing
woody stems with diameter at breast height > 1 cm are
censused (Condit 1998b). To match this and to achieve
rigor, we elected to omit the routine but always vague cri-
terion of single versus multiple trunks. Instead, we set a
strict height criterion of 3 m, a size which nearly always
excludes herbs and corresponds approximately to the 1-
cm dbh cutoff, but ignored multiple stems. We recognize
that by ignoring stem number, species often considered
shrubs are included in our checklist, but there is no alter-
native that allows consistency and precision, because too
many species have multiple stems on some occasions.
We also omitted epiphytes and lianas, neither of which
are included in tree inventories. Most monographs pro-
vide for every species a maximum height, the presence of
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wood, and whether epiphytic or lianoid. When available,
we accepted the assertions on growth form and maxi-
mum height as stated in Flora Mesoamericana, Manual de
Costa Rica, or Flora of Panama. If the expert reported that
a species is sometimes epiphytic (or scandent) and other
times free-standing, we accepted it as a tree. Likewise, we
included species described as herbs sometimes and woody
others if tall enough.

This left 19% of the species not appearing in mono-
graphs. We already had the assertion as tree or shrub from
the Panama checklists for many species, and we accepted
those. In new species, not reported in Correa et al. (2004),
we consulted individual specimen labels at the Missouri
Botanical Garden website (www.tropicos.org/Home.aspx)
to determine whether they qualify as trees. As soon as we
found one record of a tree or shrub taller than 3 m, we
accepted it. In those species, we do not report a maximum
height, and they are omitted from analyses based on tree
size.

Data sources for individual occurrences
Herbarium records as well as other observations (plots,
inventories) provide coordinates of individual trees. We
used two different large online data sources to gather
such records. The first was the 2018 BIEN database (ver-
sion 4.1, October 2018; Maitner et al. 2017), the second
the Tropicos database from the Missouri Botanic Garden.
The BIEN database includes Tropicos plus GBIF (Global
Biodiversity Information Facility) and many other sources
and thus has many more records, but the direct Tropicos
download (http://services.tropicos.org) has more recent
records and cleaner taxonomy. BIEN is plagued with
errors in taxonomy and range, especially from GBIF and
checKlists, though of course Tropicos has errors as well.

The BIEN database has the advantage of allowing
extraction of all records by country or province. We thus
extracted all records in the 46 American countries appear-
ing in BIEN. We excluded, however, all but the eight
southernmost U.S. states for practical reasons, since the
northern states include an enormous number of records
but only 10 species that reach Panama (Canada was
included, since there are few records; Puerto Rico appears
as a country). From this extraction (18,065,850 records),
we only made use of records for tree species in our check-
list, then discarded records placed at centroids of coun-
tries and duplicated coordinates, leaving 1,008,245 unique
species-coordinate records. Limiting the BIEN analysis to
our checklist was necessary because the BIEN extraction
includes non-trees and because of the many erroneous
records in BIEN for Panama: mistakes in taxonomy, iden-
tification, location, plus non-native species.

Because BIEN provides a thorough list of plant records
in Panama, it provided a tool for adding new species rela-
tive to Correa et al. (2004). We checked all BIEN species in
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genera that are mostly trees and added them to the check-
list if we found valid occurrences in Panama. This led us
to add 485 tree species, mostly in families not covered by
Flora Mesoamericana. In the end, we either incorporated
BIEN tree species into our checklist or decided they do
not belong in Panama. There were 810 of the latter: tree
species appearing in BIEN-Panama but for which there are
no valid records in the country (listed in the supplemen-
tary data, Condit et al. 2019a). There must be additional
erroneous BIEN records outside Panama, but unfortu-
nately, it was impractical to screen those as thoroughly as
records in Panama.

Data must be extracted from Tropicos via species
names, not via country. We captured data for every name
in our checklist, including every synonym we have. From
those, we discarded all records outside the Americas,
records placed at centroids of countries, and duplicated
coordinates, leaving 335,350 unique species-coordinate
records. Tropicos is updated often; our data come from a
download on 5 Feb 2020.

A feature provided by BIEN but not Tropicos is a col-
umn indicating whether a species is native in the given
country for every individual record. Unfortunately, this
designation is wrong for many species in central Panama,
flagging some well-known native species as exotic. After
extensive screening, we concluded that it is often wrong
in Central America, Colombia, and Venezuela, while it
is helpful in Canada, the USA, Mexico, Ecuador, Peru,
Bolivia, Brazil, Chile, and Argentina. Thus, we excluded
BIEN records from range calculations when designated as
non-native in the latter nine countries but not elsewhere.

Geographicranges
For every species, we extracted unique latitude-longitude
pairs then converted them to kilometers, assuming that a
degree latitude = 110.9463 km and a degree longitude at
the equator = 111.3195 km. Longitude was then corrected
with the cosine of latitude, so that, for example, at 30° lat-
itude, a degree longitude = 96.4055 km. We constructed
the minimum convex polygon at which each species was
observed, subtracting large bodies of water, and calcu-
lated its area. This is known as the EOQ, or extent-of-
occurrence, and is often reported for tree species (Gaston
and Fuller 2009; Morin and Lechowicz 2013). The EOO
requires few assumptions and is easy to calculate in poorly
known species with few records. We are thus present-
ing the realized range of each species, as opposed to the
potential range. We calculated the range extent separately
from the two data sources, BIEN and Tropicos, and a
third time after merging them. The two databases are not
independent, but this offers some measure of uncertainty
about range estimates.

Of the 3043 tree species we found native in Panama,
48 had no records in BIEN and eight had no records
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in Tropicos. Conveniently, those missing sets were non-
overlapping, meaning that by combining the two sources
we had at least one record with coordinates for every
species.

Narrow geographic ranges

We were particularly interested in rare species, so sought
to be as precise as possible about those with range extents
< 20 x 10% km?2. As a check for consistency, we exam-
ined 50 species whose range was < 20 x 10° km?
according to one source (BIEN or Tropicos) but > 50 x
103 km? according to the other, and we examined all
their records using the Tropicos web site (http://www.
tropicos.org/Home.aspx). In most, errors were easy to
spot, and in 80% of the cases, the wider range was
correct. We thus decided to focus on narrow-range
species using the merged specimen records, BIEN plus
Tropicos.

From the merged data, there were 47 species with
< 3 locations. For those with two records, the pair
was within 10 km with one exception (a likely error
in Ardisia pulverulenta). Since no polygon could be
drawn, we arbitrarily assigned all 47 of those species
a range = 10 km?. Because of the political impor-
tance of managing rare species, we further considered
species endemic to Panama, i.e unknown outside the
country.

Plots and inventories

Our own tree data were collected in two ways. Most come
from plots, our main research effort in central Panama.
Plots are precisely surveyed rectangles inside which every
individual woody stem at least 1 cm in diameter was iden-
tified, measured, and mapped (Condit 1998b). The earliest
plot was a 50-ha rectangle on Barro Colorado Island
(Hubbell and Foster 1983; Condit et al. 2017); full data
available at Condit et al. (2019c¢). Since then we have added
65 more plots, most 1 ha in area (Condit et al. 2002; Turner
et al. 2018); full data available at Condit et al. (2019b).
Our second method for surveying trees was an inventory,
in which all species present in a small area were noted,
but no individuals were counted or measured (Condit et
al. 2013; Turner et al. 2018). All plots and inventories
together comprise a list of tree species with the exact loca-
tions observed (at a precision of 2 m in plots, 500 m in
inventories).

Plot occurrence and range

We thoroughly matched all taxonomy in the checklist and
the plots, so it was straightforward to count plot and
inventory occurrences for all species in the Panama check-
list. We tested whether species found within plots differed
in range size from non-plot species using a t-test after
log-transformation.
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Tree height, taxonomy, and range

Based on the maximum height recorded from mono-
graphs, we tested whether taller species had wider ranges,
simultaneously estimating family differences in range
size. We used untransformed height as the predictor of
log(range size) in a multi-level regression in which family
was a random effect; parameters were estimated using the
Metropolis algorithm in a Bayesian hierarchical frame-
work (Condit et al. 2007; Condit et al. 2017), running the
algorithm for 10,000 steps and discarding the first 2,000.
Convergence was checked visually. Statistical inference
was based on credible intervals for each family for the esti-
mated median range size at 10 m or 30 m tall, using 95t
percentiles of 8,000 parameter values from the Markov
chain. The regression was repeated with alternative range
estimates (BIEN, Tropicos), but results barely differed and
we report only that from merged range sizes.

Data available

A supplementary data archive shows additional results
and complete data tables for download (Condit et al
2019a). These include the full species list with range sizes,
all synonyms we located for each name, plus the entire
table of coordinates from both BIEN and Tropicos.

Results

The flora

We identified 3043 tree species in Panama and recorded
a maximum height for 2461 of those: 1418 (57.6%) were
> 10 m in height and 417 (16.9%) were < 5 m tall (Table 1).
Extrapolating those percentages to the entire 3043 species
leads to 1753 tree species > 10 tall, 774 species 5-10 m tall,
and 516 species 3-5 m tall. About 84 of the 3043 species
barely qualify as trees, meaning they were described
occasionally as a tree but often as non-tree forms (23
lianas, 42 herbs, 19 epiphytes). A downloadable electronic
supplement includes all the species, their families, tax-
onomic authorities, heights, and recent Latin synonyms
(Condit et al. 2019a).

The 3043 species represent 141 families and 752 gen-
era. The biggest family was Rubiaceae with 348 species, or
11.4% of the tree flora, followed by Fabaceae then Melas-
tomataceae (Table 2). The biggest genera were Miconia
then Palicourea (Table 3).

Range sizes

A few species (2%) had ranges> 1.5 x 107 km?
but none reached 2 x 107 km? (Table 4). Those
are ranges from the Americas, however, and a few
species extend into the Old World so their full ranges
would be higher (Sambucus nigra and Dodonaea vis-
cosa occur widely in the Old World, and Ceiba pen-
tandra in Africa). Another 10% of the species had
ranges 1 x 107 — 1.5 x 107 km? (Fig. 1). Some of the
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Table 1 Panama tree species by maximum height
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Table 3 Twenty most speciose genera among trees of Panama

Height (m) Number of species Percent of species  Genus (Family) Number of species  Percent of species
2-3 11 04 Miconia (Melastomataceae) 107 35
3-4 231 94 Palicourea (Rubiaceae) 92 30
4-5 175 7.1 Ardisia (Primulaceae) 65 2.1
5-6 192 78 Piper (Piperaceae) 63 2.1
6-7 162 6.6 Inga (Fabaceae) 54 18
7-8 93 38 Ocotea (Lauraceae) 46 15
8-9 153 6.2 Solanum (Solanaceae) 45 15
9-10 26 1.1 Conostegia (Melastomataceae) 42 14
10-15 357 14.5 Psychotria (Rubiaceae) 40 13
15-20 277 11.3 Eugenia (Myrtaceae) 38 1.2
20-30 383 15.6 Ficus (Moraceae) 37 1.2
30-40 257 104 Clusia (Clusiaceae) 31 1.0
40-50 103 4.2 Guatteria (Annonaceae) 26 0.9
50-60 41 1.7 Faramea (Rubiaceae) 25 0.8
Not recorded 582 Pouteria (Sapotaceae) 25 0.8

Each category hy — hy includes heights > hy and < hy, except the 50-60 category
includes the 9 species noted as exactly 60 m tall. The last category is the species for
which no monograph provided a maximum height, and the percent of species is
based only on the 2461 with height recorded. The 11 species with height < 3 m are
included because they appear in our tree census plots

widest ranges reached both 30° S and 30° N latitude,
and species with ranges well south also tended to occur far
to the north (Figs. 2, 3). Several of the widest ranges belong
to weedy and human adapted species (Psidium guajava,
Lantana camara, Manihot esculenta), but those in Fig. 1
are tree species found in undisturbed forest.

The histogram of range-size across all 3043 species
resembled log-normal to the left of a broad mode at

Table 2 Twenty most speciose families among trees of Panama

Family Number of species Percent of species
Rubiaceae 348 114
Fabaceae 258 85
Melastomataceae 229 75
Lauraceae 116 3.8
Primulaceae 101 33
Annonaceae 99 33
Solanaceae 95 3.1
Myrtaceae 94 3.1
Malvaceae 90 30
Arecaceae 89 29
Euphorbiaceae 75 2.5
Moraceae 72 24
Asteraceae 67 2.2
Piperaceae 63 2.1
Clusiaceae 55 1.8

The appearance of Palicourea second instead of Psychotria reflects major taxonomic
revisions moving species between the two genera (Taylor 2015; Borhidi 2017). The
fourth ranking genus, Piper, is in the process of major revision and the species
number will probably increase with the completion of the Piperaceae volume for
Flora Mesoamericana

10° km?, with a long tail of small ranges (Fig. 4). To
the right of the mode, however, ranges were concen-
trated at an abrupt ceiling just above 107 km?. The 55%
with ranges < 10° km? were for the most part confined
to Central America or northwest Colombia (Fig. 5). A
total of 876 (28.8%) of the tree species had ranges lim-
ited to Nicaragua, Costa Rica, Panama, and northwestern
Colombia (> 4.5° N, < 75° W).

The narrowest ranges included 492 tree species extend-
ing over < 20 x 10° km?, or 16.2% of the tree flora
(pooling BIEN and Tropicos, Table 4). This included
some seldom observed species, including 15 having
only one record and 32 with two records. But there

Table 4 Range sizes of Panama tree species comparing three
data compilations

Range (103km?)  BIEN  (pct)

Tropicos  (pct) Merged  (pct)

0-20 534 (175) 688 (226) 492 (16.2)
20-50 229 (75) 243 (80 215 (7.1)
50-100 190  (62) 184 (600 189 (6.2)
100-1000 823  (270) 762 (2500 791 (26.0)
1000-10000 920 (302) 981 (322) 979 (32.2)
10000-15000 294 (97) 172 (57) 313 (10.3)
15000-20000 53 (1.7) 13 (04) 64 (2.1)

Each row gives the count (and percent) of species whose geographic range falls
within the given category, based only on BIEN records, Tropicos records, or the two
sets merged
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- Miconia prasina
R=16180 N=23383

Tropicos
® BIEN

Margaritaria nobilis
R=15211 N=2918

extent (103 km?) from all those points

Roupala montana
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Astronium graveolens
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Fig. 1 Distribution maps of four species extending over most of the neotropics. Blue points come from the BIEN database and green from Tropicos
(see details in Methods). Many green points are obscured by blue points, but the intent is only to show those places where the Tropicos data extend
a range substantially; in these four cases, there is no such extension. N = the total number of unique coordinates, Tropicos and BIEN; R = range

were 288 species with at least 10 records and a range
< 20 x 10° km? (Table 5). Those 492 narrow-range
species included 274 endemic to Panama, 170 shared
only with Costa Rica, and 34 shared only with Colombia;
a few reached Nicaragua. There were 10 species endemic
to Panama with ranges exceeding 20 x 10° km?, bring-
ing to 284 the total endemic to Panama (Table 5).
Figure 6 shows sample distribution maps of narrow-range
species.

Results from BIEN data without Tropicos differ little
from the full merged data, but using Tropicos data alone
led to narrower ranges, as indicated by considerably more
species with ranges < 20 x 103 km? and fewer species with
ranges > 107 km? (Table 4). Regardless of which set of

data were used, the number of species in the center of the
histogram, 20 x 103 km? to 107 km?, was similar (Table 4).

Plot occurrence

We identified 836 of Panama’s tree species in the 66 plots,
or 27.5% of the tree flora. An additional 215 species were
observed in inventories, so 1051 species (34.5%) appeared
in our surveys. Those found in plots were a biased sample
of range sizes, lacking the narrow end of the distribution
(Fig. 4). Of the 836 species found in plots, just (4.5%) had
ranges < 20 x 10% km?, compared to 20.6% of the 2206
species never encountered in a plot. At the other extreme,
22.1% of those plot species had wide ranges, > 107 km?,
compared to 8.7% of the non-plot species, and the median
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contrast, only 1% of the rightmost 600 species (ranges not north of Panama) extend to the southern Tropic
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Fig. 3 Latitudinal range limits of Panama’s 3043 tree species. Blue points are northern limits and green southern limits. The species are sorted by the
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Fig. 4 Histogram of range sizes for all 3043 tree species in Panama (top) and for those 836 species identified in one of the plots (bottom), based on
merged BIEN and Tropicos records. The far left bar (top panel) are those with too few records to calculate a polygon, for which the range was set to
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difference is highly significant (mean and confidence limits of the logarithm of range sizes were 6.15 & 0.067 for plot species, 5.32 £ 0.063 for
non-plot, based on t-statistics)

range size of plot species was six times higher than that
of non-plot species (Fig. 4). Those results were based on
the merged records, but differed little whether BIEN or
Tropicos were used.

Taxonomy, tree height, and range

Range size was positively correlated with tree height
(Fig. 7). This has a substantial effect on the proportion
of narrow-range species: among species with maximum
height < 5 m, 23.7% had ranges < 20 x 103 km?, while of
those > 10 m tall, only 9.0% had small ranges. Most fam-
ilies showed the same pattern, but there were significant
differences among families. For example, at the smallest

heights, Annonaceae, Primulaceae, and Myrtaceae had
median range extents of 10%km?2, while Fabaceae and
Moraceae had medians of 10° km? (Fig. 7), and the fitted
median range at 10 m tall varied significantly among fam-
ilies (Fig. 7). Supplemental results show fitted ranges at
heights of 10 and 30 meters for all families and show the
significant differences.

Discussion

With over 3000 tree species, Panama has much higher
diversity than temperate tree flora. For example, Morin
and Lechowicz (2013) found 598 species in North Amer-
ica, and McGlone et al. (2010) reported 582 trees species
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Bactris glandulosa
R=179 N=117

* Tropicos
e BIEN

Psychotria limonensis
R=1613 N =457

Hernandia stenura
R =577 N=140

Ruprechtia costata
R =608 N=107

Fig. 5 Distribution maps of four species largely restricted to Central America. Blue points come from the BIEN database and green from Tropicos.
Many green points are obscured by blue points, but the intent is only to show those places where the Tropicos data extend a range substantially,
such as the northernmost record in Bactris glandulosa. N = the total number of unique coordinates, Tropicos and BIEN; R = range extent (1 03 km?)

from all those points

Table 5 Tally of rare species by the number of individual records
(N) from which they are known

Range N=1 N=2 Neg€[3,4 Ng€[59 N=>10
Narrow not endemic 0 4 12 34 168
Narrow and endemic 15 27 41 71 120
Endemic not narrow 0 0 0 0 10

Not endemic nor narrow 0 1 0 16 2524
Total narrow 15 31 53 105 288
Total endemic 15 27 41 71 130

The table entries are species counts, where narrow indicates species with range
extent < 20 x 10% km? and endemic are those species with records only in Panama.
Each column is a count of species in a category of N, for example those with just
one record (N = 1) or with 5-9 records (N €[5, 9]). The top four rows comprise
exhaustive and mutually exclusive categories; they add up to the total number of
species, 3043. The bottom two rows give all narrow and endemic species, which are
overlapping categories

in North America > 6 m tall, as well as 215 species in New
Zealand and 186 in Europe. Our tally of 3000 includes
shrubby species, but by recording maximum heights, a
precise comparison is possible: Panama has 2290 tree
species > 6 m tall (1851 with known height, the remaining
extrapolated from those with unknown height). Panama’s
diversity, however, is not exceptional for the wet tropics.
The Malay Peninsula has 3100 tree species in an area sim-
ilar to Panama’s (Kochummen et al. 1992), and Amazonia
has about 15,000 tree species (ter Steege et al. 2015). The
known flora of Panama, excluding ferns, is over 10,000
species (Correa et al. 2004), so trees make up more than
a quarter. Contrast this with North America, where there
are fewer than 1000 tree species out of a flora of 15,000
(Ulloa et al. 2017).
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Protium pecuniosum
R=5 N=61

Tropicos
e BIEN

Frangula oreodendron
R=18 N=188

Coccoloba manzinellensis
R=16 N=150

Tachigali panamensis
R=19 N=124

Fig. 6 Distribution maps of four species with ranges < 20 x 103 km?. Blue points come from the BIEN database and green from Tropicos. Many
green points are obscured by blue points, but the intent is only to show those places where the Tropicos data extend a range substantially, such as
the northernmost record in Protium pecuniosum. N = the total number of unique coordinates, Tropicos and BIEN; R = range extent (1 03 km?) from all

those points

No tropical region has fully documented tree ranges,
but we can compare range sizes in Panama with North
American trees, for which estimates from detailed range
maps are often calculated (Little Jr. 1971). Morin and
Lechowicz (2011) present ranges in a histogram compa-
rable to Fig. 4. The breadth of the distribution is simi-
lar, but the Panama histogram is so truncated near the
maximum that it loses the log-normal form character-
istic of range sizes (Morin and Lechowicz 2011; Ren et
al. 2013). Panama thus has excess wide ranges, those
reaching across the Neotropics to both 30°N and 30°S
or beyond. Olmstead (2012) found that range limits of
tropical lineages often reached both north and south to
35°latitude, and they linked this to the coldest monthly
mean temperature of 10°C. Those latitudes reach from
the southern USA to southern Brazil, covering nearly

2 x 107 km? and delimiting the widest ranges of Panama’s
trees.

At the other extreme, Panama has many narrow range
tree species, but the histogram in Morin and Lechowicz
(2011) also extends close to a minimum of 10 km?. Read-
ing from their histogram, there are 65 species (11% of the
flora) with ranges less than 20,000 km? in North Amer-
ica. Among all Panama trees at least 3 m tall, we report
16% with comparable ranges, but if we consider only those
1851 known to be taller than 6 m, we find 195 species
(10% of the flora). It thus appears that the frequency of
narrow range trees in Panama does not differ from North
America when height criteria match. This counters gen-
eral wisdom about the high frequency of species with very
small ranges in the tropics. Barthlott et al. (2005) and
Linares-Palomino et al. (2011), for example, both tally >
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1.2 x 106 km?. The horizontal dashed line is at 20 x 103 km?
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Maximum species height (m)

Fig. 7 Range extent vs. maximum height for 2461 tree species in Panama for which a maximum height was recorded. Faint gray points show
individual species’ ranges based on BIEN or Tropicos data. Large black triangles are the median range extent in 5-m height categories, using merged
data (BIEN plus Tropicos). The solid black line is the overall regression (fixed effect) of log-transformed range extent (from merged data) against
height; the slope is significantly > 0. Dashed lines are regressions for the 35 individual families (random effects) with at least 15 species. Two families
illustrating taxonomic variation are highlighted with colored regression lines and points for species: Annonaceae with small ranges and a steep
increase with height (blue) versus Fabaceae with large ranges and no increase with height variation (red). Among those 35 families, using fitted
ranges at 10 m tall (ie where the family regression crosses height = 10), there were 12 significantly different from the median of 3.7 x 10° km?.
Among taller trees (the fitted range at 30 m tall), families converged in range size; only six were significantly different from the median of

40% of vascular plants as endemic to biogeographic zones
of Central America similar in size to Panama. But these
refer to all plants, not just trees. With rigorous compar-
isons using similar plant groups, it may simply not hold
that the neotropics are home to an unusual concentration
of narrow endemics.

Another consideration in broad comparisons is taxo-
nomic. There are remarkable differences among families.
One pair offers a striking example: among the Primulaceae
(formerly the Myrsinaceae in the tropics), there are 101
tree species in Panama and 40 have ranges < 20,000 km?,
but of 66 Moraceae, there is not a single range size so
narrow. We have to wonder how much of the variation
between families is due to the specialists, which nearly
always differ between taxonomic groups, and their incli-
nation toward lumping versus splitting off new species.

In addition, we need to be careful about comparisons
based on ranges of species represented in tree plots (Bem-
mels et al. 2018; Chacén-Madrigal et al. 2018). Our net-
work of 66 tree plots crossing a climatic gradient in central
Panama captured 27% of the tree flora of Panama, but only
7.5% of the narrow endemics. Plots thus provide a highly
biased picture of range size. In retrospect, this should not
be surprising, since the narrowest ranges are easily missed
by plots whereas wide ranges will not be.

An important caveat to bear in mind is that Panama
remains poorly known taxonomically and ecologically,
and any range size estimate should be considered uncer-
tain. Gentry (1992) described many cases where species
once thought to be highly restricted were later discov-
ered thousands of kilometers away, and we observed this
often. As one example, Tapirira rubrinervis is on the red
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list for Ecuador’s trees based on its tiny range there (Ledn
Yénez et al. 2011), but now it is known from western
Panama to Peru. On top of these extensions, we are work-
ing with many newly described species, typically known
from one location (e.g. Maas et al. (2019); Santamaria-
Aguilar et al. (2019) were published as we prepared this).
Plus there are simple errors in identification, sometimes
revealed by experts reversing each other (Morales and
Zamora 2017; Garwood et al. 2018). We attempted to
display some degree of uncertainty by presenting range
calculations made with BIEN data versus Tropicos data,
both widely used datasets that form the basis of many geo-
graphic studies. These give, for example, quite different
counts of narrow-range species, but on the other hand,
broad patterns of range sizes across the tree flora are simi-
lar, and both sources show at least 16% of tree species with
ranges below 20,000 km?.

Conclusions

The nation of Panama, with 78,000 km? of mostly forested
land, has over 3000 tree species. This is based on a rigor-
ous definition: all free-standing, terrestrial, woody plants
at least 3 m tall. By tallying the maximum height known
for those species, we conclude that 1753 are large trees,
at least 10 m tall. Using readily available online sources of
herbarium records, we calculated a geographic range for
every one of those trees. The widest-ranging occur across
the neotropics, over 1.5 x 107 km?, while 15 species are
known at only one location.

In tropical flora, the species range size is nearly always
the basis of conservation assessment because no other
information is available. The International Union for the
Conservation of Nature red list of trees (Newton and Old-
field 2008) includes 6000 species, or 10% of the world’s
flora (Beech et al. 2017). We identified 492 tree species
that occur over < 20,000 km?, a range often signaling a
status of endangered according to IUCN standards. An
important step forward for these tree species, all poorly
known, will be to estimate population sizes and make
demographic assessments of extinction risk. Our tree
plots in Panama offer details on local populations for 38
of those potential red-listed trees, and our next step is to
assess the population size of those species.

Supplementary information
Supplementary information accompanies this paper at
https://doi.org/10.1186/540663-020-00246-z.

Additional file 1: Supplemental Figures
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Supplemental Figures

Figure S1. Fitted range extent at 10 m tall from the regression of range versus maximum
height across 2461 tree species of Panama (all those with a height recorded). The model was
hierarchical, with family as a random effect, so there is a regression for all 141 families; those
were used to calculate an estimated range as well as 95% credible intervals at 10 m tall. Each
family appears, with a black circle at the fitted height and a vertical gray line showing credible
intervals; they are sorted from the smallest to largest fitted ranges. The 35 families having at
least 15 species are highlighted with red circles and lines, and those families are labeled (some
above, others below, in order to spread out the names). The horizontal orange line is at the
median fitted height for all families.

Figure S2. Fitted range size at 30 m tall from the regression of range versus maximum height
across 2461 tree species of Panama. See the legend for Supplemental Figure S1.
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Appendix 1. Family monographs we consulted in the Flora Mesoamericana and the Manual de Plantas de Costa Rica. All 141 tree families from
Panama appear, including 26 for which neither volume has been completed. All 49 published chapters from Flora Mesoamericana among those
141 families are included. For the Costa Rica Manual, only chapters we consulted are here, including those for which Flora Mesoamericana was
not finished, plus a few more. Some of the chapters use different family names than ours. The Costa Rica Manual is completed for all families
alphabetically after Clusiaceae, though the Arecaceae was covered in the volume on monocots; the Achariaceae, Calophyllaceae, and
Cardiopteridaceae were covered because they were known under alternate names.

Family Flora Mesoamericana Manual Costa Rica
Acanthaceae . .
Achariaceae . Gonzilez (2010c)
Actinidiaceae
Adoxaceae .
Alzateaceae Graham (2009b)
Amaranthaceae
Anacardiaceae
Annonaceae .
Apiaceae Constance & Affolter (2009)
Apocynaceae Morales (2009)
Aquifoliaceae .
Araliaceae Cannon & Cannon (2009) .

Arecaceae . Grayum (2003)
Asparagaceae Lott & Garcia-Mendoza (1994)

Asteraceae Pruski & Robinson (2018)

Betulaceae
Bignoniaceae
Bixaceae
Brunelliaceae
Burseraceae
Buxaceae
Cactaceae




Appendix 1 (cont). Monographs for Panama tree families.

Family

Flora Mesoamericana

Manual Costa Rica

Calophyllaceae
Campanulaceae
Cannabaceae
Capparaceae
Cardiopteridaceae
Caricaceae
Caryocaraceae
Celastraceae
Chloranthaceae
Chrysobalanaceae
Clethraceae
Clusiaceae
Combretaceae
Connaraceae
Cordiaceae
Cornaceae
Cunoniaceae
Cyatheaceae
Cyrillaceae
Dichapetalaceae
Dilleniaceae
Dipentodontaceae
Ebenaceae
Ehretiaceae
Elaeocarpaceae
Ericaceae
Erythroxylaceae
Escalloniaceae
Euphorbiaceae

Nee (2015b)
Cornejo & Iltis (2015)

Carvalho (2015)

Lombardi & Barrie (2015)

Vickery (2009)
Stace (2009)

Miller (2012a)
Hampshire (2009b)

Moran (1995)

Whitefoord & Knapp (2012)
Miller (2012b)

Luteyn & Wilbur (2009)

Hammel (2010)

Hammel (2007b)

Hammel (2010)

Morales (2010a)
Morales (2010b)

Prance et al. (2010)
Gonzilez (2010a)

Smith (2010)

Plowman & Barrie (2010)

Morales (2010d)
Gonzalez (2010b)




Appendix 1 (cont). Monographs for Panama tree families.

Family Flora Mesoamericana Manual Costa Rica
Fabaceae Zamora (2010)
Fagaceae . Morales (2010c¢)
Garryaceae Hampshire (2009c) Gonzalez (2010d)
Gentianaceae Wilbur (2009) Sanchez (2010)
Gesneriaceae Kriebel (2010)
Goupiaceae .

Heliotropiaceae Miller (2012¢) .

Hernandiaceae Gonzalez (2007a)
Humiriaceae . Zamora (2007)
Hydrophyllaceae | Ricketson (2012) .

Hypericaceae Hammel (2007a)
Icacinaceae Hammel (2007b)
Juglandaceae Morales (2007a)
Lacistemataceae . Gonzalez (2007b)
Lamiaceae Pool et al. (2012) .

Lauraceae . Gonzales & Poveda (2007)
Lecythidaceae Mori & Prance (2009)

Lepidobotryaceae | Morales (2015a)

Loganiaceae Huft (2009) .

Loranthaceae . Morales (2007b)
Lythraceae Graham (2009a) .

Magnoliaceae Gonzilez (2007¢)
Malpighiaceae Anderson (2007)
Malvaceae . Rodriguez (2015b); Fryxell (2007); Rodriguez (2015a)
Melastomataceae | Almeda (2009) .

Meliaceae Jiménez (2007a)
Menispermaceae Jiménez (2007b)
Metteniusaceae Hammel (2007b)
Monimiaceae Goémez-Laurito (2007)




Appendix 1 (cont). Monographs for Panama tree families.

Family Flora Mesoamericana Manual Costa Rica
Moraceae Berg (2015) .

Muntingiaceae Rodriguez (2007)
Myricaceae Morales (2007¢)
Mpyristicaceae . Jiménez (2007c¢)
Myrtaceae Landrum et al. (2009) Barrie (2007)
Nyctaginaceae . Gonzélez (2007d)
Nyssaceae Hampshire (2009a) .

Ochnaceae Morales (2007e, 2014c¢)
Olacaceae . Jiménez (2007d)
Oleaceae Green (2012)

Onagraceae Hoch (2009) .

Papaveraceae Soto (2007)
Passifloraceae Gonzélez (2015); Rodriguez & Estrada (2007)
Pentaphylacaceae Jiménez (2015b)
Peraceae Gonzalez (2010b)
Phyllanthaceae Gonzalez (2010b)
Phyllonomaceae Morales (2010d)
Phytolaccaceae Morales (2007f)
Picramniaceae Martén-Rodriguez (2014)
Piperaceae Callejas (2014)
Poaceae Morales (2003)
Podocarpaceae Merello (2013a)
Polygalaceae Morales (2014a)
Polygonaceae . Soto (2014)
Primulaceae Ricketson & Pipoly (2009); Stahl (2009) Morales (2007d)
Proteaceae Morales (2014b)
Putranjivaceae . Gonzalez (2010b)
Resedaceae Knapp & Pena-Chocarro (2015)

Rhamnaceae Pool (2015)




Appendix 1 (cont). Monographs for Panama tree families.

Family Flora Mesoamericana Manual Costa Rica
Rhizophoraceae Barrie (2009)

Rosaceae Barrie & Pérez-Zabala (2015) .

Rubiaceae Lorence & Taylor (2009) Taylor (2014)
Rutaceae Jiménez (2014)
Sabiaceae Morales (2015b)
Salicaceae Gonzélez (2010c); Grayum (2015a)
Sapindaceae . Morales (2015¢)
Sapotaceae Penninton et al. (2009) Morales (2015d)
Schlegeliaceae Morales (2015¢)
Schoepfiaceae Jiménez (2007d)
Scrophulariaceae .

Simaroubaceae Rodriguez (2015¢)
Siparunaceae Morales (2015f)
Solanaceae Bohs (2015)
Staphyleaceae Morales (2015g)
Stemonuraceae . Hammel (2007b)
Styracaceae Fritsch (2012) Zamora (2015)
Symplocaceae Kelly & Almeda (2012) Kriebel & Almeda (2015)
Tapisciaceae .

Tetrameristaceae Jiménez (2015a)
Theaceae Jiménez (2015b)
Thymelaeaceae Grayum (2015b)
Ticodendraceae . Goémez-Laurito (2015)
Ulmaceae Nee (2015a)

Urticaceae Monro (2015); Berg (2015)

Verbenaceae Rueda (2012) .

Violaceae Ballard (2015)
Vochysiaceae Morales (2015h)
Winteraceae Formoso (2015)




Appendix 1 (cont). Monographs for Panama tree families.

Family Flora Mesoamericana Manual Costa Rica
Ximeniaceae Jiménez (2007d)
Zamiaceae Merello (2013b)

Zygophyllaceae

Stafford (2015)




Appendix 2. Additional references consulted for each family of Panama’s trees (ie excluding
Flora Mesoamericana and the Costa Rica Manual, which appear in Appendix 1). Families are
included only if additional references were checked. These are not necessarily family
monographs; some cover genera or a few species.

Family References

Acanthaceae Durkee (1986, 1978); Daniel & McPherson (2014)

Actinidiaceae Hunter (1965)

Adoxaceae Bolli (1994); Applequist (2015); D’ Arcy (1973)

Anacardiaceae Blackwell & H. (1967); Mitchell & Daly (2015)

Annonaceae Schatz et al. (2015); Maas et al. (1992); Rainer (2006); Pirie (2005);
Murray (1993); Schatz et al. (2018); Maas et al. (2003, 2015, 2007);
Chatrou (1998); Junikka et al. (2016); Erkens et al. (2006); Schatz et al.
(2017); Schatz & Maas (2010); Maas et al. (2019)

Apocynaceae Morales & Zamora (2017); Simdes et al. (2010); Morales & Méndez G.
(2005); Endress & Simdes (2016); Spellman (1975)

Aquifoliaceae Hahn (1993)

Araliaceae Piedrahita et al. (2015); Morales & Grayum (2009)

Arecaceae Borchsenius & Bernal (1996); Henderson et al. (1997); Hender-
son (2005); Evans (2001); Henderson & Galeano (1996); Henderson
(1990); Evans (1995); Henderson (2011); Galeano & Bernal (2017)

Asteraceae King & Robinson (1977)

Bignoniaceae Burger & Gentry (2005); Grose & Olmstead (2007)

Bixaceae Moreira et al. (2015); Croat (1978)

Burseraceae Daly (1993); Porter (1970); Daly & Fine (2018); Daly (2014, 2007)

Buxaceae Gentry (1978a)

Cactaceae Butterworth & Wallace (2005)

Calophyllaceae D’ Arcy (1980)

Cannabaceae Garwood et al. (2018)

Celastraceae Biral (2017); Biral & Lombardi (2016)

Chrysobalanaceae | Sothers et al. (2016); Santamaria-Aguilar et al. (2015)

Clusiaceae Hammel (1999); Marinho et al. (2019); Gahagen et al. (2015); D’ Arcy
(1980); Hammel (1986); Maguire (1978)

Cunoniaceae Morales (2010e)

Cyatheaceae Rojas-Alvarado (2007, 2005)

Ericaceae Luteyn & Wilbur (2005); Luteyn et al. (1995)

Erythroxylaceae | Plowman & Hensold (2004)

Euphorbiaceae Webster & Huft (1988); Secco (2005); Dehgan (2012); McPherson
(2011); Cardinal-McTeague & Gillespie (2016)

Fabaceae Wunderlin (1983); Colin (2001); Gagnon et al. (2016); Barneby (1998);
da Silva et al. (2012); Brummitt (2011); Torke & Schaal (2008); Pen-
nington (1997); Sousa (1993); de Lourdes Rico Arce et al. (2008);
van der Werff & Zamora V. (2010); Torke & Zamora (2010); Filardi
et al. (2013); Radosavljevic (2019)

Fagaceae Breedlove (2001); Nixon & Barrie (2017)

Gentianaceae Struwe & Albert (2004)

Gesneriaceae Skog (1978)




Appendix 2 (cont). Monographs for Panama tree families.

Family References

Hypericaceae Robson (1978)

Icacinaceae Angula et al. (2013)

Lauraceae Nishida (1999); Der Werft (2009); Rohwer (1993); Trofimov et al.
(2016); van der Werff (2002); Zamora (2017); van der Werff (2009,
1993); Rohde et al. (2017)

Lecythidaceae Mori et al. (2016); Batista G. & Mori (2017); Mori & Prance (1990);
Prance (1979)

Magnoliaceae Figlar & Nooteboom (2004); Azuma et al. (2001)

Malpighiaceae Cuatrecasas et al. (1980); Anderson (1997); Anderson & Davis (2007)

Malvaceae Donnell et al. (2012); Robyns (1964); Fernandez-Alonso (2011)

Melastomataceae | Michelangeli et al. (2016); Gamba-Moreno & Almeda (2014); Judd
etal. (2018a); Penneys et al. (2010); Kriebel (2016); Almeda & Penneys
(2014); Gamba-Moreno & Almeda (2015); Penneys & Judd (2013);
Kriebel & Almeda (2012, 2013); Almeda et al. (2014); Judd et al.
(2018b)

Meliaceae Pennington & Clarkson (2013); Pennington (2016)

Monimiaceae Morales & Grayum (2009)

Moraceae Berg (2001, 1972, 2007, 2009); Croat (1978); Machado et al. (2005)

Myristicaceae Janovec & Harrison (2002); Santamaria-Aguilar et al. (2019)

Myrtaceae Lourenco et al. (2018); Barrie (2004); Barrie et al. (2016); Flores et al.
(2016)

Ochnaceae Whitefoord (1992); Schneider & Zizka (2016)

Pentaphylacaceae | Gentry (1978b)

Phyllanthaceae Huft (1989); Wurdack et al. (2004)

Picramniaceae Thomas (2011)

Polygalaceae Pastore et al. (2010); Taylor (1985)

Primulaceae Ricketson & Pipoly (1997, 2003)

Rhamnaceae Hauenschild et al. (2016)

Rosaceae Pérez-Zabala (2007)

Rubiaceae Berger (2017); Borhidi (2017); Persson & Delprete (2017); Taylor et al.
(2010); Taylor (2017a); Borhidi (2017); Taylor (2015b); Taylor & Hol-
lowell (2016); Taylor (2017b, 2015a); Dwyer (1980); Borhidi (2011);
Standley (1940); Taylor et al. (2011a,b); Taylor (1992); Berger (2018)

Rutaceae Kallunki & Pirani (1998); Groppo (2010); Reynel (2017); Kallunki
(2009)

Salicaceae Santamaria-Aguilar et al. (2015)

Sapotaceae Alves-Aratjo & Alves (2012)

Schlegeliaceae D’ Arcy (1979)

Simaroubaceae Devecchi et al. (2018)

Siparunaceae Renner & Hausner (2005)

Solanaceae Croat (1978); Bohs (1994); de Carvalho (1991); Knapp S, Stafford M,
Sousa Pena M, Martinez M (2005); Monro (2012)

Symplocaceae Kelly et al. (2016)

Thymelaeaceae Barringer & Nevling (1994)

Urticaceae Berg et al. (2005); Monro (2012)




Appendix 2 (cont). Monographs for Panama tree families.

Family References

Violaceae Robyns (1967a); de Paula-Souza & Ballard Jr (2014); Todzia (1989);
Wahlert & Ballard (2009); Wahlert et al. (2014)

Vochysiaceae Robyns (1967b)

s Taxonomic Literature Cited

14 Almeda, F. (2009). 180. Melastomataceae. Flora Mesoamericana, Volume 4, pp. 164-337.

15 Almeda, F., Marcela, A. & Mendoza, H. (2014). Two new species of Graffenrieda

16 (Melastomataceae: Merianieae) from Colombia and Panama. Phytotaxa, 163, 39-47.

7 Almeda, F. & Penneys, D. S. (2014). New and reconsidered species of tropical American

18 Melastomataceae. Brittonia, 66, 160-169.

19 Alves-Aratjo, A. & Alves, M. (2012). Two new species and a new combination of Neotropical
20 Sapotaceae. Brittonia, 64, 23-29.

21 Anderson, C. (1997). Revision of Pterandra (Malpighiaceae). Contributions of the University
22 of Michigan Herbarium, 21, 1-27.

23 Anderson, W. R. (2007). Malpighiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
24 M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 253-312.

»s  Anderson, W. R. & Davis, C. C. (2007). Generic adjustments in neotropical Malpighiaceae.
26 Contributions of the University of Michigan Herbarium, 25, 137-166.

27 Angula, D. FE,, Stefano, R. D. D. & Stull, G. W. (2013). Systematics of Mappia (Icacinaceae),
2 an endemic genus of tropical America. Phytotaxa, 116, 1-18.

2 Applequist, W. (2015). A brief review of recent controversies in the taxonomy and

30 nomenclature of Sambucus nigra sensu lato. Acta Horticulturae, 1061, 25-33.

s Azuma, H., Garcia-Franco, J. G., Rico-Gray, V. & Thien, L. B. (2001). Molecular phylogeny
% of the Magnoliaceae: the biogeography of tropical and temperate disjunctions. Am. J. Bot.,
% 88, 2275-2285.

a Ballard, H. E. (2015). Violaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
35 Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 593-611.

s Barneby, R. C. (1998). Silk tree, guanacaste, monkey’s earring: a generic system of the

a7 synandrous Mimosaceae of the Americas. Part Ill. Calliandra. Memoirs of the New York

38 Botanical Garden, 74, 223.

s Barrie, F. (2009). 181. Rhizophoraceae. Flora Mesoamericana, Volume 4, pp. 49-65.

w0 Barrie, F. & Pérez-Zabala, J. A. (2015). 99. Rosaceae. Flora Mesoamericana, Volume 4, pp.
a1 49-65.

«2 Barrie, F. R. (2004). Synopsis of Plinia (Myrtaceae) in Mesoamerica. Novon, 14, 380—400.
ss Barrie, F. R. (2007). Myrtaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
4 Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 729-785.

ss Barrie, F. R., Ramos, C., Ortiz, O. O., Vergara-Pérez, I. & McPherson, G. (2016). Five new
46 species of Eugenia (Myrtaceae) from Panama. Novon: A Journal for Botanical

4 Nomenclature, 24, 333-342.

s Barringer, K. & Nevling, L. I. (1994). New species of Daphnopsis (Thymeleaceae) from

49 Panama. Novon, 4, 9—-15.
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Batista G., J. E. & Mori, S. A. (2017). Eschweilera correae (Lecythidaceae), a new species
from the cloud forests of Panama and Costa Rica. Brittonia, 69, 340-346.

Berg, C. C. (1972). Olmedieae Brosimeae (Moraceae). Flora Neotropica, 7, 1-228.

Berg, C. C. (2001). Moreae, Artocarpeae, and Dorstenia (Moraceae). Flora Neotropica, 83,
1-347.

Berg, C. C. (2007). Proposals for treating four species complexes in Ficus subgenus
Urostigma section Americanae (Moraceae). Blumea-Biodiversity, Evolution and
Biogeography of Plants, 52, 295-312.

Berg, C. C. (2009). Moraceae. Flora of Ecuador (eds. G. Harling & C. Persson), Volume 27C.

Berg, C. C. (2015). 103. Moraceae. Flora Mesoamericana, Volume 2, pp. 90-116.

Berg, C. C., Rosselli, P. F. & Davidson, D. W. (2005). Cecropia. Flora Neotropica, 94, 1-230.

Berger, A. (2017). Two new combinations, lectotypifications and a new name for Costa Rican
Palicourea s.1. PhytoKeys, 80, 53—-63.

Berger, A. (2018). Synopsis and typification of Mexican and Central American Palicourea
(Rubiaceae: Palicoureeae), part I: The entomophilous species. Annalen des
Naturhistorischen Museums in Wien. Serie B f ur Botanik und Zoologie, 120, 59—-140.

Biral, L. (2017). Systematics of New World Maytenus (Celastraceae) and a New Delimitation
of the Genus. Systematic Botany, 42, 680—693.

Biral, L. & Lombardi, J. (2016). New synonyms and lectotypifications in the genus Maytenus
(Celastroideae, Celastraceae) and a new name for the illegitimate Maytenus nemorosa from
Brazil. Phytotaxa, 261, 97-100.

Blackwell, W. H. & H., D. C. (1967). Family 101. Anacardiaceae. Flora of Panama, Part VI
(eds. R. E. Woodson & R. W. Schery), Volume 54, pp. 351-379. Missouri Botanical Garden
Press.

Bohs, L. (1994). Cyphomandra (Solanaceae). Flora Neotropica, Volume Monograph 63, pp.
1-175.

Bohs, L. (2015). Solanaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 205-336.

Bolli, R. (1994). Revision of the Genus Sambucus. Dissertationes Botanicae, 223.

Borchsenius, F. & Bernal, R. (1996). Aiphanes (Palmae). Flora Neotropica, 70, 1-94.

Borhidi, A. (2011). Transfer of the Mexican species of Psychotria subgen. Heteropsychotria to
Palicourea based on morphological and molecular evidences. Acta Botanica Hungarica, 53,
241-250.

Borhidi, A. L. (2017). El subgénero Heteropsychotria (Rubiaceae, Palicoureeae) en México y
Mesoamerica. Acta Botanica Hungarica, 59, 13-23.

Breedlove, D. (2001). Fagaceae. Flora de Nicaragua. Monographs in Systematic Botany.
Missouri Botanical Garden, 85, 1076—-1084.

Brummitt, R. K. (2011). Report of the Nomenclature Committee for Vascular Plants: 62.
Taxon, 60.

Burger, W. & Gentry, A. (2005). Bignoniaceae. Flora Costaricensis, pp. 77-161. Field
Museum of Natural History.

Butterworth, C. A. & Wallace, R. S. (2005). Molecular phylogenetics of the leafy cactus genus
Pereskia (Cactaceae). Systematic Botany, 30, 800—808.

Callejas, R. (2014). Piperaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 6-326.

Cannon, M. J. & Cannon, J. F. M. (2009). 188. Araliaceae. Flora Mesoamericana, Volume 4,
pp- 365-385.
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98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

Evolution of Euphorbiaceae Tribe Plukenetieae. Systematic Botany, 41, 329 — 347.
Carvalho, F. A. (2015). 113. Caricaceae. Flora Mesoamericana, Volume 2, pp. 236-239.
Chatrou, L. (1998). Revision of the Malmea alliance: Malmea and three new, Neotropical

genera: Klarobelia , Mosannona , and Pseudomalmea. Changing Genera: Systematic

Studies in Neotropical and West African Annonaceae, chapter 6, pp. 105-192. Herbarium

Division, University of Utrecht.

Colin, R. T. (2001). Una especie nueva de Bauhinia (Fabaceae: Caesalpinioideae: Cercideae)
de Panama. Novon, 11, 143-145.

Constance, L. & Affolter, J. (2009). 189. Apiaceae. Flora Mesoamericana, Volume 4, pp.
386—407.

Cornejo, X. & Iltis, H. H. (2015). 117. Capparaceae. Flora Mesoamericana, Volume 2, pp.
242-256.

Croat, T. R. (1978). Flora of Barro Colorado Island. Stanford, California, Stanford University
Press.

Cuatrecasas, J., Croat, T. B. & Vivaldi, J. (1980). Family 93. Malpighiaceae. Flora of Panama.
Part VI. (eds. R. E. Woodson & R. W. Schery), Volume 67, pp. 851-945. Missouri Botanical
Garden Press.

da Silva, M. J., de Queiroz, L. P., de Azevedo Tozzi, A. M. G., Lewis, G. P. & de Sousa, A. P.
(2012). Phylogeny and biogeography of Lonchocarpus sensu lato and its allies in the tribe
Millettieae (Leguminosae, Papilionoideae). Taxon, 61, 93—108.

Daly, D. C. (1993). Notes on Bursera in South America, Including a new species. Studies in
Neotropical Burseraceae VII. Brittonia, 45, 240-246.

Daly, D. C. (2007). A New Section of Protium from the Neotropics. Studies in Neotropical
Burseraceae XIII. Brittonia, 59, 1-24.

Daly, D. C. (2014). Dacryodes patrona, a new and endangered species, and new generic record
for Central America. Studies in neotropical Burseraceae XIX. Brittonia, 66, 307-310.

Daly, D. C. & Fine, P. V. A. (2018). Generic limits re-visited and an updated sectional
classification for Protium (tribe Protieae). Studies in Neotropical Burseraceae XXV.
Brittonia, 70, 418-426.

Daniel, T. F. & McPherson, G. (2014). A new species of Aphelandra (Acanthaceae:
Acantheae) from Panama with notes on some Colombian species. Brittonia, 66, 321-328.

D’ Arcy, W. G. (1973). Family 180. Caprifoliaceae. Flora of Panama. Part IX (eds. R. E.
Woodson & R. W. Schery), Volume 60, pp. 155-167. Missouri Botanical Garden Press.

D’Arcy, W. G. (1979). Family 171. Scrophulariaceae. Flora of Panama. Part IX, Volume 66,
pp. 173-274. Missouri Botanical Garden Press.

D’ Arcy, W. G. (1980). Family 123. Guttiferae. Flora of Panama. Part VI (eds. R. E. Woodson
& R. W. Schery), Volume 67, pp. 969-1043. Missouri Botanical Garden Press.

de Carvalho, L. (1991). New taxa of Solanum (Solanaceae) from Brazil, Colombia, Central
America, and Venezuela. Annals of the Missouri Botanical Garden, 78, 224-244.

de Lourdes Rico Arce, M., Gale, S. L. & Maxted, N. (2008). A taxonomic study of Albizia
(Leguminosae: Mimosoideae: Ingeae) in Mexico and Central America. Anales del Jardin
Botdnico de Madrid, pp. 255-305.

de Paula-Souza, J. & Ballard Jr, H. E. (2014). Re-establishment of the name Pombalia, and
new combinations from the polyphyletic Hybanthus (Violaceae). Phytotaxa, 183, 1-15.

Dehgan, B. (2012). Jatropha (Euphorbiaceae). Flora Neotropica, 110, 1-273.

Der Werff, H. V. (2009). Nine new species of Licaria (Lauraceae) from Tropical America.
Harvard papers in botany, 14, 145-159.

Devecchi, M. F,, Thomas, W. W., Plunkett, G. M. & Pirani, J. R. (2018). Testing the



146

147

148

149

150

151

152

153

154

155

156

157

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

190

191

192

193

monophyly of Simaba (Simaroubaceae): Evidence from five molecular regions and
morphology. Molecular Phylogenetics and Evolution, 120, 63 — 82.

Donnell, A. A., Ballard, H. E. & Cantino, P. D. (2012). Callianthe (Malvaceae): A New Genus
of Neotropical Malveae. Systematic Botany, 37, 712-722.

Durkee, L. H. (1978). Family 177. Acanthaceae. Flora of Panama, Part VI (eds. R. E.
Woodson & R. W. Schery), Volume 65, pp. 155-283. Missouri Botanical Garden Press.

Durkee, L. H. (1986). Family 200. Acanthaceae. Flora Costaricensis (ed. W. Burger), 1371,
pp- 1-87. Field Museum of Natural History.

Dwyer, J. D. (1980). Family 179. Rubiaceae. Flora of Panama, Part IX, Volume 67, pp.
1-256. Missouri Botanical Garden Press.

Endress, M. E. & Simdes, A. O. (2016). A new name for a common and widespread species of
Tabernaemontana (Apocynaceae). J. Bot. Res. Inst. Texas, 10, 31-32.

Erkens, R. H., Maas, P. J., Chatrou, L. W., Schatz, G. E. & Zamora, N. (2006). Seven
taxonomic discoveries in Annonaceae from south-eastern Central America.
Blumea-Biodiversity, Evolution and Biogeography of Plants, 51, 199-220.

Evans, R. J. (1995). Systematics of Cryosophila (Palmae). Systematic Botany Monographs,
46, 1-70.

Evans, R. J. (2001). Monograph of Colpothrinax. Palms, 45, 177-195.

Ferndndez-Alonso, J. L. (2011). Bombacaceae neotropicae Novae vel minus cognitae [X. A
new species of Matisia Bonpl. from the Biogeographic Chocé. Caldasia, 33, 413-426.

Figlar, R. B. & Nooteboom, H. P. (2004). Notes on Magnoliaceae IV. Blumea - Biodiversity,
Evolution and Biogeography of Plants, 49, 87—100.

Filardi, F. L. R., De Lima, H. C., Klitgaard, B. B. & Sartori, A. L. B. (2013). Taxonomy and
nomenclature of the neotropical Machaerium hirtum complex (Leguminosae,
Papilionoideae). Brittonia, 65, 154—170.

Flores, R., Ibdfiez, A. & Correa, M. D. A. (2016). Eugenia veraguensis (Myrtaceae), a new
species from Golfo de Chiriqui in Veraguas Province, Panama, with notes on Eugenia
rhombea. Phytotaxa, 270.

Formoso, C. (2015). Winteraceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 631-632.

Fritsch, P. W. (2012). 198. Styracaceae. Flora Mesoamericana, Volume 4, pp. 617-620.

Fryxell, P. (2007). Malvaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 575-614.

Gagnon, E., Bruneau, A., Hughes, C. E., de Queiroz, L. P. & Lewis, G. P. (2016). A new
generic system for the pantropical Caesalpinia group (Leguminosae). PhytoKeys, pp. 1-160.

Gahagen, B., Terbush, M. & Ballard, H. (2015). A taxonomic synthesis of the Tovomita
weddelliana (Clusiaceae) species complex. Systematic Botany, 40, 968-988.

Galeano, G. & Bernal, R. (2017). Sabinaria, a new genus of palms (Cryosophileae,
Coryphoideae, Arecaceae) from the Colombia-Panama border. Phytotaxa, 144, 27-44.

Gamba-Moreno, D. L. & Almeda, F. (2014). Systematics of the Octopleura clade of Miconia
(Melastomataceae: Miconieae) in Tropical America. Phytotaxa, 179.

Gamba-Moreno, D. L. & Almeda, F. (2015). Miconia solearis, a new combination to replace
the illegitimate Miconia magnifolia (Melastomataceae: Miconieae) in Tropical America.
Phytotaxa, 219, 199-200.

Garwood, N. C., Jorna, K., Flowers, N. D., Humphreys, A. M., Russell, S. J. & Neubig, K. M.
(2018). Trema domingensis rises like a Phoenix from the ashes of Trema integerrima: a
reassessment of the entire-leaved species of neotropical Trema (Cannabaceae). Journal of
the Botanical Research Institute of Texas, 12, 555-577.



194

195

196

197

198

199

200

201

202

203

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

237

238

239

240

241

Gentry, A. H. (1978a). Family 99. Buxaceae. Flora of Panama. Part VI (eds. R. E. Woodson
& R. W. Schery), Volume 65, pp. 5-8. Missouri Botanical Garden Press.

Gentry, A. H. (1978b). A new Freziera (Theaceae) from the Panama/Colombia Border. Annals
of the Missouri Botanical Garden, 65, 773-774.

Gomez-Laurito, J. (2007). Monimiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 632—634.

Gomez-Laurito, J. (2015). Ticodendraceae. Manual de plantas de Costa Rica (ed. B.E.
Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 416-417.

Gonzadles, J. & Poveda, L. J. (2007). Lauraceae. Manual de plantas de Costa Rica (ed. B.E.
Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 90-172.

Gonzdlez, J. (2007a). Hernandiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 6-10.

Gonzélez, J. (2007b). Lacistemataceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 47-49.

Gonzélez, J. (2007¢c). Magnoliaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 249-252.

Gonzélez, J. (2007d). Nyctaginaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 785-796.

Gonzdlez, J. (2010a). Dilleniaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 203-212.

Gonzélez, J. (2010b). Euphorbiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 290-394.

Gonzélez, J. (2010c). Flacourtiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 782-816.

Gonzélez, J. (2010d). Garryaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 819-820.

Gonzalez, J. (2015). Turneraceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 454-459.

Graham, S. A. (2009a). 175. Lythraceae. Flora Mesoamericana, Volume 4, pp. 49-65.

Graham, S. A. (2009b). 176. Alzateaceae. Flora Mesoamericana, Volume 2, pp. —.

Grayum, M. H. (2003). Arecaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 2, pp. 201-293.

Grayum, M. H. (2015a). Salicaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 11-12.

Grayum, M. H. (2015b). Thymeleaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 412—415.

Green, P. S. (2012). 200. Oleaceae. Flora Mesoamericana, Volume 4, pp. 626—631.

Groppo, M. (2010). New synonyms in Hortia and Dictyloma (Rutaceae), with validation of the
name Hortia badinii. Novon, 20, 163—-165.

Grose, S. O. & Olmstead, R. G. (2007). Evolution of a charismatic neotropical clade:
Molecular phylogeny of Tabebuia s. 1., Crescentieae, and allied genera (Bignoniaceae).
Systematic Botany, 32, 650—659.

Hahn, W. J. (1993). A synopsis of the Panamanian species of Ilex (Aquifoliaceae). Novon, 3,
34-45.

Hammel, B. E. (1986). New species of Clusiaceae from Central Aamerica with notes on
Clusia and synonymy in the tribe Clusieae. Selbyana, 9, 112-120.

Hammel, B. E. (1999). Synopsis of Chrysochlamys (Clusiaceae: Clusioideae: Clusieae) in
Mesoamerica. Novon, 9, 360-374.



242

243

244

245

246

247

248

249

250

251

252

254

255

256

257

258

259

260

261

262

263

264

265

266

267

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

286

287

288

289

Hammel, B. E. (2007a). Hypericaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 27-32.

Hammel, B. E. (2007b). Icacinaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 32-39.

Hammel, B. E. (2010). Clusiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 1-54.

Hampshire, R. J. (2009a). 184. Nyssaceae. Flora Mesoamericana, Volume 4, p. 185.

Hampshire, R. J. (2009b). 186. Cornaceae. Flora Mesoamericana, Volume 4, pp. 363-364.

Hampshire, R. J. (2009c). 187. Garryaceae. Flora Mesoamericana, Volume 4, p. 364.

Hauenschild, F., Matuszak, S., Muellner-Riehl, A. N. & Favre, A. (2016). Phylogenetic
relationships within the cosmopolitan buckthorn family (Rhamnaceae) support the
resurrection of Sarcomphalus and the description of Pseudoziziphus gen. nov. Taxon, 65,
47-64.

Henderson, A. (1990). Arecaceae. Part I. Introduction and the Iriarteinae. Flora Neotropica,
53, 1-100.

Henderson, A. (2005). A multivariate study of Calyptrogyne (Palmae). Systematic Botany, 30,
60-83.

Henderson, A. & Galeano, G. (1996). Euterpe, Prestoea, and Neonicholsonia (Palmae). Flora
Neotropica, 72, 1-89.

Henderson, A., Galeano, G. & Bernal, R. (1997). A Field Guide to Palms of the Americas.
Princeton University Press, 363 pages.

Henderson, A.J. (2011). A revision of Geonoma (Arecaceae). Phytotaxa, 17, 1-271.

Hoch, P. C. (2009). 183. Onagraceae. Flora Mesoamericana, Volume 4, pp. 345-359.

Huft, M. J. (1989). New and critical taxa of Euphorbiaceae from South America. Annals of the
Missouri Botanical Garden, 76, 1077-1086.

Huft, M. J. (2009). 201. Loganiaceae. Flora Mesoamericana, Volume 4, pp. 631-639.

Hunter, G. E. (1965). Family 118. Dilleniaceae. Flora of Panama, Part IV (eds. R. E.
Woodson & R. W. Schery), Volume 52, pp. 579-598. Missouri Botanical Garden Press.

Janovec, J. P. & Harrison, J. S. (2002). A morphological analysis of the Compsoneura sprucei
complex (Myristicaceae), with a new combination for the Central American species
Compsoneura mexicana. Systematic Botany, 27, 662—673.

Jiménez, Q. (2007a). Meliaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 575-614.

Jiménez, Q. (2007b). Menipsermaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 616-628.

Jiménez, Q. (2007c). Myristicaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 684—691.

Jiménez, Q. (2007d). Olacaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 814-823.

Jiménez, Q. (2014). Rutaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 780-814.

Jiménez, Q. (2015a). Tetrameristaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 391-392.

Jiménez, Q. (2015b). Theaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 393—406.

Judd, W. S., Ionta, G. M. & Majure, L. C. (2018a). Taxonomic studies in the Miconieae
(Melastomataceae). XIV. Species of Miconia section Sagraea that occur in the Greater
Antilles and additionally in the Lesser Antilles and/or continental regions. Journal of the



290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

Botanical Research Institute of Texas, 12, 531-547.

Judd, W. S., Ionta, G. M., Majure, L. C. & Michelangeli, F. A. (2018b). Taxonomic and
nomenclatural notes on Miconia crenata and related species (Melastomataceae: Miconieae)
in the Greater Antilles. Journal of the Botanical Research Institute of Texas, 12, 521-529.

Junikka, L., Maas, P., Maas-van de Kamer, H. & Westra, L. (2016). Revision of Oxandra
(Annonaceae). Blumea-Biodiversity, Evolution and Biogeography of Plants, 61, 215-266.

Kallunki, J. A. (2009). Validation of Neoraputia (Galipeae, Rutaceae) and description of two
new species from Eastern Brazil. Brittonia, 61, 28-34.

Kallunki, J. A. & Pirani, J. R. (1998). Synopses of Angostura Roem. & Schult. and
Conchocarpus J. C. Mikan (Rutaceae). Kew Bulletin, 53, 257-334.

Kelly, L. M. & Almeda, F. (2012). 199. Symplocaceae. Flora Mesoamericana, Volume 4, pp.
620-626.

Kelly, L. M., Almeda, F. & Fritsch, P. W. (2016). A taxonomic revision of Mexican and
Central American Symplocos (Symplocaceae). Phytotaxa, 264.

King, R. M. & Robinson, H. (1977). Studies in Eupatorieae (Asteraceae). CLXVII. Four new
species of Bartlettina. Phytologia, 38, 106—-117.

Knapp, S. & Pena-Chocarro, M. (2015). 116. Resedaceae. Flora Mesoamericana, Volume 2,
pp. 240-242.

Knapp S, Stafford M, Sousa Pena M, Martinez M (2005). A preliminary names list for the
Solanaceae of Mesoamerica. Monographs in systematic botany from the Missouri Botanical
Garden, 104, 71-116.

Kriebel, R. (2010). Gesneriaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 844-933.

Kriebel, R. (2016). A Monograph of Conostegia (Melastomataceae, Miconieae). PhytoKeys,
67, 1-326.

Kriebel, R. & Almeda, F. (2012). Five new species of Miconia (Melastomataceae: Miconieae)
from Costa Rica and Panama. Harvard Papers in Botany, 17, 53—64.

Kriebel, R. & Almeda, F. (2013). Two new species of Miconia (Melastomataceae: Miconieae)
from the cloud forests of Panama. Phytotaxa, 134, 27-41.

Kriebel, R. & Almeda, F. (2015). Symplocaceae. Manual de plantas de Costa Rica (ed. B.E.
Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 380-388.

Landrum, L., Barrie, F. R., Kawasaki, M. L. & Holst, B. K. (2009). 177. Myrtaceae. Flora
Mesoamericana, Volume 4, pp. X—X.

Lombardi, J. A. & Barrie, F. (2015). 110. Celastraceae. Flora Mesoamericana, Volume 2, pp.
211-233.

Lorence, D. H. & Taylor, C. M. (2009). 207. Rubiaceae. Flora Mesoamericana, Volume 4, pp.
1-288.

Lott, E. J. & Garcia-Mendoza, A. (1994). Agavaceae. Flora Mesoamericana, Volume 6, pp.
6-35.

Lourenco, A., Parra-O., C., Sdnchez-Chavez, E. & Lucas, E. (2018). New combinations and
names for continental American Calyptranthes (Myrtaceae: Myrcia s.1. ). Phytotaxa, 373.
Luteyn, J. L., Clemants, S. E., Diggs, G. M., Dorr, L. J., Judd, W. S., Sérensen, P. D., Stevens,

P. F. & Wallace, G. D. (1995). Ericaceae, Part II. The Superior-Ovaried Genera
(Monotropoideae, Pyroloideae, Rhododendroideae, and Vaccinioideae P.P.). Flora
Neotropica, 66, i—560.

Luteyn, J. L. & Wilbur, R. L. (2005). Family 172 Ericaceae. Flora Costaricensis, pp. 1-107.
Field Museum of Natural History.

Luteyn, J. L. & Wilbur, R. L. (2009). 191. Ericaceae. Flora Mesoamericana, Volume 4, pp.



3

@

8

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

411-463.

Maas, P. J., Westra, L. Y. & Vermeer, M. (2007). Revision of the neotropical genera
Bocageopsis, Onychopetalum, and Unonopsis (Annonaceae). Blumea-Biodiversity,
Evolution and Biogeography of Plants, 52, 413-554.

Maas, P. J. M., Westra, L. Y. T., Brown, K. S., Maas, P. J. M., ter Welle, B. J. H., Webber,

A. C., Thomas, A. L., Waha, M., van der Heijden, E., Bouman, F., Cavé, A., Leboeuf, M.,
Laprévote, O., Koek-Noorman, J., Morawetz, W. & Hemmer, W. (1992). Rollinia. Flora
Neotropica, 57, 1-188.

Maas, P. J. M., Westra, L. Y. T. & Chatrou, L. W. (2003). Duguetia (Annonaceae). Flora
Neotropica, 88, 1-274.

Maas, P. J. M., Westra, L. Y. T., Chatrou, L. W., Verspagen, N., Rainer, H., Zamora, N. A. &
Erkens, R. H. J. (2019). Twelve new and exciting Annonaceae from the Neotropics.
Phytokeys, 126, 25—-69.

Maas, P. J. M., Westra, L. Y. T., Guerrero, S. A., Lobao, A. Q., Scharf, U., Zamora, N. A. &
Erkens, R. H. J. (2015). Confronting a morphological nightmare: revision of the
Neotropical genus Guatteria (Annonaceae). Blumea-Biodiversity, Evolution and
Biogeography of Plants, 60, 1-219.

Machado, C. A., Robbins, N., Gilbert, M. T. P. & Herre, E. A. (2005). Critical review of host
specificity and its coevolutionary implications in the fig/fig-wasp mutualism. Proceedings of
the National Academy of Sciences, 102, 6558—6565.

Maguire, B. (1978). Notes on the Clusiaceae - Chiefly of Panama. III. Phytologia, 39, 65-77.

Marinho, L. C., Cai, L., Duan, X., Ruhfel, B. R., Fiaschi, P., Amorim, A. M., van den Berg, C.
& Davis, C. C. (2019). Plastomes resolve generic limits within tribe Clusieae (Clusiaceae)
and reveal the new genus Arawakia. Molecular Phylogenetics and Evolution, 134, 142—151.

Martén-Rodriguez, S. (2014). Picramniaceae. Manual de plantas de Costa Rica (ed. B.E.
Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 1-5.

McPherson, G. (2011). Notes on Tetrorchidium (Euphorbiaceae) in Panama. Novon, 28,
468-471.

Merello, M. (2013a). Podocarpaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 2, pp. 11-13.

Merello, M. (2013b). Zamiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 2, pp. 14-16.

Michelangeli, F. A., Almeda, F., Alvear, M., Bécquer, E. R., Burke, J., Caddah, M. K.,
Goldenberg, R., Ionta, G. M., Judd, W. S., Majure, L. C., Meirelles, J., Nicolas, A. N.,
Ocampo, G., Penneys, D. S., Skean Jr., J. D. & Ulloa Ulloa, C. (2016). (2462) Proposal to
conserve Miconia, nom. cons. against the additional names Maieta and Tococa
(Melastomataceae: Miconieae). Taxon, 65, 892—-893.

Miller, J. (2012a). 210. Cordiaceae. Flora Mesoamericana, Volume 4, pp. 294-304.

Miller, J. (2012b). 211. Ehretiaceae. Flora Mesoamericana, Volume 4, pp. 305-309.

Miller, J. (2012c). 213. Heliotropiaceae. Flora Mesoamericana, Volume 4, pp. 310-317.

Mitchell, J. D. & Daly, D. C. (2015). A revision of Spondias L. (Anacardiaceae) in the
Neotropics. PhytoKeys, pp. 1-92.

Monro, A. K. (2012). Eight new species of Cestrum (Solanaceae) from Mesoamerica.
PhytoKeys, pp. 49-82.

Monro, A. K. (2015). 104. Urticaceae. Flora Mesoamericana, Volume 2, pp. 116—174.

Morales, J. F. (2003). Poaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 3, pp. 598-821.

Morales, J. F. (2007a). Juglandaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,



386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 41-44.

Morales, J. F. (2007b). Loranthaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 218-236.

Morales, J. F. (2007c). Myricaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 682—-684.

Morales, J. F. (2007d). Myrsinaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 692-728.

Morales, J. F. (2007¢). Ochnaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 805-813.

Morales, J. F. (2007f). Phytolaccacaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 894-902.

Morales, J. F. (2009). 204. Apocynaceae. Flora Mesoamericana, Volume 4, pp. 741-757.

Morales, J. F. (2010a). Connaraceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 65-71.

Morales, J. F. (2010b). Cunoniaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 182—-187.

Morales, J. F. (2010c). Fagaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 776-781.

Morales, J. F. (2010d). Grossulariaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 931-934.

Morales, J. F. (2010e). Sinopsis del género Weinmannia (Cunoniaceae) en México y
Centroamérica. Anales del Jardin Botdnico de Madrid, 167, 137-155.

Morales, J. F. (2014a). Polygalaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 342-357.

Morales, J. F. (2014b). Proteaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 394—400.

Morales, J. F. (2014c). Quiinaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 401-403.

Morales, J. F. (2015a). 109. Lepidobotryaceae. Flora Mesoamericana, Volume 2, pp. 210-211.

Morales, J. F. (2015b). Sabiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 1-10.

Morales, J. F. (2015¢). Sapindaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 1-10.

Morales, J. F. (2015d). Sapotaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 96—140.

Morales, J. F. (2015e). Schlegeliaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 143—148.

Morales, J. F. (2015f). Siparunaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 1-10.

Morales, J. F. (2015g). Staphyleaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 339-340.

Morales, J. F. (2015h). Vochysiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 625-630.

Morales, J. F. & Grayum, M. H. (2009). Mollindeia maxima (Monimiaceae), un nuevo nombre
para Mollinedia macrophylla. Darwiniana, 47, 229-230.

Morales, J. F. & Méndez G., M. (2005). Estudios en las Apocynaceae Neotropicales XXII:
Nuevos realineamientos taxondmicos en el género Stemmadenia (Apocynaceae,
Rauvolfioideae, Tabernaemontaneae). Candollea, 60, 345-371.



434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

Morales, J. F. & Zamora, N. A. (2017). A synopsis of Aspidosperma (Apocynaceae) in Mexico
and Central America with a taxonomic clarification of Aspidosperma cruentum and a new
cryptic species. Phytoneuron, 68, 1-13.

Moran, R. C. (1995). 17. Cyatheaceae. Flora Mesoamericana, Volume 4, pp. 1-88.

Moreira, P. A., Lins, J., Dequigiovanni, G., Veasey, E. A. & Clement, C. R. (2015). The
Domestication of Annatto (Bixa orellana) from Bixa urucurana in Amazonia. Economic
Botany, 69, 127-135.

Mori, S. A., Kiernan, E. A., Smith, N. P, Huang, Y., Kelley, L., Prance, G. T. & Thiers, B.
(2016). Observations on the phytogeography of the Lecythidaceae clade (Brazil nut family).
Phytoneuron, 30, 1-85.

Mori, S. A. & Prance, G. T. (1990). Lecythidaceae - II. The zygomorphic-flowered New World
genera (Couroupita, Corythophora, Bertholletia, Couratari, Eschweilera, & Lecythis).
Flora Neotropica, 21, 1-375.

Mori, S. A. & Prance, G. T. (2009). 179. Lecythidaceae. Flora Mesoamericana, Volume 4, pp.
151-163.

Murray, N. A. (1993). Revision of Cymbopetalum and Porcelia (Annonaceae). Systematic
Botany Monographs, 40, 1-121.

Nee, M. (2015a). 102. Ulmaceae. Flora Mesoamericana, Volume 2, pp. 88—89.

Nee, M. (2015b). 105. Cannabaceae. Flora Mesoamericana, Volume 2, pp. 174-177.

Nishida, S. (1999). Revision of Beilschmiedia (Lauraceae) in the Neotropics. Annals of the
Missouri Botanical Garden, 86, 657-701.

Nixon, K. C. & Barrie, F. R. (2017). Three Previously Undescribed Species of Quercus
(Fagaceae) from Mesoamerica and the Designation of a Lectotype for Q. acutifolia. Novon,
25, 444 — 450.

Pastore, J. F. B., Cardoso, D. B. O. S. & Aymard C., G. A. (2010). A Synopsis, New
Combinations, and Synonyms in Acanthocladus (Polygalaceae). Novon: A Journal for
Botanical Nomenclature, 20, 317-324.

Penneys, D. S. & Judd, W. S. (2013). A revised circumscription for the Blakeeae
(Melastomataceae) with associated nomenclatural adjustments. PhytoKeys, pp. 17-32.

Penneys, D. S., Michelangeli, F., Judd, W. & Almeda, F. (2010). Henrietteeae
(Melastomataceae): a new neotropical berry-fruited tribe. Systematic Botany, 35, 783-800.

Pennington, T. & Clarkson, J. (2013). A revision of Guarea (Meliaceae). Edinburgh Journal
of Botany, 70, 179—.

Pennington, T. D. (1997). The genus Inga: botany.. Royal Botanic Gardens.

Pennington, T. D. (2016). Systematic treatment of American Trichilia (Meliaceae). Phytotaxa,
259, 18-162.

Penninton, T. D., Monro, A. K., Wood, S. P. T. & Knapp, S. (2009). 206. Sapotaceae. Flora
Mesoamericana, Volume 4, pp. 571-610.

Pérez-Zabala, J. A. (2007). Studies on the genus Prunus (Rosaceae) in the Neotropics:
taxonomic and nomenclature changes for Colombia. Anales del Jardin Botdnico de Madrid,
64, 177-190.

Persson, C. & Delprete, P. G. (2017). The Alibertia group (Gardenieae-Rubiaceae). Flora
Neotropica, 119, 1-241.

Piedrahita, A. L, II, P. P. L. & De Gracia Cruz, J. E. (2015). A new species of Dendropanax
(Araliaceae) of restricted range from the Caribbean slope of Panama. Novon: A Journal for
Botanical Nomenclature, 24, 165-169.

Pirie, M. D. (2005). New species of Cremastosperma (Annonaceae) from Colombia, Ecuador,
and Panama. Blumea-Biodiversity, Evolution and Biogeography of Plants, 50, 41-60.



482

483

484

485

486

487

488

489

490

491

492

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

Plowman, T. & Barrie, F. R. (2010). Erythroxylaceae. Manual de plantas de Costa Rica (ed.
B.E. Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 284-289.

Plowman, T. & Hensold, N. (2004). Names, types, and distribution of Neotropical species of
Erythroxylum (Erythroxylaceae). Brittonia, 56, 1-53.

Pool, A. (2015). 101. Rhamnaceae. Flora Mesoamericana, Volume 2, pp. 55-88.

Pool, A., Knapp, S. & Rueda, R. (2012). 216. Lamiaceae. Flora Mesoamericana, Volume 4,
pp- 353-453.

Porter, D. M. (1970). Family 91. Burseraceae. Flora of Panama, Part VI, Volume 57, pp. 5-27.
Missouri Botanical Garden Press.

Prance, G. T. (1979). Chrysobalanaceae. Flora of Ecuador, 10, 1-24.

Prance, G. T., Rodriguez, A. & Kriebel, R. (2010). Dichapetalaceae. Manual de plantas de
Costa Rica (ed. B.E. Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp.
190-202.

Pruski, J. F. & Robinson, H. (2018). Asteraceae. Flora Mesoamericana, Volume 5, pp. XX—XX.

Radosavljevic, A. (2019). The rise of Cynometra (Leguminosae) and the fall of Maniltoa: a
generic re-circumscription and the addition of 4 new species. PhytoKeys, 127, 1-37.

Rainer, H. (2006). Monographic studies in the genus Annona L.(Annonaceae): Inclusion of
the genus Rollinia A. St.-Hil. Annalen des Naturhistorischen Museums in Wien. Serie B f ur
Botanik und Zoologie, pp. 191-205.

Renner, S. S. & Hausner, G. (2005). Siparunaceae. Flora Neotropica, 95, 1-247.

Reynel, C. (2017). Zanthoxylum (Rutaceae). Flora Neotropica, 117, 1-263.

Ricketson, J. (2012). 209. Hydrophyllaceae. Flora Mesoamericana, Volume 4, pp. 291-294.

Ricketson, J. M. & Pipoly, J. J. (1997). Nomenclatural notes and a synopsis of Mesoamerican
Stylogyne (Myrsinaceae). SIDA, Contributions to Botany, 17, 591-597.

Ricketson, J. M. & Pipoly, J. J. (2003). A new species of Stylogyne (Myrsinaceae) from
Darién, Panama. SIDA, 20, 919-922.

Ricketson, J. M. & Pipoly, J. J. (2009). 193. Myrsinaceae. Flora Mesoamericana, Volume 4,
pp. 468-568.

Robson, N. K. B. (1978). Flora of Panama. Part VI. Family 123A. Hypericaceae. Annals of the
Mlssouri Botanical Garden, 65, 9-26.

Robyns, A. (1964). Family 116. Bombacaceae. Flora of Panama, Part VI, Volume 51, pp.
37-68. Missouri Botanical Garden Press.

Robyns, A. (1967a). Family 127. Violaceae. Flora of Panama, Part VI (eds. R. E. Woodson &
R. W. Schery), Volume 54, pp. 65-84. Missouri Botanical Garden Press.

Robyns, A. (1967b). Family 95. Vochysiaceae. Flora of Panama, Part VI (eds. R. E. Woodson
& R. W. Schery), Volume 54, pp. 1-7. Missouri Botanical Garden Press.

Rodriguez, A. (2007). Muntingiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 679—681.

Rodriguez, A. (2015a). Sterculiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 341-369.

Rodriguez, A. (2015b). Tiliaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 418—445.

Rodriguez, A. & Estrada, A. (2007). Passifloraceae. Manual de plantas de Costa Rica (ed.
B.E. Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 862—892.

Rodriguez, S. M. (2015c¢). Simaroubaceae. Manual de plantas de Costa Rica (ed. B.E.
Hammel, M.H. Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 193—198.

Rohde, R., Rudolph, B., Ruthe, K., Lorea-Herndndez, F. G., Rodrigues de Moraes, P. L., Li, J.
& Rohwer, J. G. (2017). Neither Phoebe nor Cinnamomum - the tetrasporangiate species of



530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

Aiouea (Lauraceae). Taxon, 66, 1085-1111.

Rohwer, J. G. (1993). Lauraceae: Nectandra. Flora Neotropica, 60, 1-332.

Rojas-Alvarado, A. F. (2005). Nuevos taxa de helechos arborescentes (Filicales: Cyatheaceae)
en Costa Rica. Lankesteriana, 5, 191-200.

Rojas-Alvarado, A. F. (2007). Novedades en Cyathea (Filicales: Cyatheaceae) para Costa Rica
y Panamd. Métodos en Ecologia y Sistemdtica, 2, 1-13.

Rueda, R. (2012). 217. Verbenaceae. Flora Mesoamericana, Volume 4, pp. 453—473.

Séanchez, J. (2010). Gentianaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 821-840.

Santamaria-Aguilar, D. A., Aguilar-Fernandez, R. & Lagomarsino, L. P. (2019). A taxonomic
synopsis of Virola (Myristicaceae) in Mesoamerica, including six new species. PhytoKeys,
134, 1-82.

Santamaria-Aguilar, D. A., Zamora-Villalobos, N. A. & Aguilar-Fernandez, R. (2015).
Sinopsis del género Laetia (Salicaceae) en Mesoamérica y la descripcion de una nueva
especie. Phytoneuron.

Schatz, G. & Maas, P. (2010). Synoptic revision of Stenanona (Annonaceae).
Blumea-Biodiversity, Evolution and Biogeography of Plants, 55, 205-223.

Schatz, G., Maas, P., van de Kamer, H. M., Westra, L. & Wieringa, J. J. (2017). Revision of the
Neotropical genus Sapranthus (Annonaceae). Blumea-Biodiversity, Evolution and
Biogeography of Plants, 63, 54—66.

Schatz, G. E., Maas, P. J. M., van de Kamer, H. M. & Westra, L. Y. T. (2018). Revision of the
Neotropical genus Desmopsis (Annonaceae). Blumea-Biodiversity, Evolution and
Biogeography of Plants, 63, 67-86.

Schatz, G. E., Ramos A., C. A., Ortiz, O. O. & McPherson, G. (2015). A New, Restricted
Range Species of Annona (Annonaceae) Endemic to the Caribbean Slope of Panama.
Novon: A Journal for Botanical Nomenclature, 24, 203-208.

Schneider, J. V. & Zizka, G. (2016). Quiinaceae. Flora Neotropica, 115, 1-162.

Secco, R. d. S. (2005). Alchorneae (Euphorbiaceae). Flora Neotropica Monograph, 93, 1-194.

Simdes, A. O., Endress, M. E. & Conti, E. (2010). Systematics and character evolution of
Tabernaemontaneae (Apocynaceae, Rauvolfioideae) based on molecular and morphological
evidence. Taxon, 59, 772-790.

Skog, L. E. (1978). New Panamanian species of Gesneriaceae. Brittonia, 30, 319-326.

Smith, D. A. (2010). Elaeocarpaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel,
M.H. Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 222-236.

Sothers, C. A., Prance, G. T. & Chase, M. W. (2016). Towards a monophyletic Licania: a new
generic classification of the polyphyletic Neotropical genus Licania (Chrysobalanaceae).
Kew Bulletin, 71, 58—.

Soto, A. (2007). Papaveraceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 860-862.

Soto, A. (2014). Polygonaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 358-383.

Sousa, S. (1993). The genus Inga (Leguminosae: Mimosoideae) from southern Mexico and
Central America: a preliminary study for the Flora Mesoamericana. Annals of the Missouri
Botanical Garden (USA), pp. —.

Spellman, D. L. (1975). Family 163. Asclepiadaceae. Flora of Panama, Part VIII, Volume 62,
pp- 103—-156. Missouri Botanical Garden Press.

Stace, C. A. (2009). 182. Combretaceae. Flora Mesoamericana, Volume 4, pp. 339-345.

Stafford, M. J. (2015). 122. Zygophyllaceae. Flora Mesoamericana, Volume 2, pp. 301-303.



578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

6

n
a

Standley, P. C. (1940). Studies of American Plants - IX. Botanical Series Field Museum of
Natural History, 22, 1-62.

Stahl, B. (2009). 192. Theophrastaceae. Flora Mesoamericana, Volume 4, pp. 463—467.

Struwe, L. & Albert, V. A. (2004). A Monograph of Neotropical Potalia Aublet
(Gentianaceae: Potalieae). Systematic Botany, 29, 670-701.

Taylor, C. M. (1985). A revision of the Central American species of Monnina (Polygalaceae).
Rhodora, 87, 159-188.

Taylor, C. M. (1992). Revision of Cosmibuena (Rubiaceae). Annals of the Missouri Botanical
Garden, 79, 886-900.

Taylor, C. M. (2014). Rubiaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 7, pp. 469-769.

Taylor, C. M. (2015a). Rubiacearum Americanarum Magna Hama Pars XXXIV: The New
Group Palicourea sect. Tricephalium with eight new species and a new subspecies
(Palicoureeae). Novon: A Journal for Botanical Nomenclature, 24, 55-95.

Taylor, C. M. (2015b). Rubiacearum Americanarum Magna Hama XXXIII: The new group
Palicourea sect. Didymocarpae with four new species and two new subspecies
(Palicoureeae). Novon, 23, 452-478.

Taylor, C. M. (2017a). Another Taxonomic Review of the Neotropical Genus Joosia
(Rubiaceae, Cinchoneae). Novon: A Journal for Botanical Nomenclature, 25, 214-237.

Taylor, C. M. (2017b). Rubiacearum Americanarum Magna Hama Pars XXXVII: The new
group Palicourea sect. Chocoanae of the Choc6 Biogeographic Region, with two new
species (Palicoureeae). Novon: A Journal for Botanical Nomenclature, 25, 322-342.

Taylor, C. M., Hammel, B. & Gereau, R. E. (2011a). Rubiacearum Americanarum Magna
Hama Pars XXVII: Six new species and a new taxonomic view of Posoqueria. Novon, 21,
118-132.

Taylor, C. M. & Hollowell, V. C. (2016). Rubiacearum Americanarum Magna Hama Pars
XXXV: The New group Palicourea sect. Nonatelia, with five new species (Palicoureeae).
Novon: A Journal for Botanical Nomenclature, 25, 69—-110.

Taylor, C. M., Lorence, D. H. & Gereau, R. E. (2010). Rubiacearum Americanarum Magna
Hama Pars XXV: The nocturnally flowering Psychotria domingensis-Coussarea hondensis
group plus three other Mesoamerican Psychotria species transfer to Palicourea. Novon: A
Journal for Botanical Nomenclature, 20, 481-492.

Taylor, C. M., Sdnchez-Gonzilez, J., Hammel, B., Lorence, D. H., Persson, C., Delprete, P. G.
& Gereau, R. E. (2011b). Rubiacearum Americanarum Magna Hama Pars XXVIII: New
taxa, new combinations, new names, and lectotypification for several species found in
Mexico and Central America. Novon: A Journal for Botanical Nomenclature, 21, 133—148.

Thomas, W. W. (2011). Nothotalisia, a new genus of Picramniaceae from tropical America.
Brittonia, 63, 51-61.

Todzia, C. (1989). A new species of Hybanthus (Violaceae) from Panama. Annals of the
Missouri Botanic Garden, 76, 360-362.

Torke, B. M. & Schaal, B. A. (2008). Molecular phylogenetics of the species-rich Neotropical
genus Swartzia (Leguminosae, Papilionoideae) and related genera of the Swartzioid clade.
American Journal of Botany, 95, 215-228.

Torke, B. M. & Zamora, N. A. (2010). Notes on Swartzia (Leguminosae) in Central America
preliminary to the Flora Mesoamericana, with descriptions of two new species from Costa
Rica. Brittonia, 62, 222-232.

Trofimov, D., Rudolph, B. & Rohwer, J. G. (2016). Phylogenetic study of the genus Nectandra
(Lauraceae), and reinstatement of Damburneya. Taxon, 65, 980-996.



626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

van der Werff, H. (1993). A revision of the genus Pleurothyrium (Lauraceae). Annals of the
Missouri Botanical Garden, 80, 39—118.

van der Werff, H. (2002). A synopsis of Ocotea (Lauraceae) in Central America and Southern
Mexico. Annals of the Missouri Botanical Garden, 89, 429-451.

van der Werff, H. (2009). Eight new species of Lauraceae from Ecuador, Peru, and Panama.
Novon: A Journal for Botanical Nomenclature, 19, 534-548.

van der Werff, H. & Zamora V., N. A. (2010). Note on Tachigali (Leguminosae) in Central
America with the description of a new species. Harvard Papers in Botany, 15, 149—153.

Vickery, A. R. (2009). 190. Clethraceae. Flora Mesoamericana, Volume 4, pp. 408—411.

Wahlert, G. A. & Ballard, H. E. (2009). A new zygomorphic-flowered Rinorea (Violaceae)
from the Neotropics. Novon: A Journal for Botanical Nomenclature, 19, 416 — 420 — 5.

Wahlert, G. A., Marcussen, T., de Paula-Souza, J., Feng, M. & Ballard Jr, H. E. (2014). A
phylogeny of the Violaceae (Malpighiales) inferred from plastid DNA sequences:
implications for generic diversity and intrafamilial classification. Systematic Botany, 39,
239-252.

Webster, G. L. & Huft, M. J. (1988). Revised synopsis of Panamanian Euphorbiaceae. Annals
of the Missouri Botanical Garden, pp. 1087-1144.

Whitefoord, C. (1992). Eight new species of Ouratea (Ochnaceae) from Mesoamerica. Novon,
2,274-281.

Whitefoord, C. & Knapp, S. (2012). 197. Ebenaceae. Flora Mesoamericana, Volume 4, pp.
611-616.

Wilbur, R. L. (2009). 202. Gentianaceae. Flora Mesoamericana, Volume 4, p. 640.

Wunderlin, R. P. (1983). Revision of the arborescent Bauhinias (Fabaceae: Caesalpinioideae:
Cercideae) native to Middle America. Annals of the Missouri Botanical Garden, 70, 95-127.

Wurdack, K. J., Hoffmann, P., Samuel, R., Bruijn, A., Bank, M. & Chase, M. W. (2004).
Molecular phylogenetic analysis of Phyllanthaceae (Phyllanthoideae pro parte,
Euphorbiaceae sensu lato) using plastid RBCL DNA sequences. Am. J. Bot., 91, 1882—1900.

Zamora, N. (2007). Humiriaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 6, pp. 11-16.

Zamora, N. (2010). Fabaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 5, pp. 395-775.

Zamora, N. (2015). Styracaceae. Manual de plantas de Costa Rica (ed. B.E. Hammel, M.H.
Grayum, C. Herrera, and N. Zamora), Volume 8, pp. 373-377.

Zamora, N. (2017). Trees of Costa Rica. Editorial Tecnolédgica de Costa Rica.



	Abstract
	Background
	Results
	Conclusions

	Introduction
	Methods
	A tree checklist
	Definition of a tree
	Data sources for individual occurrences
	Geographic ranges
	Narrow geographic ranges
	Plots and inventories
	Plot occurrence and range
	Tree height, taxonomy, and range
	Data available

	Results
	The flora
	Range sizes
	Plot occurrence
	Taxonomy, tree height, and range

	Discussion
	Conclusions
	Supplementary informationSupplementary information accompanies this paper at https://doi.org/10.1186/s40663-020-00246-z.
	Additional file 1

	Acknowledgements
	Authors' contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References

