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King Philip Came Over For Good Sex.) Each of these 
groups is known as a taxon (plural: taxa). �is system 
is used throughout biology, regardless of whether you 
are talking about bacteria, fungi, plants, invertebrates, 
amphibians, reptiles, birds, mammals, or ­shes. It 
has worked well for several hundred years, but recent 
advances in the analysis of gene sequences have necessi-
tated the use of new terminology for groupings re�ect-
ing evolutionary relationships (clades). A clade is a 
group of species that share a common ancestor. Clades 
can be nested within larger clades. For example, all the 
genera of the Legume Family constitute a clade (and 
have pea pod fruits), all the genera of the Mimosa Sub-
family constitute a clade (and have shaving brush �ow-
ers), and within the Mimosa Subfamily, all the species of 
Inga constitute a clade (and have compound leaves with 
suction-cup nectaries between the lea�ets). Generic and 
speci­c names are always latinized, often from Latin or 
Greek roots. Often, the speci­c epithet indicates some 
descriptive feature of the organism in question, but it 
can also refer to a person being honored by the naming 
authority. Generic names may be descriptive or honorif-
ic. For example, the genus name of the tree Warszewiczia 
coccinea is named in honor of the Polish botanist and 
tropical explorer Józef Warszewicz, and coccinea refers to 
the scarlet of the enlarged sepals of this plant. For really 
large groups there are further subdivisions, such as tribe 
and subfamily. �ose will be avoided as much as possible 
in this book. Each of the taxonomic ranks has a standard 
ending or su�x. As it happened, di�erent ­elds of biol-
ogy, such as botany, zoology, and mycology, were devel-
oped independently by scientists working in their own 

isolated silos. �e result is that botanists and zoologists 
follow a similar hierarchy of large to successively smaller 
taxonomic ranks, but they use di�erent standard end-
ings. It is worth the e�ort to learn the taxonomic ranks 
and their standard endings as shown in Table 4.1. �e 
rules for naming are published in o�cial codes issued 
by each group, such as The International Code of Nomen-
clature for Algae, Fungi, and Plants and The International 
Code of Zoological Nomenclature. Congratulations if you 
are still reading! Please realize that this stu� is import-
ant. How can we begin to get a sense of the 10 million 
or more species that make up Earth’s biological diversity 
if we can’t ­rst organize the species into similar groups? 
You need universally accepted rules and schemes for 
doing this. Hence, all the confusing names.

SORTING OUT CLASSIFICATION 
AND EVOLUTIONARY RELATIONSHIPS

�e science of taxonomy is concerned with naming and 
identifying organisms, whereas the science of systemat-
ics aims to classify organisms based on their evolution-
ary histories and to formulate hypotheses about how 
species are related to one another. �e scientists who 
carry out this work are usually one and the same, but 
taxonomy and systematics have slightly di�erent goals. 
Making sense of the ways that taxonomists name and 
classify organisms is a daunting task, made increasingly 
di�cult by ba�ing terminology, some of which is un-
derstood by only a few specialists; the frequency with 
which names are changed for seemingly obscure reasons; 

TABLE 4.1 Taxonomic Ranks and Standard Endings Used in Plant, Animal, and Fungi Kingdoms

Taxonomic level Botanical endings Zoological endings Fungi endings
Phylum -ophyta NA -mycota

Class -opsida1 NA -mycetes

Subclass -idea1 NA -mycetidae

Order -ales -ida or -iformes -ales

Family -aceae -idae -aceae

Subfamily -oideae -inae -oideae

Genus NA2 NA2 NA2

Species NA2 NA2 NA2

NA indicates that there is not a standard ending for that taxonomic rank.
1 After decades of use, these higher taxonomic ranks have fallen out of favor and are used infrequently.
2 Generic and specific names are Latinized, so they must follow the rules of Latin grammar for their formation and  
agreement of the specific epithet with the genus name.



Naming and Classifying Living Organisms 41

and the inability of taxonomists to agree completely with 
one another. You may ask, “Why bother?” �e ultimate 
goal is the reconstruction of the evolutionary history of 
organisms, the so-called “tree of life.” �is evolutionary 
history is properly called a phylogeny. Phylogenies are 
represented by diagrams known as trees (Fig. 4.1). �e 
tips of the trees are species (or genera or families). �e 
point where two branches diverge is a node. All of the 
taxa/species that radiate from a particular node make up 
a clade. All members of a clade are more closely related 
to one another, as a result of sharing a more recent com-
mon ancestor in their evolutionary history, than they are 
to members of other clades. Phylogenetic trees consist 
of groups of clades nested within one another or sep-
arated from one another. Charles Darwin was the ­rst 
person to draw a phylogenetic tree as a representation 
of an evolutionary history showing species relationships. 
�e discipline of phylogenetics has come a long way 
since Darwin sketched a crude drawing in one of his 
notebooks, but the overall goal of illustrating hypotheses 
about the relationships and evolutionary history of living 
organisms has not changed.

Phylogenies are hypotheses (testable scienti­c expla-
nations) about evolutionary relationships and, as such, 

are constantly subject to testing and revision. Even with 
human history, for which we often have a written record 
and abundant artifacts, there is constant reinterpretation 
to eliminate previous bias and arrive at the true sequence 
of events and their interconnections. In �owering plants, 
the historical events took place over a period of approxi-
mately 125 million years, with many of the most import-
ant changes happening early in this history. Analysis of 
the history of life is based on the best data available. What 
is “best” changes as we develop a ­ner understanding of 
the data and, importantly, as we develop technological 
innovations that allow scientists to examine traits, such 
as DNA, that were previously unavailable for study. It is 
no wonder that taxonomy is constantly changing. �ese 
same principles and challenges exist no matter what phy-
lum or taxon is being studied.

TALKIN’ ’BOUT A REVOLUTION 
(SONG TITLE BY TRACY CHAPMAN)

�e science of naming and classifying living organisms 
is indeed in the midst of a revolution. Advances in mo-
lecular biology have made it relatively easy for scientists 
to isolate any organism’s DNA and make copies of it in 
the lab (using thermocyclers and the polymerase chain 
reaction). With plenty of material to work with, scien-
tists can then read the sequence of nucleotides, the letters 
that made up the DNA alphabet. Improvements in se-
quencing technology have made it increasingly easier to 
decipher the genetic alphabet of a piece of DNA or the 
entire genome of an organism. �is alphabet (AGCT) 
contains the instructions for making the building blocks 
of living organisms and for regulating when proteins are 
made and in what quantities. We often refer to these in-
structions as genes. DNA also consists of regions that 
don’t seem to code for anything, and these sections and 
the rates at which they change are useful to biologists. 
Closely related species will have similar DNA sequences, 
whereas more distantly related species will be less similar. 
�ese genetic traits are now the gold standard used in 
constructing hypotheses about evolutionary relationships 
and building phylogenetic trees. Powerful computers and 
complex algorithms enable scientists to analyze huge 
amounts of data fairly easily and to construct phylogenies 
depicting evolutionary history.

�e revolution has supported many older ideas about 
evolutionary relationships. Early biologists working only 
with morphological traits that could be observed with 
the naked eye or with primitive microscopes proposed 

FIG 4.1 Phylogenetic tree showing the evolutionary relationships 
of families in the Ginger Order, Zingiberales (covered in chapter 
10). The gray asterisk indicates evolutionary changes in flower 
morphology studied in the source article (Almeida et al. 2018). 
Note that Zingiberaceae, Costaceae, Marantaceae, and 
Cannaceae share a hypothetical common ancestor (the node by 
the asterisk) that is not shared by any of the other families. 
Therefore, they form a clade of closely related families.

and the inability of taxonomists to agree completely with are constantly subject to testing and revision. Even with 



Chapter 442

relationships that have been supported by modern analy-
ses. At the same time, many new relationships are emerg-
ing, resulting in the rejection of previously held ideas. �e 
acceptance of new phylogenetic trees often necessitates 
changes to classi­cation schemes and names that have 
been in use for more than a century. �e rate of discov-
ery and creation of new names is staggering. Many of 
the family, genus, and species names, as well as common 
names, used in this book are not the same as those used 
10–50 years ago and will probably be di�erent from the 
ones used in the future.

As a result of this molecular revolution, the names 
of species and their assignment to genera, families, and 
orders need to be updated to re�ect what we now know 
to be the best representation of evolutionary relation-
ships. �ere are sound biological reasons for making these 
changes, yet it is very frustrating to know that the things 
I learned in botany class as an undergraduate 40 years 
ago and what I taught my students just a few months ago 

are no longer valid. �e monkey ladder liana is no longer 
in the genus Bauhinia; the Caesalpinioideae subfamily, 
where it has resided for more than 100 years, has been 
divided into a half-dozen new subfamilies. �e Blue Jean 
Frog that I learned as Dendrobates is now in the genus 
Oophaga (Fig. 4.2). �e bird that I ­rst learned as Scar-
let-rumped Tanager was split into two species, only for 
them to be lumped back together again a few years later. 
�ere are good reasons for these changes, but boy can 
they be frustrating. It is not uncommon to discover that 
what was once considered a single species with popula-
tions in Central America and South America is really two 
genetically isolated groups. At this point, these groups are 
determined to be two separate species, a process known as 
splitting. As a result of all this, it is nearly impossible to 
keep up with the numbers of species that inhabit a partic-
ular region and the various name changes. �e numbers 
and names used in this book were correct at the time of 
publication, but they will soon become obsolete.

FIG 4.2 Oophaga 
pumilio was once known 
as Dendrobates pumilio. 
Comparisons of DNA and 
recognition of the unique 
way that females care for 
tadpoles necessitated the 
separation of certain 
species of poison dart frogs 
into the genus Oophaga.

relationships that have been supported by modern analy are no longer valid. �e monkey ladder liana is no longer 
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CHAPTER 

5
AN INTRODUCTION TO PLANTS

THEIR PLACE IN THE FOREST AND HOW THEY GROW

It seems rather silly to write a paragraph about how to 
see plants in a forest (Fig. 5.1). It is impossible not to 
see plants in a forest! And yet, sorting out individuals, 
matching trunks with leaves, assigning fallen �owers 
and fruits to their source plants, seeing the overall shape 
of the plant, and discerning individual species or families 
are exceptionally challenging. �e ­rst-time visitor can’t 
help but be overwhelmed by the vastness of the rainfor-
est, how green and shady it is, and how everything looks 
the same yet di�erent at the same time. Dozens of visits 
later, those same feelings rush over me every time I enter 
the rainforest. So, how do you best begin to sort out the 
botanical components of the forest? �e answers are the 
same regardless of what forest type you are visiting, just 
that it is much more complicated in a tropical forest.

La Selva Research Station is home to more than 2,000 
species of vascular plants, of which some 300 are trees 
(Hartshorn and Hammel 1994). �e most species-rich 
families and genera are listed in Tables 5.1 and 5.2. In 
the following paragraphs, family names marked with 
an asterisk are explored in greater detail in the follow-
ing chapters. Fifty common tropical plant families are 
described in Appendix 1.

TABLE 5.1 Top Ten Plant Families at La Selva

Top 10 families of  
flowering plants

Top 10 tree families

Family Species Family Species

Orchidaceae
Orchid Family

136 Fabaceae
Legume Family

41

Fabaceae
Legume Family

117 Lauraceae
Avocado Family

24

Rubiaceae
Coffee Family

109 Rubiaceae
Coffee Family

22

Araceae
Arum Family

106 Euphorbiaceae
Euphorb Family

18

Piperaceae
Pepper Family

84 Annonaceae
Soursop Family

16

Melastomataceae
Black Mouth Family

83 Melastomataceae
Black Mouth Family

15

Poaceae
Grass Family

79 Arecaceae
Palm Family

13

Asteraceae
Aster Family

58 Moraceae
Mulberry Family

13

Euphorbiaceae
Euphorb Family

45 Meliaceae
Mahogany Family

10

Malvaceae
Mallow Family

45 Sapotaceae
Sapodilla Family

9

Flowering plant families containing the most species. Adapted from 
Hartshorn and Hammel (1994) and updated based on the Digital Flora 
of La Selva website (Castro 2013). The tree families have not been 
updated (Malvaceae would probably have earned a spot here). 
Boldfaced families are explored in the following chapters.

FIG 5.1 Tall canopy tree with the rope-like roots of epiphytes 
hanging down from branches.

An Introduction to Plants

AN INTRODUCTION TO PLANTS
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FOREST STRATIFICATION 
AND SEEING THE FOREST

Forests are organized into layers, or strata (Fig. 5.2). Start 
by looking at the forest �oor, speci­cally at the groundcov-
er layer (Fig. 5.3). Notice the thin layer of leaf litter. Con-
trast that with a temperate deciduous or coniferous forest 

where the litter layer provides a soft cushion of organic 
matter that is 15–30 cm (6–12 in) deep. In the rainforest 
this layer is barely a few leaves thick and within just a few 
centimeters transitions to mineral soil devoid of organic 
matter. Despite being labeled as “evergreen,” tropical rain-
forest trees are constantly dropping leaves. In forests with 
a pronounced dry season, leaf drop can be seasonal and 
synchronous. In the Caribbean lowlands of Costa Rica, 
seasonal rainfall di�erences are subtle, and there is wide 
variation in leaf dropping. Some trees drop a few leaves at 
a time, whereas others are seasonally deciduous and drop 
all their leaves over a few days and quickly grow new ones. 
Once they reach the forest �oor, the leaves are quickly de-
composed by bacteria and fungi, and the released nutrients 
are rapidly reclaimed by the roots of living plants.

TABLE 5.2 Top Ten Plant Genera at La Selva

Genus and family Species
Piper (Piperaceae) 58

Miconia (Melastomataceae) 40

Philodendron (Araceae) 32

Psychotria (Rubiaceae) 26

Anthurium (Araceae) 25

Inga (Fabaceae—Mimosoideae) 23

Peperomia (Piperaceae) 20

Ficus (Moraceae) 17

Epidendrum (Orchidaceae) 16

Goeppertia (Marantaceae) 12

Flowering plant genera containing the most species. Adapted from 
Hartshorn and Hammel (1994) and updated based on the Digital Flora 
of La Selva website (Castro 2013).

If you have an animal bias, and most people do, you 
may think that plants just sit there and don’t do 
anything. Nothing could be further from the truth.
Plants carry out photosynthesis by multiple 
biochemical pathways; engage in cellular respiration; 
transpire water; work hard to conserve precious water 
(even in the rainforest); mine the soil for nutrients; 
compete with neighbors, cooperate with neighbors; 
fall victim to predation; defend themselves against 
predation; serve as homes for other species of plants, 
animals, and microbes; engage in sexual reproduction; 
engage in asexual reproduction; disperse their 
offspring; are “born” when seeds germinate; struggle 
to survive; live for long times; contract diseases; get 
destroyed by violent weather; succumb to the forces of 
gravity; die; and decompose. Just about every aspect 
of biology can be studied using plants!

PLANTS DO STUFF!

FIG 5.2 Dark forest understory and contrasting light gap 
showing understory, subcanopy, and canopy strata.

FIG 5.3 The spreading feathery sprays of the lycophyte 
Selaginella are common elements of the rainforest groundcover. 
At least two species are shown here.
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What plants live in the groundcover layer? Ferns of 
various sizes grow on the ground layer, on rotting logs, 
and climbing up the trunks of trees. �e next most 
obvious inhabitants are fern-like plants in the genus 
Selaginella. Despite their fern-like appearance, they are 
lycophytes, a phylum of spore-producing plants that have 
only a single vein of vascular tissue in their tiny leaves 
(responsible for conducting water, nutrients, and sugars 
throughout the plant). True fern leaves, in comparison, 
have many veins per leaf. In the case of Selaginella, the 
tiny leaves are arranged in four rows along a spreading 
stem. Nine species of Selaginella are found almost every-
where you look in the La Selva forest. �ey don’t carpet 
the ground but spread in widely dispersed clumps.

You may also ­nd small seedlings of �owering plants 
attempting to survive in the ground layer. �e goal of 
many species is to get to the canopy as quickly as possible 
and before they are eaten or trampled to death. Other 
species take decades to reach the canopy, growing slowly, 
tolerating the low light levels, and resisting herbivores. 
Mosses and liverworts, plants that lack any vascular tissue 
and, therefore, can’t grow more than a few centimeters in 
height, also grow along the ground and on decaying logs.

�e next highest stratum is the understory (Figs. 5.4 
and 5.5). At maturity, understory plants are knee-high 
to head-high, with only a few reaching heights twice as 
high as the average human observer. I like being able to 
see the entire plant! Ferns, dwarf palms, cyclanths, giant 
herbs of the Ginger Order, woody shrubs, and saplings 
are abundant in the understory. Shrubby Piperaceae 
(Pepper Family)*, Melastomataceae (Black Mouth Fami-
ly)*, and Rubiaceae (Co�ee Family)* are well represented 
here and have very distinctive characteristics that make 
recognition of these families quite easy. Species identi­-
cation, however, is di�cult.

Approximately 20 species of dwarf palms (Arecaceae)* 
inhabit the rainforest understory of La Selva (Fig. 5.6). 
With the use of the palm key (Appendix 2), it is possible 
to identify all of these to 20 species. �e leaves of palms 
are either simple/bi­d (shaped like a ­sh tail), pinnate 
(feathery with the leaf split into many lea�ets), or palmate 
(shaped like a fan). Challenge yourself to locate the �ow-
ers and fruits on the palms. Some palms are solitary with a 
single stem, whereas others are clonal and form clumps of 
stems that are joined by hidden underground connections. 
Beware, many have needle-like spines along their stems 
and leaves. Like many dwarf palms, plants in the Cyclan-
thaceae (Cyclanth Family)* have bi­d leaves shaped like 
a “V” for victory sign (Fig. 5.7). �ey are easily confused 
with palms but have secondary veins that run the length of 
the leaf, rather than running toward the margin of the leaf.

�e next highest stratum is the subcanopy. �e trees 
here grow taller than the subcanopy shrubs, but they 
never quite reach the canopy created by their bigger 
neighbors. Some of these trees are capable of reaching 
the canopy and are biding their time until a treefall or 
branchfall enables su�cient light to shine through for 
them to resume growth and take their rightful place in 
the canopy. �ese are the canopy wannabes. �e others 
have reached their maximum height and will spend their 
entire lives harvesting whatever bits of sunlight they can 
get in order to survive in the dimly lit subcanopy. Trees 
and palms occupy this layer.

Look up as far as you can and you are looking at the 
bottom of the canopy layer. In old-growth forest you are 
witnessing a closed canopy formed by the branches of 

FIG 5.4 Ferns, dwarf palms, and saplings are common 
understory plants.

FIG 5.5 Giant herbs with leaves shaped like canoe paddles, 
such as this Heliconia irrasa, are common in the understory, 
especially in treefall gaps.

What plants live in the groundcover layer? Ferns of 
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adjacent trees meeting and leaving little or no cracks for 
rays of sunlight to penetrate to the lower strata. Most of 
the 300-plus species of trees of the La Selva forest occupy 
this layer. �e leaves that you can see are poorly illumi-
nated and barely photosynthesizing enough to overcome 
their expenditure of energy through respiration. In con-
trast, the leaves at the top of the tree are bathed in full 
sunlight. �is hidden realm is where monkeys, sloths, liz-
ards, insects, and birds make their living. �e best way to 
see the canopy layer is from a tower, walkway, or bridge 
that is suspended above the canopy (Fig. 5.8).

And then there are the overachievers. Several tree 
species are capable of reaching 45–55 m (148–180 ft) in 

height and stick up far above the canopy level to truly 
exploit full sunlight coming from above and laterally. 
�ese are the giants of the rainforest known as can-
opy-emergent trees. From the ground, they look like 
massive walls of tree trunks 1.5–2.0 m (5–6 ft) in diam-
eter) and buttresses.

Once you get a feel for the strati­ed nature of the for-
est, you are ready to begin exploring plant growth habits, 
and then you will be ready to attempt family identi­-
cation and recognition of the most common species in 
the forest. In some cases, species or genera are distinc-
tive; however, just being able to determine the family to 
which an individual belongs is an achievement worthy of 
self-congratulation. To help with this, I have provided an 
overview of plant growth habits (this chapter), a simple 
method for examining a plant and noting its distinctive 
features (chapter 6), an introduction to some of the most 
common families of �owering plants and their more 
easily recognized species (chapters 7–11), a somewhat 
technical description of 50 of the most common families 
of �owering plants (Appendix 1), a key to the palms of 
La Selva (Appendix 2), and an introduction to the most 
common ferns (chapter 12).

GROWTH HABIT AND 
SEEING THE PLANTS

Not to be confused with “habitat” or the setting where a 
plant grows, “habit” refers to how a plant grows, as well 

FIG 5.6 Palms are ubiquitous plants of the rainforest understory, 
many of which never exceed 2 m in height. FIG 5.7 Bifid-leaved cyclanths are abundant in the understory 

of old-growth forest. They can be distinguished from palms by the 
way their veins orient parallel to the long axis of the leaves.

FIG 5.8 View of the forest canopy from a 38 m (125 ft) tower. 
The canopy towers and walkways of La Selva were erected for 
research and education, but have repeatedly been toppled by 
falling trees. Note the lavender flowers of Dipteryx panamensis, 
in full bloom in July, and the emergent tree extending far above 
the rest of the canopy.



An Introduction to Plants 47

as its overall shape and size at maturity. Trees, shrubs,
lianas, epiphytes, and herbs are possible growth habits.

Trees are woody plants that grow upright. �ere are 
323 di�erent tree species at La Selva (Hartshorn and 
Hammel 1994). Most trees have a single main trunk or 
bole (Fig. 5.9). Many tropical trees resemble a child’s 
lollipop drawing with a spherical mass of branches and 
leaves perched at the top of a single trunk. Very little 
light penetrates beyond the upper canopy, hence the lack 
of branches and leaves along most of the trunk. None-
theless, there is a great amount of variation in branch-
ing patterns and overall tree architecture. A distinctive 
feature of tropical trees is that many have �ared trunk 
bases, known as buttresses (Fig. 5.10). Presumably the 
buttresses lead to roots and are responsible for helping 
stabilize a giant tree growing in soil that is shallow and 
becomes destabilized every time it rains, which happens 
almost every day.

Trees occupy di�erent levels of the strati­ed forest. Most 
of the vegetation in the forest is located roughly 30 m (100 
feet) above the ground, in the canopy. Trees that reach this 
height are called canopy trees (Fig. 5.11). �e closed can-
opy formed by crowns of adjacent trees meeting lets very 
little sunlight through, resulting in a dimly lit understory. 
Some trees extend above and beyond the canopy and may 
reach heights of 45–55 m (148–180 ft). �ese so-called 
canopy-emergent trees are the giants of the rainforest 
(Fig. 5.12). At ground level all you see of these overachiev-
ers is a wall of tree trunk that may be 1.5–2.0 m (5–6 ft) 
in diameter while the top of the tree is all but invisible 
(Fig. 5.13). If you are lucky enough to climb to the top of 
a canopy tower, stroll along a canopy walkway, or go for 
a ride on a canopy zip-line tour, you will see these enor-
mous trees extending far above the canopy. A list of some 
canopy-emergent species, their maximum heights, and 
where to ­nd them at La Selva can be found in Table 5.3. 
Long-term research on canopy-emergent trees by Clark 
and Clark (1996) has revealed that emergent trees make 
up only 2% of the stems in old-growth forest yet contain 
27.2% of aboveground biomass and continue to add bio-
mass even after reaching enormous sizes. �e Clarks also 
discovered that the mortality rate of emergent species is 
far lower than that of other trees in the forest. �e eco-
logical importance of canopy-emergent trees in the for-
est is far greater than their abundance would suggest. �e 
Holdridge Arboretum o�ers a unique opportunity to view 
most of these emergent species up close.

Trees below the canopy are called subcanopy trees 
(Fig. 5.14). True subcanopy trees will never attain canopy 

FIG 5.9 Canopy trees often have a wide-diameter straight 
trunk with few branches below the canopy. This challenges the 
observer to match the trunk with the leaves suspended 30 m 
(98 ft) from the ground.

FIG 5.10 Many tropical trees have buttresses, flared 
extensions of the trunk that presumably help anchor the tree in 
unstable ground.

as its overall shape and size at maturity. Trees  shrubs
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status. �ey are tolerant of low light levels and are able to 
complete their entire life cycle in the dimness below the 
canopy. Other trees in the subcanopy are patiently wait-
ing for the chance to reach the canopy, either by growing 
slowly or by waiting for a neighboring tree to drop a 
large branch, tip over, or die in place. Once this happens, 
a light gap is formed and the understory trees race to ­ll 
the gap. �e most common subcanopy tree is the palm 
Welfia regia (corozo, Arecaceae). Another abundant and 
easily recognizable subcanopy species is Warszewiczia 
coccinea (pastora, Rubiaceae) with its brilliant red in�o-
rescences visible in almost every season of the year.

Understory trees and shrubs occupy a stratum that rang-
es from 1 to 5 m (3–16 ft) in height. Shrubs and dwarf palms 
are common here (Fig. 5.15). Woody shrubs are de­ned by 
their low stature and often having multiple trunks. Woody 
shrubs from the Piperaceae (Pepper Family)*, Rubiace-
ae (Co�ee Family)*, and Melastomataceae (Black Mouth 
Family)* are abundant in the forest understory.

Lianas are woody vines (Figs. 5.16–5.18). �ey lean 
upon or cling to woody trees for support. Various means 

are used to attach to host trees. Some stems twine around 
tree trunks as they grow. Others have hairs that pro-
vide a rough surface texture to help grab onto supports, 
while some species employ tendrils to wrap around the 
branches of their hosts. Lianas become massive, with 
diameters reaching the size of a human thigh. Length is 
almost impossible to measure. Lianas may reach the top 

FIG 5.11 Canopy trees.

FIG 5.12 The extreme size of emergent trees is hard to capture 
in a photograph, but it is easier to grasp when a biologist is 
included for scale.

FIG 5.13 Often all you can see of an emergent tree is a huge 
trunk and buttresses.
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of a canopy tree and then continue to spread to other 
trees. When a tree falls to the ground, it brings lianas 
with it, and they in turn pull down other trees. �e trees 
will die, but the liana will reorient and new shoots will 
begin upward growth within a few weeks. Try to fol-
low a liana from where it roots to where it ends. It is 
a seemingly impossible task. �e Bignoniaceae (Trum-
pet-creeper Family), Fabaceae (Legume Family)*, Sap-
indaceae (Soapwort Family), Malpighiaceae (Malpighia 
Family), Aristolochiaceae (Dutchman’s Pipe Family), 

Cucurbitaceae (Squash Family), and Dilleniaceae (Dil-
lenia Family) make up more than half of the 106 species 
of liana at La Selva (Hartshorn and Hammel 1994).

Epiphytes are plants that grow on other plants 
(“phyta” means plant and “epi” means on). �ey grow on 
the branches and trunks of trees and are everywhere you 
look in the rainforest (Fig. 5.19). Wind or birds disperse 
seeds to tree branches and trunks. �e epiphytes produce 
roots that anchor them to the substrate but do not absorb 
water and nutrients like most roots. Ferns and members 

TABLE 5.3 Canopy-emergent Trees of the Caribbean Lowland Rainforest

Species Family Common names Maximum height Where to see at La Selva
Balizia elegans Fabaceae

Legume Family
Ajilo 55 m Start of the CC trail

Ceiba pentandra Malvaceae
Mallow Family

Kapok
Ceiba

50 m Near STR trail at 700 m, along 
major rivers

Dipteryx panamensis Fabaceae
Legume Family

Almendro 54 m Common throughout; CEN and 
CCL trails

Hieronyma alchorneoides Phyllanthaceae
Leafflower Family

Pilón 50 m Cantarana near CCC trail

Hura crepitans Euphorbiaceae
Euphorb Family

Sandbox tree
Jabillo

50 m STR trail

Hymenolobium  
mesoamericanum

Fabaceae
Legume Family

Cola de Pavo 58 m CES trail at 750 m;
tallest tree species of La Selva

Lecythis ampla Lecythidaceae
Brazil Nut Family

Monkey Pot
Olla de mono

45 m SHO trail at 800 m

Terminalia oblonga Combretaceae
Indian Almond Family

Surá 45 m On alluvial soils near streams 
and rivers; SUR, STR, SAT trails

Emergent tree size data were taken from Clark and Clark (1992, 2001) and the Digital Flora of La Selva website (Castro 2013). Most of these species 
can also be found in the Holdridge Arboretum.

FIG 5.14 Canopy and subcanopy trees. FIG 5.15 Dwarf palms are abundant in the forest understory.
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of the Orchidaceae (Orchid Family)*, Araceae (Arum 
Family)*, Bromeliaceae (Bromeliad Family)*, Morace-
ae (Mulberry Family)*, and Cyclanthaceae (Cyclanth 
Family)* are well represented as epiphytes. Epiphyte 
species constitute 23% of all vascular plants at La Selva 
(Hartshorn and Hammel 1994). Some, such as the bro-
meliads, are true epiphytes that never make contact with 
the ground. Others, known as hemiepiphytes, begin life 
as a seedling in the canopy and send roots down to the 
ground. Once they make contact with the ground, they 
are able to mine the soil for water and mineral nutrients. 
�e most famous of the hemiepiphytes are the strangler 
­gs (Moraceae), which will sometimes encircle the host 
tree with their roots, eventually killing it and, after the 
host has rotted away, forming a hollow cylinder of roots 
(Fig. 5.20). Another group of epiphytic plants, known 
simply as climbers, begins life on the ground and then 
grows toward the darkest spot formed by the shade of a 
tree, bringing them into contact with a tree trunk (Fig. 
5.21). �ey then use roots to anchor themselves to tree 
trunks and climb their way up the side of a host tree. 

Philodendrons and Monsteras in the Araceae are often 
climbers. And then there are plants that live on the leaves 
of other plants! �ese epiphylls are mosses, liverworts, 
and lichens (Fig. 5.22). �e interactions of epiphylls with 
palm host leaves are described in chapter 9.

Herbs, or herbaceous plants, are plants that do not 
make wood. �roughout the world, they are mostly small 
plants that are restricted to high-light environments and 
are uncommon in shady forests. Most of the epiphytes are 
also herbaceous. Ferns are by far the most abundant of the 
herbaceous plants, making up 17% of the herbaceous spe-
cies at La Selva (Hartshorn and Hammel 1994). Members 
of the Rubiaceae (Co�ee Family)*, Poaceae (Grass Fam-
ily), Araceae (Arum Family)*, and Marantaceae (Prayer-
plant Family)* also exhibit an herbaceous growth habit. 
While many herbaceous plants are small, there are some 
unique tropical exceptions. �e Ginger Order (Zingibe-
rales: Banana, Ginger, Heliconia, Costa, and Prayer-plant 
families)* includes a group of giant herbs that can grow 
1–4 m (3–14 ft) in height and often feature leaves resem-
bling canoe paddles in size and shape (Fig. 5.23). Leaves of 

FIG 5.16 Looking like a giant snake coiled 
on the ground, this liana was probably 
brought down to the ground when a tree fell. 
The tree rotted away, leaving behind the 
coiled liana, which simply reoriented, 
continued to grow, and resumed its 
exploration of the canopy. The pinnately 
compound leaves identify this species as 
Paullinia ingifolia (Sapindaceae).

FIG 5.17 Moutabea gentryi
(Polygalaceae) has young leaves that are 
dark blue! This individual is resuming 
growth after being brought down by a 
treefall (notice the fresh brown dirt of a 
tip-up mound in the background).

FIG 5.18 Usually all that is visible of 
lianas is a tangle of arching or loopy 
stems, offering the observer no clue as to 
what the rest of the plant looks like.
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plants in the Arum Family (Araceae) are some of the larg-
est in the forest. Palms present a conundrum. Are palms 
herbaceous or woody? Many have woody stems, but this 
“wood” is made up of ­bers and is formed in a di�erent 
way than that of the wood of true trees. (A plant anatomist 

would point out that palms are supported by ligni­ed 
­bers, not secondary xylem; do not make wood; and are 
not trees. For the purpose of thinking about the forest, if it 
looks like a tree and functions like a tree, we’ll call it a tree.)

FIG 5.19 Tree branches are often covered in 
epiphytes—literally, plants that live on other 
plants. This branch is supporting arums 
(Anthurium, Philodendron), several species of 
fern, and bromeliads.

FIG 5.20 A tree being hugged by two 
strangler figs (Ficus).

FIG 5.21 The Arum Family (Araceae) 
includes many species that climb up the 
trunks of trees.

ABOVE: FIG 5.23 Giant herbs in the Heliconiaceae and 
Marantaceae are common in gaps and other disturbed areas.

FIG 5.22 The surfaces of the fern and cyclanth leaves are barely 
visible because of a felt-like growth of epiphylls: a mix of 
mosses, liverworts, and lichens.
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CHAPTER HOW TO EXAMINE A PLANT
6

Many people assume that all plants are the same 
(Fig.  6.1). �ey are wrong! Most plants are green and 
have roots, stems, leaves, �owers, and fruits. But what 
about the plants like mosses, liverworts, lycophytes, 
and ferns that disperse by spores and don’t make �ow-
ers or fruit at all? In addition, not all �owering plants 
are green or have leaves. Upon entering the rainforest, 
you are immediately struck by the overwhelming diver-
sity of plants, especially the trees. �en, when you try 
to identify those trees, you suddenly start to think that 
they all really do look alike and you will never be able to 
di�erentiate one species from the next. Don’t despair; 
with some practice, you can at least discern some of the 
major families of �owering plants. Coverage of plants 
in this book will be heavily biased toward �owering 
plants. �ere are two species of gymnosperm in the La 
Selva rainforest, Zamia neurophyllidia (Cycadaceae) and 
Gnetum leyboldii (Gnetaceae). A dozen lycophytes and a 

little more than 170 species of ferns are scattered abun-
dantly across the landscape and will be covered in a sub-
sequent chapter (chapter 12). �e following routine is 
intended to be used to identify �owering plants at least 
to the level of family.

So, how do you go about the process of identifying a 
plant? You will need to learn about 25–35 basic botanical 
terms, follow a routine for examining a new plant, prac-
tice using some sort of identi­cation key, and practice 
some more. �e next few chapters provide an overview of 
the characteristic features and ecology of 20-some of the 
most common �owering plant families of the rainforest, 
highlighting some of the more easily recognized genera 
and species. Appendix 1 o�ers brief botanical descrip-
tions of 50 of the most common �owering plant families 
of the rainforest. Chapter 12 describes the most common 
ferns and how to identify them.

With a moderate amount of e�ort, you should be able 
to observe members of each of these families, even during 
a short visit to the tropics. It is surprising how many dif-
ferent families you can identify in only a few hundred 
meters of almost any trail at La Selva. �e same families, 
but not necessarily the same species, will be found any-
where you visit in the Neotropics. To identify a plant to 
the family level, usually all you need is a stem or branch 
and some leaves. Flowers and fruits would be helpful, but 
they are produced only at certain times of the year and 
are often high up in the canopy.

THE HISTORY OF BOTANY AND FLORAL 
VERSUS VEGETATIVE CHARACTERISTICS

Historically, the naming and classifying of �owering 
plants was based on �ower traits. To a large extent, this 
is still true today. Carl Linnaeus is credited with devel-
oping a classi­cation and identi­cation system based on 
the numbers of �ower parts. �e numbers and arrange-
ments of �ower parts have been an essential part of plant 
identi­cation ever since. Perhaps this is not surprising 
for a science that developed in temperate regions where 

FIG 6.1 Leaves are not all alike! Each one has a unique shape. 
Some are broad at the base and narrow at the tip, while others 
are narrow at the base and broad at the tip or narrow 
throughout. Some consist of a single blade (simple leaves), 
whereas others are composed of multiple leaflets (compound 
leaves). Some have smooth margins; others are toothed. Each 
one has a venation pattern that is different from all the others. 
Some are smooth while others are hairy. The pictured leaves are 
even different shades of green and one is tan due to a coating of 
rusty hairs.

HOW TO EXAMINE A PLANT
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annual �owering is highly predictable. In the tropics, 
however, ­nding plants in �ower can be much more 
challenging.

Early botanical explorers traveled from Europe to the 
tropics and spent years at a time collecting plants. �ey 
would search for months for the ideal opportunity to 
collect a plant in �ower, press it, and ship it to a Euro-
pean museum. �e reliance on �owers is less useful for 
short-term visitors to the tropics. While some tropical 
plants produce �owers all the time, most seem to produce 
�owers when they feel like it and are ­ckle about when 
they are in the mood. Some �ower annually, whereas oth-
ers may go years or decades between �owering episodes. 
�us, for the boots-on-the-ground botanist, most of 
those �owers are inaccessible, either because they are 30 
m (98 ft) up in the canopy or simply not present at that 
particular moment in time. �erefore, tropical botanists 
have been forced to learn plant identi­cation by means 
of plant parts not associated with �owers or fruits, what 
we call vegetative characteristics. Family-level identi­-
cations are often the best you can hope for. After that, 
a more detailed botanical key is necessary for genus or 
species identi­cations.

Plant family names all end in “-aceae,” which is pro-
nounced “ay-see-ee” or like saying the letters “A-C-E.” 
Spanish-speaking botanists pronounce it slightly di�er-
ent, sounding like “ah-see-ah.” �ey maintain that their 
language is closer to Latin than English and, therefore, 
their pronunciation is more correct!

�e following routine, organized as a series of ques-
tions, is used by tropical botanists to identify plants in 
the ­eld. You can go a long way toward identi­cation 
of a plant if you learn how to describe a handful of easi-
ly observable traits, including its growth habit, leaf type, 
leaf arrangement, leaf shape, presence or absence of stip-
ules, venation pattern, and various other features of the 
leaves and stems. If �owers or fruits are present, then 
that’s an added bonus.

WHAT IS THE GROWTH 
HABIT OF THE PLANT?

“Habit” refers to the way that a plant grows and is cov-
ered in chapter 5. Are you looking at a woody tree? 
Woody shrub? Woody vine (liana)? Or an herbaceous
plant that lacks wood? Is it ­rmly rooted in the ground 
and growing independently? Does it climb up the trunk 
of a tree? Is it an epiphyte perched on the branch or 
trunk of a tree?

ARE THE LEAVES 
SIMPLE OR COMPOUND?

Simple leaves consist of a single blade or lamina attached 
to a branch node by a slender stalk or petiole (Fig. 6.2). 
Compound leaves consisting of multiple leaflets are 
very common in the tropics. �ey in turn come in two ba-
sic types, palmate and pinnate. If you think of the palm 
of your hand with ­ve ­ngers radiating from a common 
point, then you have a good idea of what a palmate leaf 
looks like (Fig. 6.3). �e number of lea�ets will vary by 
species, but they will all originate from a single point at 
the end of the petiole.

Pinnate means feathery, and pinnate leaves have 
lea�ets arranged much like the barbs coming o� the 
rachis of a bird feather. Pinnate leaves consist of a cen-
tral rachis representing an extension of the petiole and 

FIG 6.2 Simple leaves consist of a single blade attached to the 
stem by a petiole. The simple leaves of Goethalsia meiantha
(Malvaceae) have toothed margins, an elongated drip tip, and 
stipules and exhibit delayed greening of young leaves.

annual �owering is highly predictable. In the tropics, ARE THE LEAVES 
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varying numbers of lea�ets that attach to the rachis. �e 
stem that attaches the lea�et to the rachis is called a pet-
iolule or little petiole. Paripinnate leaves have an even 
number of lea�ets (they are in pairs; Fig. 6.4), whereas 
imparipinnate leaves have an odd number of lea�ets 
(Fig. 6.5). Some leaves are bipinnate (Fig. 6.6); in this 
case the lea�ets are also compound. A bipinnately com-
pound leaf is most likely a member of the Mimosoideae 
subfamily of the Legume Family (Fabaceae). Pinnate 
leaves are exceedingly common in tropical forests and 
are found in the Fabaceae, Meliaceae (Mahogany Fam-
ily), Sapindaceae (Soapwort Family), Simaroubaceae 
(Tree-of-Heaven Family), and Anacardiaceae (Cashew 
Family), among others.

FIG 6.3 Palmately compound leaves consist of a cluster of 
leaflets all originating from a single point at the tip of a petiole. 
The genus Schefflera (Araliaceae) includes common rainforest 
plants and houseplants.

FIG 6.4 Paripinnate leaves are compound leaves with an 
even number of leaflets attached to a central rachis. Inga is a 
common genus of trees in the Legume Family. Note the suction-
cup-shaped extrafloral nectaries located between each pair of 
leaflets and the winged rachis.

FIG 6.5 Imparipinnate leaves are compound leaves with an 
odd number of leaflets coming off a central rachis (extension of 
the petiole).

FIG 6.6 Many mimosoid legumes have bipinnate leaves. 
These compound leaves have leaflets that are compound. 
Stryphnodendron is a common legume tree in lowland rainforest 
and has pinnules (the leaflets of the leaflets) that are rhomboid in 
shape.
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It can sometimes be di�cult to distinguish simple 
versus compound leaves in the 
eld. Botanically, what 
de
nes a plant part as a single leaf (simple or compound) 
is the presence of an axillary bud at the base of the petiole 
where it meets the stem. In practice, axillary buds can 
be di�cult or impossible to see. Look for the smallest 
repeating unit of leaf tissue—do you always see a certain 
number of lea�ets clustered together? Do you always see 
a central rachis with lea�ets coming o  it? If so, it’s a 
compound leaf.

HOW WOULD YOU DESCRIBE THE LEAF 
ARRANGEMENT, OR PHYLLOTAXY?

Most leaves come o  a stem and follow strict rules about 
how they are arranged relative to one another and to 

the axis of the stem. �ey may be opposite, alternate, or 
whorled. �e order of the leaves about the stem is known 
as phyllotaxy. �e location on a stem from which a leaf 
originates is the node. Opposite leaves are positioned 
directly across from one another at a node (Figs. 6.7 
and 6.8). In some cases, the opposite leaves rotate 90° 
from one node to the next and are said to be decussate
(Fig. 6.9).

Opposite leaves are not very common in the tropics, so if 
you 
nd a plant with opposite leaves, you can quickly nar-
row down the choices of families. Common families with 
opposite leaves include Acanthaceae (Acanthus Family), 
Bignoniaceae (Trumpet-creeper Family), Melastoma-
taceae (Black Mouth Family), Clusiaceae (Mangosteen 

FIG 6.7 The orientation of leaves relative to the stem is known as 
phyllotaxy. Leaves may have an opposite, alternate, or 
whorled phyllotaxy. Vismia has opposite leaves with smooth 
(entire) margins.

FIG 6.8 Plants in the Trumpet-creeper Family (Bignoniaceae) 
have opposite compound leaves. Many members of the family 
are lianas that use coiling tendrils to attach to other plants.

FIG 6.9 Plants with opposite decussate leaves exhibit a 
90° rotation in leaf orientation from one node to the next. 
This is common in the Melastome (shown here), Mint, and 
Verbena families. The leaves of this melastome are covered 
in hairs (trichomes).

It can sometimes be di�cult to distinguish simple the axis of the stem. �ey may be opposite, alternate, or 
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Family), Myrtaceae (Myrtle Family), Apocynaceae (Dog-
bane Family), Verbenaceae (Verbena Family), Rubiaceae 
(Co�ee Family), and Malpighiaceae (Malpighia Family).

When leaves are not paired like this, they are con-
sidered alternate or whorled. Leaves that alternate in 
a strict left-right–left-right fashion and are arranged in 
the same plane are distichous (Fig. 6.10). If the branch 
of such a plant with alternate distichous leaves were to 
be laid on the ground, all the leaves would lie �at. More 
commonly alternate leaves follow a spiral pattern that 
may or may not repeat itself around the stem.

In some cases, there will be three or more leaves 
originating at a node. �ese are said to be whorled, or 
arranged in a whorl about the stem (Fig. 6.11).

�e spacing between nodes, the internode distance, 
varies among species. If the distance between nodes is 
very short, distinguishing among the three di�erent leaf 

arrangements can be tricky. Also notice whether the 
leaves are scattered regularly along a branch or if they are 
clustered near the tip.

WHAT IS THE OVERALL SHAPE 
OF THE LEAF? ARE THE LEAF 
MARGINS ENTIRE OR TOOTHED?

Botanists employ a bewildering array of terms to de-
scribe leaf shape: cordate, elliptical, lanceolate, linear, 
oblong, obovate, ovate, and the list goes on. �ere are also 
terms for the shape of the leaf tip, as well as the base of 
the leaf: acuminate, acute, cordate, oblique, rounded, and 
sagittate, just to name a few. Many tropical leaves have an 
elongated point at their tip (acuminate). �ese structures 
are called “drip tips” and may help leaves shed water, a 
useful trait in a place where it rains most days and fun-
gal pathogens abound (Fig. 6.2). Leaf shape terminolo-
gy will be minimized in this book, but if you intend to 
continue in your study of botany, it will be important to 
learn these terms.

�e margin, or edge of a leaf, is usually smooth, or 
entire. However, it may also be toothed and be either 
serrate (teeth curved and pointing in one direction, like 
a serrated knife) or dentate (teeth pointed outward) 
(Fig. 6.12). Toothed leaves are uncommon in the tropics 
and characteristic of the Malvaceae, Salicaceae, Sapinda-
ceae, and Ulmaceae.

FIG 6.10 Most plants have alternate leaves. Some plants with 
alternate phyllotaxy are distichous, meaning leaves originate in 
two rows following a strict left–right alternation with the leaves 
lying more or less in the same plane. Species of Annonaceae, 
shown here, have alternate distichous leaves.

FIG 6.11 Of the three types of phyllotaxy, the least common is 
whorled, in which more than two leaves originate at each node. 
Hamelia patens has whorled leaves with stipules located 
between adjacent petioles (interpetiolar stipules characteristic of 
the Coffee Family).
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ARE MYSTERIOUS LITTLE FLAPS OF 
TISSUE CALLED STIPULES PRESENT?

Stipules are small (usually) leaf-like �aps of plant tissue 
that are thought to play a role in protecting developing 
leaves (Fig. 6.12). Some plants have them and some don’t. 
In some cases, the stipules remain ­rmly attached to the 
plant. In other cases, they are ephemeral features that fall 
o� as soon as the leaf being protected unfurls, leaving be-
hind a tiny scar as the only evidence of its existence. Stip-
ules usually come in pairs and are found just below and to 
either side of the petiole. �e presence or absence, shape, 
and location of stipules and their scars can be valuable 
plant identi­cation traits. Beware, searching for them can 

be very frustrating. In ­gs (Ficus), the stipule is located at 
the tip of a branch, is shaped like a dunce cap, and falls 
o� as the leaf matures, leaving behind a ring-like scar on 
the stem. �e stipules of Balsa trees are persistent, about 
a centimeter wide, and shaped like a bicycle seat. Plants 
in the Co�ee Family (Rubiaceae) have dozens of stip-
ule shapes and sizes, but they are always present between 
the opposite leaves (interpetiolar stipules; Fig. 6.13). For 
most species, stipules are tiny, seemingly insigni­cant 
�aps of tissue and require a hand lens to see either the 
actual stipules or the scars they have left behind.

WHAT PATTERN IS DELINEATED 
BY THE LEAF VENATION?

You would think that the word should be written vein-
ation, but as a scienti­c term it is spelled according to 
its Latin root vena, meaning “vein.” Venation patterns 
are usually distinctive and easy to observe. In other cas-
es, the veins are nearly invisible (Simarouba or Clusia). 
In monocots (except Araceae) the easily observed veins 
run parallel to one another. �is is the typical pattern in 
grass-like plants and works well in the temperate zone 
for separating monocots and dicots but works less well 
in the tropics, where monocot leaves are often large and 
broad. Plants in the Ginger Order have large leaves with 
a central midvein and numerous secondary veins that are 
parallel to one another as they extend to the leaf mar-
gin. �e large leaves of the Arum Family (Araceae) don’t 
look like monocots at all (Fig. 8.2). �ey typically have 
secondary veins arranged pinnately, while tertiary veins 
branch repeatedly in a very un-monocot fashion.

Let us consider the other �owering plants, the magno-
liids and eudicots, which have veins arranged in a much 
more complex netted arrangement. �ere are some dis-
tinctive patterns. Leaves with pinnate venation have a 
central primary vein, or midrib, running down the middle 
of the leaf and secondary veins originating at the mid-
rib and extending at regular angles toward the leaf mar-
gin (Fig. 6.14). In some cases, those secondary veins end 
at the leaf margin. In serrate leaves, they may extend all 
the way to or just beyond the point of the tooth. In ­gs 
(Moraceae), the secondary veins never reach the margin 
and form loops that join up with a neighboring vein. �is 
loopy venation is called brochidodromous, and if you 
start using that term, you just might be a botanist (Fig. 
6.15). In palmate venation, multiple veins originate at the 
base of the leaf, where it attaches to the petiole, and then 
radiate away from the attachment point. Many Malvaceae 

FIG 6.12 A plant from the Mallow Family (Malvaceae) with 
toothed leaves, large stipules, and hairs (trichomes). Closer 
magnification would reveal the hairs to be shaped like asterisks 
(stellate trichomes).

FIG 6.13 A key feature of the Coffee Family (Rubiaceae) is the 
presence of stipules between the petioles of opposite or 
whorled leaves (interpetiolar stipules), the size and shape of 
which can be helpful in species identification.

be very frustrating. In ­gs (
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have palmate venation (Fig. 6.12). �e most striking vena-
tion pattern is found in the Melastomataceae, in which 
3 to 5 veins originate in a palmate fashion at the petiole, 
spread out toward the middle of the leaf, and then recon-
verge at the leaf tip (Fig. 6.9). �e tertiary veins, located 
between the secondaries, are parallel to one another and 
form a distinctive ladder-like pattern. If you can recognize 
this venation pattern, then you can identify melastomes.

ARE THERE EXUDATIONS? 
DON’T GET SAPPY

A cleanly cut stem will often appear shiny because of the 
presence of sap, consisting mostly of water. Because the 
sap was under tension when you cut it, the plant doesn’t 
“bleed.” In other cases, clear or colored liquid oozes from 
the cut surface. Some plants have special cells that secrete 
latex, a translucent and sticky substance loaded with tox-
ic defense chemicals (Fig. 6.16). �e latex is often pure 
white, but it may also be cream, yellow, orange, or red 
in color. In some cases, the color is revealed only upon 
exposure to the air and oxidation of the chemical con-
stituents. Dabbing the cut stem on a white piece of paper 
and waiting for the color to set is a good way to test 
for colored exudations. Snap o� a leaf and watch what 
happens at the cut end of the petiole (or cut a narrow 
stem with clippers). Apocynaceae gush copious amounts 
of white latex, whereas ­gs and other Moraceae often 
need to have tiny droplets milked out by squeezing a 
severed petiole. �e exudations of Clusiaceae are cream, 
yellow, or orange colored. Dab some on a notebook page, 

and it will make the pages forever sticky. Myristicaceae 
(Nutmeg Family), such as Virola, produce small amounts 
of clear exudations, which when streaked onto notebook 
paper turn pink or red as they oxidize. Do not get any of 
these exudations in your eyes or mouth! �ey contain an 
arsenal of antiherbivore defense compounds and can be 
quite irritating. Some have been harnessed by humans 
for use as powerful poisons, medicines, and hallucino-
gens. Always keep in mind that the di�erence between a 
medicine and a poison is the dose.

FIG 6.14 Pinnate venation is the most common venation 
pattern in broad-leaved plants.

FIG 6.15 Leaves with brochidodromous venation feature 
secondary veins that extend from the midvein and form a loop 
without ever reaching the margin of the leaf. Several families 
feature this venation pattern, including the Moraceae (Mulberry 
or Fig Family).

FIG 6.16 Oozing milky latex from cut stems and leaves is 
common in Apocynaceae, Clusiaceae, and Moraceae 
(Brosimum [shown here], Castilla, and Ficus). Photo: Reinaldo 
Aguilar, Digital Flora of La Selva.
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ARE THE LEAVES OR STEMS COVERED 
WITH TRICHOMES? A HAIRY SITUATION

For all botanists, a hand lens is an essential piece of 
equipment with which to conduct the examination of 
hairs, glands, nectaries, teeth, domatia, �owers, and other 
tiny wonders. �e lens should be carried at all times and 
worn around the neck like a precious pendant. Many, if 
not most, leaves are covered with hairs. Botanists prefer 
the term trichome (Figs. 6.9, 6.12, and 6.22). In extreme 
cases, the leaves are so hairy that they look and feel fuzzy. 
Hairs come in di�erent shapes and sizes. �e most ba-
sic is a stalk without any other ornamentation. Capitate
trichomes look like a golf ball perched on a tee. �e most 
famous of these are the trichomes found on the �ower 
bracts of Cannabis. Like the Cannabis trichomes, some 
hairs are secretory and release aromatic or biologically 
active compounds, most likely to deter herbivores. �e 
presence or absence of hairs is usually a species-level 
attribute; that is, it can vary considerably within a ge-
nus. �e shape of hairs (when present) can be diagnostic 
at the family level. Leaves of Malvaceae sport stellate
hairs, which look like miniature stars or asterisks. �e 
Malphigiaceae have T-shaped hairs, consisting of a very 
short stem and looking more like a child’s rendition of 
a �ying seagull than the letter T (Fig. 11.88). None of 
these details would be visible without the use of a hand 
lens, so never enter the f ield without one.

ARE THERE DOTS OR GLANDS 
ON THE LEAF BLADE? YET 
ANOTHER USE FOR THE HAND LENS

Study the surface of a leaf carefully, and you might ­nd 
that it is covered with dots or punctations (Fig. 6.17). 
�ese are usually more visible or present only on the 
undersurface of the blade. Holding a leaf up to bright 
light—in the forest, holding it up to the sky—can make 
dots more visible. What are these? If you ­nd them on 
multiple leaves and in an orderly arrangement, then you 
can probably rule out disease.

Pellucid dots are usually lighter in color than the rest 
of the leaf and sometimes a little shiny. �ey are glands 
that secrete aromatic compounds. Perhaps the mere whi� 
of these compounds is su�cient to warn an herbivore 
that eating this leaf could lead to indigestion or worse. If 
you ­nd a plant with pellucid dots, tear up the leaf and 
quickly smell it. Rutaceae (Citrus Family) and Myrtaceae 
(Myrtle Family) have aromatic leaves and pellucid dots. 

Punctations of the Myrsinoideae (Myrsine Subfamily) 
take the form of streaks.

In other instances, the dots are invaginations in the 
leaf that are thought to be homes to mites or ants. Mite 
domatia are visible as depressions in the leaf surface and 
are dark and shadowy. If you actually see mites, you have 
witnessed a rare event. Sometimes, domatia are little 
more than a dense collection of hairs at the intersection 
of a secondary vein with the midvein. Combretace-
ae (Indian Almond Family) often have domatia, either 
along the sides of the main vein or near the leaf margins 
(Fig. 11.13).

IS THE LEAF AROMATIC? TEAR IT UP AND 
BREATHE DEEPLYTHE NOSE KNOWS

After being handed a leaf, an experienced tropical bot-
anist will often shred a leaf, crush it up, and then take 
a deep whi�. Many tropical plants, including the ones 
with glandular punctations as described above, have 
very distinctive odors. Before the advent of gas chro-
matography, organic chemists followed their noses in 
making chemical determinations. �at is what tropical 
botanists are doing in the ­eld. Take a sni�—does the 
leaf smell like a primitive “ranalean odor,” anise, tur-
pentine, unripe avocado, guava, eucalyptus, rank, sweet, 
green bean, or just plain nasty? Or like crushed leaves? 
With some practice, you will be able to describe leaf 

FIG 6.17 Some leaves, such as this guava leaf (Psidium guajava
in the Myrtaceae), are covered with tiny dots that are best seen 
by holding the leaf up against the sky and peering at it with a 
hand lens. These punctations, also called pellucid dots, are 
glands that emit aromatic compounds.

ARE THE LEAVES OR STEMS COVERED 
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odor just like an oenophile describing the complex bou-
quet of a ­ne merlot. When checking the odor of a leaf, 
choose one that is relatively young and not covered in 
epiphylls—many liverworts have a strong, cloying anise 
odor that can obscure the odor of the leaf itself. Also, 
check for latex before you rip up a leaf and stick it under 
your nose to check for an odor. �e families with copi-
ous latex do not have any strong odor characteristics, 
and you don’t want your face and hands covered in toxic 
latex!

ARE EXTRAFLORAL NECTARIES PRESENT?

Flowers produce nectar as a sugar reward for pollinators; 
however, some plants produce nectar elsewhere in extra-
floral nectaries. �ese are often bumps along the petiole 
or base of a leaf. Passion�ower vines (Passiflora) have 
extra�oral nectaries at the base of each leaf or along the 
petioles (Fig. 6.18). Sometimes you can even see a drop-
let of sugary reward on the nectaries. Reward for whom? 
Oftentimes the nectar bene­ts ants that reimburse the 
plant by fending o� potential herbivores. �e leaves of 
Inga, one of the largest genera of tropical legume trees, 
have compound leaves with nectaries resembling suction 
cups between each lea�et (Fig. 6.4).

DO THE STEMS HAVE 
STRONG OR WEAK BARK?

Cut a stem and then try to peel the bark. If the largest 
pieces of bark are the ones that are stuck beneath your 
­ngernails, then the bark is said to be “weak.” In other 
cases, the bark will peel in long strips and be fairly di�-
cult to break (Fig. 6.19). �is is strong bark, and it has 
been used by people for centuries as a natural rope. �e 
Annonaceae (Soursop Family), Lecythidaceae (Brazil 
Nut Family), and Malvaceae (Mallow Family) are fami-
lies that have very strong bark because of the presence of 
abundant ­bers.

IS A PULVINUS PRESENT? 
WHO SAID PLANTS DON’T MOVE?

Some plants can move their leaves or lea�ets in response 
to certain stimuli, such as touch, sunlight, or time of day. 
�e two best-known examples are the Prayer-plant and 
the Sensitive Plant. Each night, the Prayer-plant (Ma-
ranta leuconeura), a common houseplant, folds up its 
leaves, giving the impression that it is reciting its bedtime 
prayers. Other members of the Prayer-plant Family (Ma-
rantaceae) exhibit similar movements. Some members of 
the Legume Family also fold up their leaves at night, 
while some fold up during the day to prevent water loss. 
If the Sensitive Plant (Mimosa pudica) is touched by a 

FIG 6.18 The leaves of this passionflower vine (Passifloraceae) 
feature several interesting dots and bumps. The pair of bumps at 
the base of the petiole are extrafloral nectaries that produce a 
sugary solution that is harvested by ants, which in turn help 
protect the plant from herbivores. The yellow dots on the leaf 
mimic butterfly eggs and protect the plant from herbivorous 
butterflies that hesitate to lay their eggs on a leaf that already has 
eggs on it.

FIG 6.19 Break a twig and see if the bark peels or if it breaks 
cleanly. Strong bark peels in strips and is common in the 
Annonaceae (shown here along with alternate distichous leaf 
arrangement), Lecythidaceae, and Malvaceae.

odor just like an oenophile describing the complex bou DO THE STEMS HAVE 
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human hand or a hungry insect, the leaves quickly fold 
up. How can a plant that lacks muscles move its leaves? 
�e answer lies in changes in water pressure in the cells 
of the plant. Leaf movement is controlled by a swelling 
of tissue known as a pulvinus. Many mimosoid legumes 
have a pulvinus at the base of each lea�et (Fig. 6.20). It 
will be visible with a hand lens as a tiny sphere. Members 
of the Prayer-plant Family have an elbow-like swelling 
on the petiole that enables them to change the orien-
tation of the leaf blade. Plants in the Malvaceae (Mal-
low Family) and Burseraceae (Frankincense and Myrrh 
Family) also commonly have a pulvinus associated with 
their leaves.

ARE ANY FLOWERS PRESENT? 
IF SO, HOW MANY OF EACH 
FLOWER PART IS PRESENT?

Flowers and fruits are very helpful for identifying plants, 
but in the tropics their presence is unreliable. Flowers
are the reproductive structures of �owering plants and 
consist of whorls of �ower parts (Figs. 6.21–6.24). It is 
easiest to consider these whorls in the order in which they 
are encountered as you travel up the stem of the plant. 

�ere is a name for the parts that make up the whorl and 
a name for the collection of parts taken together. �e ­rst 
whorl is made up of sepals, and the collection of sepals is 
called the calyx. Sepals are often green, but they may also 
be the same color as the petals or may contrast with the 
petals as a way of advertising the presence of the �ower 
to pollinators. �e next whorl is made up of petals; the 
collection of petals is called the corolla. �e petals may 

FIG 6.20 The Sensitive Plant, Mimosa pudica, has a pulvinus in 
between each leaflet (actually pinnules) and along the petiole. If 
the leaf is touched, water pressure changes in the cells of the 
pulvinus, and the leaflets fold up.

FIG 6.21 The flowers of Passiflora (Passifloraceae) have 
5 sepals and 5 petals (distinguishable only by position), a frilly 
corona, and a column bearing 5 stamens with yellow anthers 
and 3 styles with white stigmas. Note the curly tendrils on this 
passionflower vine. This red-flowered species is pollinated by 
hermit hummingbirds.

FIG 6.22 Lycianthes (Solanaceae) flower with 5 petals (sepals 
are small and hidden), and 5 purple anthers clustered around a 
central style. Leaves come in two different sizes and are covered 
in trichomes (hairs). The flowers are pollinated by bees that 
vibrate the anthers to release pollen.
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be separate from one another (distinct) or fused together 
to form a tube. �e function of petals is to attract polli-
nators. �e size, shape, and degree of fusion of the petals 
will determine what species of insects and other visitors 
will be able to access the food rewards provided by the 
�ower. �e next two whorls contain the sexual parts of 
the �ower. �e stamens each consist of a ­lament or stalk 
upon which sits a pair of anthers. Pollen is produced in-
side the anthers and the pollen in turn contains sperm 
cells. �e collection of stamens is known as the androe-
cium (a Greek word meaning “house of man”). Carpels
consist of a stigma, style, and ovary. �e stigma is the 
surface where pollen lands, and the style consists of elon-
gated tissue that the sperm travels through on its way to 
the ovary. Eggs are produced inside the ovary and, once 
fertilized, will develop into seeds while the ovary ripens 
into a fruit. Carpels may be separate from one another 
(apocarpous) or they may be fused together (syncarpous). 
Individual or fused carpels may also be referred to as the 
pistil. �e collection of carpels is known as the gynoe-
cium (“house of woman”). Many �owers have nectaries
that provide a dilute sugar reward (nectar) to potential 
pollinators. �e process of delivery of pollen to the carpel 
is known as pollination, whereas the fusion of sperm and 
egg is known as fertilization. �e parts that make up a 
�ower are often present in multiples of 3, 4, or 5, depend-
ing on the species. Botanists sometimes refer to �owers 
as being on the three-plan or being trimerous, and so on.

Most plants have both male (stamens) and female (car-
pels) parts on the same �ower. Botanists label these �owers 
as perfect or bisexual. Other plants produce �owers that 
contain only male parts (staminate �owers) or only female 
parts (carpellate or pistillate �owers). In some cases, these 
unisexual �owers are produced on the same plant. �ese 
plants are said to be monoecious after Greek roots mean-
ing “one house.” I think of the males and females inhabit-
ing separate rooms in the same house. In other cases, plants 
are dioecious with some individuals producing only male 
�owers and others only female �owers. Dioecious means 
“two houses,” and according to my analogy, the males and 
females are segregated into di�erent houses.

ARE ANY FRUITS PRESENT?

�e ovary will ripen into a fruit after fertilization of the 
eggs located within ovules, which in turn are located with-
in the ovary (Figs. 6.25–6.27). �e seeds are contained 
within the fruit. Fruits may be �eshy and contain nutri-
tious sugars or fats (berries, drupes). �ey attract animals 

FIG 6.23 Razisea (Acanthaceae) flowers consist of 5 tiny green 
sepals and 5 red petals fused into a 2-lipped corolla tube. Two 
stamens are visible in this photo. As with many red flowers, they 
are pollinated by hummingbirds.

FIG 6.24 This hummingbird-pollinated Malvaviscus
(Malvaceae) flower has green sepals and 5 red petals 
surrounding a central column bearing 10 stigmas at the tip and 
stamens just below. 

be separate from one another (distinct) or fused together 
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that consume the �esh and either defecate or regurgitate 
the seeds. Alternatively, the fruits may be dry at maturity 
and often split apart to release the seeds contained with-
in (capsules). �ese seeds may be dispersed by animals, 
wind, or gravity. �ere are many variations of �ower and 
fruit characteristics, but they are beyond the scope of this 
book. Flower and fruit terminology will be minimized.

PUTTING IT ALL TOGETHER

Some plants can be identi­ed by gestalt, a German word 
for shape. A bromeliad with a rosette of sword-shaped 
leaves forming a central tank simply looks like a bromeli-
ad and is easy to recognize as such. Most plants are much 
more di�cult to identify, hence the need to follow the 

routine described above and combine it with a botanical 
key. �e key can be a series of photographs, a matrix of 
traits, or a dichotomous key. �e series of short descrip-
tions in Appendix 1 provide a user-friendly way to iden-
tify the plants of the lowland rainforest to the family level. 
By combining several of the di�erent features described 
above, you stand a good chance of successfully making a 
family identi­cation. For example, a plant with alternate 
simple leaves, terminal conical stipules, ringed stipule 
scars, white exudations, and brochidodromous venation 
must be a member of the Moraceae family and is prob-
ably a ­g in the genus Ficus. A plant with opposite sim-
ple leaves that are shifted 90° from one node to the next, 
no stipules, secondary veins that radiate from the base 
only to converge at the tip, and tertiary veins arranged 
in a ladder-like pattern can only be a Melastomataceae. 

RIGHT: FIG 6.25 The numerous tiny berries of 
Anthurium are dispersed by birds.

FAR RIGHT: FIG 6.26 The relatively large berry
of Passionflower (Passiflora) is consumed by 
birds and mammals that disperse the many 
seeds contained within.

FIG 6.27 Plumose wind-dispersed seed
released from a dry fruit (capsule).

tiny berries of 
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A plant with bipinnate leaves and stipule scars is a mi-
mosoid legume. It sounds easy, but it takes practice and 
discipline. Give it a try.

GOING TO THE NEXT LEVEL

�e next chapters highlight some of the most common 
families of plants found throughout the Neotropics and 
are intended to be easy to read. Appendix 1 describes 
the features of 50 families in a terse fashion favored by 
botanists. Ferns are introduced in chapter 12. To learn 
more about tropical plants, enroll in the Organization 
for Tropical Studies Tropical Plant Systematics summer 
course.

Once you have made a family-level determination, 
the next logical source to consult is the website Digital 
Flora of La Selva (https://sura.ots.ac.cr/�orula4/index
.php), which has photos and descriptions of every spe-
cies of �owering plant found at La Selva. A Field Guide 
to the Families and Genera of Woody Plants of Northwest 
South America by Alwyn Gentry (1993) is the “Gentry 

bible” of Neotropical plant identi­cation and is sur-
prisingly user-friendly. Two ­eld guides provide photo-
graphs and descriptions of many of the common plants 
found throughout Costa Rica (Gargiullo et al. 2008 
and Zuchowski 2022). Trees of Panama and Costa Rica
by Condit et al. (2010) is also helpful, but it is biased 
toward the drier forests of Panama. Flowering Plants of 
the Neotropics by Smith et al. (2004) is an excellent ref-
erence summarizing family traits, natural history, and 
economic uses. Finally, the de­nitive work is the multi-
volume Manual of Plants of Costa Rica (Manual de Plan-
tas de Costa Rica, http://legacy.tropicos.org/Project/
Costa%20Rica). Plant Identif ication Terminology: An 
Illustrated Glossary (Harris and Harris 2001) is highly 
recommended for navigating botanical jargon. Keep in 
mind that because of the rapid pace of changes in taxon-
omy described in chapter 4, most of these classic sources 
use family names and describe evolutionary relation-
ships that have since been revised. Nonetheless, they are 
still excellent resources for tropical botanists. �e best 
resource for updated taxonomy is probably the Tropicos 
website (www.tropicos.org).

With 320,000 known species in the plant kingdom, it is easy to see why teasing apart evolutionary relationships is a 
huge challenge that is subject to periodic revision (see chapter 4). The most current phylogeny (evolutionary history) 
of the flowering plants has been constructed by a team of scientists known as the Angiosperm Phylogeny Group
(APG; Stevens 2001). Using complex computer algorithms, in 2016 they published the fourth revision of this 
phylogeny, incorporating the latest hypotheses about evolutionary relationships among the flowering plants based on 
analysis of morphological and molecular data. Classification schemes that have stood the test of time for decades 
have been rigorously tested against the “new” data resulting from molecular studies. In many cases, the delimitations 
of genera, families, and orders have been supported. In other cases, they have been radically reorganized as 
previously accepted groupings have been shown not to be as closely related (monophyletic) as previously thought. A 
monophyletic group must include all the descendants of a shared common ancestor, may not include species that 
do not share that common ancestor, and may not exclude species that do share that common ancestor. Groupings that 
fail to adhere to these rules are not to be tolerated, hence the rearranging of groups and reassessment of relationships 
in response to the “molecular revolution” that has gripped plant systematics since the 1990s. This phenomenon of 
reinterpreting evolutionary relationships and renaming taxonomic groups is not limited to plants and has been taking 
place in all groups of living organisms. Previously used, but no longer accepted, names for a species are known as 
synonyms, and in some cases in this book a species name will be followed by the phrase “formerly …” to indicate a 
synonym.

The “new” APG phylogeny does away with the standard classes and subclasses of earlier systems, replacing these 
higher taxa with large clades or monophyletic groupings. In some cases, these groupings are well supported by easily 
observed morphological features, whereas in others the secret is locked away in the DNA, and distinguishing field 
traits are lacking. The APG has divided the 416 families of the flowering plant phylum into three large clades: the 
Magnoliids, Monocots, and Eudicots. Overviews of 20-some of the most common families of flowering plants in each 
of these clades are presented in the following pages.

EVOLUTIONARY RELATIONSHIPS IN FLOWERING PLANTS
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CHAPTER 

Common Plant Families: Magnolids

7
COMMON PLANT FAMILIES

MAGNOLIIDS

�e next four chapters contain overviews of common 
plant families of the Neotropical rainforest. Each section 
highlights the key morphological features used to identi-
fy each family, the ecology of the family, notable species 
from the La Selva forest, and how humans make use of 
plants from that family. Why were these particular fam-
ilies chosen out of the many possibilities? �ey are the 
most abundant and the ones you are guaranteed to see, 
they are disproportionately important ecologically, there’s 
a good story to tell, I ­nd them inherently fascinating, or 
all of the above.

WHAT ARE MAGNOLIIDS?

For several centuries, botanists adhered to the notion that 
there were two classes of �owering plants, the monocots 
and dicots, with the monocots being the more primitive 
and the most likely ancestors of the dicots. (�e names 
monocotyledon and dicotyledon are based on the num-
bers of leaves [cotyledons] that ­rst emerge as a seed-
ling begins to grow.) �en it became apparent, based on 
morphology and DNA comparisons, that about 25 fam-
ilies thought to be dicots based on their broad leaves 
evolved not only prior to the other dicots but before the 
monocots, the group previously thought to be the most 
ancient part of the lineage because of their overall sim-
plicity. �is group of “early angiosperms” includes what 
are now known as the “magnoliids.” Based on vascular 
tissue anatomy and pollen traits that di�er from those 
of the rest of the dicots, this group was already known 
to be somehow di�erent, and their status as a separate 
monophyletic group (clade) was eventually con­rmed 
with molecular evidence.

Magnoliids are mostly woody plants possessing 
many ancient traits. �ey lack vessels in their xylem (the 
cells that conduct water and mineral nutrients), have 
simple leaves, and emit aromatic terpenoids (think of 
the smell of pine). Magnoliid �owers are often white, 
creamy yellow, or even green, rather than brightly col-
ored. �e perianth parts (sepals and petals) are free (not 

fused) and in multiples of three. �e numerous carpels 
are separate (not fused) as well. All but a few have pro-
togynous �owers that are functionally female (stig-
mas presented for pollination) before entering a male 
phase (releasing pollen). Flowering is often spread over 
a 2-day period with �owers being female on the ­rst 
day and male on the second. Beetles, �ies, and thrips 
are the most common pollinators. Nectar is rarely pro-
duced. Instead, pollinators are rewarded with pollen, 
�ower tissue, heat, or a place to hide (Endress 2010). 
Many magnoliids even smell di�erent, producing vola-
tile ethereal oils that give o� a “primitive” or “ranalean” 
odor. Close examination of leaves sometimes reveals 
pellucid dots representing the oil glands responsible for 
producing these chemicals. At one point long ago, bot-
anists recognized that some of these primitive plants 
grew in wetlands, so they became known as the plants 
that live with the frogs (Rana) or the Ranales. �is 
designation has long since been abandoned, but bot-
anists still talk about the “ranalean odor” that is com-
mon in these plants. �e peppery odor of Piperaceae, 
general stink of Lauraceae, and make-you-cough blast 
of Siparunaceae all point to the importance of olfac-
tion in plant identi­cation. Some of the most common 
families of magnoliids in Neotropical lowland rainfor-
est include Annonaceae (Soursop Family)*, Aristolo-
chiaceae (Dutchmen’s Pipe Family), Lauraceae (Laurel 
Family)*, Myristicaceae (Nutmeg Family)*, Piperaceae 
(Black Pepper Family)*, and Siparunaceae (Siparuna 
Family). Family names marked with an asterisk are 
explored in detail below, while the distinguishing traits 
of all of these families are covered in Appendix 1.

SOURSOP FAMILY: ANNONACEAE 

�e Annonaceae (Custard Apple/Soursop Family) 
comprises trees and shrubs with distinctive branching 
patterns, leaf arrangement, odor, �owers, and fruits 
(Fig. 7.1). �ey are abundant in lowland rainforests 
throughout the Neotropics. Nine genera and 21 species 

COMMON PLANT FAMILIES
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are found at La Selva, the most common of which are 
Anaxagorea, Annona, Cymbopetalum, Guatteria, and
Xylopia.

Clusters of horizontal branches emerge from a single 
location on the trunk followed by bare trunk before the 
next cluster of branches emerges. �is tiered branch-
ing pattern is referred to as “pagoda” or “myristicace-
ous branching” (after the Nutmeg Family). �e simple 
leaves are strictly alternate and in the same plane (dis-
tichous). �e secondary veins extend from the midvein 
toward the leaf margin but never actually reach the 
margin. Instead, they form a loop that arches toward 
the adjacent vein (Fig. 7.2). �is loopy pattern is known 
as brochidodromous venation and is characteristic of 
relatively few families, including the Annonaceae and 
Moraceae (Fig Family).

Members of the Annonaceae have a characteristic 
fruity odor that is due to the presence of essential oils, 

mostly mono- and sesquiterpernes, in their leaves and 
bark. �ese plants have been used extensively in folk 
medicine and when tested in the laboratory have been 
shown to have promising anti-in�ammatory, antibacte-
rial, antimalarial, and anticancer properties (Cascaes et 
al. 2021). �e bark is very ­brous; a thin slice along the 
length of a twig will reveal the ­bers. �e so-called strong 
bark will peel in long strips when a twig is broken. �is 
feature separates the Annonaceae from the closely relat-
ed Myristicaceae (Nutmeg Family). Indigenous cultures 
have long used the bark for making rope.

�e distinctive �owers are adapted to pollination by 
beetles that come to �owers to feed upon pollen, as well 
as the sepals and petals (Fig. 7.3). An in�orescence con-
sists of a single �ower, usually originating from a leaf axil. 
Flowers bear 3 sepals and 2 whorls with 3 petals each, 
all of which are �eshy and tough. Stamens and carpels 
are numerous. Flowers are apocarpous, meaning the 
many carpels are separate from one another. Like many 
members of the magnoliid clade, Annonaceae �owers 
are protogynous, with the female parts being receptive 
to pollinators a day before the stamens begin to release 
pollen, an arrangement that avoids self-pollination.

�e �owers are white, yellow, or greenish yellow. 
�e petals are thick and tough and therefore resistant 
to snacking by beetles. �e �owers generate heat up to 
5° above ambient temperatures, which helps disperse a 
fruity aroma to attract beetles. Similar thermogenesis 
occurs in �owers of certain species in the Arum, Palm, 
and Cyclanth families. In the case of the Annonaceae, 
as the �ower ­rst opens, the petals bend over the stigma 

FIG 7.1 Anaxagorea crassipetala displaying the alternate 
distichous leaf arrangement found in Annonaceae.

FIG 7.2 Leaf showing “loopy” brochidodromous venation
common in Annonaceae.

FIG 7.3 Thick-petaled flowers of Annonaceae, such as this 
Guatteria amplifolia, are pollinated by beetles. Note the 6 
yellow petals, many yellow stamens, and many green carpels.

mostly mono- and sesquiterpernes, in their leaves and 
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to create a pollination chamber. Beetles attracted by the 
fruity scent squeeze between the petals and enter  the 
chamber. �ey become imprisoned here for one day. 
�e  trapped beetles don’t seem to mind as they nibble 
on the �eshy petals. �ermogenesis may also put the bee-
tles in the mood for mating. �e enclosed space of the 
pollination chamber provides beetles with a safe space 
where they can feed and mate without worrying about 
being discovered by predators. �e stigma surfaces are 
covered by a sticky �uid that serves the dual role of trap-
ping pollen and protecting the stigmas from herbivory. 
�e following day, the petals open up and drop from the 
�ower as the stamens begin to release pollen. �e beetles 
consume some of the pollen while getting a dusting of 
pollen on their entire bodies. �ey are then free to �y o� 
and visit another �ower, where they will deposit some of 
the pollen onto the stigmatic surfaces of the new �ower.

Annonaceae can be divided into two groups based 
on the types of beetles they attract (Gottsberger 1999, 
2012). Beetle pollination is known as cantharophily. �e 
�owers of Guatteria, Xylopia, and some Annona attract 
small sap beetles (Nitidulidae). �e sap beetles are only 
a few millimeters in length and feed upon pollen. �ey 
normally feed on rotting fruit but are attracted to the 
�owers by their fruity aromas. In contrast to this small 
beetle pollination syndrome, the larger �owers of Annona
and Cymbopetalum open at night and attract larger scarab 
beetles (Dynastinae or rhinoceros beetles) that feed on 
pollen and the petals.

�e apocarpous gynoecium matures into one of two 
di�erent types of fruits. In the ­rst, the carpels remain 
distinct, producing a cluster of separate fruitlets (mono-
carps), each with its own little stalk or stipe. In the case 
of Guatteria, the fruits are indehiscent and never open 
(Fig.  7.4). Anaxagorea, Cymbopetalum (Fig. 7.5), and 
Xylopia have dehiscent fruits that split open to reveal the 
seeds. In the case of Anaxagorea the seeds are explosively 
released from the fruits, whereas the others are dispersed 
by birds that feed on either the fruit capsule or an aril sur-
rounding the seeds. �e lengths of the stipes and shapes of 
the fruits can be useful for making species identi­cations.

�e second fruit type is found in the genus Annona, 
in which the carpels fuse together to mature into an 
aggregate fruit, the most famous of which is the edible 
guanábana (Fig. 7.6). �ese large, pulpy fruits are mam-
mal dispersed.

�eir sheer abundance and nutritious fruits make 
Annonaceae ecologically important in tropical forests. 
�e tasty fruits of guanábana/soursop (Annona murica-
ta), and cherimoya/custard apple (Annona cherimola) are 

FIG 7.4 As the carpels of Guatteria (Annonaceae) ripen they 
remain separate, forming many small fruits, or fruitlets.

FIG 7.5 Finger-like fruitlets of Cymbopetalum (Annonaceae).

FIG 7.6 Aggregate fruits of Annona (Annonaceae) originate 
from a single flower with many separate carpels. As they ripen 
the carpels fuse together to form a single fruit. Photo: Reinaldo 
Aguilar, Digital Flora of La Selva.

to create a pollination chamber. Beetles attracted by the 
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tropical delicacies for human consumption. You should 
seek out guanábana ice cream in San José or at a local 
“Pops” ice cream parlor. �e Asian species Cananga odo-
rata (Ylán-Ylán) is cultivated as an ornamental tree. Its 
fragrant �owers are the source of oils that are used in 
perfumes, such as Chanel No. 5.

AVOCADO FAMILY: LAURACEAE 

�e Lauraceae, commonly known as the Laurel or Av-
ocado Family, is composed of trees and shrubs that are 
important components of tropical lowland and mon-
tane forests (Fig. 7.7). In addition to their numerical 
abundance and species diversity, they are important eco-
logically because of their nutritious fruits. Twenty-nine 
species of Lauraceae inhabit the La Selva forest, more 
than half of which belong to the genera Nectandra (5 
species) and Ocotea (15 species). �e descriptions below 
are for these two genera. Recognizing the family is easy, 
but di�erentiating genera is very di�cult.

Vegetatively, the plants are easy to overlook. �e leaves 
are elliptic in shape with a pointed drip tip (acuminate). 
�ey tend to be glossy on the upper surface and often have 
wavy margins, as well as a J-shaped petiole. �e leaves are 
arranged in an alternate spiral pattern and are often clus-
tered at the tips of branches. �e leaves and twigs contain 
essential oils and when crushed emit an aroma that may be 
pleasant or foul, often resembling that of an unripe avoca-
do. Secondary veins are forward arching, initially angled 
toward the leaf margin but then curving and sweeping for-
ward toward the tip of the leaf. �e genus Nectandra can 
be distinguished by tertiary veins that are parallel to one 
another. Lauraceae lack stipules. Another feature of the 
family is that the twigs are green and randomly �attened.

Some of the most distinctive features of the family can 
be found in the �owers, but these are very small and not 
always available for examination. Flowers are trimerous, 
meaning that parts tend to occur in multiples of three, a 
characteristic more common in monocots. �e presence 
of trimerous �owers and the odor of essential oils are two 
traits that led to placement of the family within the mag-
noliids. �ere is no di�erentiation of sepals and petals, 
so these parts are referred to as tepals. �e tepals occur 
in 2 whorls of 3. �ere are usually 9 stamens produced 
in 3 whorls. �e anthers release pollen through a series 
of �ap-like valves, a trait unique to the family. Nectaries 
are produced at the base of the stamens, a feature that 
is re�ected in the name of the genus Nectandra, derived 
from Greek words for “nectary” and “stamen.” Depending 
on the species, the �owers may be bisexual or unisexual. 
Bees, wasps, �ies, and moths visit the �owers.

�e Lauraceae produce single-seeded �eshy fruits 
known as drupes (Fig. 7.8). Unlike most drupes, which 
form a thick, stony covering around the seed (think peach 
pit), the endocarp of Lauraceae is nothing more than a thin 
coating surrounding the seed. �ink of an avocado, which 
has a tough outer skin (exocarp), a thick �eshy mesocarp 
that is edible, and a seed with an easily overlooked endo-
carp. In the wild, many Lauraceae are referred to as “little 
avocados” or “aguacatillos.” �ey di�er from the cultivated 
avocado by being small and sitting in a swollen recep-
tacle or cupule. �ese fruits look like a soft-boiled egg 
sitting in an egg cup (or a golf ball perched on a tee). �e 
fruit turns green or dark purple as it ripens. �e cupule 
is usually red, creating a contrast with the fruit that is 
thought to make the fruit more visible to seed-dispersing 
frugivores. Like that of the cultivated avocado, the �esh 

FIG 7.7 The Laurel Family (Lauraceae) is characterized 
vegetatively by alternate leaves with wavy margins, shiny 
surfaces, and green stems. Note the drip tips on this species.

FIG 7.8 Lauraceae fruits are green or black when ripe and sit 
upon a fleshy cupule or receptacle with contrasting red 
coloration. Leaves of Nectandra have parallel tertiary veins. The 
writing is part of a long-term research project by Dr. Kellie Kuhn 
(US Air Force Academy).

tropical delicacies for human consumption. You should Some of the most distinctive features of the family can 
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of wild aguacatillos is rich in fats and nitrogen. �ey are 
favorite foods of birds, bats, and monkeys. Certain frugiv-
orous birds highly sought after by birdwatchers, such as 
trogons, Snowy Cotinga, and the Resplendent Quetzal of 
highland forests, specialize on these fruits.

Some species form mutualistic associations with ants. 
Research conducted at La Selva was the ­rst to docu-
ment the association between Ocotea pedalifolia, ants, and 
mealy bugs (Stout 1979). Ants live within hollow spaces 
in the stems of the tree and readily attack insect intruders 
or remove their eggs from the leaves. �e ants encour-
age the growth of mealy bugs within these chambers. 
�e mealy bugs feed on the phloem of the plant while 
the ants feed on honeydew excreted by the mealy bugs. 
Phloem-feeding bugs excrete waste that is essentially 
dilute phloem that has �owed through the insect faster 
than it can be digested. Ants often feed on this so-called 
honeydew. �e cost to the plant of hosting mealy bugs is 
hypothesized to be outweighed by the protective bene­ts 
provided by the ants.

Humans value Lauraceae for several purposes. Neo-
tropical trees are the source of valuable timber. Avoca-
dos are valued for the fruits as well as for the medicinal 
properties of their leaves. �e cultivated avocado, Persea 
americana, from Central America is unusual for its size 
and lack of a cupule. Whatever animal once ingested its 
fruits and dispersed the large seeds is believed to have 
been driven to extinction by human hunters during the 
Pleistocene era. Cinnamon is obtained from the bark of 
the genus Cinnamomum from tropical regions of Asia. 
Bay laurel, Laurus nobilis, from the Mediterranean region 
is used as a culinary herb.

NUTMEG FAMILY: MYRISTICACEAE

Five species of Myristicaceae occur at La Selva. Two spe-
cies from the Virola genus, commonly known as nutmeg, 
will be explored here. �e branching patterns of species 
in the Myristicaceae (Nutmeg Family) are so distinctive 
that it is known as “myristicaceous branching” (Fig. 7.9). 
�e pattern is also known as verticillate branching; mul-
tiple branches, oriented perpendicular to the main trunk, 
arise from the same node. �ey radiate from the stem 
like the spokes on a bicycle wheel. �e pattern is repeat-
ed at regular intervals along the length of the trunk. (A 
similar pattern is exhibited by some Annonaceae.) �e 
medium-sized leaves of Virola have a golden-brown hue 
as a result of a dense coating of hairs. �e veins form 
raised ridges on the leaf underside and are clearly visible 

even when looking up from the ground. Leaves are alter-
nately arranged along the stem at regular intervals and 
in the same plane (distichous). �e two species of Virola, 
both known as “fruta dorada” in Costa Rica, can be dis-
tinguished by the shape of the leaf and the number of 
secondary veins. �e leaves of Virola sebifera taper gently 
from the base to a pointed tip (Fig. 7.10). Pairs (more 
or less) of secondary veins angle o� the midvein and are 
parallel to neighboring veins. �e other species, Virola 
koschnyi, has many more secondary veins spaced much 
closer together (Fig. 7.11). �e overall leaf shape is di�er-
ent as well, with the widest point of the leaf located near 
the tip, just before tapering to a sharp point (acuminate).

Fruits consist of a thick capsule that splits to reveal a 
bright red aril (Figs. 7.12 and 7.13). Virola arils resem-
ble �attened ­ngers that wrap around one another and 
envelop a single hard seed. �e arils of V. sebifera are rich 

FIG 7.9 Widely spaced whorls of branches that look like the 
spokes of a bicycle wheel, so-called myristicaceous or pagoda 
branching, are characteristic of Virola and other species of the 
Nutmeg Family (Myristicaceae).

FIG 7.10 Alternate distichous leaves of Virola sebifera
(Myristicaceae).

of wild aguacatillos is rich in fats and nitrogen. �ey are 
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in fats (54%), protein (7%), and carbohydrates (8%) and 
represent a rich source of nutrients for certain frugivorous 
birds (Howe 1981). Of all the arils of tropical trees, those 
of Virola trees are among the most nutritious. Capsules 
open at dawn and almost instantly birds arrive to feed, 
carrying 85% of the seeds away from the parent plant.

Birds remove the aril-covered seed from the husk of 
the capsule, swallow it, grind o� the aril in their crops, 

and then regurgitate the seed unharmed (Howe and Ker-
ckhove 1981). �is sounds like an unpleasant activity for 
the birds but seems preferable to the alternative once you 
consider the size of the seed relative to the rest of the 
bird’s alimentary canal and cloacal opening. �e crop of 
a bird is a waystation for food that needs to be processed 
or temporarily stored before moving further down the 
digestive system. It also provides a way to reject items 
like seeds that are hard, bulky, non-nutritious, and poten-
tially dangerous. �e time between a bird’s ingesting and 
subsequently regurgitating a seed provides an opportu-
nity for a plant to get its seeds dispersed. If a bird sim-
ply sits in the same tree all day eating and regurgitating 
seeds, then no real dispersal takes place. If, however, the 
bird �ies o� to a di�erent location with seeds in its crop 
and then regurgitates, successful seed dispersal has taken 
place.

�e suite of birds that feed on Virola seeds is surpris-
ingly small, consisting of Slaty-tailed Trogon, Rufous 
Motmot, Collared Aracari, Yellow-throated Toucan, 
Keel-billed Toucan, and Masked Tityra, and of these only 
three make a di�erence. Yellow-throated Toucans and 
Keel-billed Toucans are the most important seed dispers-
ers (see chapter 15). �e Yellow-throated is the larger of 
the two toucans and will often drive the smaller species 
away from a food tree. �e much smaller Masked Tityra 
commonly feeds on V. sebifera, but they are not e�ective 
dispersers because they simply strip the aril away from 
the seed and drop the seed directly below the parent tree. 
Toucans, however, are excellent dispersers of Virola seeds. 
�ey arrive at trees in the early morning just as the fruits 
split open to reveal the aril-covered seeds. A toucan will 
use its long bill to pluck the seed from the capsule, toss it 
up, and then swallow the entire seed and aril. �e aril is 

 FIG 7.11 Alternate distichous leaves of Virola koschnyi. 
Differences in leaf shape and number of veins distinguish  
these two species of Virola.

FIG 7.12 The husks of Virola fruits split to reveal a hard, 
marble-sized seed enclosed in a lacy red aril.

FIG 7.13 Virola fruits, one of which has split to reveal the seed 
and surrounding aril.
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Acanthaceae (Acanthus Family), 55, 62, 117, 433
Acanthops (Dead Leaf Mantis), 379–80
Accipitridae (Hawk and Kite Family), 210, 212–13
Acrocinus longimanus (Harlequin Beetle), 403, 422–23
Actitus macularis (Spotted Sandpiper), 209, 242
Adiantum (maidenhair ferns), 165, 168–69
Aechmea (bromeliads), 82, 249, 429
Aedes (tiger mosquitoes), 415
African tilapia, 370
African Violet Family, 117, 439
Agalychnis callidryas (Red-eyed Tree Frog), 268, 379
Agalychnis saltator (Parachuting Red-eyed Tree Frog), 269
agoutis, 93, 105, 127–28, 137, 183–84, 229, 294–96, 326, 330–34, 337, 

339, 343–44
Airplane Grasshopper Family, 378
ALAS project, 372, 394
Alcedinidae (King�sher Family), 220–21
Alfaro’s Pygmy Squirrel, 328–29
Allen’s Coral Snake, 191
alluvial soils, 4, 10–11, 15, 49, 96, 123, 141, 160, 166, 170
Alocasia (elephant ears), 74, 76–77, 80, 429
Alocasia macrorrhizos, 80
Alouatta palliata (Mantled Howler Monkey), 20, 27–28, 137, 156, 184, 

189–90, 197–98, 213, 295–96, 302, 320–25, 405, 416
Alsophila, 168
Alurnus ornatus, 401–2
Alvarez’s Masti� Bat, 319–20
Amatitlania nigrofasciata (Convict Cichlid), 351, 353, 365–66
Amatitlania septemfasciata (Seven Stripe Cichlid), 353, 357–58, 366
Amazilia amabilis (Blue-chested Hummingbird), 202–3, 205
Amazilia tzacatl (Rufous-tailed Hummingbird), xi, 116, 153, 187, 

202–3, 205–7
Amazona autumnalis (Red-lored Parrot), 186, 227, 230
Amazona farinosa (Mealy Amazon/Mealy Parrot), 24, 133, 227, 229
Amazon King�sher, 220–21
Amblypygi (tailless whip scorpions), 418, 421–22
ameiva lizards, 279–80
American Cockroach, 381
American Crocodile, 191, 292–93
American Pygmy King�sher, 220–21
Amphimoea walkeri (Walker’s Hawkmoth), 407
Anacardiaceae (Cashew or Sumac Family), 54, 117, 325, 433
Ananas comosus (pineapple), 81, 429
Anaxagorea crassipetala, 66, 67
Anhinga, 189, 359
Anisoscelis alipes (Matador Bug), 385–86
Annonaceae (Custard Apple/Soursop Family), 43, 60, 65–68, 199, 

347, 427
Annona, 66–68, 427
Annona cherimola (Custard Apple), 67–68
Annona muricata (Soursop), 67–68
Annona papilionella, 324
Annulated Tree Boa, 283–84
anoles, 186, 274–76

Anolis biporcatus (Green Tree Anole), 275–76, 377
Anolis capito (Pug-nosed Anole), 275, 414
Anolis carpenteri (Carpenter’s Anole), 275
Anolis humilis (Ground Anole), 274–75, 277
Anolis lemurinus (Lemur Anole), 275
Anolis limifrons (Slender Anole), 26, 275
Anolis oxylophus (Stream Anole), 276
Anolis pentaprion (Lichen Anole), 276
Anopheles albimanus, 415
antbirds, 233–36
anteaters, 34, 294, 298–301, 337
Anteros renaldus (Renaldus Jewelmark), 412
Anthurium, 44, 51, 63, 74–78, 249, 251, 307, 429
ants, 388–94
antshrikes, 233, 235
ant-tanagers, 235, 255
antthrushes, 231
antwrens, 26, 233, 254
Apatelodidae, 385
Apeiba membranacea (Monkey Comb), 15, 19, 138–39, 441
Apocynaceae (Dogbane Family), 56, 58, 117, 238, 433
Apterygota (wingless insects), 277
Ara ambiguus (Great Green Macaw), x, 27, 127–28, 190, 210,  

228–29
Araceae (Arum Family), 15, 19, 37, 43–44, 50–51, 57, 66, 74–80, 

105–6, 243, 250–51, 268, 307, 347, 350, 379, 404, 429
Araliaceae (Ginseng Family), 15, 54, 117, 325–26, 433–34
Aramides albiventris (Russet-naped Wood-Rail), 208–9
Aramides cajaneus (Gray-cowled Wood-Rail), 208–9
Araneidae (Orbweaver Family), 190, 206–7, 375, 419–21
Aratinga nana (Olive-throated Parakeet), 227, 230
Arboreal Tarantula, 419
Archilestris excellens (Blue-eyed Robber Fly), 413
Arecaceae (Palm Family), 88–93
Argia (dancer damsel�ies), 375
Argiope (orb-weaving spiders), 419
armadillos, 34, 184, 220, 296–99, 339, 343–45
Army ants, 25, 390–93
Arremon aurantiirostris (Orange-billed Sparrow), 251
Arrowbreasted Scorpion, 422
Arthropods of La Selva (ALAS) project, 372, 394
Artibeus (fruit-eating bats), 25, 128, 137, 141, 150–51, 306, 310, 316
Artibeus jamaicensis ( Jamaican Fruit-eating Bat), 128, 307–8, 310–11, 

316–17
Artibeus lituratus (Big Fruit-eating Bat), 128, 316
Artibeus phaeotis (Pygmy Fruit-eating Bat), 316
Artibeus watsoni (�omas’ Fruit-eating Bat), 316
Artiodactyla (even-toed ungulates), 346–50
Arum Family, 15, 19, 37, 43–44, 50–51, 57, 66, 74–80, 105–6, 243, 

250–51, 268, 307, 347, 350, 379, 404, 429
Asian bamboos, 160–61
Asplenium, 169–70
Asplundia, 83–84, 91, 431
Asplundia uncinata, 84, 406
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assassin bugs, 384, 386
Asteraceae (Aster Family/Composite Family), 43, 117, 434
Asterogyne martiana, 83, 88–89, 91–94, 99–101, 108, 234, 307, 318, 

412, 430, 447, 451
Astrocaryum, 89, 223, 328, 348
Astrocaryum alatum, 15, 18–19, 88, 332–33, 449
Astrocaryum confertum, 449
Astrocaryum murumuru, 348
Astronium, 433
Astyanax (tetras), 359, 364
Astyanax aeneus (Banded Tetra), 351
Astyanax bransfordii (Longjaw Tetra), 352
Astyanax cocibolca (Cocibolca Tetra), 352
Astyanax nicaraguensis (Nicaraguan Tetra), 351
Atherinella hubbsi (Hubbs’s Silverside), 352–53
Athyriaceae (Lady Fern Family), 169–70
Atlantic Grunt, 353, 361
Atlantic Tarpon, 360
Atta cephalotes (leafcutter ants), 192, 376, 388-90
Auricularia (jelly fungi), 181–82
Auricularia delicata (Tree Ear), 177, 182
Automeris postalbida (Eyed Silk Moth), 407–8
Awaous banana (River Goby/Banana Goby), 353, 361–62
ayahuasca, 152, 160–61, 439–40
Azteca (ants), 144, 157

Bactris (clonal palms), 93–95, 307, 430, 448–49
Bactris caudata, 448
Bactris coloradonis (B. porschiana), 94–95, 449
Bactris gasipaes, 16, 90, 108, 332, 430, 449
Bactris gracilior, 449
Bactris hondurensis, 89, 93–95, 449
Bactris longiseta, 449
Baird’s Tapir, 34, 93, 188, 191, 296, 342, 346, 349–50, 405
Balsa, 12, 21, 138, 143–44, 338, 441
Bambusa (Asian bamboos), 160–61
banana cultivation/plantations, 4–5, 7, 9, 16, 28, 80, 110, 288, 342
Banana Family, 74, 109–10, 432
Banana Goby, 353, 361–62
Bananaquit, 256
Band-backed Wren, 247–48
Banded Owl Butter�y, 410
Banded Tetra, 351
Band-tailed Barbthroat, 202–3
Banisteriopsis caapi, 152, 160–61, 439–40
Bare-necked Umbrellabird, 239–40
Bare-throated Tiger Heron, 20
Bark Mantid, 380
Barro Colorado Island (BCI), Panama, 26–27, 71, 156, 234–35, 285, 

299, 337
Barva Transect, 5, 7, 9, 295, 372
Barva Volcano, 2, 5, 7, 9–11, 20, 28, 38, 295
Baryphthengus martii (Rufous Motmot), xi, 197, 218–19
Basiliscus plumifrons (Green Basilisk), 281
Basiliscus vittatus (Striped Basilisk), 282
Bassaricyon gabbii (Northern Olingo), 338
Bat Falcon, 191, 214

bats, 25, 304–20; diet of/foraging and prey, 24–25, 72, 120, 127–29, 
141, 144, 150–51, 159, 186–87, 192, 229, 306–11, 315–18, 
376–77, 414, 428; fruit-eating, 127, 150, 307–8, 310–11, 313, 
315–16, 318; New World, 306; “piperophile,” 25, 72, 315–17; 
pollination by (chiropterophily), 96, 125–26, 129, 144, 187, 296, 
308–10, 436, 438, 441, 451; as prey, 212, 214, 283, 290, 419; as 
seed dispersers, 12, 32, 72, 128, 137, 150–51, 296; sugar needs of, 
129; tent-making, 109, 153, 296, 307, 318–19, 451

Bay Wren, 246–47
Bearded Weevil, 405–6
becards, 244–45
bee assassins, 386
bees, 129, 139, 394–98, 428, 434
beetles, 65–67, 79, 91–92, 109, 125, 132–33, 142–43, 157, 182, 191–92, 

201, 212, 231, 261, 265, 276–77, 301, 303, 313–14, 320, 332, 347, 
373, 400–406, 423

Belted King�sher, 220
Big Fruit-eating Bat, 128, 316
Bigmouth Sleeper, 353, 362–63
Bignoniaceae (Trumpet-creeper Family), 49, 55, 117, 315, 435
biodiversity, 23–28; cradle of, 23; disturbing trends in, 26–27; indicator 

species for, 196
bird-eating snakes, 196, 234, 236, 242, 284–86
Blaberus giganteus (Giant Cave Cockroach), 381–82
blackbirds, 251–53
Black-cheeked Woodpecker, 225–26, 238
Black-cowled Oriole, 251
Black-crowned Antshrike, 233, 235
Black-crowned Tityra, 244–45
Black-eared Opossum, 296
Blackfaced Grosbeak, 255–56
Black-handed Spider Monkey, 337
Black-headed Saltator, 256
Black-mandibled Toucan, 224
Black Mouth Family, 12, 15, 21–22, 38, 43–45, 48, 117, 121, 146–48, 

379, 441
Black Pepper Family, 21, 43–45, 48, 65, 71–73, 122, 317, 428
Black River Turtle/Black Wood Turtle, 189, 191, 273
Black-throated Trogon, 215–17
Black-throated Wren, 247
Black Vulture, 210–12
Blattidae (Cockroach Family), 381
Blechnaceae (Chain Fern Family), 169
Blue-black Grosbeak, 255–56
Blue-chested Hummingbird, 202–3, 205
Blue Dacnis, 256
Blue-eyed Robber Fly, 413
Blue-gray Tanager, 256
Blue-headed Parrot, 227
Blue Jeans Frog, 42, 265–67, 277
Blue Tilapia, 370
Blue-Winged Helicopter Damsel�y, 375
Blunt-headed Vine Snake, 284
boas, 282–83
Boa imperator (Central American Boa), 283
Boat-billed Flycatcher, 237, 238
Boat-tailed Grackle, 252

bats, 25, 304–20; diet of/foraging and prey, 24–25, 72, 120, 127–29, 
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Boidae (Boa Family), 282–83
Bolbitis portoricensis (Puerto Rico Creeping Fern), 170
Bolitoglossa colonnea (Ridge-headed Salamander), 261–62
Boraginaceae (Borage Family), 17, 117, 379, 435
bot�ies, 415–16
Bothriechis schlegelii (Eyelash Viper), 287, 289–90
Bothrops asper (Fer-de-lance), 193, 287–89
Boulenger’s Long-snouted Tree Frog, 262
Brachyrhaphis holdridgei (Holdridge’s Livebearer), 353, 368
Brachystethus rubromaculatus (Red-spotted Stink Bug), 384–85
Braconidae, 398
Bradypodidae (�ree-toed Sloth Family), 301–4
Bradypus variegatus (Brown-throated �ree-toed Sloth), 301–2
Bransford’s Litter Frog, 265, 277
Braulio Carrillo National Park, 5–7, 9–11, 15–16, 28, 80, 107, 195–96, 

295, 372
Brazilian Long-Nosed Bat, 312–13
Brazil Nut Family, 49, 60, 136–38, 440
Brilliant Forest Frog, 271
bristle ferns, 167–68
Broad-billed Motmot, 218–19
Broad-leaved Maidenhair, 169
Broad-winged Hawk, 212
Bromeliaceae (Bromeliad Family), 15, 20, 50–51, 63, 74, 80–83, 119, 

249–50, 253, 266–67, 284, 309–10, 320, 326, 375, 423, 429
Bromeliad Helicopter, 375
bromeliad spiders, 418
Bronzed Cowbird, 251
Bronze-tailed Plumeleteer, 203
Bronzy Hermit, 202
Broom Palm, 88–89, 97–98, 155, 448
Brosimum, 58, 148, 324–25, 331, 442
Brosimum alicastrum, 442
Brosimum lactescens, 324
Brotogeris jugularis (Orange-chinned Parakeet), 227, 230
Brown-hooded Parrot, 230
Brown Long-tongued Bat, 96, 309, 315
Brown-throated �ree-toed Sloth, 301–2
Brown Wood Turtle, 273
brush-footed butter�ies, 392, 409–12
Brycon costaricanesis (Machaca), 151, 189, 352, 359–60, 365
bryophytes (mosses and liverworts), 107, 426
Bucconidae (Pu�bird Family), 221–22
Bu�-rumped Warbler, 20, 253–54
Bu�-throated Saltator, 256–57
Bufonidae (Toad Family), 263–64
Bulldog Bat, 313
Bullet Ant, 123, 178, 193, 219, 388, 393–94
Bull Shark, 352, 361
Burchell’s Army Ant, 25, 390–93
Bursera simaruba (Gumbo Limbo), 117–18, 238
Burseraceae (Frankincense and Myrrh Family), 117–19, 324, 433, 436
bushmasters, ix–x, xii, 104–5, 137, 287, 290–91, 330, 348
butter�ies, 19, 21, 25, 60, 73, 115, 123, 125, 129–30, 134–35, 187, 

189–90, 192, 222, 247, 254, 308, 373, 406–13, 435, 443
Butter�y Cichlid, 353, 366–67
Byrsonima crassifolia (Nance), 139, 439

Cabassous centralis (Northern Naked-tailed Armadillo), 299
cacao, 4, 16–17, 31, 131, 140, 144–45, 152, 227, 310, 441
Cactaceae (Cactus Family), 81, 83, 119, 249–50, 257, 315, 436
caddis�ies, 308
caecilians, 260–61
Caesalpinioideae, 125, 135, 438–39
caimans, 189, 191, 270, 272, 292–93, 342–43, 355
Calathea, 114–15, 305–6, 311, 410, 432
Calathea crotalifera, 114
Calathea lutea, 114–15
Caligo atreus (Banded Owl Butter�y), 410
Caluromys derbianus (Central American Woolly Opossum), 298
Calyptrogyne ghiesbreghtiana (Cola de Gallo), 88–89, 92–93, 95–96, 

206, 309, 430, 447, 451
Campephilus guatemalensis (Pale-billed Woodpecker), 185, 225–26
Campyloneurum (strap ferns), 165, 173
Campyloneurum brevifolium, 173
Campylorhyncus zonatus (Band-backed Wren), 247–48
Cane Toad, 264
Cannabaceae, 446
Cannaceae (Canna Family), 41, 109, 114, 410, 446
canopy-emergent trees, 14, 46–49, 123, 126, 136, 140, 437
canopy gap, 29–30
canopy palms, 17, 32, 35, 101, 105–6, 449
canopy trees, 3, 32, 47–48, 105, 269
Cantarana Swamp, 19, 49, 80, 142, 192, 208–9, 269, 293, 355, 374
Cantorchillus nigricapillus (Bay Wren), 246–47
Caper Family, 117
Capparaceae (Caper Family), 117
Caprimulgidae (Nighthawk and Nightjar Family), 191, 200–201
capuchin monkeys, 34, 198, 213, 216, 242, 281, 285, 295, 320–21, 

325–27, 336, 376, 448
Carapichea ipecacuanha, 152, 443
Carcharhinus leucas (Bull Shark), 352, 361
Cardinalidae (Cardinal Family), 254–57
Caribbean Dwarf Gecko, 279
Carlana (tetras), 359
Carlana eigenmanni (Eigenmann’s Tetra), 352
Carludovica (cyclanths), 84–85, 430–31
Carludovica palmata, 431
Carludovica rotundifolia, 84
Carludovica sulcate, 84
Carmenta surinamensis, 133
Carmine Skimmer, 374
Carollia (bats), 25, 72, 120, 137, 306, 310, 315–17
Carollia brevicauda (Silky Short-tailed Bat), 316
Carollia castanea (Chestnut Short-tailed Bat), 128, 315–16
Carollia perspicillata (Seba’s Short-tailed Bat), 72, 128, 316
Carollia sowelli (Sowell’s Short-tailed Bat), 316
Carpenter’s Anole, 275
Carpodectes nitidus (Snowy Cotinga), 69, 186–88, 239–40, 244
Caryothraustes poliogaster (Blackfaced Grosbeak), 255–56
Casearia (trees in Willow Family), 223, 444
Casearia arborea, 15, 17
Casearia corymbosa, 245
Cashew Family, 54, 117, 325, 433
cashew nuts, 433

Cabassous centralis (Northern Naked-tailed Armadillo), 299Cabassous centralis (Northern Naked-tailed Armadillo), 299Cabassous centralis
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Casque-Headed Lizard, 282
Cassidinae (tortoise beetles), 401–2
Castilla, 58, 122, 148, 151–52, 324, 442
Castilla elastica (Central American Rubber Tree), 34, 152, 186, 324, 

442
caterpillars, 25, 72–73, 130–31, 193, 207, 373, 376, 379, 392, 398, 

406–11, 413, 426
cat�shes, 339, 352–53, 369–70
Cathartidae (New World Vulture Family), 210–12
Cathartes aura (Turkey Vulture), 210–12
Catopsis (bromeliads), 82
Cebus capucinus or Cebus imitator (White-Faced Capuchin), 34, 198, 

213, 216, 242, 281, 285, 295, 320–21, 325–27, 336, 376, 448
Cecropia 12, 20–21, 25, 156–59, 186, 208, 223, 226–27, 230, 249, 255, 

297, 302, 310, 315–16, 324–25, 331, 338–39, 388, 446
Cecropia insignis (Guarumo Blanco), 158
Cecropia obtusifolia (Guarumo Colorado), 158
Cedrela, 442
Cedrela odorata (Spanish Cedar), 27, 188, 443
Ceiba pentandra (Kapok), 17, 20, 39, 49, 138–42, 144, 230, 310, 313, 

315, 441
Celeus castaneus (Chestnut-colored Woodpecker), 225–27
centipedes, 247, 265, 424–25
Central American Agouti, 93, 105, 127–28, 137, 183–84, 229, 294–96, 

326, 330–34, 337, 339, 343–44
Central American Boa, 283
Central American Bushmaster, ix–x, xii, 104–5, 137, 287, 290–91, 330, 

348
Central American Coral Snake, 291
Central American Mud Turtle, 272
Central American Rainbow Boa, 283
Central American Rubber Tree, 34, 152, 186, 324, 442
Central American Silky Anteater, 299–300
Central American Spider Monkey, 20, 27, 137, 213, 295, 320–21, 

325–26
Central American Squirrel Monkey, 320
Central American Tapeti, 334
Central American Whiptail, 279
Central American Woolly Opossum, 298
Centrolenidae (Glass Frog Family), 262, 264–65
Centropomus undecimalis (Common Snook), 361
Centruroides limbatus (Arrowbreasted Scorpion), 422
Cephaloleia (hispine beetles), 402
Cephalopterus glabricollis (Bare-necked Umbrellabird), 239–40
Cerambycidae (Longhorn Beetle Family), 216, 226, 400, 403
Ceratopipra mentalis (Red-capped Manakin), 22, 235, 242–43
Chaetura cinereiventris (Gray-rumped Swift), 202
Chagas disease, 296–97
Chain Fern Family, 169
Chamaedorea, 89, 92, 96–97, 402, 430, 447, 452
Chamaedorea deckeriana, 452
Chamaedorea lucidifrons, 452
Chamaedorea pinnatifrons, 452
Chamaedorea tepejilote, 88, 91, 96–97, 452
Characidae (Tetra Family), 351–52, 357–60
Chelydra acutirostris (South American Snapping Turtle), 272
Cherrie’s Tanager, 259

Chestnut-backed Antbird, 234–35
Chestnut-colored Woodpecker, 225–27
Chestnut-headed Oropendola, 251
Chestnut-mandibled Toucan, 70, 223–25
Chestnut Short-tailed Bat, 316
Chironectes minimus (Water Opossum/Yapok), 298
Chironomidae (Non-biting Midge Family), 413–15
chiropterophily (bat pollination), 96, 125–26, 129, 144, 187, 296, 

308–10, 436, 438, 441, 451
Chloroceryle aenea (American Pygmy King�sher), 220–21
Chloroceryle amazona (Amazon King�sher), 220–21
Chloroceryle americana (Green King�sher), 220–21
Chlorophanes spiza (Green Honeycreeper), 187, 256–58
Choeradodis rhombicollis (Leaf Mantis), 372, 379–80
Choloepus hoffmanni (Ho�man’s Two-toed Sloth), 301–2
Chrysididae (Cuckoo Wasp Family), 379, 398
Chrysomelidae (Leaf Beetle Family), 400–403, 406
Chrysopidae (Green Lacewing Family), 308, 399–400
cicadas: Cicadidae, x, 207, 212, 219, 233, 384, 386–87
Cicadellidae (Leafhopper Family), 384
Cichlidae (Cichlid Family), 339, 351–54, 356–58, 363–71
Cinnamon Becard, 244–45
Cithaerias pireta (Clearwing Satyr), 409–11
Citrus nobilis (King Orange/King Mandarin), 404
Clay-colored �rush/Clay-colored Robin, 248–49
clearwing moth, 133
Clearwing Satyr, 409–11
Clelia clelia (Common Mussurana), 289
click beetles, 191, 400–401
Climaciella (large mantid�y), 400
climate change, 26, 38, 160, 196, 238, 277, 295, 355
climbers (epiphytes), 50–51
climbing palms, 83, 98, 449
climbing rats, 329
cling�shes, 339, 352, 357, 362–63
clonal palms, 90, 93–95, 98–99, 108, 447, 450
Cloudy Snail-eater/Cloudy Slug-eater, 286
club fungi, 180–82
Clusiaceae (Mangosteen Family), 55, 58, 117, 119–21, 436
Clysonymus Longwing, 412
Coati, 33, 116, 148, 189, 198, 212, 281, 285, 289, 294, 296, 326, 

333–37, 343, 345, 405
cockroaches, 234, 278, 314, 381–83, 388
Cocoa Woodcreeper, 231–32, 235
coconut palms, 88, 452
Cocos nucifera (Coconut Palm), 88, 89, 430, 452
Coendou mexicanus (Mexican Hairy Porcupine), 34, 189, 191, 320, 331
Co�ee Family, 15, 31, 43–45, 48, 50, 117, 152–55, 206, 216, 243, 350, 

443
Coffea arabica, 152, 443
Coffea canephora, 4, 160
Collared Aracari, 70, 116, 224–25
Collared Peccary, 32–33, 93, 102, 128, 188, 343, 346–50
Colocasia (elephant ears), 74, 76–77, 80, 429
Colocasia esculenta (taro), 76, 80
Colonia colonus (Longtailed Tyrant), 238–39
Colubridae (Colubrid Family), 282, 284–86, 291–92

Chestnut-backed Antbird, 234–35
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Columbidae (Pigeon and Dove Family), 207–8
Columbina talpacoti (Ruddy Ground Dove), 207–8
Combretaceae (Indian Almond Family), 49, 59, 117, 122–23, 437
Combretum laxum, 122
Commelinaceae (Spiderwort Family), 74
Common Bamboo, 160
Common Big-eared Bat, 314
Common Blue Morpho, 410
Common House Gecko, 278
Common Long-tongued Bat, 308, 311, 315
Common Mussurana, 289
Common Mustached Bat, 313–14
Common Opossum, 198, 296–97, 345
Common Pauraque, 191, 201, 210
Common Plecostomus, 370
Common Silky Anteater, 299–300
Common Snook, 361
Common Tody-Flycatcher, 237
Common Vampire Bat, 319
Conehead Termite, 383–84
Conepatus semistriatus (Striped Hog-nosed Skunk), 289, 338
Conotrachelus (weevils), 71
Convention on International Trade in Endangered Species (CITES), 

342
Convict Cichlid, 351, 353, 365–66
Cookeina (tropical cup fungi), 177–78
copal, 117–18, 436
Copiphora rhinoceros (Rhinoceros Katydid), 192, 377
Coprinellus disseminatus (Fairy Inkcap), 177, 180–81
Coragyps atratus (Black Vulture), 210–12
Corallus annulatus (Annulated Tree Boa), 283–84
coral snakes, 286–88, 291–92
Corcia (bee assassins), 386
Cordia, 338, 388, 435
Cordia alliodora (laurel), 4, 25, 187, 435
Cordia bicolor, 17
Cordia lucidula, 199, 435
Cordyceps, 178–79
Cordylochernes scorpioides, 422–23
Coreidae (Leaf-footed Bug Family), 385–86
Corydalidae (Dobson�y Family), 399
Corydalus flavicornis, 399
Corytophanes cristatus (Casque-Headed Lizard), 282
Costaceae (Costus Family), 116
Costus, 12, 21, 74, 109, 116, 431
Costus bracteatus, 116, 431
Costus laevis, 116
Costus molortieanus, 116
Costus pulverulentus, 116
Costus scaber, 116
Costa Rican Coral Snake, 286–88, 291–92
Costa Rican Forest Rabbit, 334
Cotingidae (Cotinga Family), 187, 231, 239–42
Coussapoa, 121, 156, 159, 446
Coussapoa nymphaeifolia, 159
Coussapoa villosa, 159
cowbirds, 238, 251–52

coyotes, 295, 334–35, 343
Crassulaceae ( Jade Plant Family), 83
Craugastoridae (Litter Frog Family), 262, 265–66, 271, 277, 348–49
Craugastor bransfordii (Bransford’s Litter Frog), 265, 277
Crax rubra (Great Curassow), 27, 199–200
Cream-spotted Tigerwing, 406
Creek Tetra, 352, 359
Crested Guan, 79, 197, 199–200, 210
Crested Owl, 214–15
Cribroheros alfari (Pastel Cichlid), 353–54, 364–66
Cribroheros rostratus (Long Snout Cichlid), 353, 365–67
crickets, 191, 234, 277, 280, 308, 314, 375–76
Crocodylidae (Crocodile Family), 292–93
Crocodylus acutus (American Crocodile), 191, 292–93
Cryosophila warscewiczii (Broom Palm), 88–89, 97–98, 155, 448
Cryptoses choloepi, 303–4, 409
Crypturellus (tinamous), 197
Crystal Tetra, 352
Ctenidae (Wandering Spider Family), 418
Cuckoo Wasp, 379, 398
Cuculidae (Squirrel Cuckoo Family), 207
Cucurbitaceae (Squash Family), 49, 117, 437
Culicidae (Mosquito Family), 413–15
Cuniculus paca (Paca), 93, 183, 191, 334–34, 343
cup fungi, 177–78
Cupiennius (bromeliad spiders), 418
curassows, 199–200
Curculionidae (Weevil Family), 332, 405–6
Custard Apple Family, 43, 60, 65–68, 199, 347, 427
Cyanoloxia cyanoides (Blue-black Grosbeak), 255–56
Cyatheaceae (Tree Fern Family), 163, 168, 170
Cyathea microdonta, 163, 168
Cyclanthaceae (Cyclanth Family), 15, 45–46, 50–51, 66, 74, 81, 83–85, 

89, 91, 99, 105, 406, 430–31, 437
Cyclanthus bipartitus, 84–85, 431
Cyclopedidae (Anteater Family), 298–301
Cyclopeltis semicordata, 172–73
Cyclopes dorsalis (Central American Silky Anteater), 299
Cydno Longwing, 412
Cymbopetalum, 66–67, 427

Daddy Longlegs, 418, 423–24
Dajaus monticola (Mountain Mullet), 352–53, 361
damsel�ies, 247, 373–75
Dark Four-eyed Opossum, 298
darner dragon�ies, 374
Dasypodidae (Armadillo Family), 296–99
Dasypus novemcinctus (Nine-banded Armadillo), 296–99
Dasyprocta punctata (Central American Agouti), 93, 105, 127–28, 137, 

183–84, 229, 294–96, 326, 330–34, 337, 339, 343–44
Dead Leaf Mantis, 379–80
Dead Man’s Fingers, 179
deer, 34, 93, 134, 343, 346
deer-tongue ferns, 121, 165, 171
Deinopidae (Net-casting Spider Family), 420–21
Deinopis longipes, 421
Dendrobatidae (Poison Dart Frog Family), 42, 219, 262, 265–67, 277

Columbidae (Pigeon and Dove Family), 207–8 coyotes, 295, 334–35, 343
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Dendrobates auratus (Green and Black Poison Dart Frog), 219, 267
Dendrocincla fuliginosa (Plain-brown Woodcreeper), 231–32
Dendrocolaptes sanctithomae (Northern Barred Woodcreeper), 231,  

293
Dendropanax, 325–26, 434
Dendropsophus ebraccatus (Hourglass Tree Frog), 262
dengue fever, 413, 415
Dermanura, 310, 316–18
Dermanura phaeotis (Pygmy Fruit-eating Bat), 307, 316
Dermanura watsoni (�omas’s Fruit-eating Bat), 316–18
Dermatobia hominis (Human Bot�y), 416
Desmarest’s Spiny Pocket Mouse, 105, 329–31
Desmodus rotundus (Common Vampire Bat), 319
Desmoncus moorei, 83, 89, 98, 430, 449
Diapheromeridae (Stick Insect Family), 378–79
Diasporus diastema (Tink Frog/Dink Frog), 267
Dicotyles tajacu (Collared Peccary), 32–33, 93, 102, 128, 343, 346–48
Didelphis marsupialis (Southern Opossum/Common Opossum), 198, 

296–97, 345
Didymoglossum gormanii, 167–68
Dieffenbachia, 74, 76–79, 347
Dieffenbachia longispatha, 404
Dilleniaceae (Dillenia Family), 49, 324, 437–38
Dink Frog, 267
Diplazium (twinsorus ferns), 169–70
Diplazium striatastrum, 170
Dipoena banksii, 73
Dipteryx panamensis, 15, 31, 39, 46, 49, 125–28, 139, 187, 196, 316, 

327–28, 331–33, 335–36, 439
disturbance, 29, 217, 237, 249, 272, 296, 335
Dives dives (Melodious Blackbird), 251
Diplazium striatastrum, 169–70
dobson�ies, 399
Dogbane Family, 56, 58, 117, 238, 433
Doris Longwing, 412
Double-toothed Kite, 213, 326
doves, 207–8
dragon�ies, 19, 189, 222, 247, 373–75
Dragon-headed Bug, 388
dry forests, 80, 118, 213, 283, 344, 363
Dryopteridaceae (Wood Fern Family), 170–72
dry season, 2, 15, 44, 93, 127, 132, 135, 140–41, 249, 252, 257, 277, 

316, 333, 337, 348, 355; 
dumb cane, 76
dung beetles, 324–25, 400, 404–5
Dussia macroprophyllata, 324
dwarf palms, 14–15, 45, 48–49, 83–84, 89–94, 248, 290, 309, 311, 447
Dynastes septentrionalis (Hercules Beetle), 404

earthstars, 177, 181
earthworms, 249, 261, 285–86
Eciton burchellii (Burchell’s Army Ant), 25, 390–93
Ectatomma ruidum, 413
ectomycorrhizal fungi, 125, 176
Ectophylla alba (Honduran White Bat), 151, 153, 305, 318
eels, 352–53, 356, 369–70
egrets, 209–10

Eigenmann’s Tetra, 352
Eira barbara (Tayra), 198, 281, 303, 330, 333–34, 336, 338–40,  

343–45
Elaphoglossum (deer tongue ferns), 121, 165, 171
Elaphoglossum amygdalifolium, 171
Elaphoglossum herminieri, 171
Elapidae (Coral Snake Family), 286–88, 291–92
Elateridae (Click Beetle Family), 191, 400–401
Electron platyrhynchum (Broad-billed Motmot), 218–19
Eleotridae (Sleeper Goby Family), 362–63
Elephant Beetle, 404
elephant ears, 75, 77, 80
Eleutherodactylidae (Rain Frog Family), 262, 267, 269
Emballonuridae (Sac-winged Bat Family), 311–13
Emerald Glass Frog, 262
endangered species, x, 137, 227–28, 240, 261, 277, 321, 337, 350
endophytes, 179
Enicospilus (wasps), 398
Epicrates maurus (Central American Rainbow Boa), 283
Epiperipatus (velvet worms), 426
epiphylls, 50–51, 60, 76, 106–7, 289, 381
Epiphyllum (epiphytic cacti), 436
epiphytes, 49–51, 53
Erethizontidae (New World Porcupine Family), 34, 189, 191, 320, 331
Eretmobrycon scleroparius (Creek Tetra), 352, 359
Erioscelis columbica, 404
Erythrodiplax fervida (Red-mantled Dragonlet), 374
Espadarana prosoblepon (Emerald Glass Frog), 262
Etlingera (ornamental ginger), 115, 432
Euchroma giganteum (Giant Ceiba Borer), 401
Euglossini (orchid bees), 25, 115, 386, 394–96, 398, 417
Euglossa flammea, 396
Eulaema meriana, 396
Eumastacidae (Airplane Grasshopper Family), 378
Eumomota superciliosa (Turquoise-browed Motmot), 217
Euophryini (jumping spiders), 421
Euphonia gouldi (Olive-backed Euphonia), 249–50
Euphonia hirundinacea (Yellow-throated Euphonia), 249
Euphonia luteicapilla (Yellow-crowned Euphonia), 249
Euphonia minuta (White-vented Euphonia), 249
Euphorbiaceae (Euphorb Family), 14, 36, 43, 49, 117, 438
Euphyllodromia angustata (Wasp-mimicking Cockroach), 381
Eupsittula nana (Olive-throated Parakeet), 227, 230
Euterpe precatoria (Mantequillo), 15, 89–90, 105, 108, 223, 430, 452
Euxesta (�ies), 116
Even-striped Dasher, 374
Eyed Silk Moth, 407–8
Eyelash Viper, 287, 289–90

Fabaceae (Legume Family), 15, 17, 31, 39–40, 43–44, 49, 54, 60, 117, 
123–36, 228, 315, 324–25, 327, 347, 388, 404, 409, 438–39

Faboideae, 125–26, 439
Fairy Inkcap, 177, 180–81
falcons, 212–14
False Vampire Bat, 305
Feather-backed Millipedes, 424–25
Felidae (Cat Family), 334, 340–46

 (Green and Black Poison Dart Frog), 219, 267 Eigenmann’s Tetra, 352
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Fer-de-lance, 193, 287–89
ferns, 162–74
Ficus, 20–21, 44, 57–58, 63, 200, 223, 302, 324–25, 338, 423, 442
Ficus carica, 151, 442
Ficus colubrinae, 150–51, 318
Ficus insipida, 20, 149–51, 189, 316, 323–24, 360, 366
�gs, 25, 192, 227, 230, 238–39, 245, 249, 255, 257, 305–6, 308, 

310–11, 316–18, 330–31, 335–36, 347, 442
�lmy ferns, 167–68
�nches, 249–51
�shing bats, 313
�at-backed millipedes, 424
�ies, 68, 86, 116, 138, 180, 202, 212, 247, 254, 276, 308, 313, 373, 390, 

394, 399, 413–17, 424
Florisuga mellivora (White-necked Jacobin), 202, 204
�ycatchers, 236–39
foam nest frogs, 262, 269–70
Forest Rabbit, 144, 334
Forest Spiny Pocket Mouse, 105, 329–31
Formicidae (Ant Family), 388–94
Frankincense and Myrrh Family, 117–19, 324, 433, 436
free-tailed bats, 319
Freshwater Pipe�sh, 353, 362
Fringed Fern Family, 171–73
Fringe-lipped Bat, 314–15
Fringillidae (Finch Family), 249–51
frogs, 19, 27, 186, 191–92, 197, 208, 210, 219, 221, 225, 260, 274,  

356
fruit-eating bats, 127, 150, 307–8, 310–11, 313, 315–16, 318
Fulgoridae (Lantern�y Family), 156, 384, 387–88
Fulgora latenaria (Peanut-head Bug), 156, 387
fungi, 175–82
fungus-gardening ants, 389
Furnariidae (Ovenbird Family), 231–32, 393

Galbulidae ( Jacamar Family), 221–23
Galbula ruficauda (Rufous-tailed Jacamar), 185, 222
Ganoderma (polypores), 177, 182
gaps. See treefall gaps
Garcinia mangostana (Mangosteen), 119, 436
Gartered Trogon, 194, 216–17
Geastrum (earthstars), 177, 181
geckos, 276–79
Genipa americana, 152, 443
Geoemydidae (Neotropical Wood Turtle Family), 273
Geonoma, 92, 98–101, 234, 248, 307, 430, 447, 450–51
Geonoma congesta (Tapir’s Cane), 31, 88, 91, 93, 98–99, 223, 450
Geonoma cuneata, 83, 89, 91, 94, 99–101, 108, 307, 318, 451
Geonoma deversa, 450
Geonoma interrupta, 451
Geonoma longevaginata, 450
Geonoma pinnatifrons, 451
geonomoid palms, 92–94
Gesneriaceae (African Violet Family), 117, 439
Giant Anteater, 301, 337
Giant Cave Cockroach, 381–82
Giant Ceiba Borer, 401

Giant Cowbird, 251–52
giant stick insects, 378–79
Giant �orny Bamboo, 160–61
Giant Toad, 263–64, 269–70
Ginger Family, 41, 74, 109, 115, 161, 432
Ginseng Family, 15, 54, 117, 325–26, 433–34
glass frogs, 262, 264–65
Glomus (fungi), 331
Glossophaga, 96, 141, 308–11, 315
Glossophaga commissarisi (Brown Long-tongued Bat), 96, 309, 315
Glossophaga soricina (Common Long-tongued Bat), 308, 311, 315
Glyphorynchus spirurus (Wedge-billed Woodcreeper), 232
Gobiidae (Goby Family), 352–53, 357, 361–62
Gobiesox cephalus, 339, 352, 357, 362–63
Gobiomorus dormitor (Bigmouth Sleeper), 353, 362–63
Goeppertia, 44, 114–15, 432
Goeppertia marantifolia, 114–15
Goethalsia meiantha, 15, 17, 53, 138, 141–42, 441
Golden-hooded Tanager, 256–57, 259
Golden Orbweaver Family, 206–7, 419–20
Golden Sphinx Moth, 408
Gonatodes albogularis (Yellow-headed Gecko), 278–79
Gossamer-winged Butter�y Family, 412–13
Granada Morpho, 410
grasshoppers, 179, 207, 212, 277, 314, 373, 375–78, 385
Gray-capped Flycatcher, 237
Gray-cowled Wood-Rail, 208–9
Gray-headed Chachalaca, 199
Gray-necked Wood-Rail, 208–9
Gray-rumped Swift, 202
Great American Biotic Interchange, 23, 33–34, 298, 349–50
Great Curassow, 27, 199–200
Greater Fishing Bat, 313
Greater White-lined Bat, 311–13
Great Fruit-eating Bat, 128, 316
Great Green Macaw, x, 27, 127–28, 190, 210
Great Jacamar, 222
Great Kiskadee, 210, 237–38, 292
Great Tinamou, 197–98, 200, 210, 286
Green and Black Poison Dart Frog, 219, 267
Green Basilisk, 281
Greenbrier Family, 74, 429–30
Green-crowned Brilliant, 206
Green Hermit, 203
Green Honeycreeper, 187, 256–58
Green Ibis, 20, 189–91, 197, 209–10
Green Iguana, 189–90, 280
Green Jewel Fly, 417
Green King�sher, 220–21
Green Lacewing Family, 308, 399–400
Green Tree Anole, 275–76
Ground Anole, 274–75, 277
Gryllidae (True Cricket Family), 376
guans, 199–200
Guarea, 245, 325, 441–42
Guatteria, 66–67, 199, 216, 243, 427
Guatteria amplifolia, 66, 427

Giant Cowbird, 251–52
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guava, 59, 122, 238, 442
Gumbo Limbo, 117–18, 238
Gymnopis multiplicata (Purple Caecilian), 261
Gymnotidae (Knife�sh Family), 352, 369
Gymnotus cylindricus (Round Knife�sh), 352, 369
Gymnotus maculosus (Spotted Knife�sh), 352
Gynacantha (darner dragon�ies), 374

Habia fuscicauda (Red-throated Ant-Tanager), 235, 255
Haemulidae (Grunt Family), 352–53, 361
Hairstreak, 412
Hamelia, 21–22, 152–53, 206–7, 216, 249, 443
Hamelia patens, 22, 56, 152–53, 187, 204, 206–7, 249
Hampea, 138, 223, 327, 441
Harlequin Beetle, 403, 422–23
Harpagus bidentatus (Double-toothed Kite), 213, 326
Harpy Eagle, 248, 303–4, 327
harvestmen, 418, 423–24
hawkmoths, 115, 129, 152, 308, 408–9
hawks, 212–14
Headlight Elater, 401
heart of palm, 108
Heliconiaceae (Heliconia Family), 3, 12, 21, 38, 45, 50–51, 74, 109, 

111–15, 187, 203–7, 219, 247, 306–7, 311, 317–18, 375, 402, 
410–11, 431

Heliconia imbricata, 109, 111–13, 306
Heliconia irrasa, 45, 112–13
Heliconia latispatha, 111–12
Heliconia mariae, 112–13
Heliconia pogonantha (Lobster Claw Heliconia), 109, 112–13
Heliconia wagneriana, 112–13
Heliconius (longwing butter�ies), 409–12
Heliconius clysonymus, 412
Heliconius cydno, 412
Heliconius doris, 412
Heliconius erato (Red Postman), 412
Heliconius hecale, 411
Heliconius melpomene (Postman), 412
Heliconius sapho, 412
Heliconius sara (Sara Longwing), 411
helicopter damsel�ies, 247, 373–75
Hemeroplanes triptolemus, 409
Hemidactylus frenatus (Common House Gecko), 278
hemiepiphytes, 50, 119, 121, 148–50, 159, 162, 171–72, 315, 318, 429, 

434, 446
Henicorhina leucosticta (White-breasted Wood-wren), 247–48
Hercules Beetle, 404
Hercules Skimmer, 374
hermit hummingbirds, 61, 116, 202–7, 235, 242
herons, 209–10
Herpailurus yagouaroundi ( Jaguarundi), 340, 345
Herpetotheres cachinnans (Laughing Falcon), 197, 210, 213–14, 289
Heteromys desmarestianus (Forest Spiny Pocket Mouse), 105, 329–31
Hieronyma, 230, 238
Hieronyma alchorneoides, 14, 49
Hirundinidae (Swallow and Martin Family), 245–47
Ho�man’s Two-toed Sloth, 301–2

Hog-nosed Pit Viper, 287–88, 291
hog-nosed skunks, 289, 338
Holcosus festivus (Middle American Ameiva/Central American 

Whiptail), 279
Holdridge, Leslie, 4, 16–17, 144, 152, 160
Holdridge Arboretum, 20–21, 47, 49, 118, 123
Holdridge Life Zones, 4
Holdridge’s Livebearer, 353, 368
Homeomastax robertsi (Airplane Grasshopper), 378
Honduran White Bat, 151, 153, 305, 318
Hoplomutilla (Spotted Velvet Ant), 398
Hourglass Tree Frog, 262
hover �ies, 94, 413, 416–17
howler monkeys, 20, 27–28, 137, 156, 184, 189–90, 197–98, 213, 

295–96, 302, 320–25, 405, 416
Hubbs’s Silverside, 352–53
Human Bot�y, 416
hummingbirds, 202–7
Hura crepitans (Sandbox Tree), 36–37, 49, 228, 230, 438
Hylidae (Tree Frog Family), 262–63, 268–69, 374, 379
Hylonecteris underwoodi (Underwood’s Long-tongued Bat), 315
Hylophylax naevioides (Spotted Antbird), 234–35
Hymenophyllaceae (Filmy Fern Family), 165, 167–68
Hypericaceae (St. John’s Wort Family), 55, 120, 310
Hypopachus pictiventris (Southern Narrow-mouthed Toad), 270–71, 

277
Hypostomus panamensis (Common Plecostomus), 370
Hypsophrys nicaraguensis (Butter�y Cichlid), 353, 366–67

ibises, 209–10
Ichneumonidae, 398
Icteridae (New World Blackbird Family), 251–53
Iguanidae (Iguana Family), 151, 189–90, 272, 279–81, 293, 343–44, 

405
Iguana iguana (Green Iguana), 189–90, 280
Ilex skutchii (Skutch’s Holly), 324
Imantodes cenchoa (Blunt-headed Vine Snake), 284
Indian Almond Family, 49, 59, 117, 122–23, 437
Inga (Guaba), 40, 44, 54, 60, 125–26, 128–31, 135, 204, 219, 223, 227, 

230–31, 315, 324–25, 327, 329, 331, 336, 338, 388, 438
intermediate disturbance hypothesis, 29
International Union for the Conservation of Nature (IUCN), 199–

200, 224, 228, 240, 272, 291–92, 318, 321, 340, 342, 350, 449
invasive species, 28, 110–11, 156, 160–61, 359, 415, 432, 440
Iriartea deltoidea, 16, 31, 101–3, 105–6, 348, 430, 448
Ischnocodia annulus (Ringed Tortoise Beetle), 402
IUCN red list, 27

Jacamar Family, 221–23
Jade Plant Family, 83
Jaguar, x, 1, 28, 188, 296, 299, 303, 337, 340–46, 348–50
Jaguarundi, 340, 345
Jamaican Fruit-eating Bat, 128, 307–8, 310–11, 316–17
Javelina, 32–33, 93, 102, 128, 188, 343, 346–50
jelly fungi, 177, 181–82
Jesus Christ Lizard, 281
jumping spiders, 420–21

Hog-nosed Pit Viper, 287–88, 291
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Kapok, 17, 20, 39, 49, 138–42, 144, 230, 310, 313, 315, 441
katydids, 24, 131, 191–92, 233, 274, 277, 280, 308, 314–15, 375–77, 

390
Keel-billed Toucan, 70, 173, 224–25
killi�shes, 352–53, 369
king�shers, 20, 189, 191, 220–21, 359
King Vulture, 210–12
Kinkajou, 191, 294–95, 334–38
Kinosternidae (Mud Turtle Family), 272–73
Kinosternon angustipons (Central American Mud Turtle), 272
Kinosternon leucostomum (White-lipped Mud Turtle), 273
Kissing Bug, 386–87
kites, 212–14
Klais guimeti (Violet-headed Hummingbird), 202–3
knife�shes, 352, 369

Lachesis stenophrys (Central American Bushmaster), ix–x, xii, 104–5, 
137, 287, 290–91, 330, 348

Lady Fern Family, 169–70
Leporidae (Rabbit Family), 144, 334
Laguncularia racemosa (White Mangrove), 122
lantern bugs/lantern�ies, 156, 221, 384, 387–88
Laughing Falcon, 197, 210, 213–14, 289
Lauraceae (Laurel or Avocado Family), 43, 59, 65, 68–69, 186, 239–40, 

245, 350, 427–28
leaf beetles, 400–403, 406
leafcutter ants, 192, 376, 388–90
leaf-footed bugs, 385–86
leafhoppers, 384
Leaf Litter Gecko, 277
Leaf Mantis, 372, 379–80
leaf-nosed bats, 25, 96, 128, 307, 309, 311, 313–14
Lecythidaceae (Brazil Nut Family), 49, 60, 136–38, 440
Lecythis ampla (Monkey Pot ), 49, 136–37, 440
Lemur Anole, 275
Leopard Lily, 76
Leopardus pardalis (Ocelot), x, 189, 198, 296, 299, 303, 330, 336–37, 

340–45
Leopardus wiedii (Margay), x, 337, 340-46
Lepidoblepharis xanthostigma (Leaf Litter Gecko), 277
Lepidocolaptes souleyetii (Streak-headed Woodcreeper), 231–32
Leptodactylidae (Tropical Frog Family), 262, 269–70
Leptodactylus savagei (Savage’s �in-�ngered Frog), 263, 269–70, 289
Leptodeira septentrionalis (Northern Cat-eyed Snake), 268, 284–85
Lesser Fishing Bat, 313
Lestrimelitta (stingless bees), 395
Leucochrysa pavida (Lichen-carrying Green Lacewing), 399–400
Leucocoprinus gongylophorus, 390
Leucopternis semiplumbeus (Semiplumbeous Hawk), 213, 330
Libellulidae, 374
Libellula herculea (Hercules Skimmer), 374
lichens, 50–51, 107, 155, 205, 231, 380
Lichen Anole, 276
Lichen-carrying Green Lacewing, 399–400
Lineated Woodpecker, 226
litter frogs, 262, 265–66, 271, 277, 348–49
Litter Toad, 263, 285

Little Tinamou, 197
Liturgusa (Neotropical Bark Mantid), 380
Lobster Claw Heliconia, 109, 112–13
Lomariopsidaceae, 171–73
Lomariopsis japurensis, 172
Lomariopsis vestita, 164, 172–73
Lonchocarpus, 404, 409, 439
Long-billed Hermit, 116, 202–3, 205–7, 235
longhorn beetles, 216, 400, 403
Longjaw Tetra, 352
Long Snout Cichlid, 353, 365–67
Long-tailed Tyrant, 238–39
Long-tailed Weasels, 330
Long-tailed Worm Salamander, 261
long-tongued bats, 96, 309, 315
Long-whiskered Cat�sh Family, 369
longwing butter�ies, 409–12
Lontra longicaudis (Neotropical River Otter), 191, 339–40
Lophophora williamsii (Peyote), 436
Lophostrix cristata (Crested Owl), 214–15
Loranthaceae (mistletoes), 239, 324
Loricariidae (Suckermouth Cat�sh Family), 333, 370
Luehea seemannii, 138, 142–43, 302, 441
lungless salamanders, 261
Lurocalis semitorquatus (Short-tailed Nighthawk), 201
Lycaenidae (Gossamer-winged Butter�y Family), 412–13
Lycianthes, 61, 445

macaws, 28, 128, 138, 184, 228–29
Machaca, 151, 189, 352, 359–60, 365
Mahogany Family, 15, 43, 54, 117, 325, 441–42
maidenhair ferns, 165, 168–69
Malacoptila panamensis (White-whiskered Pu�bird), 221–22
malaria, 415
Malpighiaceae (Malpighia Family), 49, 56, 117, 139, 160, 439–40
Malvaceae (Mallow Family), 15, 17, 19, 43, 49, 53, 56–62, 117, 

138–45, 315, 440
Malvaviscus, 62, 441
Manacus candei (White-collared Manakin), 242–44
manakins, 22, 148, 207, 231, 235–36, 242–44
Mangifera (mango), 433
Mangosteen Family, 55, 58, 117, 119–21, 436
Mangrove Swallow, 245–47
Mantidae (Mantis Family), 379–80
mantids, 379–81
Mantispidae (Mantid�y Family), 399–400
Mantled Howler Monkey, 20, 27–28, 137, 156, 184, 189–90, 197–98, 

213, 295–96, 302, 320–25, 405, 416
Marantaceae (Prayer-plant Family), 12, 21, 41, 44, 50–51, 60–61, 74, 

109–11, 114–15, 402, 410, 432
Margay, x, 337, 340–46
Marmosa zeledoni (Zeledon’s Mouse Opossum), 298
martins, 245
Masked Tityra, 70, 244
Masti� Bat, 319–20
Matador Bug, 385–86
Mealy Amazon/Mealy Parrot, 24, 133, 227, 229

Kapok, 17, 20, 39, 49, 138–42, 144, 230, 310, 313, 315, 441 Little Tinamou, 197
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mealybugs, 69, 158
Mechanitis menapis (Variable Tigerwing), 392
Mecistogaster modesta (Bromeliad Helicopter), 375
Megaceryle alcyon (Belted King�sher), 220
Megaceryle torquata (Ringed King�sher), 220
Megalonychidae (Two-toed Sloth Family), 301–4
Megalops atlanticus (Atlantic Tarpon), 352, 354, 360–61
Megaloprepus caerulatus (Blue-Winged Helicopter Damsel�y), 375
Megaloptera (dobson�ies), 399
Megarynchus pitangua (Boat-billed Flycatcher), 237–38
Megascops guatemalae (Middle American Screech Owl), 214–15
Megasoma elephas (Elephant Beetle), 404
Melanerpes pucherani (Black-cheeked Woodpecker), 225–26, 238
Melastomataceae (Black Mouth Family), 12, 15, 21–22, 38, 43–45, 48, 

117, 121, 146–48, 379, 441
Meliaceae (Mahogany Family), 15, 43, 54, 117, 325, 441–42
Melodious Blackbird, 251
Membracidae (Treehopper Family), 384
Mephitidae (Skunk Family), 334, 338
Merinthopodium neuranthum, 309–10, 315, 445
Merry Widow Livebearer, 353, 368
Mesembrinibis cayennensis (Green Ibis), 20, 189–91, 197, 209–10
Mesoamerican Tent-making Bat, 307, 318–19
Mesophylla macconnelli, 307
Metalmark Butter�y Family, 412–13
Mexican Hairy Porcupine, 34, 189, 191, 320, 331
mice, 191, 238, 327, 329–31
Miconia, 146, 441
Micrathyria dictynna (Even-striped Dasher), 374
Microgramma (vine ferns or snake ferns), 164, 173–74
Microhylidae (Narrow-mouthed Frog Family), 262, 270
Micronycteris microtis (Common Big-eared Bat), 314
Microsciurus alfari (Alfaro’s Pygmy Squirrel), 328–29
Micrurus alleni (Allen’s Coral Snake), 191
Micrurus mosquitensis (Costa Rican Coral Snake), 286–88, 291–92
Middle American Ameiva, 279
Middle American Screech Owl, 214–15
midges, non-biting, 413–14
millipedes, 335, 424–25
Mimetica (leaf-mimicking katydids), 376–77
Mimosoideae, 54, 125, 128–29, 131, 135, 438
Mimosa pudica (Sensitive Plant), 60–61, 124–25
Molly, 351, 353
Molossidae (Free-tailed Bat Family), 311, 319–20
Molossus alvarezi (Alvarez’s Masti� Bat), 319–20
Momotidae (Motmot Family), xi, 28, 70, 156, 190, 197, 199, 217–20, 

299
Monkey Comb, 15, 19, 138–39, 441
monkey ladder, 42, 125–26, 134–35, 439
Monkey Pot, 49, 136–37, 440
Monstera, 50, 74–79, 307, 350, 429
Monstera tuberculata, 78–79, 429
Montezuma Oropendola, 173, 210, 251–53
Moraceae (Mulberry Family/Fig Family), 43–44, 50, 57–58, 63, 66, 

117, 148–52, 156, 239, 318, 324–25, 347, 442, 446
Mormoopidae (Mustached Bat Family), 311, 313–14
Morpho granadensis (Granada Morpho), 410

Morpho helenor (Common Blue Morpho), 410
mosquitoes, 134, 192–93, 413–15
mosses, 15, 37, 45, 50–52, 107, 164, 178, 202, 205, 231, 274, 381
Moss Phasmid, 378–79
moths, 73, 125, 129, 135, 142, 180, 221, 247, 254, 301, 308, 313, 315, 

320, 373, 388, 406–9, 428
motmots, xi, 28, 70, 156, 190, 197, 199, 217–20, 299
Mottled Snail-eater, 183
Mountain Mullet, 361
Moutabea gentryi, 50
Mozambique Mouthbrooder, 370
Mucuna, 124, 126, 309, 315, 439
Mucuna holtonii, 309
mud turtles, 272–73
Mugilidae (Mountain Mullet Family), 352–53, 361
Mulberry Family, 43–44, 50, 57–58, 63, 66, 117, 148–52, 156, 239, 

318, 324–25, 347, 442, 446
mullets, 352–53, 361
Musaceae (Banana Family), 74, 109–11, 410, 432
Musa acuminata, 110
Musa × paradisiaca (plantain), 110
Musa velutina (Pink Banana), 110–11, 160–61, 432
mushrooms, 37, 175–77, 180–81
mustached bats, 311, 313–14
Mustelidae (Weasel Family), 338–40
Myiothlypis fulvicauda (Bu�-rumped Warbler), 20, 253–54
Myiozetetes similis (Social Flycatcher), 237
Myotis riparius (Vesper Bat), 319
Myristicaceae (Nutmeg Family), 15, 58, 65–66, 69–71, 216, 325–26, 

428
Myrtaceae (Myrtle Family)
Myrmeciza exsul, 234–35
Myrmecophagidae (Anteater Family), 298–301
Myrmecophaga tridactyla (Giant Anteater), 301, 337

narrow-mouthed frogs, 262, 270
Nasua narica (White-nosed Coati), 33, 116, 148, 189, 198, 212, 281, 

285, 289, 294, 296, 326, 333–37, 343, 345, 405
Nasutitermes corniger (Conehead Termite), 383–84
Nectandra, 68, 428
Neetroplus nematopus (Neetroplus), 353, 364–66
Neotropical bark mantids, 380
Neotropical paper wasps, 396–97
Neotropical River Otter, 189, 191, 334, 338–40, 367
Neotropical Wood Turtle Family, 273
Nephila clavipes (Golden Orb Spider), 206–7
Nephilidae (Golden Orbweaver Family), 206–7, 419–20
net-casting spiders, 420–21
Nettle Family, 15, 117, 121, 156–59, 240, 324–25, 445–46
Neuroptera (net-winged insects), 399–400
New World Blackbird Family, 251–53
New World monkeys, 34, 320–27
New World Porcupine Family, 331
New World Rain Frog Family, 262, 267
New World Sparrow Family, 251
New World Vulture Family, 210–12
New World warblers, 253–54

Morpho helenor (Common Blue Morpho), 410Morpho helenor (Common Blue Morpho), 410Morpho helenor
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Nicaraguan Tetra, 351
nighthawks, 200–201
nightjars, 200–201
Nightshade Family, 61, 117, 309–10, 315, 392, 444–45
Nine-banded Armadillo, 296–99
Nitidulidae (Sap Beetle Family), 67, 92
Noctilionidae (Fishing Bat Family), 311–13
Noctilio albiventris (Lesser Fishing Bat), 313
Noctilio leporinus (Greater Fishing Bat), 313
non-biting midges, 413–15
nonnative plants, 160–61
Norops, 274, 348
Northern Barred Woodcreeper, 231, 293
Northern Cat-eyed Snake, 268, 284–85
Northern Flicker, 227
Northern Little Yellow-eared Bat, 307
Northern Naked-tailed Armadillo, 299
Northern Olingo, 338
Northern Raccoon, 335
Northern Rough-winged Swallow, 245–46
Northern Tamandua, 294, 300
Northern Warrior Wasp, 397
Northern Waterthrush, 253
Notharchus hyperrhynchus (White-necked Pu�bird), 221–22
Nutmeg Family, 15, 58, 65–66, 69–71, 216, 325–26, 428
Nyctidromus albicollis (Common Pauraque), 191, 201, 210
Nyctomys sumichrasti (Vesper Rat), 294, 329
Nymphalidae (Brush-footed Butter�y Family), 392, 409–12
Nyssodesmus python (Python Millipede), 424

Ocellated Antbird, 233–34, 301
Ocelot, x, 189, 198, 296, 299, 303, 330, 336–37, 340–45
Ochroma pyramidale (Balsa), 12, 21, 138, 143–44, 338, 441
Odonata (dragon�ies and damsel�ies), 247, 373–75
Oedipina gracilis (Long-tailed Worm Salamander), 261
Oestridae (Bot�y Family), 415–16
oil palms, 107, 228, 450
old-growth forest, 1, 4, 8–18, 26, 28, 31–32, 45–47, 90, 103, 105–6, 

118, 133, 138, 141–42, 146, 184, 195, 200, 216–17, 223, 228, 240, 
247, 277, 290, 310, 349, 375

Olfersia cervina (Woodland Island Fern), 171–72
Olingo, 334–35, 338
Olive-backed Euphonia, 249–50
Olive Long-snouted Tree Frog, 263, 268
Olive-throated Parakeet, 227, 230
Olivo, 155, 388, 445
Oophaga pumilio (Strawberry Poison Dart Frog), 42, 265–67, 277
Ophiocordyceps unilateralis (Zombie-ant Fungus), 178, 394
Opiliones (harvestmen), 418, 423–24
opossums, 34, 148, 191, 198, 212, 215, 296–98
Orange-billed Sparrow, 251
Orange-chinned Parakeet, 227, 230
orbweavers, 190, 206–7, 375, 419–21
Orchidaceae (Orchid Family), 15, 20, 25, 34, 43–44, 50, 74, 80, 83, 

85–87, 106, 119, 124, 168, 250, 395–96, 429–30
orchid bees, 25, 115, 386, 394–96, 398, 417
Oreochromis aureus (Blue Tilapia), 370

Oreopanax, 434
Organization for Tropical Studies (OTS), ix, xii, 4–5, 7–8, 10–11, 13, 

28, 64, 123, 161, 166
Ornidia obesa (Green Jewel Fly), 417
Orthemis discolor (Carmine Skimmer), 374
Orthoptera (crickets and katydids), 265, 277, 308, 375–78
Osa Peninsula, xi, 299, 334; Corcovado National Park, 342, 350
Otostigmus (centipedes), 425
otters, 189, 191, 334, 338–40, 367
Ovenbird Family, 231–32, 393
owl butter�ies, 410
owls, 191, 214–15

pacas, 93, 183, 191, 334–34, 343
Pacaya, 26, 450–51
Pachyramphus cinnamomeus (Cinnamon Becard), 244–45
paddle ferns, 121, 165, 171
Pale-billed Woodpecker, 185, 225–26
Palicourea elata, 153–54
Palicourea tomentosa, 154
Palm Pit Viper, 287, 289–90
palms (Arecaceae), 14, 16, 46, 88–108, 447–52
Palm Tanager, 256
Palo Verde, 118, 346
Panthera onca ( Jaguar), x, 1, 28, 188, 296, 299, 303, 337, 340–46, 

348–50
Panus, 175
paper wasps, 396–97
Parachromis dovii (Wolf Cichlid), 353, 367–68, 371
Parachuting Red-eyed Tree Frog, 269
parakeets, 123, 227, 230, 236
Paraponera clavata (Bullet Ant), 123, 178, 193, 219, 388, 393–94
parasitoid wasps, 394, 397–98, 402
parrots, 20, 123, 138, 152, 184, 186–87, 196–97, 210, 213, 225, 

227–30, 236
Parulidae (New World Warbler Family), 253–54
Passerini’s Tanager, 259
Passi�oraceae (Passion Flower Family), 60–61, 442–43
Passiflora, 25, 60–61, 386, 411–12, 442–43
Passiflora vitifolia, 206
passion-vine butter�ies, 410–11
Pastel Cichlid, 353–54, 364–66
Patagioenas nigrirostris (Short-billed Pigeon), 207–8
Paullinia cupana, 444
Paullinia ingifolia, 50, 444
pauraques, 191, 201, 210
Peach Palm, 108, 332, 430
Peanut-head Bug, 156, 387
peccaries, 32–33, 93, 102, 128, 188, 343, 346–50
Pecluma pectinata (Comb Fern), 174
Pejibaye, 108, 332, 430
Penelope purpurascens (Crested Guan), 79, 197, 199–200, 210
Pentaclethra macroloba, 15–17, 38, 125, 131–34, 393, 438
Pentagonia monocaulis, 153
Pentatomidae (Stink Bug Family), 384–85
Peperomia, 71, 73, 428
Peripatidae (Velvet Worm Family), 426

Oreopanax, 434
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Periplaneta americana (American Cockroach), 381
Phaenostictus mcleannani (Ocellated Antbird), 233–34, 301
Phaethornis longirostris (Long-billed Hermit), 116, 202–3, 205–7,  

235
Phalangopsidae (Spider Cricket Family), 376
Phallus indusiatus (Veiled Stinkhorn), 180
Phallichthys amates (Merry Widow Livebearer), 353, 368
Phanocles (giant stick insects), 378–79
Phasmatodea (stick insects), 373, 378–79
phasmids, 373, 378–79
Pheidole bicornis, 72, 131
Phiale (jumping spiders), 421
Philander melanurus (Dark Four-eyed Opossum), 298
Philodendron or Arum Family, 15, 19, 37, 43–44, 50–51, 57, 66, 

74–80, 105–6, 243, 250–51, 268, 307, 347, 350, 379, 404, 429
Philodendron, 44, 50–51, 74–79, 309, 429
Phoneutria boliviensis, 418
Phrictus quinquepartitus (Dragon-headed Bug), 388
Phrynonax poecilonotus (Bird-eating Snake), 284–86.
Phrynus (tailless whip scorpions), 422
Phyllobates lugubris (Striped Poison Dart Frog), 267
Phyllostomidae (New World Leaf-nosed Bat Family), 25, 96, 307, 

309, 311, 313–14
Piaya cayana (Squirrel Cuckoo), 207
Picidae (woodpeckers), 225–27
Pied Pu�bird, 221
pigeons, 207–8
Pimelodidae (Long-whiskered Cat�sh Family), 339, 352–53, 369–70
pineapples, 1–2, 5, 7, 9, 11, 28, 78, 81–82, 228, 415, 429
Pink Banana, 110–11, 160–61, 432
Pink Cup Fungus, 177–78
Pinzona coriacea, 437–38
Pionus senilis (White-crowned Parrot), 187, 227, 229–30
Piperaceae (Black Pepper Family), 21, 43–45, 48, 65, 71–73, 122, 317, 

428
pipe�shes, 352–53, 356–57, 362
Piper, 21, 24–25, 44, 71–73, 122, 258, 306, 310–11, 315–17, 326, 388, 

428
Pipridae (Manakin Family), 22, 148, 207, 231, 235–36, 242–44
Piranga rubra (Summer Tanager), 255
Pitangus sulphuratus (Great Kiskadee), 210, 237–38, 292
pit vipers, 286–91
Plain-brown Woodcreeper, 231–32
Plain-nosed Bats, 319
Plain Wren, 247
plantains, 110, 339, 432
Platyrhacidae (millipedes), 424
Platydesmus, 424–25
Pleiostachya pruinosa (Platanilla), 114, 432
Plethodontidae (Lungless Salamander Family), 261–62
Poas volcano/Poas National Park, 2, 7, 152
pocket gophers, 329
pocket mice, 105, 329–31
Poeciliidae (Livebearer Family), 351–53, 357, 367–69
Poecilia gillii (Molly), 351, 353
poison dart frogs, 42, 219, 262, 265–67, 277
Poliocrania exsul (Chestnut-backed Antbird), 234–35

pollination, 62; by bats, 96, 125–26, 129, 144, 187, 296, 308–10, 436, 
438, 441, 451; by bees, 129, 139, 428, 434; by beetles, 65, 67, 84, 
92, 427; by birds, 129, 204, 206; by butter�ies, 129; by �ies, 428; 
by moths, 428; palm, 92; “secondary pollen presentation,” 114; by 
wasps, 428; by weevils, 84

Polydesmida (millipedes), 424
Polypodiaceae (Polypody Family), 163–66, 173–74
Polypodium, 163–64
Pomadasys crocro (Atlantic Grunt), 353, 361
Pompilidae (Spider Wasp Family), 385–86, 397–98
porcupines, 34, 189, 191, 320, 331
Porthidium nasutum (Hog-nosed Pit Viper), 287–88, 291
Postman, 412
Potato Family, 61, 117, 309–10, 315, 392, 444–45
Potos flavus (Kinkajou), 191, 294–95, 334–38
Pourouma, 156, 159, 338, 446
Pouteria, 339, 444
Pouteria fossicola, 332
Prayer-plant Family, 12, 21, 41, 44, 50–51, 60–61, 74, 109–11, 114–15, 

402, 410, 432
praying mantises, 379–81
Prehensile-tailed Porcupine (Mexican Hairy Porcupine), 34, 189, 191, 

320, 331
primary forest, 1, 4, 8–18, 26, 28, 31–32, 45–47, 90, 103, 105–6, 118, 

133, 138, 141–42, 146, 184, 195, 200, 216–17, 223, 228, 240, 247, 
277, 290, 310, 349, 375

Primulaceae (Primrose Family), 443
Prionostemma (harvestmen), 423
Proboscis Bat, 311–13
Procyonidae (Raccoon Family), 335–38
Procyon lotor (Northern Raccoon), 335
Proechimys semispinosus (Tome’s Spiny Rat), 93, 104–5, 128, 137, 290, 

328–31, 343
Protambulyx goeldii (Golden Sphinx Moth), 408
Prothysana felderi (Shag Carpet Caterpillar), 385
Protium (copal), 117–19, 219, 223, 229, 302, 324, 436
Psalmopoeus (Arboreal Tarantula), 419
Psarocolius montezuma (Montezuma Oropendola), 173, 210, 251–53
Coprinellus disseminatus (Fairy Inkcap), 177, 180–81
Pseudophallus mindii (Freshwater Pipe�sh), 353, 362
pseudoscorpions, 418, 422–23
Pseudostigmatidae (Helicopter Damsel�y Family), 247, 373–75
Psidium friedrichsthalianum, 442
Psidium guajava, 59, 122, 238, 442
Psittacidae (Parrot Family), 227–30
Psychotria graciliflora, 154
Psychotria viridis, 152, 160, 443
Pteridaceae (Maidenhair Fern Family), 165, 168–69
Pteroglossus turquatus (Collared Aracari), 70, 116, 224–25
Pteronotus mesoamericanus (Common Mustached Bat), 313–14
Puerto Rico Creeping Fern, 170
Puerto Viejo de Sarapiquí, 2, 5
Pu�bird Family, 221–22
Pug-nosed Anole, 275, 414
Pulsatrix perspicillata (Spectacled Owl), 215, 303
Puma concolor (Puma), x, 188, 296, 299, 337, 340, 342–44, 346, 348–50
Purple Caecilian, 261

 (American Cockroach), 381 pollination, 62; by bats, 96, 125–26, 129, 144, 187, 296, 308–10, 436, 
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Purple Lubber Grasshopper, 377–78, 385
Purple-throated Fruitcrow, 239–41
Pygmy Fruit-eating Bat, 307, 316
Pyralidae (Snout Moth Family), 409
Pyrilia haematotis (Brown-hooded Parrot), 230
Pyrophorus noctilucus (Headlight Elater), 401
Python Millipede, 424

Querula purpurata (Purple-throated Fruitcrow), 239–41

rabies, 305, 311, 319
raccoons, 33, 289, 334–35
rails, 208–9
rain frogs, 262, 267
rainshadow e�ect, 4
Rallidae (Rail Family), 208–9
Ramphastidae (Toucan Family), 223–25
Ramphastos ambiguus (Yellow-throated Toucan), 70, 223–25
Ramphastos sulfuratus (Keel-billed Toucan), 70, 173, 224–25
Ramphocelus costaricensis (Cherrie’s Tanager), 259
Ramphocelus passerinii (Scarlet-rumped Tanager), 42, 256–59
Rana vaillanti (Vaillant’s Frog), 271, 289
Rana warszewitschii (Brilliant Forest Frog), 271
Ranidae (True Frogs Family), 262, 271
rats, 191, 294, 327–29, 343
Rattlesnake Plant, 114
Razisea, 62
Red Brocket Deer, 343, 346
Red-capped Manakin, 22, 235, 242–43
Red-eyed Tree Frog, 268, 379
Red Howler Monkey, 324
Red-lored Parrot, 186, 227, 230
Red-mantled Dragonlet, 374
Red Postman, 412
Red-spotted Stink Bug, 384–85
Red-tailed Squirrel, 128, 295, 328–29
Red-throated Ant-Tanager, 235, 255
Reduviidae (Assassin Bug Family), 384, 386
Red Velvet Worm, 426
Renaldus Jewelmark, 412
Renealmia, 115–16, 432
Requiem Shark Family, 361
residual soils, 11, 15
Resplendent Quetzal, 69, 215, 248
Rhaebo haematiticus (Litter Toad), 263, 285
Rhinella horribilis (Giant Toad), 263–64, 269–70
rhinoceros beetles, 67, 404
Rhinoceros Katydid, 192, 377
Rhinoclemmys annulata (Brown Wood Turtle), 273
Rhinoclemmys funerea (Black River Turtle/Black Wood Turtle), 189, 

191, 273
Rhinostomus barbirostris (Bearded Weevil), 405–6
Rhipsalis, 249–51, 257, 436
Rhizobium, 124–25, 133
Rhynchonycteris naso (Probiscis Bat/Brazilian Long-Nosed Bat), 

311–13
Rhytipterna holerythra (Rufous Mourner), 245

Ridge-headed Salamander, 261–62
Ringed King�sher, 220
Ringed Tortoise Beetle, 402
Riodinidae (Metalmark Butter�y Family), 412–13
Riparian Myotis, 319
River Goby, 353, 361–62
River Station, 4, 19, 21, 82, 143–44, 225, 293, 313, 321, 344, 355
Rivulidae (Killi�sh Family), 352–53, 369
Romaleidae (Lubber Grasshopper Family), 377–78, 385
Rosaceae (Rose Family), 39, 117, 122
Rothschildia triloba (Rothschild’s Giant Silk Moth), 407
Roundbacked Millipedes, 424–25
Round Knife�sh, 352, 369
Rubiaceae (Co�ee Family), 15, 31, 43–45, 48, 50, 117, 152–55, 206, 

216, 243, 350, 443
Ruddy Ground Dove, 207–8
Rue Family, 59, 117, 388, 404, 443
Rufous Motmot, xi, 197, 218–19
Rufous Mourner, 245
Rufous-tailed Hummingbird, xi, 116, 153, 187, 202–3, 205–7
Rufous-tailed Jacamar, 185, 222
Russet-naped Wood-Rail, 208–9
Rusty-margined Flycatcher, 237
Rutaceae (Rue Family/Citrus Family), 59, 117, 388, 404, 443

Saccopteryx bilineata (Greater White-lined Bat), 311–13
sac-winged bats, 311–13
Salicaceae (Willow Family), 15, 17, 56, 117, 443–44
Salpichlaena papyrus (Twining Fern), 169
Saltator atriceps (Black-headed Saltator), 256
Saltator maximus (Bu�-throated Saltator), 256–57
Salticidae ( Jumping Spider Family), 420–21
Salyavata variegata (Termite Assassin), 386
Sandbox Tree, 36–37, 49, 228
Santalaceae (mistletoes), 239, 250
Sapho Longwing, 412
Sapindaceae (Soapwort Family), 49–50, 54, 56, 117, 237, 325, 444
Sapotaceae (Sapodilla Family), 43, 347, 437, 444
saprotrophic fungi, 175, 178, 181–82
Sara Longwing, 411
Sarapiquí River, 4, 11, 110, 139, 220, 245, 292, 339, 352, 355, 361, 364
Sarapiquí Region, 2, 5–7
Sarcoramphus papa (King Vulture), 210–12
Sarcoscyphaceae, 177–78
Sarotherodon mossambicus (Mozambique Mouthbrooder), 370
Saturniidae (Wild Silk Moth Family), 398, 407–8
satyrs, 410
Savage’s �in-�ngered Frog, 269–70
scarab beetles, 67, 75, 84, 92, 226, 308, 314, 403–5
Scarlet Macaw, 227–28
Scarlet-rumped Cacique, 251
Scarlet-rumped Tanager, 42, 256–59
Schefflera, 54, 434
Schnella, 439
Schnella guianensis (monkey ladder liana), 134–35
Schnella outimouta (monkey ladder liana), 135
Scinax boulengeri (Boulenger’s Long-snouted Tree Frog), 262

Purple Lubber Grasshopper, 377–78, 385 Ridge-headed Salamander, 261–62
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Scinax elaeochroa (Olive Long-snouted Tree Frog), 263, 268
Sciuridae (Squirrel Family), 128, 131, 184, 212, 294–96, 327–29, 332
Sciurus granatensis (Red-tailed Squirrel), 128, 295, 328–29
Sciurus variegatoides (Variegated Squirrel), 295, 328–29
Scolopendridae (centipedes), 425
scorpions, 231, 418, 421–22
Seba’s Short-tailed Bat, 72, 316
secondary forests, 8, 10–18, 28, 31–32, 71, 105–6, 109, 114, 120, 133, 

141–43, 146, 153, 155, 157, 160, 184, 195, 223, 234, 239, 247–48, 
251, 253, 255, 274, 277, 295, 297, 310, 317, 328–29, 339, 347, 
441, 444, 446

Selaginella, 44, 45, 166–67
Semiplumbeous Hawk, 213, 330
Sensitive Plant, 60–61, 124–25
Setophaga pensylvanica (Chestnut-sided Warbler), 195, 253–54
Seven Stripe Cichlid, 353, 357–58, 366
Shag Carpet Caterpillar, 385
Shampoo Ginger, 160–61
Sheep Frog, 270–71, 277
Shining Honeycreeper, 256
Short-billed Pigeon, 207–8
Short-tailed Bat, 315–16
Short-tailed Nighthawk, 201
Sibon, 285–86
Sibon longifrenis (Mottled Snail-eater), 183
Sibon nebulatus (Cloudy Snail-eater/Cloudy Slug-eater), 286
Sicydium altum, 362
Silky Short-tailed Bat, 316
Silver-throated Tanager, 256
Simaroubaceae (Tree-of-Heaven Family), 155–56, 444–45
Simarouba amara, 155–56, 445
Simuliidae (Black Fly Family), 399
Siparunaceae (Siparuna Family), 65, 428–29
skunks, 34, 189, 215, 289, 301, 334, 338, 345
Skutch’s Holly, 324
Slaty-breasted Tinamou, 197
Slaty-tailed Trogon, 70, 215–17, 326, 383
sleeper gobies, 362–63
Slender Anole, 26, 275
sloths, 301–4
Smilax, 74, 429–30
Smoky Jungle Frog, 270
Smooth-headed Iguana, 282
snake ferns, 164, 173–74
snooks, 361
Snout Moth Family, 409
Snowy Cotinga, 69, 186–88, 239–40, 244
Soapwort Family, 49–50, 54, 56, 117, 237, 325, 444
Social Flycatcher, 237
Socratea exorrhiza (Walking Palm), 15–17, 88, 101–2, 332, 344, 359, 

448
Solanaceae (Potato Family or Nightshade Family), 61, 117, 309–10, 

315, 392, 444–45
Soursop Family, 43, 60, 65–68, 199, 347, 427
South American Snapping Turtle, 272
Southern Narrow-mouthed Toad, 270–71, 277
Southern Opossum, 198, 296–97, 345

Southern Rough-winged Swallow, 245–46
Sowell’s Short-tailed Bat, 316
Spanish Cedar, 27, 188, 443
Spathiphyllum, 75, 79–80, 429
Spathiphyllum friedrichsthalii, 80
Spectacled Caiman, 189, 191, 292
Spectacled Owl, 215, 303
Spectral Bat, 305
Sphaeradenia, 431
Sphaerodactylidae (Dwarf Gecko Family), 278–79
Sphaerodactylus homolepis (Caribbean Dwarf Gecko), 279
Sphaerodactylus millepunctatus (Spotted Dwarf Gecko), 279
Sphingidae (Sphinx Moth Family), 115, 129, 152, 308, 408–9
spider crickets, 376
spider monkeys, 20, 27, 137, 213, 295, 320–21, 325–26
spider wasps, 385–86, 397–98
Spiderwort Family, 74
spike mosses, 44–45, 166–67
spiny pocket mice, 105, 329–31
spiny rats, 93, 104–5, 128, 137, 290, 328–31, 343
Spirobolus, 424–25
spleenworts, 169–70
Spondias, 199–200, 302, 316, 325, 336, 339, 433
Spondias radlkoferi, 433
Sporophila corvina (Variable Seedeater), 255–56, 258–59
Spotted Antbird, 234–35
Spotted Dwarf Gecko, 279
Spotted Knife�sh, 352
Spotted Lantern�y, 156
Spotted Sandpiper, 209, 242
Spotted Velvet Ants, 398
Squash Family, 49, 117, 437
Squirrel Cuckoo, 207
squirrels, 128, 131, 184, 212, 294–96, 327–29, 332
Stachytarpheta, 21–22, 187, 203, 205, 207, 446
Stelgidopteryx ruficollis (Southern Rough-winged Swallow), 245–46
Stemmadenia donnell-smithii, 238, 433
stick insects, 373, 378–79
Stilpnia larvata (Golden-hooded Tanager), 256–57, 259
stilt root palms, 101–2, 347, 447–48
stingless bees, 92, 119, 386, 394–95
stink bugs, 384–85
St. John’s Wort Family, 55, 120, 310
strangler �gs, 50–51, 121, 148–49
strap fern, 173
Strawberry Poison Dart Frog (Blue Jeans Frog), 42, 265–67, 277
Streak-headed Woodcreeper, 231–32
Stream Anole, 276
Streptoprocne zonaris (White-collared Swift), 201–2
Strigidae (Owl Family), 214–15
Stripe-breasted Wren, 247
Striped Basilisk, 282
Striped Hog-nosed Skunk, 289, 338
Striped Poison Dart Frog, 267
Stripe-throated Hermit, 202–3
Stryphnodendron, 54, 125, 324, 438
subcanopy palms, 3, 16, 18–19, 97, 327, 347, 447

 (Olive Long-snouted Tree Frog), 263, 268 Southern Rough-winged Swallow, 245–46
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subcanopy trees, 14, 32, 45, 47–49, 152, 154; 
suckermouth cat�shes, 370
Sumac Family, 54, 117, 325, 433
Summer Tanager, 255
Sunbittern, 20, 191
Swainson’s Hawk, 212
swallows, 245–47
swamp eels, 352–53, 356, 369–70
swamps, 11, 18–19, 138, 192, 449
sweat bees, 92
swifts, 184, 201–2, 245, 320
Sylvilagus gabbi (Costa Rican Forest Rabbit), 334
Synbranchus marmoratus (Marbled Swamp Eel), 352–53, 356, 369–70
Syngnathidae (Pipe�sh Family), 352–53, 356–57, 362
Synoeca septentrionalis (Northern Warrior Wasp), 397
Syrphidae (Hover Fly Family), 94, 413, 416–17

Tachycineta albilinea (Mangrove Swallow), 245–47
tadpoles, 42, 80, 111, 238, 260, 264, 266–71, 374, 399
Taeniopoda reticulata (Purple Lubber Grasshopper), 377–78, 385
Tamandua mexicana (Northern Tamandua), 294, 300
tanagers, 22, 254–59
Tapir’s Cane, 31, 88, 91, 93, 98–99, 223, 450
Tapirus bairdii (Baird’s Tapir), 34, 93, 188, 191, 296, 342, 346, 349–50, 

405
tarantulas, 418–19
taro, 76, 80
tarpons, 352, 360–61
Tayassu pecari (White-lipped Peccary), 33, 337, 346–48
tayras, 198, 281, 303, 330, 333–34, 336, 338–40, 343–45
Teiidae (Whiptail Family), 279–80
tent-making bats, 109, 153, 296, 307, 318–19, 451
Terminalia catappa (Indian Almond), 122
Terminalia oblonga, 122–23, 140, 388, 437
Termite Assassin, 386
termites, 9, 131, 189, 202, 216, 222, 227, 261, 270, 294, 298–301, 308, 

311, 373, 381–84, 386
Tetragonisca angustula, 394–95
tetras, 220, 351–52, 357–60, 364, 367
Tettigoniidae (Katydid Family), 376–77
�amnophilidae (Typical Antbird Family), 233–36
Thamnophilus atrinucha (Black-crowned Antshrike), 233, 235
Thecadactylus rapicauda (Turnip-tail Gecko), 278
Theobroma cacao, 144–45, 441
�eraphosidae (Tarantula Family), 418–19
�omas’s Fruit-eating Bat, 316–18
�raupidae (Tanager Family), 256–59
three-toed sloths, 301–4
�reskiornithidae (Ibis and Spoonbill Family), 209–10
thrushes, 248–49
tiger herons, 20, 191, 197, 209
tiger mosquitoes, 415
tigerwing butter�ies, 392, 406
tilapia, 370
tinamous, x, 184, 197–98, 210, 322, 337
Tinamus major (Great Tinamou), 197–98, 200, 210, 286
Tink Frog, 267

tip-up mounds, 38, 50, 121, 147, 166
Tithorea tarricina (Cream-spotted Tigerwing), 406
tityras, 70, 231, 239, 244–45
Tityra inquisitor (Black-crowned Tityra), 244–45
Tityra semifasciata (Masked Tityra), 70, 244
toads, 260–64, 270–71, 285
Tome’s Spiny Rat, 93, 104–5, 128, 137, 290, 328–31, 343
Tomocichla tuba (Tuba Cichlid), 363, 365–67
tortoise beetles, 401–2
toucans, 210, 223–25
Trachops cirrhosus (Fringe-lipped Bat), 314–15
Trechaleidae (Bromeliad Spider Family), 418
tree ear fungi, 181–82
treefall gaps, 26, 45, 112–14, 141, 147, 154, 234, 256, 310, 331, 377
tree ferns, 163, 168, 170
tree frogs, 262–63, 268–69, 374, 379
treehoppers, 384
Tree-of-Heaven Family, 155–56, 445
Trichilia, 441–42
Trichonephila clavipes (Golden Silk Spider), 419–20
Trigonidiidae (Trig Family), 376
Trochilidae (Hummingbird Family), 202–7
Troglodytidae (Wren Family), 197, 233, 247–48
Trogon Family, 215–17
Trogon caligatus (Gartered Trogon), 194, 216–17
Trogonidae (Trogon Family), 215–17
Trogon massena (Slaty-tailed Trogon), 70, 215–17, 326, 383
Trogon rufus (Black-throated Trogon), 215–17
Tropical Kingbird, 238–39
true bugs (Hemiptera), 308, 384–88
True Frog Family, 262, 271
Trumpet-creeper Family, 49, 55, 117, 315, 435
Trychopeplus laciniatus (Moss Phasmid), 378–79
Tuba Cichlid, 363, 365–67
Turdidae (�rush Family), 148, 156, 248–49
Turdus grayi (Clay-colored �rush), 248–49
Turdus migratorius (American Robin), 248
Turkey Vulture, 210–12
Turnip-tail Gecko, 278
Turquoise-browed Motmot, 217
Turquoise Cicada, 387
turtles, 189, 191, 272–73, 342–43
two-toed sloths, 301–2
Tyrannidae (Tyrant Flycatcher Family), 236–39
Tyrannus melancholicus (Tropical Kingbird), 238–39

Umbrella Livebearer, 351, 353
understory plants, 45, 91, 99–100, 248, 262
understory trees and shrubs, 32, 48, 210
Underwood’s Long-tongued Bat, 315
Unicorn Mantis, 379–80
Uroderma convexum (Mesoamerican Tent-making Bat), 307, 318–19
Urticaceae (Nettle Family), 15, 117, 121, 156–59, 240, 324–25, 445–46

Vaillant’s Frog, 271, 289
Vampyressa thyone (Northern Little Yellow-eared Bat), 307
Vampyrum spectrum (False Vampire Bat or Spectral Bat), 305

subcanopy trees, 14, 32, 45, 47–49, 152, 154; tip-up mounds, 38, 50, 121, 147, 166
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Variable Seedeater, 258–59
Variable Tigerwing, 392
Variegated Squirrel, 295, 328–29
Varnished-shelf Fungus, 182
Vates pectinicornis (Unicorn Mantis), 379–80
Veiled Stinkhorn, 177, 180
velvet worms, 425–26
venomous snakes, 286–92
Verbenaceae (Verbena Family), 22, 55–56, 117, 324, 446
Vesper Rat, 294, 329
Vespertilionidae (Vesper Bat Family), 319
vine ferns, 173–74
Violet-crowned Woodnymph, 116, 202
Violet-headed Hummingbird, 202–3
Viperidae (Pit Viper Family), 286–91
Virola, 58, 69–71, 199, 216, 219, 223, 245, 249, 325–26, 330, 336,  

428
Virola koschnyi, 69–70, 428
Virola nobilis, 71
Virola sebifera, 15, 69–70
Viscaceae (Mistletoe Family), 239, 249–51
Vismia baccifera, 120
volcanoes, 2, 5, 7, 9–11, 31, 33, 38, 295, 355, 368
volcanic soil, 10–11, 15, 17

Walker’s Hawkmoth, 407
Walking Palm, 101, 347, 448
Warszewiczia coccinea, 15, 31, 40, 48, 153–55, 443
Wasp-mimicking Cockroach, 381
wasps, 394–98
Water Opossum, 298
Weasel Family, 338–40
Wedge-billed Woodcreeper, 232
weevils, 71, 73, 84, 92, 178, 405–6
Welfia regia, 15–17, 29, 38, 48, 88–90, 92, 103–8, 167–68, 290, 307, 

327, 330, 332, 447, 452
Werauhia gladioliflora, 309
wet season, 2, 126, 196, 277, 286, 303, 316, 355, 414
whiptail lizards, 279–80
White-breasted Wood-wren, 247–48
White-collared Manakin, 242–44
White-collared Swift, 201–2
White-crowned Parrot, 187, 227, 229–30
White-faced Capuchin, 34, 198, 213, 216, 242, 281, 285, 295, 320–21, 

320–21, 325–27, 336, 376, 448

White-fronted Nunbird, 221, 385
White-lipped Mud Turtle, 273
White-lipped Peccary, 33, 337, 346–48
White-necked Jacobin, 202, 204
White-necked Pu�bird, 221–22
White-nosed Coati, 33, 116, 148, 189, 198, 212, 281, 285, 289, 294, 

296, 326, 333–37, 343, 345, 405
White-ringed Flycatcher, 237
White-shouldered Tanager, 256
White-tailed Deer, 346
White-throated Crake, 19
White-vented Euphonia, 249
White-whiskered Pu�bird, 221–22
Wild Silk Moths, 398, 407–8
Willow Family, 15, 17, 56, 117, 443–44
Wolf Cichlid, 353, 367–68, 371
woodcreepers, 231–32, 393
wood ear fungi, 181–82
Wood Fern Family, 170–72
Woodland Island Fern, 171–72
woodpeckers, 225–27
wrens, 197, 233, 246–48

Xanthosoma (elephant ears), 77, 80
Xenophallus umbratilis (Umbrella Livebearer), 351, 353
Xiphorhynchus susurrans (Cocoa Woodcreeper), 231–32, 235
Xylaria (wood decay fungi), 179–80
Xylaria polymorpha (Dead Man’s Fingers), 179
Xylopia, 66, 67

Yapok, 298
Yellow-bellied Flycatcher, 237
Yellow-billed Cacique, 251
Yellow-crowned Euphonia, 249
Yellow-headed Gecko, 278–79
Yellow-throated Euphonia, 249
Yellow-throated Toucan, 70, 223–25
Yellow Warbler, 253

Zammara smaragdina (Turquoise Cicada), 387
Zeledon’s Mouse Opossum, 298
Zingiberaceae (Ginger Family), 41, 74, 109, 115, 161, 432
Zingiber spectabile (Shampoo Ginger), 161
Zombie-ant Fungus, 178, 394
Zygia longifolia, 20, 135–36, 189

White-fronted Nunbird, 221, 385




