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Preface

The authors of this book have long studied
the insects and related animals that live on
palms. Our respective interests were ini-
tially focused on the coconut spike moth
(Abad), palm weevils (Giblin-Davis),
potential lethal-yellowing vectors (Howard)
and coconut mites (Moore). As each of us
broadened his scope, he became aware of
important similarities and interesting dis-
similarities in the palm-associated insect
faunas of various regions and of pervasive
patterns in the relationships between
insects and the palm family. We found that
colleagues concerned with insect pest
management on palms in disparate regions
shared with us many common interests
and problems Of particular concern were
insect pests of limited distribution that
were potential pests elsewhere: we felt that
all palm workers should become aware of
the more serious of these.

We thus saw a need for a reference book
on insects of palms from a world stand-
point. The book that we now present is
intended for members of the far-flung com-
munity of entomologists concerned with
pest management in palms, as well as to a
broader readership, including horticultur-

ists, tropical ecologists, biological conser-
vationists, plantation managers, palm gar-
deners and students of the natural history
of warm regions.

The book is not an identification manual
or a complete compilation of every insect
species reported on palms We concen-
trated on better-known ‘representative
species’ to illustrate general principles and
patterns. Lists of significant species on
palms were compiled for some families as
a measure of their relative importance on
palms and for reference use.

The information included in this book is
based on the literature on palm insects
published from the early 1800s to the pre-
sent. Although early naturalists and ento-
mologists lacked such modern tools as
statistical control of data, they seem to
have been astute, patient observers and
careful thinkers, and much of the informa-
tion that they provided seems reliable.
Many of their observations have been con-
firmed by recent workers. We greatly con-
densed the information contained in many
excellent papers published on palm insects
in recent decades. This was especially true
of highly specialized topics. Hopefully, our

xiii



Xiv Preface

literature citations will be helpful to those
wishing to pursue these topics further.

Being limited in language capabilities
and lacking a budget for translation ser-
vices, we limited our study mostly to
works published in English and the
Romance languages. We thus remain
intrigued by what appear to be some very
worthy publications on palm insects in
various languages in which we are not
competent.

The authors worked on the book inter-
mittently while managing research pro-
grammes involving specific field and
laboratory projects at our own facilities or
in distant countries, developing and teach-
ing college courses and dealing with the
daily incidences of communication with
growers and palm horticulturists, students
of various academic levels and the public
at large. Attention to these demands
stretched completion of the book beyond

more than a few years, but we hope that
our frequent involvement with insects and
palms during the writing of the book has
resulted in an insightful interpretation of
the literature and that our close contact
with diverse people has increased our
awareness of what information was of
broadest interest and therefore worth
emphasizing.

It was rewarding to communicate with
palm entomologists in different countries
and include their very useful and interest-
ing information in the book. Another
reward of preparing this book was that it
expanded our personal knowledge of
insects of palms. We hope that our readers
will be similarly rewarded.

Forrest W. Howard
Dave Moore

Robin M. Giblin-Davis
Reynaldo G. Abad
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The Animal Class Insecta and the
Plant Family Palmae

Forrest W. Howard

Es una antorcha al aire esta palmera,
Verde llama que busca al sol desnudo.

(It is a torch in the air this palm, a green flame searching for the naked sun.)
(Miquel de Unamuno (1864—1936), Spanish philosopher and author. Lines of a poem)

The Class Insecta

Insects (class Insecta) are the most diverse
and ubiquitous of metazoans. They occur
in nearly all terrestrial environments that
are favourable for life and are prominent in
freshwater aquatic environments.

Insects have traditionally been consid-
ered a class of Arthropoda, a phylum of
invertebrate animals characterized by a
rigid integument, which serves as an
exoskeleton, and by the presence of paired
appendages (such as legs and antennae).
Movement on these animals is possible
because the integument is not uniformly
rigid, but divided into plates (sclerites) and
segments, between which are membranous
areas in which the cuticle is flexible. The
appendages of arthropods are thus referred
to as ‘jointed’. Arthropods have bilateral
symmetry, a ventral nerve cord and a dor-
sal heart. The heart is basically a muscu-
lated tube that pumps blood forward into
an open, rather than a vascular, circulatory
system. Arthropods are poikilothermic
(‘cold-blooded’) animals, that 1is, their
internal temperature varies with ambient
temperature, although they are capable of

some degree of temperature regulation.
Arthropods are generally dioecious, i.e.
with reproduction requiring the mating of
males and females.

Major subphyla of arthropods include
the Crustacea (lobsters, crabs, shrimps,
etc.), Chelicerata (spiders, ticks, mites,
scorpions, etc.) and Uniramia (insects, cen-
tipedes, millipedes, Collembola, etc.). The
insects constitute the class Insecta.

In recent years, the taxonomy of the
arthropods has been debated intensely.
Currently, there are many differences of
opinion regarding the status of the various
major taxa of this phylum and even regard-
ing the validity of conserving them in a
single phylum. In this book, we follow the
traditional and familiar system, in which
Arthropoda is the phylum as described
above. The vast majority of species of this
phylum belong to the class Insecta.

In the basic plan of a mature individual
(adult, or imago) of the class Insecta, there
are three body regions, namely the head,
thorax and abdomen. The head is a centre
for sensory activity and feeding. It bears
paired structures, namely the antennae,
compound eyes and mouth-parts. The
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antennae are usually the olfactory organs.
The principal mouth-parts are the labrum
and labium (upper and lower ‘lip’, respec-
tively), the maxillae, all of which hold or
manipulate food, and the mandibles,
which bite and crush food. These struc-
tures are highly modified in some insect
taxa. For example, in the order Hemiptera,
the mouth-parts are modified to pierce tis-
sue and suck fluids. The thorax is packed
with muscles and is the centre of locomo-
tor activities. It consists of three segments,
namely the prothorax, mesothorax and
metathorax. Each segment bears a pair of
legs, so that an insect has a total of six legs.
The mesothoracic and metathoracic seg-
ments each bear a pair of wings. The
abdomen has nine to 11 segments. It
houses most of the organs involved in
digestion, excretion and reproduction. The
digestive, excretory, reproductive, circula-
tory, nervous, endocrine and other vital
systems of arthropods are basically similar,
but in insects the respiratory system is
unique. Air is taken into the insect’s body
through openings (spiracles) and distrib-
uted via a tracheal system.

The egg, larval and, in some taxa, pupal
stages constitute the immature stages of
insects. The larva is the stage in which
growth takes place. Because of the rigidity
of the insect integument, insects grow by
increments, shedding their old cuticles
(exuviae) and developing new ones at each
step. For example, the newly hatched larva
(first instar) grows to a certain point and
then moults. This is typically followed by
four additional increments (instars), each
culminating in the moulting process.

All but the most primitive insects
undergo one of two types of development
(metamorphosis) from egg to imago. In
incomplete, or gradual, metamorphosis, the
fifth and final moult initiates the imago
stage. The orders for which this type of
metamorphosis is  characteristic  are
referred to as exopterygote orders, in refer-
ence to the presence of rudimentary wings,
which develop externally in later instars.
Larvae of exopterygotes have a general
form similar to that of the imago, with
compound eyes, mouth-parts, legs, etc., but

are smaller and lack functional wings and
reproductive structures. Both the larvae
and the imagos of exopterygotes typically
occupy the same hosts and habitats.
Exopterygotes include two major group-
ings: the orthopteroid orders, which
include Orthoptera and related orders, and
the hemipteroid orders, which include
Hemiptera and related orders.

In complete metamorphosis, the larvae
are generally vastly different morphologi-
cally from the imago. In fact, the larvae are
often wormlike, while the imagos are
among the most active and specialized
insects. The drastic change from larva to
imago takes place via an intermediate
stage, the pupa. This is a non-feeding, rela-
tively inactive stage, during which tremen-
dous morphological and physiological
changes take place in the insect. The pupal
stage culminates in the eclosion, or emer-
gence, of the imago. Because the precursors
of the wings of the imago develop inter-
nally in the larvae, insects that undergo
complete metamorphosis are categorized as
endopterygotes. The larvae and imagos of
endopterygotes occupy different hosts and
habitats. Endopterygotes are considered
more advanced than exopterygotes. The
four largest orders of insects, namely
Hymenoptera, Lepidoptera, Diptera and
Coleoptera, are endopterygote orders. Each
is larger than Orthoptera or Hemiptera, the
two largest exopterygote orders. Over 80%
of the species of insects are endoptery-
gotes.

The developmental stages of insects that
develop by gradual metamorphosis are
widely known by the term ‘nymph’, but
some entomologists apply this term only to
the penultimate and ultimate instars in
which wing rudiments become visible. In
French, the term ‘nymphe’ refers to the
pupal stage of endopterygote insects.
‘Prosopon’, ‘prosopide’ and ‘neanide’ have
been proposed as preferable terms for the
developmental stages of Hemiptera, but
none of these have caught on. We follow
the practice of many entomologists in
applying the term ‘larva’ to developmental
stages of insects in general, including those
of Hemiptera and other exopterygotes.
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Insecta are relatively small animals.
Most fall within a range of perhaps
2-50 mm in length. Insects of 100 mm or
more in length are considered unusually
large. Females, which bear and lay
(oviposit) eggs, are usually slightly larger
than the males of their species and live
longer. In this book, we generally omit
measurements for the male.

Insects tend to reproduce prolifically,
ovipositing on or near the host or habitat
that the larvae will occupy when eggs
hatch. After mating, the principal activity
of the female is to disperse eggs to a maxi-
mum number of suitable sites. Most
species do not remain with the eggs, and
parental protection and care involve little
more than finding a suitable site for eggs
and hiding the eggs by, for example, insert-
ing them in host tissue or constructing a
shelter of fibres over them. Thus, the
immature stages are generally the most sus-
ceptible to loss, due to various biotic (e.g.
predators and parasitic insects) and abiotic
factors (e.g. weather). Populations of partic-
ular species increase or decrease in
response to pressure by these factors.

Most of the damage and most of the ben-
eficial effects of insects on agriculture are
related to their feeding, the greater portion
of which takes place in the larval stage.
The degree of benefit or damage by feeding
is related to the population density of the
insect species.

Insects are the most diverse class of ani-
mals, and there is a multitude of excep-
tions to all of the general rules outlined
above.

Only about one-third of the insect orders
contain a substantial number of phy-
tophagous species, that is, species that feed
on living vascular plants. Most orders con-
sist predominantly of insects that feed on
dead organic matter, fungi or algae or are
predacious or parasitic. However, phy-
tophagous taxa are generally highly
diverse. In fact, the largest orders in terms
of species — Orthoptera, Hemiptera,
Diptera, Hymenoptera, Lepidoptera and
Coleoptera — are mostly phytophagous or
have large phytophagous families. So,
while a minority of insect orders are phy-

tophagous, over half of the known species
of insects are phytophagous. Thus, the rela-
tively few major insect taxa that utilize vas-
cular plants as food and habitat would
appear to have overcome formidable plant
defences or other obstacles and, having
surmounted these, found an environment
favourable for vast speciation (Strong et al.,
1984).

An important part of knowledge of
insects of palms is the geographical distrib-
ution of different species. Here we are con-
fronted with the problem that insect
biogeography lacks standardized place-
names. The faunistic realms of zoogeogra-
phers (e.g. the neotropical, Ethiopian,
oriental, etc.) were conceived for birds
(Sclater, 1858), were later used for verte-
brate animals in general and are somewhat
inapt for insects. Furthermore, some ento-
mologists have altered these concepts, for
example, defining the neotropics as the
tropical lowlands of the Americas, while in
vertebrate zoology the term refers to all of
South America, including the frigid areas
of the high Andes and the extratropical
regions of southern Chile and Argentina.
The term ‘Ethiopian region’, corresponding
to the African continent, is seldom seen in
entomological works. Floristic regions (e.g.
Takhtajan, 1986) seem to coincide better
with the broad trends of insect distribu-
tion; thus insects are often referred to as
being distributed in the Caribbean,
Amazonian, Mediterranean, etc., regions.
Within regions, one often resorts to names
that denote political or cultural divisions
(e.g. southern Europe, Kerala State, the
Philippines).

In this book, precise localities are listed
for some species that are highly endemic or
known only from a few records. Otherwise,
we have not attempted to describe the dis-
tribution of insect species precisely.
Precise distributional data are not known
for many insects and, in any case, may
become out of date rapidly. Thus, insects
that we refer to as being distributed in the
Caribbean, the western hemisphere, tropi-
cal America, etc., may be known only in a
portion of those broad regions. In most
cases in which insects are known from a
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political division of an island (e.g. Haiti,
Irian Jaya), we list their locality as the
island (e.g. Hispaniola, New Guinea). We
use current place names, except when an
earlier name provides historical clarity.

The poikilothermic condition of insects
and their small size (making desiccation a
risk) would seem to imply that humid
tropical environments are most suitable
for insect life. Indeed, it has been quite
well established that insect diversity is
generally higher in the humid tropics than
in other regions. However, contrary to
popular belief, the numbers of individual
insects per unit area are similar or higher
in certain temperate-zone habitats than in
the humid tropics (Penny and Arias,
1982).

To understand the natural history of
palms, to protect them in cultivation and to
conserve them in the wild, it is important
to try to understand their relationships
with insects. This book is about phy-
tophagous species of insects that select
palms (family Palmae, or Arecaceae) as
their hosts. Mites (Acari) constitute the
only taxon of arthropods besides insects
with phytophagous species. A minority of
families of Acari are phytophagous, but, as
in Insecta, the phytophagous families are
the largest. Because these two arthropod
taxa have a similar impact on human activ-
ity, the science of mites, acarology, is
closely allied to the science of insects,
entomology. However, in this book, we
focus on insects, discussing only some of
the more important mites on palms.

The Palm Family

Palms constitute one of the most familiar of
plant families. They and their products
have been an integral part of the culture of
peoples of the warmer regions of the earth
since ancient times. Over the centuries,
numerous palm species have been devel-
oped into crop plants and are important

sources of food and materials for local
economies. Three species — coconut palm
(Cocos nucifera) (Colour Plate 1a, b, Figs
1.1, 1.4e and 1.15), African oil palm (Elaeis
guineensis) (Colour Plates 2b and 3c) and
date palm (Phoenix dactylifera)! (Figs 1.2
and 1.19) — are the bases of major world
agricultural industries. Palms are favourite
ornamental plants wherever they can be
grown — in outdoor landscapes in warm
regions, indoors in cooler regions — partly
because, more than any other plant group,
palms represent the lure and romance of
the tropics. Their consistent presence in
tropical forests implies that they are essen-
tial components of these ecosystems.

The Palmae are one of the most easily
recognized plant families, being distin-
guished from most other angiosperms by
distinctive leaves, or fronds, and by the
fact that they constitute one of the few
monocotyledonous plant families with
arborescent species. They constitute one of
the largest botanical families, with about
2800 species.

General Ecology of Palms

Palms are essentially tropical plants. They
grow continuously throughout the year,
lacking dormancy mechanisms. The family
reaches its maximum diversity and distrib-
ution in warm, humid lowlands of the trop-
ics (Af and Aw climates — see Box 1.1).
About 75% of the species of palms occur in
rainforests (Dransfield, 1978) and many
species are adapted to swamps. Palms are
often a conspicuous feature of tropical
savannahs, but here, too, they are most
often restricted to the wetter sites. There are
no true xerophytes among the palms.
Species associated with arid regions (BW
climate — see Box 1.1), such as Brahea spp.
and Washingtonia spp. of the Sonoran
Desert and adjacent areas and the date palm
of North Africa and the Middle East, grow
around oases or where there are under-

" The date palm, coconut palm and African oil palm as well as other well-known plants in cultivation (e.g.
bananas, mangoes, coffee) are referred to in this book by their vernacular names. Complete scientific
names of plants and insects, with the taxonomic authorities, are listed in the index.
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Fig. 1.1. Coconut palm (Cocos nucifera),
Florida Keys.

ground water sources (Colour Plate 2a).
There are a few palms adapted to high alti-
tudes, such as Calamus gibbsianus, found
at about 3000 m in Borneo, and species of
Parajubaea, Geonoma and Ceroxylon,
found at altitudes over 3000 m in the Andes
(Moraes, 1996). Species of Ceroxylon are
found at up to 4000 m (Uhl and Dransfield,
1987). Outside the tropics, the number of
species of palms dwindles to extratropical
species, such as Sabal palmetto (Colour
Plate 1d, e), Sabal minor, Serenoa repens
(Fig. 1.3a) and Rhapidophyllum hystrix, all
native to the coastal plains of the south-
eastern USA; Chamaerops humilis (Colour
Plate 2f), which occurs naturally in the
Mediterranean region; and Butia capitata

Fig. 1.2. Date palms (Phoenix dactylifera),
Saudi Arabia. Courtesy of Dorothy Miller and
Aramco World.

and Jubaea chilensis, the latter of which is
native as far south as about 35°S latitude in
South America (Uhl and Dransfield, 1987).
Cultivation has artificially extended the
range of the palm family. For example,
many species of palms native to tropical
localities are cultivated in southern Florida,
surviving frost damage once every several
years (Goldstein, 1989). A surprising diver-
sity of palms is grown in gardens in Britain
(Cooper, 1983). Two of the most cold-hardy
palms, Trachycarpus fortunei, native to the
mountains of south-central China, and R.
hystix, survive in cultivation in areas vis-
ited by winter snows. In Britain, T. fortunei
is found as far north as southern Scotland
(Martin Gibbons, personal communication).
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Fig. 1.3. (and opposite) Palms with palmate
or costapalmate fronds. (a) Serenoa repens,
Florida Everglades. (b) Sabal umbraculifera,
Santo Domingo, Dominican Republic.

(c) Borassus aethiopium, Fairchild Tropical
Garden, Miami. (d) Licuala sp., Fairchild
Tropical Garden. (e) Washingtonia robusta,
Fort Lauderdale, Florida. (f) Bismarckia
nobilis, Fairchild Tropical Garden.
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Box 1.1. The regions of perpetual summer: a primer on tropical and near-tropical climates.

They were approaching the region of perpetual summer.
(Henry Wadsworth Longfellow (1802-1882), American poet. Evangeline)
It's so damp here, | can't tell whether you're applauding or splashing.
(Bob Hope, American comedian, to an outdoor audience in
the Panama Canal Zone, December 1960)

Most species of palms are adapted to the warm, humid climates of relatively low elevations within the
tropical zone (the belt between 23.5°S and 23.5°N). A minority grow in the cool climates of higher
elevations within the tropics and a handful of cold-hardy species may be grown outdoors in northern
Europe and other cool regions, but these are oddities. Indeed, along with physical factors (mean
monthly and annual values of temperature and precipitation), the native plant associations are consid-
ered in classifying the climate of a region. A diversity of palms is one indicator of a tropical climate.
Most modern climate classification systems are based on a system developed by Wladimir Képpen
(1846-1940). Categories of the K&ppen system of most interest to palm culture include the following:

A — tropical climates

Af — tropical wet climate

Aw — tropical wet and dry climate

Am — tropical wet climate with a short dry season
Cs — Mediterranean climate
BW — desert climate

The tropical wet (Af) climate is the climate of the equatorial lowlands in, for example, the western
part of the Amazon basin, mainland South-East Asia, Indonesia and West (equatorial) Africa. Here,
within a few degrees of the equator, are found most of the world’s tropical rainforests. Moisture is
brought to this zone — the intertropical convergence zone — by the north-easterly and south-easterly
trade winds, which converge here. Surface winds are infrequent. The general motion of the warm, moist
air is aloft. As it reaches high altitudes, it cools and its moisture condenses. The sky is frequently cloudy
and rainfall is frequent all year. Most species of palms and undoubtedly most species of palmivorous
insects are adapted to this climate.

Poleward from the equator, continuous rainfall grades into seasonally distributed rainfall. The tropical
wet and dry (Aw) climate is characteristic of the lowlands bordering the equatorial zone. A classic
example is the monsoon climate of southern Asia. The monsoon is a wind system characterized by sea-
sonal reversal of wind direction. During warmer months, the land of southern Asia accumulates heat at
the surface faster than does the Indian Ocean. As a result, the air over the land rises and is replaced by
cooler, moisture-laden air from the ocean, which in turn flows upward. The condensed moisture falls,
often as quite heavy rain. This phase is called a wet monsoon. In the winter, the cooling of the Indian
Ocean lags behind that of the continent. As a result, the air over land becomes relatively dense and
flows offshore. With no moisture input from the ocean, southern Asia now experiences a dry monsoon,
i.e. a dry season.

All climates classified as Aw are variations of this system. Winters are the dry season, summers the
wet season. Upward air movements over land peak during the hottest part of the day, precipitating
afternoon thunderstorms, a highly characteristic feature of Aw and other tropical climate types.

In addition to southern Asia, the lowlands of northern South America, Central America, Mexico, the
West Indies, most of tropical West Africa (outside the equatorial zone), islands in the Pacific within the
tropics but outside the equatorial zone and the northern peninsulas of Australia (e.g. Cape York
Peninsula) experience some version of the Aw climate. Some special places outside the tropics also
have this kind of climate, as explained below. Although more palm species occur in regions with an Af
climate, a great diversity of palms occurs in regions with an Aw climate.

The local climates of coastal areas involve a reversal of air movement that is a small-scale version of a
monsoon climate. Sea breezes blow from oceans and other large bodies of water over the land during
the day and air flows offshore from the land during the night. Again, the mechanisms depend on greater
accumulation of heat at the land surface relative to the surface of the ocean by day, with resulting
upward air movement over land and afternoon showers, which are often a little inland from the shore.
The flow reverses at night because of the lag in cooling of the ocean relative to land. This pattern is espe-
cially pronounced in coastal areas of the tropics and is characteristic of the habitat of the coconut palm
and other maritime palms.
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Box 1.1. continued

There is a general movement of air across the oceans from about 20° and 35° north and south latitudes
towards the low pressure of the intertropical convergence zone. The earth’s spin deflects it so that the move-
ment is from the north-east towards the south-west in the northern hemisphere and from the south-east
towards the north-west in the southern hemisphere. These prevailing winds, the trade winds, are gentle and
relatively constant. They bring moisture from the sea to eastern coasts of continents, but away from western
coasts.

Ocean currents bring tropical climates to some localities outside the tropics. Southern Florida at
25-27°N (i.e. south of Lake Okeechobee) has a tropical wet and dry (Aw) climate. Tropical species are
amply represented in both the native and the exotic flora, and the catastrophic frosts that come at
intervals of years are not severe enough to permanently alter the vegetation. The climates of the
Bahamas and Bermuda at 32°N are similar but without frosts. These localities lie in or near the path of
a major current, part of the clockwise circulation of the North Atlantic, which brings warm water from
the tropical belt northward. The impetus in the tropical zone for this general movement is the drag
effect of the trade winds, which causes a westward current, which enters the Caribbean Sea and ulti-
mately the Gulf of Mexico. Water that piles up in the Gulf escapes through the Florida Straight
between Florida and Cuba and then flows north. This, the Florida current, greatly moderates the cli-
mates of the localities mentioned. The coconut palm, a good indicator plant of a tropical climate,
thrives in the Bahamas, Florida and Bermuda. At higher latitudes, the current is deflected increasingly
eastward, so that its effect on the coast of North America decreases. Between North Carolina and
Newfoundland, the Florida current joins an easterly oceanic movement, which corresponds to the
flow of air at those latitudes. Here the current, called the Gulf Stream, carries enough heat for the cli-
mate of England to be much warmer than that of Labrador at the same latitude. This permits cold-
hardy palms to be grown in Britain.

The paradox of tropical climates outside the tropical zone is matched by that of non-tropical cli-
mates within the tropical zone. Temperatures decrease with increasing elevation, culminating in polar-
like climates on the higher mountain peaks. Vegetation becomes sparser and shorter with increasing
elevation, the maximum for palms being about 4000 m, where Ceroxylon species are found.

Tropical cyclones, a factor in some tropical regions, are categorized according to their minimum
sustained wind speeds, 75 miles (120.7 km) per hour being the threshold for those identified as hurri-
canes (or typhoons in the north Pacific Ocean). The torrential rains and coastal flooding often accom-
panying these storms are factors that often rival their wind speed in their effects on land areas.

Tropical cyclones form in three different regions: (i) in or near tropical latitudes of the Atlantic
Ocean, from where they move toward the west and north, often traversing the Caribbean or adjacent
waters or land areas and often reaching eastern coastal regions of North America; (ii) in the Indian
Ocean and adjacent waters, moving towards southern Asia; and (iii) in some regions of the Pacific
Ocean, often reaching South-East Asia. South America and Africa rarely experience them.

Within the zones traversed by tropical cyclones each year, their extent, paths, intensities and frequency
are variable and unpredictable, so that localities are affected to varying degrees or may escape effects for
years. But, during the intervals, local weather may be influenced by a range of effects related to them.

The tropical wet climate with a short dry season (Am) is similar to the Af climate, but with a very
short dry season. It is characteristic of the Amazon delta, French Guiana and some of Suriname.

The Mediterranean (Cs) climate is characteristic of lower middle-latitude coastal areas that border
desert areas, mostly on western sides of continents. It has cool to mild, rainy winters and a hot, dry
summer. Examples include most of the coastal areas of the Mediterranean basin, some coastal strips of
Australia, the southern coast of Chile and California, USA. Palms adapted to this climate type tend to
be cold-hardy, e.g. Chamaerops humilis, Washingtonia spp. and several Phoenix spp. Most tropical
palms are not well adapted to this climate.

The desert climate (BW), characterized by extremely low amounts of precipitation, supports sparse,
xerophilous plants or is barren. In the Sahara, Arabian and Thar deserts, widely dispersed oases sup-
port date palms and other vegetation.

The BW climate is characteristic of the western sides of continents in a zone between 20° and 35°
north and south latitudes. This is where air flowing at high altitudes polewards from the equator has
expended its moisture and become cool enough to subside. Deflected westward, the air mass cannot
bring moisture from the oceans to western coasts. The Sahara, Arabian, Thar, Kalahari, Sonora and
Atacama deserts and the deserts of Western Australia are examples. Similarly, the south-western
coastal areas of islands in the Caribbean are relatively dry and the north-eastern coasts relatively wet.
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Box 1.1. continued

The El Nifio event sensu stricto is a climatic phenomenon that affects the coast of Peru. It is part of a
larger complex interplay of atmospheric and oceanic forces affecting global climate, known as the El
Nifio southern oscillation (ENSO) phenomenon. It involves the oscillation of high and low atmos-
pheric pressure between the eastern and western portions of the Pacific Ocean. Normally, pressure is
lower in the western Pacific and the south-eastern trade winds move generally in that direction. The
shift every 3-7 years of low pressure to the eastern Pacific weakens the westward movement of wind
and water, triggering the complex ENSO phenomenon. Decreased rainfall in parts of the Asia—Pacific
region is among several of its important effects on world climate, and this in turn exerts an influence
on populations of certain insects associated with palms in the region.

General Structure of Palms
Fronds

Leaves of palms, cycads (Cycadales) and
ferns (Filicopsida) are often referred to as
fronds. Although the two terms are often
used interchangeably, frond may often be
preferable, in order to emphasize the
uniqueness of this structure, while leaf is a
more general term, is employed in terms
referring to structures, etc. (e.g. leaf base)
and is preferable when emphasizing the
similarities between palm leaves and
leaves of other kinds of plants. A frond

consists of a blade, or lamina, a petiole and
a base.

There are two general forms of fronds,
categorized by the shape of the laminae:
palmate (fanlike) and pinnate (featherlike).
In the simplest palmate form, leaf segments
radiate from where the petiole joins the
blade so as to form a flat, fanlike structure
(Fig. 1.3). In the palmate form known as
costapalmate, the petiole is continuous
with a rachis, which extends well into the
leaf blade. The rachis of a costapalmate
frond is typically arched (Fig. 1.3b). In the
pinnate form, the leaflets or pinnae (which
are morphologically homologous with leaf
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Fig. 1.4. (and
opposite) Palms with
pinnate fronds. Fort
Lauderdale unless
otherwise noted.

(a) Royal palm,
Roystonea regia.

(b) Ptychosperma
elegans. (c) Phoenix
reclinata.

(d) Gastrococos
crispa, Havana,
Cuba. Photo by Dave
Moore. (e)

Coconut palms,
Kerala, India. Photo
by Mr E.R. Asokan. (f)
Ceroxylon sp.,
Colombian Andes.
Photo by Gloria
Howard.
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Fig. 1.5. (and opposite) Palms with pinnate
fronds. Fort Lauderdale unless otherwise
noted. (a) Hyophorbe verschafteltii. Photo by
Glen Hutchinson. (b) Caryota maxima. (c)
Dypsis lutescens. (d) Cyrtostachys renda,
Kebun Raya (Botanical Garden), Bogor,
Indonesia. (e) Metroxylon sagu with apical
inflorescence, Sri Lanka. Photo by Dave
Moore. (f) Adonidia merrillii, Santo Domingo.
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segments of palmate fronds) arise more or
less equidistantly along each side of the
rachis to form a featherlike structure (Figs
1.1, 1.2, 1.4 and 1.5). Each of the two forms
is represented in large subfamilies of
palms, but pinnate fronds are characteristic
of cycads and ferns, in addition to palms.

Variations within these general forms
include palmate fronds with entire or
divided margins, undivided pinnate (pin-
nately ribbed) fronds, bipinnate fronds and
plumose fronds, the latter being basically
pinnate fronds with the pinnae in more than
one plane. The references listed at the end
of the section ‘Classification of the Palm
Family’ contain illustrations and details of
the many variations in palm fronds.

In the leaf segments or pinnae of most
palms, the laminae fold down from the
midvein so that the structure is A-shaped
in cross-section. Fronds of this type are
referred to as the reduplicate type. In the
leaf segments or pinnae of palms of almost
all members of the subfamily Coryphoideae
and of the tribe Caryoteae, the laminae fold
upward from the midvein so that the struc-
ture is V-shaped in cross-section, in which
case fronds are referred to as induplicate.

Date palms, for example, have induplicate
pinnae (Fig. 1.6).

The petioles of palm fronds are typically
thick and tough and are normally rigid, but,
when large fronds are subjected to heavy
wind loads, the petioles show amazing flex-
ibility. The waving fronds of coconut palms
on windy beaches are a familiar example of
this. Many kinds of palms survive powerful
tropical storms with their fronds intact.
Petioles of some species and, less often, the
rachides and more prominent veins bear
armature, such as sawtooth margins, promi-
nent teeth or spines.

The base of the petiole (i.e. leaf base)
clasps the stem or trunk, forming a ringlike
to cylindrical sheath. Conspicuous differ-
ences in this structure make it useful for
identifying palms. It is particularly con-
spicuous in the species in which it is a
long tubelike structure, which, when the
frond desiccates, splits on the side of the
stem opposite the petiole and the whole
frond falls. Palms with this type of leaf
base are said to have a crown shaft (e.g.
Fig. 1.5f). In other palm species, as new
fronds continue to develop after the forma-
tion of a sheath, the softer tissue of the



14 Chapter 1
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Fig. 1.6. Arrangement of pinnae on rachis in pinnate palms, with pinnae truncated distally,
showing (a) reduplicate and (b) induplicate orientation.

sheath disintegrates, leaving a network of
fibres encircling the petioles of subse-
quently formed fronds.

The living fronds are clustered as a crown
in an alternate arrangement at the upper end
of the stem. Fronds are produced in a meris-
tem, often called the bud, or heart, located
at the apex of the stem, i.e. in the centre of
the crown. The tender whitish bud consists
of a tightly packed series of primordial
fronds, each enclosing the one preceding it
in age. Periodically, a lance-shaped
unfolded frond grows upwards from the
bud. This is commonly referred to as the
spear or sword leaf. The spear leaf is evident
in, for example, Figs 1.3f and 1.5a. The
interval between the emergence of two spear
leaves varies with species; for example, it is
about once a month in coconut palm, about
every 16 days in the African oil palm and
once every 9 months in Lodoicea maldivica
(Corner, 1966). As a new spear leaf emerges,
the oldest frond dies and may persist or be
shed, according to the species. Thus, a fairly
constant number of living fronds is main-
tained on any individual palm as long as
conditions remain the same. During
droughts, for example, palms may shed
older fronds prematurely and thus have
fewer fronds in the crown.

Notwithstanding much phenotypic varia-
tion and variation over time in the same indi-

vidual, different species of palms have a
characteristic number of open fronds (e.g. ten
or less in the small Chamaedorea species, 12
in the extremely large, palmate L. maldivica,
22-36 in coconut palm and up to 200 large
plumose fronds in Phoenix canariensis)
(Corner, 1966; Fisher and Theobald, 1989;
Fisher and Dalrymple, 1994).

In young seedling palms, fronds are two-
ranked. As successive fronds emerge and
develop, in most palms they take on a spi-
ral arrangement around the apex of the
stem, as seen from above. Each successively
older frond arises from a point lower on the
stem. In work in which the relative ages of
fronds are a consideration, they may be
numbered according to age. The spear leaf
may be designated as 0, the most recently
opened frond as no. 1, the second oldest
open frond as no. 2, and so on to the oldest
frond, which may be no. 36 in the case of a
coconut palm growing under good condi-
tions in the tropics (Fig. 1.7; Corner, 1966).

In the coconut palm, any open frond is
on the opposite side of the stem and just to
one side, i.e. at an angle of about 140-160°
from another frond that is either 1 month
older or 1 month younger. The younger of
the two may be recognized by its higher
position in the crown.

Only a basic understanding of phyl-
lotaxy (leaf arrangement) is necessary for
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most entomological work on palms. Dypsis
decaryi has a 1/3 phyllotaxis, meaning that
three fronds are encountered in one rota-
tion around the palm stem. In this palm,
the fronds are in three ranks, giving the
crown a peculiar triangular appearance
(hence the vernacular name triangle palm).
In a palm with a 2/5 phyllotaxis, the fronds
are arranged so that five are encountered in
two rotations and the sixth frond encoun-
tered is almost directly below the first. A
3/8 phyllotaxis indicates eight fronds in
three rotations around the stem, and there
are other combinations up to 13/34 in
10 Copernicia. All arrangements seem to

; hvll fth | ensure exposure of the fronds to sunlight
Fig. 1.7. Phy otaxy ofthe cocor?ut paim as (Tomlinson, 1990; Romney, 1997).
seen from above, lines representing fronds

extending out from the central bud. The fronds
are numbered according to age, with no. 1
being the youngest. Each frond is on the
opposite side and at about 160° from the frond
preceding it in age.

16

Flowers

The flowers of most species of palms are
unisexual, and most palms are monoecious,
a minority being dioecious. Monoecious
palms may be cross-pollinated, particularly
in palms in which the male and female
flowers bloom out of phase (for example,
some types of coconut palms).

With few exceptions, palm flowers (Fig.
1.8) have the basic trimerous structure of
monocotyledons. The perianth has three
petals and three similar tepals. Male flow-
ers have three stamens in each of two
whorls. Female flowers are hypogynous
with three carpels, which may be coales-
cent. Individual palm flowers are relatively
small and inconspicuous. Their petals are
most commonly white, with the colours of
tepals commonly similar to that of the
species’ or variety’s petiole, i.e. green, yel-
lowish, apricot or sometimes whitish.
Their attractiveness to insects may depend
partly on the vast numbers of flowers borne
on large inflorescences, which would seem
to compensate for the lack of showiness of
the individual flowers. Also, some palm
flowers are highly fragrant.

The inflorescence (Colour Plate 13b, Fig.
Fig. 1.8. Fallen flowers, perianth and fruits of ~ 1.3a) is a specialized flower-bearing
Ptychosperma elegans. Note trimerous branch, which develops from the central
arrangement of floral parts, characteristic of bud area. It consists of the stalk, or pedun-
monocotyledons. cle; the rachis; the flower-bearing branches;
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Fig. 1.9. Gaussia maya, infructescences.

and bracts, most of which subtend
branches or flowers. Typically, one of the
lower peduncular bracts is large enough to
enclose the entire inflorescence as it devel-
ops. Horticulturists refer to this structure
as the spathe, in this case a term applied

somewhat imprecisely (Uhl and Dransfield,
1987). In some species, the spathe falls as
the flowers open, but in other species it
persists and splits open to release the inflo-
rescence. Each inflorescence may bear up
to hundreds or even thousands of flowers,
according to the species. Male flowers are
usually the more numerous and are short-
lived. Fertilized female flowers persist and
potentially develop into fruit, although a
proportion of fertilized flowers or develop-
ing fruits are shed.

Fruit and seed

Palm fruits occur in an infructescence
(Colour Plate 3d, Figs 1.9 and 1.19). Most
fruits of palms are classifiable as drupes
and most contain one seed. The mesocarp
is essentially fleshy, as in dates of the date
palm and in the orange, fleshy, oil-produc-
ing layer in African oil palm, or fibrous, as
in coconuts (Fig. 1.10). Seeds often have
very hard endocarps (e.g. the coconut
‘shell’) and a hard, white endosperm (e.g.
coconut and oil palm kernel), which is rich
in oil and carbohydrates and has some pro-
tein. The structures commonly referred to
as palm seeds are actually comparable to
the stones of drupes, such as apricots, i.e.
the endocarp enclosing the seed. In the
coconut palm, part of the endosperm is in
liquid form (‘coconut water’) in a central

Fig. 1.10. Coconuts harvested from a plantation in Jamaica.
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Fig. 1.11. Corypha umbraculifera, a
hapaxanthic palm, in bloom. USDA
Subtropical Horticultural Research Station,
Miami.

cavity. Fruits and seeds vary widely across
the spectrum of the palm family in shape,
colour, size and other characteristics.

The embryo appears as a small plug on
the endosperm. Under conditions favour-
able for germination, which generally
include relatively high temperatures and
moisture, the embryo produces its first leaf,
or plumule, which in most species pre-
cedes the production of the root.

Most palms are pleonanthic, i.e. once
maturity is achieved they flower periodi-
cally. The age at which a palm comes into
bearing is determined by genetics and sec-
ondarily by environmental factors. For
example, a particular species may typically
begin producing flowers and fruit at 10
years, but environmental factors may delay
or accelerate maturation by a year or two.
In most palms, once fruit production is ini-

Fig. 1.12. Cross-section of stem of Caryota
mitis, with dispersed vascular bundles
characteristic of monocotyledons.

tiated, it becomes an annual event. For
example, the date palm flowers in spring
and fruits are mature by autumn. Under the
best conditions for production, coconut
palms initiate fruit development about
monthly, coinciding with the monthly pro-
duction of fronds, so that coconuts can be
harvested throughout the year. Some palms
are hapaxanthic, flowering and fruiting
once after many years of development,
after which the stem dies. Since Corypha
(Fig. 1.11) and Metroxylon are single-
stemmed hapaxanthic palms, the entire
plant dies after fruiting. Some species of
Caryota (Fig. 1.5b) have multiple stems per
plant, in which case only the stem that
bears flowers dies.

Stem

Most species of palms produce solitary
stems. Other species branch below ground
to produce multiple stems, but stems of a
very few species (e.g. Dypsis lutescens)
branch above ground.

All of the growth of the stem takes place
from the apical meristem. Palms do not
possess a cambium and thus their stems do
not grow radially, but they may thicken
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Fig. 1.13. Trunk of Cryosophila warscewiczii.
Morphologically, the spines are adventitious
roots.

slightly due to anatomical changes (Rich,
1987). Stem heights range from a few cen-
timetres to more than 65m in some
Ceroxylon spp. (Corner, 1966). Stems vary
in diameter from less than a centimetre (e.g.
Wendlandiella gracilis, some Chamaedorea
spp.) to 1.8 m in Jubaea chilensis (Hoyos
Ferndndez and Braun, 1984).

In cross-section, the palm stem is typical
of monocotyledons (Fig. 1.12). The vascu-
lar tissues develop from procambial
strands of the apical meristem. Xylem and
phloem are organized into bundles
sheathed in thick-walled sclerenchyma
fibres. The vascular bundles are scattered
among parenchyma tissue. The interior of
the stem is soft and moist in living palms,
due to the high ratio of parenchyma to vas-
cular bundles. The density of the vascular
bundles with their sheathing sclerenchyma

increases toward the outside of the stem,
forming a cortex that is extremely hard in
some species of palms Some variation in
diameter, once the stem is formed, may be
due to expansion or contraction of cells of
the ground tissue due to environmental
factors, especially water relationships.
Additionally, the stems of some palms
thicken slightly with age due to anatomical
changes in the cortex, including cell-wall
thickening and sclerification in fibres and
in some parenchyma cells. These anatomi-
cal changes also result in increased stiff-
ness and strength in the old, basal parts of
stems of mature palms (Rich, 1987).

Because they do not have secondary
growth, palm stems lack bark homologous
to that of dicotyledonous trees. However, a
corky covering is eventually formed on the
stems of some palm species. The surface of
the stem of each species has a characteris-
tic texture and colour, and may have rings
or other patterns formed by frond-base
scars. Many palms have very smooth
stems, but stems of some species bear
spines, persistent fronds, leaf bases or
fibres (Fig. 1.13).

The frequent twists, curves and dramatic
sweeps in the stems of coconut palms on
tropical beaches are adjustments to beach
erosion and wind and the search for light
(Colour Plate 1a). The stems of palms with
multiple stems curve out from the centre of
the stem (Cyrtostachys). Species with usu-
ally straight stems curve as they search for
openings in a forest canopy or, if felled by
wind, form pronounced bends as they grow
upwards. Various types of swellings of the
stem are characteristic of particular species
(Fig. 1.4a, d, Gastrococos). In some palm
species, e.g. Washingtonia spp., the dead
fronds are persistent for years. In other
species, persistent dead fronds may break
off at the petiole, so that the stems are char-
acteristically covered with dead frond
bases, giving them a rough or bumpy sur-
face (Fig. 1.20).

Because palms lack cambial growth, they
do not produce the annual growth rings
seen in cross-sections of the stems of
dicotyledonous trees of the temperate zones.
However, the regularity of frond production,
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together with permanent and very conspicu-
ous frond scars in some species, can be uti-
lized in estimating the age of some palms.
This is done by determining the number of
frond scars (or persistent frond bases) on the
stem, plus the number of living fronds. The
total is divided by the average number of
fronds produced per year by the species
under study (a parameter that may differ
somewhat, according to local environmental
conditions). Added to this is the estimated
time lapse between sprouting and formation
of the stem (i.e. the average period of estab-
lishment growth, which is known or can be
determined for each species). However, in
some palms, the frond scars eventually
become too indistinct to be useful for such
purposes. In any case, the procedure
described is not easy to implement and is
probably seldom used by experienced palm
entomologists, who, if they do not know the
age of the palms that they work with, can
usually make a reasonably accurate estimate
based on their height, general appearance
and growing conditions.

Roots

Palms do not produce tap roots, but numer-
ous primary roots of virtually the same
thickness. These radiate from a meristem-
atic zone at the base of the stem below
ground and are connected by newly initi-
ated vascular elements to new fronds
developing in the apical meristem. Once a
root initiates growth, it elongates but
undergoes virtually no radial growth and
little branching. The first order of roots
radiate great distances from the base of the
stem. Lateral roots are eventually pro-
duced, which branch up to four orders.
These smallest ultimate roots are the feeder
roots. Most palms do not have root-hairs.
Water and nutrients are absorbed princi-
pally in a small zone near each root tip. Air
is taken in through small pneumatophores.
In some older palms, adventitious roots
may develop from the stem above ground.
Some species are adapted to poorly
drained soils by stilt roots, and in some
species which do not normally have stilt

roots, when grown on shallow soils or for
long periods in containers, the roots grow
so as to lift the stem off the ground. Roots
are constantly dying and being replaced by
new roots.

Classification of the Palm Family

According to the system of Uhl and
Dransfield (1987), the palm family consists
of six subfamilies, distinguished princi-
pally by floral characteristics, as well as by
morphological characteristics of fronds and
other structures.

® Coryphoideae. The coryphoid palms,
with 39 genera, include all palms with
palmate or costapalmate fronds (Fig.
1.3). The date palm genus Phoenix is an
exception in this subfamily in having
pinnate fronds. Leaf segments or leaflets
of coryphoid palms are induplicate.
Examples of palmate and costapalmate
palms include the massive Corypha of
Asia (Fig. 1.11) and the diminutive
Licuala (Fig. 1.3d), most species of
which are understorey plants in Asia
and Oceania.

® (Calamoideae. There are 21 genera of
Calamoideae. The fruits of calamoid
palms are unique, being covered with
imbricate scales. Examples of calamoid
palms include Calamus (Fig. 1.14),
Raphia, Metroxylon (Fig. 1.5e) and
Salacca.

® Nypoideae. The Nypoideae contain a
single monotypic species, Nypa fruti-
cans, a palm with prostrate dichoto-
mously branched stems and long,
reduplicate, pinnate fronds. The species
occurs in brackish marshes in South-
East Asia and the western Pacific
(Colour Plate 1f).

® (Ceroxyloideae. The Ceroxyloideae con-
tain ten genera, including Ceroxylon of
the Andes, among the tallest palms (Fig.
1.4f). Chamaedorea spp. are diminutive
palms of the understorey of tropical
forests of the western hemisphere, many
species of which are popular ornamen-
tal plants for interiorscapes.



20 Chapter 1

Fig. 1.14. Calamus scipionum, a climbing
rattan palm of the Malay Peninsula, Sumatra
and Kalimantan. Redrawn by Martha Howard
from Sastrapradja et al. (1978).

® Arecoideae. The Arecoideae are a highly
diverse subfamily with 123 genera,
including coconut palm, Areca catechu,
Caryota spp. (Fig. 1.5b), D. Iutescens
(syn. Chrysalidocarpus lutescens) (Fig.
1.5c), Roystonea spp. (Colour Plate 2d,
Fig. 1.4a) and Ptychosperma spp. (Fig.
1.4b).

e Phytelephantoideae. The Phytelephan-
toideae are a small subfamily of three
genera that occur from north-western
South America to the Isthmus of
Panama. Their unique fruits yield tagua,
or vegetable ivory, which is used for
artistic carvings.

There is a high degree of endemism in
palms, the distribution of many species
being restricted to very limited localities,
such as islands. More than half of the
known genera of palms contain five or

fewer species and more than a third are
monotypic (Tomlinson, 1979).

More thorough and detailed treatments
of palm biology, morphology and taxon-
omy can be found in the following refer-
ences: Corner (1966), Moore (1973),
Tomlinson (1979, 1990) and Uhl and
Dransfield (1987). Useful books on coconut
palm culture include Menon and Pandalai
(1960), Piggot (1964), Frémond et al.
(1966), Bourgoing (1991), Mahindapala and
Pinto (1991), Romney (1997) and Ohler
(1999). Useful reference books on the cul-
ture of African oil palm are by Hartley
(1988) and Ortiz and Fernandez (1994).
Culture of date palms is reviewed by Nixon
and Carpenter (1978). Books on the culture
of other crop palms are cited in the discus-
sions of these species in this book. There
are many useful books on the identifica-
tion, distribution, ecology, culture, prod-
ucts and landscape use of palms of the
world, and by region and taxonomic group-
ing, e.g. McCurrach (1960), Braun (1968),
Stevenson (1974), Hoyos Ferndndez and
Braun (1984), Blombery and Rodd (1989),
Dowe (1989), Balick and Beck (1990), Jones
(1990a, b, 1995), Boyer (1992), Hodel
(1992), Meerow (1992), Quero (1992),
Dransfield and Beentje (1995), Henderson
(1995), Henderson et al. (1995), Iorenzi et
al. (1996), Kahn (1997) and Broschat and
Meerow (2000). Internet web sites main-
tained by the International Palm Society,
Fairchild Tropical Garden and many simi-
lar organizations are also excellent sources
of information on palms.

Palms as Hosts of Insects

An important feature of palms as hosts of
insects is that they are reliable as sources
of food. Not only are they evergreen plants,
but leaves of various ages, from young to
old, are present on individual palms con-
tinuously throughout the year. Some
insects prefer young foliage of palms, while
other species prefer older foliage. The
amount of food available likewise does not
change materially, because the size of the
fronds and the number of fronds in the
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crown stay basically the same, once the
crown is fully formed (Howard, 1999b).

The shape of palm fronds offers particu-
lar advantages for small arthropods. The
large size of most palm fronds makes them
easy targets for wind-dispersed arthropods.
The broad palmate frond, with the ridges
and furrows formed by adjacent leaf seg-
ments, provides exceptional protection
from the heaviest rains and the most desic-
cating sunlight, while the rooflike redupli-
cate leaflets of pinnate fronds are also well
suited as shelters for small arthropods.

Here it is instructive to contrast palm
fronds to leaves of dicotyledons. In the lat-
ter, the leaf laminae generally extend hori-
zontally from the midvein, so the abaxial
surfaces are generally the lower surfaces,
although many leaves, such as those at the
ends of branches, hang vertically so that
the abaxial surfaces face horizontally.

In contrast, in palms the youngest frond
extends vertically in the centre of the
crown, so that its abaxial surface faces
towards the horizontal. Even so, the very
youngest fronds offer some degree of pro-
tection from above because of their corru-
gated nature. Better protection from above
is provided as the frond ages and assumes
a more horizontal position in the crown.

In September 1998, we initiated a simple
test to demonstrate that palm fronds offer a
high degree of protection from above.
Rectangles 10 mm X 20 mm were cut from
manila herbarium paper. These were glued
with a water-soluble glue to abaxial and
adaxial surfaces of horizontal fronds of
Licuala spinosa, Acoelorraphe wrightii,
Coccothrinax argentata (all with palmate
fronds), S. palmetto (with costapalmate
fronds) and Dypsis cabadae, Ptychosperma
macarthurii, Syagrus schizophylla and
Dypsis lastelliana (all with pinnate fronds).
Over 200 mm of rain fell during the next 24
h. All of the rectangles on the abaxial sur-
faces remained dry and the glue hardened,
while those on the adaxial surfaces were
washed off by the rains. Surprisingly, when
examined 110 days later, which included
about 12 days with rain, the rectangular
strips remained glued to the abaxial sur-
faces of two of the palmate palms (L. spin-

osa and C. argentata) and one of the pin-
nate-frond palms (D. cabadae).

Most species of insects that feed on palm
fronds show a decided preference for the
abaxial surfaces. This provides protection
not only from abiotic factors, as noted
above, but probably from many predatory
vertebrate animals as well. Birds and
lizards, for example, can easily alight on or
jump to and search the adaxial surfaces of
palm fronds that are in the horizontal posi-
tion, but the abaxial surface cannot serve as
a landing platform for most vertebrate ani-
mals. Also, it seems reasonable, but is con-
jectural, that the generally thicker wax
layer of the adaxial surfaces of fronds is
more difficult for insects to penetrate than
the thinner wax layer of abaxial surfaces.
Induplicate leaves (Fig. 1.6), such as in the
date palm, might seem less suitable if it
were assumed that the furrows formed by
their laminae always faced skyward. In
fact, this is true only of the medium-aged
(horizontal) fronds, but insects that feed on
foliage of Phoenix spp. often prefer the
adaxial (‘upper’) surfaces (see, for example,
Parlatoria blanchardi).

Insects seldom inhabit or rest on the
highly flexible distal tips of leaflets, prefer-
ring the portions closer to the rachis,
which are broader and more rigid and
move less in the wind. They generally pre-
fer the sheltering portions close to leaflet
midveins, although many kinds of caterpil-
lars chew at the margins of laminae.

Colonization may in many cases be facil-
itated because palms have relatively few
large leaves instead of numerous small
leaves. The ease by which an infestation
can spread from a single fertilized female
scale insect along a 3 m long coconut palm
frond can be contrasted with the problem
of colonizing individual conifer needles or
the leaves of most dicotyledonous trees.
The difference is that colonization of a
palm frond can proceed without interrup-
tion, while natural barriers must be crossed
to infest each needle of a conifer or leaf of a
dicotyledonous tree.

Many insects associated with palm
foliage are usually found only on palms
that have reached some degree of height
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Fig. 1.15. Coconut seedling bed, Jamaica.

and maturity, and are seldom found on
young seedling palms (Fig. 1.15). Insects
associated with young seedlings are often
primarily associated with nearby low vege-
tation and are seldom found on taller
palms.

Palm flowers produce great quantities of
pollen, and all species are probably
anemophilous to some extent. However,
insects are the principal pollinators or, at
least, highly important in pollinating some
species, and this may be generally true
throughout the palm family. Among the
advantages for insects are that palm flowers
are shallow, thus easily visited, usually
pale in colour and occurring in conspicu-
ous aggregations and sometimes highly fra-
grant or fetid, serve as copious sources of
pollen and nectar and usually undergo
anthesis during the day.

Insects that utilize flowers of palm
species as nectar or pollen sources must
often be opportunistic, since most species
flower during a specific period of the year.
During the rest of the year, other plants
must serve as nectar or pollen sources.
Hapaxanthic palms provide flowers only
once in their lifetime. A palm that flowers
repeatedly throughout the year is a more
reliable nectar source. Arthropods with
some degree of preference or specificity
may visit flowers of such palms. In fact,
African oil palm flowers follow this phe-

nology and the several species of beetles
identified as pollinators of this palm in its
native home of West Africa are highly spe-
cific to it.

Only opportunistic insects may utilize
fruits of most palm species. In contrast,
some species of arthropods that attack
fruits of coconut and oil palms, which are
available continuously throughout the year,
are virtually monophagous.

In many plants, abnormal growths,
known as galls, may be formed when cer-
tain organisms invade their tissues and
introduce chemicals that react with the
plant’s growth hormones. Plant galls
appear in many different shapes and
colours, each corresponding to the species
that induces it. Most gall-makers are
insects or mites. Insect gall-makers are usu-
ally species of Psyllidae, Aphididae and of
certain families of Hymenoptera and
Diptera. Some plant families, e.g. Fagaceae
and Rosaceae, are rich in galls. Galls are
rarely formed in palms. This may be partly
due to the poor representation of gall-mak-
ing taxa on palms. However, two gall-mak-
ing families, namely Asterolecaniidae and
Eriophyidae, which are well represented
on palms, do not induce galls on their
palm hosts. Palm aphids (Cerataphis)
induce galls on dicotyledonous hosts, but
not on their palm hosts.

Lacking cambium or bark, palms are not
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attacked by cambium borers or bark bee-
tles. The hard ‘rind’ created by the dense
fabric of fibre-sheathed vascular bundles
toward the outside of the stem has no
counterpart in dicotyledonous trees. This
is extremely hard in some species and
undoubtedly offers a degree of protection
to the stem. Although palms tend to store
most of their carbohydrates in the trunk,
palms in general are relatively free of trunk
borers, and there are not many species of
insects that bore living palm trunks. Some
of those that do initiate attack in the rela-
tively soft apical meristem tissue, from
which they bore into the soft central tis-
sues of the trunk. Palms growing under
stress are most susceptible to most borers.

Like roots of dicotyledonous trees in
general, roots of palms are not usually
prime targets of attack by arthropods. They
are not centres of carbohydrate storage, and
tender growing tissue is located only at the
tips.  Sagalassa  valida (Lepidoptera:
Glyphipterigidae) is one of the few insect
pests of palm roots. Its original hosts in
South America are Bactris spp., but it has
become a pest of African oil palm (Philippe
et al., 1999). Cicadas, whose immature
stages feed on roots of diverse flora, and
termites, which are subterranean insects
that exploit any sources of cellulose they
may encounter, are examples of insects that
may feed on palm roots. Mealybugs are
sometimes associated with roots of palms
grown in containers, in which case a large
surface area of the roots at the edge of
the root ball is exposed to air, but mealy-
bug-root associations may be less frequent
in palms grown in the field.

Most knowledge of arthropod—palm rela-
tionships is derived from studies of pests
of economically important palms, espe-
cially coconut, date- and African oil palms
and, increasingly, the wide array of palm
species grown as ornamental plants.
Insects associated with wild palms are the
least studied. Lepesme (1947) commented
that the insect fauna of about 85% of the
palm genera was completely unknown, and
the present situation is probably similar.

Whether we compare different species of
palms in the same region, palms of differ-

ent regions or even palms and some
arborescent monocotyledons other than
palms (Fig. 1.16), we may often find strong
similarities in their insect fauna.
Hemiptera, Coleoptera and Lepidoptera are
the best-represented orders among palmiv-
orous insects, and within these orders
certain families are especially well repre-
sented. Taxa that are represented by one or
a few species in one region usually have a
similarly low representation in other
regions. Also, there are some small families
restricted to palms that are present in sev-
eral regions. Finally, the distribution of
some species of insects on palms has been
extended via human traffic, and these are
now found in the insect fauna of palms in
more than one region. Thus, one may
expect to find similarities in, for example,
the insect communities on coconut palms
in Fiji and Florida and on date palms in
Morocco.

The scope of this book does not include
the fascinating world of insects that fre-
quent palms for resources that these plants
provide indirectly. Detritus that accumu-
lates in leaf axils supports many
saprophagous and mycetophagous insects.
Leaf axils of some palms hold water, thus
creating aquatic microhabitats (phytotel-
mata) for aquatic insects (Paine, 1943; J.
Howard Frank, personal communication).
Insects such as Psocoptera are found on
trunks and older leaves, where they pre-
sumably feed on algae or mosses. Many
insects feed on honeydew produced by
palmivorous Hemiptera.

Economic Importance of Palms

Palms have many uses (Balick, 1988;
Balick and Beck, 1990; Johnson, 1998).
Two species of palms are foremost in
importance in international commerce: the
coconut palm and the African oil palm.
Third in international importance is the
date palm. Most of what is known about
the insects associated with palms has come
from research on these three species.
Coconut palm (Colour Plate 1a, b, Fig.
1.1), referred to by Michener (1959) as ‘that
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Fig. 1.16. Arborescent monocotyledons other
than palms. (a) Dragon-tree, Dracaena draco
(Agavaceae), Tenerife, Canary Islands.
Courtesy of Don Antonio Gonzalez. (b)
Pandanus utilis (Pandanaceae), Fort
Lauderdale. (c) Traveller-palm, Ravenala
madagascariensis (Strelitziaceae), Fort
Lauderdale. (d) Banana, Musa X paradisiaca
(Musaceae), Dominica, Lesser Antilles. Plastic
bag protects fruits from insects.
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one essential, that miraculous sustainer of
tropical life’, was listed as one of the 20
most important crop species upon which
human life depends (Mangelsdorf, 1966;
Vietmeyer, 1986). Since remote times, peo-
ples of the Malay Peninsula and the South
Pacific have cultivated it. A transportable
water source, coconuts probably provided
the means for early peoples to wander the
Pacific and populate its islands. From its
region of origin in the Pacific, the coconut
palm was disseminated by humans
throughout the tropical lowlands of the
world. It has a recorded history of
2000-3000 years in Sri Lanka and southern
India. From there it was distributed along
the coasts of Africa. In the 1500s, the
Spanish and Portuguese brought it from
West Africa to the Caribbean and coasts of
tropical America. Some evidence suggests
that coconut palms may have been present
on the Pacific side of the Americas before
the arrival there of Europeans (Beccari,
1917; Hill, 1929; Purseglove, 1968; Harries,
1971, 1978, 1990).

Coconut palms are currently grown com-
mercially in more than 90 countries on a
total area of 12 million ha (Persley, 1992),
i.e. an area approximately equivalent to

that of Nicaragua. About 85% of the
coconut crop is grown in Asia and
Oceania. Major producers are the

Philippines, Indonesia, India, Papua New
Guinea and other Pacific islands and Sri
Lanka. Major producers in the Americas
are Mexico and Brazil. Tanzania and
Mozambique are major producers in Africa
(Persley, 1992). In addition to its use as a
crop tree, it is one of the most common
plants grown around any residence or set-
tlement in the humid lowland tropics.
Being perhaps the most esteemed palm for
creating a tropical look in the landscape, it
has found a home as an ornamental plant
in many localities outside its commercial
range. It thrives and produces fruits abun-
dantly in southern Florida. It grows well,
but is less productive, in Bermuda and the
Canary Islands. In Australia, it grows on
both eastern and western coasts as far
south as 29°S, but is productive only to
25°S (Mike Foale, personal communica-

tion). Its latitudinal distribution on both
coasts of South America is similar. Distinct
varieties of coconut and other major eco-
nomic species are recognized (Box 1.2).

The most important product of the
coconut palm is the coconut, i.e. the fruit
(Colour Plate 3a, b, Fig. 1.10). The fruit
consists of a thick husk, composed of long,
tough fibres enclosing the shell, the latter
being analogous to the stone of a stone-
fruit. Coconut shell is one of the hardest
botanical substances known (Corner, 1966).
Interior to the shell is the endosperm,
which consists of a white fleshy layer (the
kernel) and an almost clear liquid con-
tained within a cavity.

Coconut kernel serves as an important
food source in the tropics. In non-tropical
countries, it is consumed principally in
confectionery products. Fresh coconut ker-
nel is about 50% moisture and deteriorates
rapidly unless dried to form copra. Dried to
15% moisture, the composition of kernel is
about 4% crude fibre, 6% protein, 15% car-
bohydrates and 60% oil. Copra production
is the principal activity of the coconut
industry. The world production of
coconuts is estimated at 50 billion year™?,
55% of which is converted into copra
(Punchihewa, 1995). Coconut-oil is one of
the world’s most important vegetable oils,
used in the manufacture of many pharma-
ceutical, industrial and food products (Fig.
1.17).

The fibres of the husk (coir) have excel-
lent qualities for making mats, ropes and

T

Fig. 1.17. A sampling of coconut products.
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Box 1.2. Varietal names of palms.

No one definition has yet satisfied all naturalists; yet every naturalist knows vaguely what he means when he
speaks of a species... The term ‘variety’ is almost equally difficult to define; but here community of descent is
almost universally implied though it can rarely be proved.
(Charles Robert Darwin (1809-1882), English naturalist, The Origin of the Species by Means of Natural Selection,
or the Preservation of Favoured Races in the Struggle for Life, 1859)

In the relatively few species of palms grown as crop plants, agriculturists have recognized naturally
occurring distinct populations of individuals or, in some cases, have selectively bred such groupings.
These are referred to as varieties, cultivars, ecotypes and populations by different authors and in refer-
ence to different kinds of palms. For simplicity, we shall refer to them all as varieties.

The many varieties of coconut palm fall into two general types, namely tall and dwarf (Narayana
and John, 1949). Coconut palms of the tall type have robust trunks, long fronds with thick petioles and
large coconuts. They begin producing fruit at 7-10 years of age. The dwarf type has a more slender
stem, shorter fronds with thin petioles and smaller coconuts, which they begin to produce as early as 4
years of age. Mature palms of the tall type have a maximum height of about 25 m, compared with
15 m in the dwarf type (Jack and Sands, 1929; Romney, 1997).

There are many varieties of each of the two types. As with many crop plants, the varieties of coconut
often carry place-names, sometimes combined with a descriptive term (e.g. ‘Laguna Tall’, ‘Jamaica
Tall’, ‘Rangiroa Tall’, ‘Fiji Dwarf’, ‘Malayan Red Dwarf’, ‘Malayan Green Dwarf’, etc. These may or
may not reflect their true origins.

Some entities named as separate varieties may in fact be synonymous with other varieties. For exam-
ple, the variety known as ‘Malayan Red Dwarf’ in Jamaica and many other countries is referred to in
Florida as the ‘Malayan Golden Dwarf’ (Colour Plate 3a). Apparently this same variety is called El
Dorado de la India’ in Cuba (Jack and Sands, 1929; Harries, 1971; McCoy et al., 1983; Romney,
1997).

All species of Phoenix are dioecious and therefore individuals must be cross-pollinated. But date
palm varieties have been developed over the centuries in different oases and kept pure by vegetative
propagation from offshoots. Several systems of classification of varieties are used, all based on charac-
teristics of the fruit. Some growers classify date varieties as yellow or red, according to the colour of the
fruits just before ripening. More commonly, date varieties are classified as: (i) wet, semi-dry or dry; or (ii)
soft or hard, reflecting their physical character when ripe for harvest (Popenoe, 1973; Nixon and
Carpenter, 1978).

Most date varieties have names from Arabic, Berber, Farsi and other North African, Middle Eastern
and southern Asian languages, which are usually descriptive of characteristics of the variety, e.g.
‘Deglet Noor’ (translucent seedling), ‘Halawy’ (sweet), ‘Medjool” (unknown, or possibly firm of flesh),
‘Raghawi’ (which makes one’s mouth frothy), etc. (Popenoe, 1973).

Three different forms of African oil palm are recognized, based on fruit characteristics. These are the
tenera (thin-shelled), dura (thick-shelled) and pisifera forms The latter term means ‘pea-bearing’ and
refers to the nature of the endocarp. Within these general forms are many selections.

Varieties are also recognized in the peach palm (Bactris gasipaes), areca-nut palm (Areca catechu)
and other palms grown as crop plants.

similar products. Coconut palms grown in
southern India and Sri Lanka are a particu-
larly important source of fibre products.
The shell, which is used to fashion drink-
ing vessels, scoops, etc., for local use, is
exported for making fine charcoal. The lig-
uid portion of the immature endosperm,
i.e. coconut water, serves as a refreshing
beverage, generally consumed directly
from the coconut (Colour Plate 3b). On

some islands, it is the only source of fresh
water. Sales of coconut water are an impor-
tant business in many tropical countries.
Lumber and many other ‘wood’ products
are made from the stem (Fig. 1.18;
Cornelius, 1973; Purseglove, 1985; Persley,
1992; Punchihewa, 1995).

The African oil palm, native to West
Africa, is grown as a crop plant there and
in extensive plantations in tropical Asia
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Fig. 1.18. House constructed of coconut palm ‘wood’ with roof thatch of fronds of Nypa
fruticans. Courtesy of Philippine Coconut Authority.

and the Americas (Colour Plates 2b and
3c). Two kinds of oil are obtained from it.
The pulp (mesocarp) of the fruit yields the
product known as palm-oil. A different

product, palm-kernel oil, which is
extracted from the kernel, is similar in
composition to coconut-oil. African oil

palm can produce up to about 9 t ha™!
year~!. This is about three times the pro-
duction of coconut. In contrast, annual oil-
crop plants, such as groundnuts and
soybeans, seldom produce more than 2 t oil
ha™! year!. The oils from African oil palm
and coconut are used in the manufacture of
pharmaceuticals, cosmetics, soaps and a
variety of other industrial products, includ-
ing synthetic resins, rubber substitutes,
insulating materials, safety glass, nitroglyc-
erine, animal feeds and even a special
lubricant for jet engines. Coconut-, palm-
and palm-kernel oil are used in certain
food processing, but this accounts for only
a small percentage of the total consump-
tion of these oils, and in most countries
they are only a small part of the saturated
fats in the diet (Cornelius, 1973).

The major product of the date palm is
the fruit, known as the date (Figs 1.19 and
1.20). It is the fleshy mesocarp that is con-
sumed. Date palms, cultivated in the

Fig. 1.19. Date fruits. Saudi Arabia. Strings
help support weight of mature fruits. Courtesy
of Dorothy Miller and Aramco World.
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Fig. 1.20. Date harvest, Saudi Arabia.
Courtesy of Dorothy Miller and Aramco
World.

Middle East and North Africa for at least
6000 years (Zohary, 1982), are a main sta-
ple in the diet of these regions. They have
probably been grown in northern India and
Pakistan since prehistoric times, but are a
less important part of the culture (Popenoe,
1973). They have been cultivated in Spain
at least since the Middle Ages (Ferry and
Greiner, 1999; Frutos and Rodriguez, 1999).
A small but important date industry, cen-
tred in the arid (but irrigated) Coachella
Valley of southern California, was estab-
lished at the end of the 19th century
(Nixon and Carpenter, 1978).

Many additional species of palms fur-
nish products that are indispensable in
local economies and, in many cases,
important in international commerce. The
diversity of palm products is amazing (Box
1.3).

Palm ‘wood’ is obtained mostly from the
relatively hard periphery of the stems. The

especially hard wood of palms such as
Astrocaryum standleyanum (known as
black palm), B. gasipaes, Borassus flabel-
lifer and Iriartea deltoidea can be cut into
durable planking, flooring and other types
of lumber (which is drilled and joined by
pegs or screws, as it cannot be effectively
nailed). The entire stems of some palms are
used for poles, posts and piers.

Rattans are vine-like palms that climb
trees in the forests of tropical Asia and
Africa (Fig. 1.14). They are also grown horti-
culturally. Their smooth, thin stems of up to
200 m long are strong and supple. Rattans
include many species each of Calamus and
Daemonorops, the two most important gen-
era. Entire stems of about 2.5 cm in diame-
ter are used in ‘bentwood’ furniture.
Backings of ‘cane’ furniture are woven of
splints from the outer rind of various rattan
species. The softer inner core may be used
in ‘reed’ furniture. In tropical America,
Desmoncus is a genus of climbing palms
somewhat resembling and filling a niche
similar to that of the Asian rattans, but not
equal to them as a source of stems of desir-
able qualities (Dahlgren, 1944). Certain
palms of Yucatdn, Mexico, are potential rat-
tan substitutes (Orellana et al., 1999).

Palm fronds are used for roof thatching
throughout the tropics, each locality hav-
ing its preferred species (Colour Plate 3f,
Fig. 1.18). Fashioning these roofs, with
either palmate fronds or the pinnae of pin-
nate fronds, takes skill. Some thatched
roofs last up to 15 years (Bradley Bennett,
personal communication). The large fronds
with entire margins of Manicaria are pre-
ferred in much of the Amazon region. The
palmate fronds of the relatively small
palm,  Lepidocaryum  gracile  (syn.
Lepidocaryum tenue var. gracile) are the
source of the most common thatch in Peru
(Kahn, 1997). Nypa fruticans is a common
source in the Malay Archipelago and west-
ern Pacific (Dahlgren, 1944; Tinambunan,
1992). On many Pacific islands, coconut
palms are the only palm abundant enough
to provide material for thatching. In the
Caribbean, fronds of Thrinax spp. are
highly desirable, but palms of Sabal spp.
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Box 1.3. A use for every day of the year.

The young leaves of the coconut wave.
Wave, wave, they wave.
The leaves of the rattan cut and twist.
Twist, twist, cut and twist.
(From a traditional Philippine ceremonial dance, in Willard R. Trask, 1966,
The Unwritten Song, Macmillan, New York)

The diversity of products derived from coconut palms is well known. According to Indonesian folklore,
there are as many uses for this palm as there are days of the year (Punchihewa, 1995). A sample of
some of the less well-known products derived from coconut and other palms follows.

People of the Amazon region are astute at finding uses for diverse palms: corks for demijohns are
cut from the petioles of Mauritia flexuosa, blowpipes are made from the slender stems of Iriartea del-
toidea and Bactris gasipaes and arrowheads are made from the hard ‘wood’ of Wettinia spp. and
Socratea exorrhiza (Anderson, 1978; Barfod and Balslev, 1988; Kahn, 1997). Small bows are made
from the hard but springy wood of B. gasipaes and large bows from Astrocaryum sp. (Beckerman,
1977; Bennett, 1992).

Coconut shell, one of the hardest known plant materials, is processed to make carbon electrodes for
batteries (Banzon, 1984). The same material finds a whimsical role in la quiebra de cocos (coconut
cracking), a game played for generations in Venezuela during the Easter season. Players select
coconuts to strike against the coconuts of other players. The winning coconut is the one that survives
without cracking (Braun, 1968).

Coconut fibre is sold commercially as an additive to be incorporated in the surface of horse-riding
arenas for increasing traction and durability (Dulae, 1996). A horticultural use is as an excellent
amendment in potting soil (Meerow, 1992, 1994; Abad et al., 1993).

Coconut husk was shown to be effective in absorbing dyes from solutions and thus is potentially
useful for cleaning waste waters discharged from certain kinds of industrial facilities (Low and Lee,
1990).

In his study of folk-ways of Bali, Miguel Covarrubias (Covarrubias, 1937) described a unique
method, utilizing a half coconut shell with a hole drilled in it, for timing certain tasks. The duration of
the task was measured against the time it took for the shell to fill up with water and sink.

Coconut water is used in medical research in culture media for studying protozoa
(Trypanosomatidae) that cause Chagas’ and similar diseases (Marzochi et al., 1988, 1996).

In the Philippines, diesel engines were run on crude coconut oil during the 1940s and, in recent
times, diesel has been blended with 5-10% coconut-oil as a part of a national energy conservation pro-
gramme. In one test, an Isuzu diesel-powered jeepney was run on coconut-oil for 10,500 km (Banzon,
1984). However, engines run on pure coconut-oil are difficult to start in cold temperatures and filters
are easily clogged. Processing of the coconut-oil can remedy these difficulties (Arida et al., 1984).

The flower of Pholidocarpus majadum, a large palm of eastern Kalimantan, is used to add a pleasant
aroma to rice (Sastrapradja et al., 1978).

The hard, heavy trunks of I. deltoidea, perhaps Ecuador’s most common palm, are used as support
poles for banana plants in that country’s extensive banana plantations (Pedersen and Balslev, 1992).

Palm trunks can be split lengthways and the softer inner core hollowed out, leaving the harder rind.
In Vanuatu, trunks of Veitchia macdanielsii (syn., V. arecina) are thus fashioned into sections of aque-
ducts that may carry water tens of kilometres. The practice is centuries old (Dowe, 1996).

For protection from the midday sun, the Warao people of the Orinoco delta (Venezuela) fashion a
type of cap from the pouchlike cover of the spathe of the inflorescence of Manicaria saccifera, a palm
widely distributed in tropical America (Wilbert, 1980). They use the large, entire-margined fronds as
sails for canoes (Kahn, 1997).

In Elche, Spain, a traditional craft involves covering newly emerged fronds of date palms so that they
remain chlorotic. These fronds, called palma blanca (white palm), are widely marketed in Spain for
use on Palm Sunday (Gémez i Vives and Ferry, 1999b).

Some palms are even musically inclined: in Ecuador, stems of I. deltoidea and B. gasipaes are used
for marimba keys (Barfod and Balslev, 1988).




30 Chapter 1

are usually more common. Sabal palmetto,
which in Florida has provided thatching
since remote times, has a modern role in
roofs of picturesque kiosks at luxury hotels
and other resort areas. Ecotourism in tropi-
cal countries has created a market for
thatching for lodges (Bradley Bennett, per-
sonal communication).

Frond material of many different species
of palms are used in weaving mats, ham-
mocks, hats, baskets, bags and similar
products in almost all tropical countries.
Strips of palmate fronds and midveins of
pinnae of pinnate palms are commonly
used. Coconut palm, A. standleyanum,
Attalea, Corypha and Mauritia flexuosa are
among the many palms that serve as
sources of useful fibres. Raffia is a fibre
used in weaving and cordage obtained by
pealing the adaxial epidermis of the frond
of Raphia ruffia, of Madagascar. Frond
midribs of various palms are used in
brushes and brooms. Splints for weaving
can be separated from petioles of Corypha,
Sabal and other palms.

Piassava refers to petiole fibres (i.e. vas-
cular bundles) that hang as a long fringe
from the petiole scars on the trunk of some
palm species after the petiole falls. Useful
for mats and many other products, it is
obtained from Leopoldinia piassaba,
Attalea funifera and other palms of South
America (Dahlgren, 1944; Putz, 1979;
Kahn, 1997).

The spathes that enclose the inflores-
cences of palms are not overlooked. They
furnish scoops, trays and other utensils,
the large spathes of Maximiliana being a
notable example (Dahlgren, 1944).

Chamaedorea tepejilote is a common
forest palm of Central America and north-
ern South America, which is cultivated in
Guatemala for its edible inflorescence.
Known as pacayas, the inflorescences are
common in Guatemalan markets and a
minor amount is exported (Castillo Mont et
al., 1994).

Fruits of many palm species are edible.
The quality and palatability of fruits vary
from species to species. Notable palms
additional to coconut, date and African oil
palm that are cultivated principally for

their fruit are Bactris gasipaes, Salacca
zalacca and Borassus flabellifer.

Bactris gasipaes, known as peach palm,
has been cultivated for thousands of years
in the American tropics and is known only
in cultivation (Mora Urpi et al., 1997). It is
one of the most important crop plants in
local areas of the region, e.g. the lowlands
of Ecuador (Pedersen and Balslev, 1992).
The fruits, which superficially resemble
peaches, can be consumed fresh, cooked or
canned. They are said to contain carbohy-
drates, protein, oil, minerals and vitamins
in nearly perfect proportions for the human
diet (Anon., 1975; Vietmeyer, 1986). A por-
tion of the fruits are used to make chicha, a
fermented beverage consumed since
ancient times.

As an indication of the importance of
peach palm, the Instituto Nacional de
Investigaciones Agropecuarias of Ecuador
has a germplasm collection of 4000 varieties
of this species (Pedersen and Balslev, 1992).

The salak (S. zalacca) bears a pear-
shaped fruit, which ‘tastes like pineapple,
and is covered by the most perfect imita-
tion snakeskin’ (Covarrubias, 1937). The
fruits are widely marketed in tropical Asia,
where it is native (Colour Plate 3e).

The palmyra (Borassus flabellifer), ubig-
uitous in India, yields clusters of fruits
weighing 22.5-45 kg. Red-brown to orange
when ripe, they taste like mangoes but are
somewhat oily (Dahlgren, 1944). Borassus
aethiopum (Fig. 1.3c) is a similar species,
of immense importance in local economies
in West Africa (Johnson, 1984).

Fruits of many wild palms are consumed
locally. In tropical South America, these

include Aiphanes spp., Ammandra
dasyneura,  Astrocaryum aculeatum,
Jessenia  spp., Maximiliana  maripa,

Mauritiella aculeata, M. flexuosa and
Phytelephas tenuicaulis. Juice is extracted
from fruits of Jessenia bataua, Oenocarpus
spp. and Euterpe oleracea (Braun, 1968;
Atchley, 1984; Pedersen and Balslev, 1992;
Kahn, 1997).

As sources of vegetable oil, several
species additional to African oil palm and
coconut are important. These include the
babassu (Orbignya martiana), which pro-
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duces an abundance of fruit containing up
to 70% oil (Anon., 1975). This palm is an
important resource for over 300,000 fami-
lies in the state of Maranhdo, Brazil
(Pinheiro and Ferro Frazdo, 1995).
Additional species of Orbignya are rich
sources of oil, as are Astrocaryum spp.,
Scheelea spp., Oenocarpus spp., Jessenia
spp. and many other palms.

The extremely hard endosperm of
Phytelephas has a consistency reminiscent
of ivory, for which reason it is called ‘veg-
etable ivory’. It was formerly a major
export item from Ecuador and used exten-
sively for manufacturing buttons. Plastics
have largely supplanted this use. It is now
used for carvings, some of which show
exquisite skill (Barfod, 1989; Dalling et al.,
1996). The hard endosperm of some
species of Metroxylon (syn. Coelococcus)
are similarly carved.

Fruits and other parts of plants have bio-
logically active compounds, i.e. that may
be either toxic or medicinal at certain con-
centrations. The toxicity of a biologically
active compound depends upon its con-
centration. In fruits of some palms, natu-
rally occurring concentrations of some
substances are toxic. Needle-shaped crys-
tals of calcium oxalate in the mesocarp
cause dermatitis in people that handle
some palm fruits, and the concentration of
these differs widely among species
(Broschat and Latham, 1993).

In recent years, saw palmetto, Serenoa
repens, has become one of the best-known
medicinal plants. Medical researchers have
shown that an extract of the fruits (referred
to in the trade as ‘berries’) is effective in
treatment of benign prostatic hyperplasia, a
malady common in men of 50 years of age
or older. This is an example of an ancient
folklore herbal remedy that has been vali-
dated by science (Elehambry and Hansel,
1969; Braeckman, 1994; Carraro et al.,
1996; Plosker and Brogden, 1996;
Bombardelli and Morazzoni, 1997).
Currently, about 6.8 million kg of the fruits
are harvested per year in Florida. Although
S. repens is the most abundant palm in its
native range in the south-eastern USA, fruit
collecting from wild palms poses a conser-

vation problem, since they are an impor-
tant food for native black bears and several
other forms of wildlife (Bennett and
Hicklin, 1998). A possible solution may be
to cultivate saw palmettos in ‘orchards’.

Trachycarpus fortunei has long been
considered to be a medicinal plant in
China, and several compounds from this
species have been researched in modern
times (Essig and Dong, 1987). The roots of
Syagrus inajai are used in traditional medi-
cine in  Amazonia (Kahn, 1997).
Undoubtedly, many compounds of medici-
nal value await discovery in the palm fam-
ily.

The fruits of the areca-nut palm, Areca
catechu, are prepared by wrapping parings
of the palm fruit in the leaf of a vine, Piper
betle. These are consumed in some parts of
Asia and Oceania as betel-nuts, a mild
stimulant. The palm is thus an economic
plant and the horticulture, pests and dis-
eases of this palm are subjects of scientific
research. Unfortunately, consumption of
betel-nuts may adversely affect human
health (Winstock et al., 2000).

The hearts (buds, or apical meristem) of
most palm species are edible and the
flavour and consistency of some species,
including coconut palm, Astrocaryum
jauari, Sabal palmetto, Euterpe spp., B.
gasipaes and others, are superior. A disad-
vantage of this use of palms is that destruc-
tion of the meristem is fatal. Bactris
gasipaes, however, is a cespitose (multiple-
stemmed) palm and thus orchards can be
sustained by removing only selected stems
at harvest.

Hapaxanthic palms, such as sago palm
(Metroxylon sagu), accumulate starch in the
parenchyma of the stem for 10-25 years.
The peak quantity of starch just prior to
flowering may amount to 250 kg. Thought
to be native to New Guinea and the
Moluccas, the sago palm is naturalized and
is a main source of carbohydrates through-
out South-East Asia. The starch is har-
vested by felling entire palms (Sastrapradja
et al., 1978). After starch production, the
palms can be used for palm-weevil grub
production (see Box 5.3). The palms are
thus far abundant, but, as pressure is
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placed on this resource, steps should be
taken to ensure their conservation.

The sap of various species of palms may
be fermented to make beverages, such as
beer or wine, variously known as toddy,
tuba and  sagueir (Siebert, 1999).
Distillation of fermented sap yields arrack,
a potent liquor. Sap may be boiled down to
jaggery (unrefined palm sugar). In India,
the wild date palm (Phoenix sylvestris) is
tapped by clearing an area of the crown of
fronds and cutting a cavity, where the sap
collects. The flow can be kept going for
several weeks. The Canary Islands date
palm (P. canariensis) is similarly tapped in
the Canary Islands. Other palms, e.g.
Borassus flabellifer, are tapped by cutting
the stalk of the male inflorescence and
bruising it by gentle malleting for several
days (Romera, 1968). The black sugar palm,
Arenga pinnata, in tropical Asia and the
African wine palm, Raphia vinifera, are
tapped in this way. A somewhat similar
method is used to tap coconut palms in the
Philippines. Cut inflorescences of nipa
palms (N. fruticans) yield 1-2 1 sap day*.
Extensive swamps populated by this palm
border many islands and coastal areas of
Asia. Since the palms are of short stature,
the sap can be collected without climbing
and can usually be transported by water.
Nipa swamps are a potentially rich source
of energy (Dahlgren, 1944; Corner, 1966).

The fronds of the carnauba wax palm
(Copernicia prunifera) have an unusually

thick coating of wax, which is thought to
be an adaptation to its arid habitat in
north-eastern Brazil. Harvesting is carried
out by pruning the fronds and putting them
through a process that loosens the wax.
Carnauba wax is much esteemed for furni-
ture, vehicle and floor polishes, and was
formerly used extensively in gramophone
records (Dahlgren, 1944; Johnson, 1998).

Palm flowers are generally visited by
bees, and some palm species are consid-
ered important melliferous plants. In
Florida, ‘palmetto honey’ is preferred by
many people.

Finally, an important category of use of
palms is as ornamental plants. No more
than about 4% of the species are of wide-
spread importance in environmental (i.e.
ornamental) horticulture. These are species
that are relatively easy to propagate, in
most cases fast-growing, adaptable to urban
landscapes or interiorscapes and reason-
ably resistant to pests and diseases.
However, amateur and professional palm
growers, motivated by curiosity and enthu-
siasm for these plants, have brought a large
diversity of species under cultivation in
public botanical gardens and private col-
lections of living palms. For example, the
living palm collection of Fairchild Tropical
Garden in Miami, Florida, contains 193
genera and 500 identified species of palms
All palm species have potential value as
ornamental plants, as each is interesting
and attractive in its own way.
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Defoliators of Palms

There is no more effective eating machine than the caterpillar devouring a leaf; and no more
effective reproducing machine than the female moth.
(Howard Evans, American entomologist. Life on a Little-known Planet.

There are three general ways in which
insects utilize living leaves of plants as a
food resource: (i) by rasping the exterior
surfaces so as to release plant juices and
imbibe them; (ii) by piercing into the tissue
to feed on plant juices; and (iii) as defolia-
tors, i.e. by chewing and consuming the tis-
sue itself.

Defoliators possess at the anterior of
the mouth a pair of unsegmented and
strongly sclerotized appendages, known as
mandibles (Fig. 2.15c). Mouth-parts of this
type are often referred to as ‘chewing’ or
‘biting’ mouth-parts. Insect mandibles
operate transversely (i.e. swinging like
gates) to bite, cut and crush material and,
in insects such as certain Hymenoptera
(Fig. 2.8), mandibles are used to hold
objects so they can be moved and posi-
tioned, to shape nest material, groom
antennae and legs, etc. Mandibles are
tapered toward the mesal edge, which typi-
cally is serrated, facilitating cutting action.

Defoliators conform to the basic plan of
the class Insecta as that of an animal that
eats solid food. The mouth-parts of those
that feed on liquids, e.g. the tubelike
mouth-parts of adult Lepidoptera, the

University of Chicago Press, 1948)

piercing—sucking mouth-parts of Hemip-
tera, the sponging mouth-parts of some
Diptera, etc., are considered specialized
mouth-parts that have evolved from chew-
ing mouth-parts.

The presence of chewing mandibles is
characteristic of the majority of the orders.
In endopterygote orders, in which the ima-
gos have specialized mouth-parts (i.e.
Lepidoptera, Diptera), the immature stages
have chewing mandibles or very similar
structures.

For hundreds of millions of years, myr-
iad pairs of insect mandibles have consti-
tuted a great natural force that has shaped
life on this planet. The mandibles are typi-
cally the strongest and hardest major struc-
tures of insects, enabling different species
to bore dense wood, penetrate hard seed-
coats, lacerate the cuticles of arthropod
prey and construct galleries in compacted
soil. They are ideal tools for chewing leaf
tissue.

As food sources of insects, palm fronds
have the advantages of abundance and
availability throughout the year, but a dis-
advantage is their fibrous nature. Basically,
the photosynthetic tissue of palms is

33
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contained in extremely large leaves,
which arise from a central stem, rather
than, for example, small leaves supported
by woody branches that seek the sunlight,
as in arborescent dicotyledonous plants.
Because they are required to support their
own weight and sometimes strong wind
loads, palm fronds tend to require rela-
tively strong internal support, which is
provided by a relatively high density of
sclerenchymous fibres. The fibres and thus
the weight of a palm frond are concen-
trated in the petiole and rachis. In most
palms, these are exceedingly tough and
strong and yet flexible. The long, narrow
pinnae of pinnate palms are supported by
lengthways-running fibres, which are well
distributed across the lamina, although
concentrated in the midveins and, to a
lesser extent, in marginal veins. Leaf seg-
ments of palmate palms are similarly
fibrous.

The fibrous nature of palm-leaf tissue
would appear to be a challenge to
mandibulate phytophagous insects, and
could be a major reason why representa-
tives of relatively few insect orders have
evolved adaptations to utilize palms.

The major orders of chewing insects that
are of primary significance as plant defolia-
tors are the exopterygote orders Orthoptera
and Phasmida and the endopterygote
orders Lepidoptera, Coleoptera, Diptera
and Hymenoptera. All but the last two
orders are significant on palms. The order
Lepidoptera is the most widely represented
on palms in different regions and contains
the larger number of pestiferous species.
Second in importance is Coleoptera.
Several species of Orthoptera and
Phasmida are defoliators on palms in
Oceania, and species of Orthoptera are
occasionally pests of palms elsewhere.
Sawflies (Hymenoptera: Symphyta) are the
main group of Hymenoptera that feed on
plants. They are unknown on palms. In
the American tropics, leaf-cutter ants
(Hymenoptera: Formicidae) are sometimes
defoliators of palms and many dicotyledo-
nous trees. However, they do not actually
consume leaf tissue but utilize it to culture
a fungus, which is their food source. Many

Diptera attack plants, usually as fruit flies,
stalk borers or leaf-miners. Some fruit flies
attack palm fruits (Lepesme, 1947), but oth-
erwise the order is not represented by phy-
tophagous insects on palms.

Lepidoptera
Forrest W. Howard and Reynaldo G. Abad

Imagos in the order Lepidoptera are clothed
with overlapping flat setae, or scales (Fig.
2.1). Most Lepidoptera imagos have elongate
bodies and functional wings, which are
large in relation to the body, and functional
mouth-parts, with the galea of the maxillae
greatly elongated, grooved internally and
coupled to form a tubular proboscis,
through which liquids are drawn, including
plant nectars, water from puddles and many
other liquids (Scoble, 1992). The larvae of
most species are phytophagous.

Systematic and biogeographical
considerations

The Lepidoptera, which include the butter-
flies and moths, are one of the largest
orders of insects, with perhaps 200,000
described species and as many as 500,000
described and undescribed species.

Butterflies and moths have long been rec-
ognized in popular cultures as two distinct
but related kinds of insects, e.g. les papil-
lons and les papillons de nuit, respectively.
Earlier entomologists placed butterflies in
the suborder Rhopalocera (clubbed anten-
nae) and the moths in the suborder
Heterocera (variable antennae), and an
impression that they are the two major and
more or less equal divisions of the
Lepidoptera persists among non-specialists.
Perhaps this is partly due to biased observa-
tions: although butterflies constitute only
one of 41 superfamilies of this order and
perhaps about 10% of the species, they are
diurnal and conspicuous; moths predomi-
nate, but they are nocturnal and a large pro-
portion of them are small and drab.

In another earlier classification, three
suborders were recognized, namely the
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Fig. 2.1. Scales (SEM view) of the imago of Thosea sp. (Lepidoptera: Limacodidae), a palmi-
vorous species of the Philippines. The scales that cover the body and wings of imagos of
Lepidoptera are modified (flattened) setae, which are unique to this order of insects.

Jugatae, Frenatae and Rhopalocera, the first
two of these suborders being separated on
the basis of structures that couple the fore-
and hind-wing, and the Rhopalocera con-
stituting the butterflies, as in the system
previously mentioned.

According to a recent concept (Scoble,
1992), the more primitive families, which
correspond roughly to the Jugatae, are
referred to as monotrysian, while two
advanced assemblages are the lower and
higher Ditrysia. (The term ‘Ditrysia’ refers
to the presence in the females of two geni-
tal apertures, one that receives the male
intromittent organ during copulation and
the other through which eggs pass during
oviposition. Monotrysian Lepidoptera use
one aperture in both functions.) The lower
and higher Ditrysia include 98% of known
species of Lepidoptera.

The lower Ditrysia, together with the
monotrysian groups, constitute what some
authors refer to as the Microlepidoptera.
They are relatively small, often dull brown
or greyish-coloured moths and their cater-
pillars have a proclivity towards concealed
feeding as borers, web-makers or leaf-
miners. The higher Ditrysia are known by
some authors as Macrolepidoptera. This

assemblage includes larger, often more
colourful, moths, such as the Geometridae,
Noctuidae, Saturniidae, Hesperiidae and
the superfamily Papilionoidea.

Thus, the majority of species of
Lepidoptera, i.e. moths, are generally noc-
turnal. The antennae are usually filiform,
but there are variations, such as pectinate
antennae, and the antennae of the males of
many species are plumose. When at rest,
the wings are tectiform (rooflike) or
wrapped around the body.

In the butterflies, the terminal segments
of the slender antennae are dilated, giving
them a club shape. They generally have
large, colourful wings and are day fliers.
The wings of Papilionoidea are held out
horizontally or vertically when at rest.

Of the 41 superfamilies and 107 families
of Lepidoptera recognized by Scoble
(1992), ten families contain species consid-
ered to be significant defoliators of palms.
In fact, only Limacodidae, Hesperiidae and
perhaps Nymphalidae could be said to be
amply represented by species on palms.
This seems a small representation of
Lepidoptera for a large plant family that is
distributed throughout the warm regions of
the world, where insect diversity is
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highest. In contrast, species of at least three
times as many families of Lepidoptera have
been reported as defoliators of one
dicotyledonous genus, Quercus (Fagaceae),
which has about 300 species (Covell, 1984;
Johnson and Lyon, 1991). Of course, some
collecting bias may be assumed, since
Quercus is of immense economic interest
and is distributed mostly in the north tem-
perate zone. Large families of Lepidoptera
that are well represented among arboreal
defoliators, but not among palm defolia-
tors, include the Geometridae (loopers) and
Noctuidae, which together contain about
25% of known Lepidoptera (Scoble, 1992).
Additional large families that are often
associated with dicotyledonous trees but
rarely, if at all, among palm defoliators
are the Tortricidae, Gelechiidae and
Gracillariidae. Several species of Arctiidae
and Lymantriidae, large families with
many tree defoliators, are listed by
Lepesme (1947), but these are rarely men-
tioned in other studies of insects of palms.
In summary, fewer families of Lepidoptera
are represented on palms than might be
expected, given such advantages to insects
as the continual availability of foliage
throughout the year and the excellent pro-
tection offered by the fronds. The super-
families and families of importance on
palms are listed in Table 2.1.

In tropical Asia, Oceania and Africa,

Table 2.1. Defoliators of palms.

Lower Ditrysia

Higher Ditrysia

Tineoidea
Psychidae

Gelechioidea
Oecophoridae
Agonoxenidae
Coleophoridae

Zygaenoidea
Zygaenidae
Limacodidae

Pyraloidea
Pyralidae
Pyraustinae

Hesperioidea
Hesperiidae
Hesperiinae

Papilionoidea
Nymphalidae
Amathusiinae
Brassolinae
Satyrinae

Bombycoidea
Saturniidae

eight families are important on palms,
namely Nymphalidae (subfamilies Ama-
thusiinae and Satyrinae), Hesperiidae,
Psychidae, Oecophoridae, Agonoxenidae,
Zygaenidae, Limacodidae and Pyralidae.
Six of these families of Lepidoptera are
represented among defoliators of palms in
the American tropics. Psychidae, Oeco-
phoridae, Limacodidae and Hesperiidae
are represented in the fauna on palms in
both hemispheres.

The Nymphalidae are represented
among defoliators of palms in both eastern
and western hemispheres, but by different
subfamilies, namely Amathusiinae and
Brassolinae, respectively. Satyrinae are dis-
tributed worldwide, but are more promi-
nent on palms in the eastern hemisphere.

In summary, Lepidoptera are generally
better represented on palm foliage in Asia
than in the Americas and have the poorest
representation in Africa. This pattern fol-
lows that of the diversity of palms in these
respective regions, as discussed by Corner
(1966). Four families are well represented
on palms in both hemispheres.

General bionomics and relationships of
Lepidoptera with palms

All but a small minority of species of
Lepidoptera are phytophagous in the larval
stage. They are among the most important
pests of agricultural crops, forest trees and
ornamental plants. Larvae of Lepidoptera,
called caterpillars, are eruciform (worm-
like), with a well-defined head, thorax and
abdomen. The heavily sclerotized head
capsule bears powerful mandibles for
crushing leaf tissue. The labium bears a
spinneret, which produces silk, which the
caterpillar uses as a sort of safety line to
prevent being blown out of trees, for bal-
looning (i.e. riding air currents), for tying
leaves and for spinning cocoons. A distinct
thorax bears three pairs of legs. In most
families abdominal segments 3 to 6 plus
segment 10 bear prolegs. This is an adapta-
tion for feeding externally on plants, for
caterpillars can attach to surfaces that can
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be penetrated by their tarsal claws and the
crochets, i.e. tiny hooks on their prolegs
(Fig. 2.2). Because the prolegs are short in
relation to the body, the caterpillar clings
closely to the plant. Caterpillars of the fam-
ily Limacodidae are further modified for
close contact with the plant surface by the
loss of the prolegs. With speed of long legs
sacrificed for stability on plant surfaces
and compensated for by the mobility pro-
vided by their silk lines, caterpillars are
adapted for life on aerial plant parts, par-

ticularly in the arboreal habitat. Less spe-
cialized caterpillars feed externally on
leaves, but many species are specialized to
utilize main stems, twigs, fruits, seeds and
other plant parts. In cryptophagic caterpil-
lars, i.e. those that bore within plant tissue,
legs and prolegs are usually absent or not
well developed.

In most species of Lepidoptera, the pre-
pupal caterpillar forms a cocoon around
itself and then passes into the pupal stage.
It is during the culmination of larval

Fig. 2.2. The larvae of Lepidoptera that feed externally on plants move on prolegs, which bear
hooked crochets. SEM views showing (a) prolegs of caterpillar of Automeris io (Lepidoptera:
Saturniidae), and (b) detail of crochets. This species attacks palms in Florida.
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development that caterpillars spin silk to
fabricate the cocoon, in many species
incorporating leaf fragments and other
debris. The pupal stage of butterflies
(higher Ditrysia) has a special name: the
chrysalis. The chrysalis is typically
exposed, rather than enclosed in a cocoon,
and is suspended from host plants or other
objects by caudal hooks, known collec-
tively as the cremaster. The prepupa spins
a ‘silken girdle’ and attaches it to the
object, providing stability. However, some
species of skippers make a thin cocoon in
the larval shelter or in litter underground.
Host-plant specificity may be viewed as
an evolutionary advancement. Caterpillars
of the less advanced moth taxa, e.g. lower
Ditrysia, are more often polyphagous,
while those of more advanced families, e.g.
Hesperiidae and Papilionoidea, have nar-
rower host ranges. Psychidae, a lower dit-
rysian family that is represented on palms
by several species in different zoogeo-
graphical regions, have broad host ranges.
Those that attack palms are polyphagous,
utilizing dicotyledonous as well as mono-
cotyledonous hosts. Limacodidae, one of
the best-represented families on palms, is a
somewhat more advanced family of lower
ditrysian moths. Based on what is known
of limacodids, some species apparently
have quite narrow host ranges, while oth-
ers are highly polyphagous. But, while they
are not always restricted to monocotyle-
dons, they are particularly well adapted to
them; apparently, many species of the fam-
ily prefer palms (Godfray et al., 1987;
Holloway et al., 1987). Other large to
medium lower ditrysian families, i.e.
Oecophoridae, Coleophoridae, Zygaenidae
and Pyralidae, are represented on palms by
one or a few species that are highly specific
to this plant family. The Agonoxeninae, a
subfamily of the small lower ditrysian fam-
ily Agonoxenidae, occurs only on palms.
The higher ditrysian families Hesperiidae
and Papilionoidea, the species of which
tend to have narrow host ranges, are each
represented on palms by several species
that are restricted to monocotyledons and,
in some cases, to palm hosts. However,
few, if any, lepidopterous defoliators of

palms are truly monophagous, i.e.
restricted to a single palm species.

Brassolinae and Satyrinae are two
closely related subfamilies of the

Nymphalidae (Papilionoidea), which uti-
lize monocotyledons as larval hosts.
Caterpillars of Brassolinae feed on leaves of
Musaceae, Marantaceae and Palmae, and
those of Satyrinae on Palmae and
Gramineae. Young (1980) postulated that
the narrow host ranges of species of these
families may be adaptations to forests in
which palms are major components, or to
secondary forests with large patches of
grasses and other monocotyledons. In con-
trast, highly polyphagous species would
seem to be best adapted to forests with
diverse angiosperms and with a lower pro-
portion of palms. These forests may be the
original habitat of the more polyphagous
Lepidoptera that attack palms, such as
Psychidae and Limacodidae.

Caterpillars that feed on foliage of palms
and other monocotyledons have overcome
certain barriers associated with this
resource, the most formidable of which
would appear to be its low nutritional
value, as a high percentage of it consists of
indigestible cellulose fibres. The larval
stages of palmivorous Lepidoptera are of
relatively long duration, typically more
than a month, a characteristic that Godfray
et al. (1987) suggested may be related to
the low nutritional value of the highly
fibrous tissue of palm foliage. Indeed,
caterpillars develop more slowly on artifi-
cial diets rich in cellulose, because it acts
as a diluent of dietary nutrients (Wheeler
and Slansky, 1991). However, in comparing
larval development of an insect species on
different host plants, it would be difficult
to isolate the influence of fibre content
from that of other chemical and physical
factors. In fact, other factors may surpass
fibre content in importance. For example,
in comparing the larval development of the
polyphagous Automeris io on excised
foliage of three monocotyledonous and
two dicotyledonous species previously
reported as hosts of this caterpillar, sur-
vival rate was higher and the pupal stage
was reached earlier on two of the mono-
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cotyledons, namely coconut palm (highly
fibrous) and banana (relatively tender).
Survival was poorest and the larval stage of
survivors most prolonged on date palm and
tamarind. The most obvious characteristic
of date palm foliage that could deter larval
development is its high fibre content, i.e.
toughness. Poor survival on excised
tamarind foliage was perhaps related to
plant chemistry or to relatively high water
loss of the excised foliage (F.W. Howard,
unpublished). Experiments with intact
foliage of the same species might reveal a
different array of host-plant preferences,
but with the same difficulty of isolating
fibre content as a factor.

The caterpillars of many species of
Limacodidae bear urticating setae, as do
the few species of Saturniidae associated
with palms (Colour Plates 4e, f and 5f, Figs
2.9, 2.11 and 2.15d, e). The tissues of all
life stages of many species of the family
Zygaenidae, a few species of which are
important on palms, secrete a defensive
chemical. Godfray et al. (1987) suggest that
the powerful defence of the urticating setae
of limacodids may be an especially impor-
tant adaptation for these larvae, because
they remain exposed for relatively long
periods of development. Stated another
way, protection by urticating setae may
have evolved in response to predator pres-
sure against the relatively long larval sta-
dium. This combination of characteristics
could have evolved as an adaptation to life
on palms or on other arboreal hosts, mak-
ing it possible for limacodids to invade
palms. That is, a short larval stage is proba-
bly not possible on fibrous palm foliage;
thus the protective mechanisms that may
have evolved on other arboreal hosts may
have been an important adaptation that
permitted them to utilize palm foliage.

The urticating spines of caterpillars are
like tiny injection needles with poison
glands at their bases (see especially Fig.
2.15). One needs only to brush against one
of them to get a dose of a substance that
causes, in most people, a low, burning
pain, inflammation and swelling. A large
portion of the venom of saturniids appears
to be a protease, i.e. an enzyme that breaks

down proteins, but there are other compon-
ents, such as histamine, a highly irritating
substance, which is a major component of
the venom of some wasps and bees and is
also produced by cells of the human body
in response to certain stresses.

One might think that the stings of cater-
pillars, fire ants, bees and wasps are basi-
cally the same, but biochemists so far have
found that, although venom of different
species may contain substances in com-
mon, such as histamine, the combination
of different substances is unique for each
species. Thus, we would expect that a per-
son may tolerate the venom of some
species and be highly sensitive to those of
other species. And, of course, individuals
differ in their sensitivity to insect venoms
in general. Since these stings are irritating,
but otherwise are not well understood
chemically, it is a good policy to avoid con-
tact with these caterpillars as much as pos-
sible. The spines of some species readily
break off in the skin, and thorough rinsing
of an affected site with water may dislodge
fragments and prevent a reaction. We have
found that antihistamine swabs, sold for
first-aid treatment of stings of wasps and
bees, alleviate the swelling, redness and
pain of caterpillar stings. Some medical
doctors recommend meat tenderizers, con-
taining papain (a compound in papaya),
which may act on the proteins in the
venom. Possibly sap from freshly cut
papaya may have similar effects, although
this itself may be allergenic to some peo-
ple. Aloe sap also seems to help alleviate
the effects of some caterpillar stings.

Caterpillars with protective spines or
which are otherwise distasteful or toxic to
predators commonly have combinations of
bright colours in patterns that are conspic-
uous against palm fronds. These are gener-
ally thought of as aposematic, or ‘warning’,
colours, which birds, lizards and other
higher predators learn, through experience,
to avoid. Caterpillars that are not well pro-
tected by chemical defences are likely to be
camouflaged by colours that blend well
with leaf surfaces.

Caterpillars of the family Psychidae (bag-
worms), which are represented by a few
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species that utilize palm foliage, protect
themselves by strong bags, which they
weave of silk, incorporating plant fibres
and other materials. Insects can also be
protected by various behavioural traits, for
example, confining feeding activity to the
hours of darkness.

In summary, adaptations that protect the
insect during a long period of exposure,
while not unique or highly specialized,
seem to be especially important advantages
for defoliating caterpillars associated with
palms.

Caterpillars tend to attack the older,
rather than the younger, fronds of palms.
Corbett (1932) suggested that this may be
related to the greater protection from sun
and other elements afforded by horizontal,
as opposed to vertical, fronds. Similarly,
they prefer the shelter of the abaxial sur-
faces. A notable exception, Zophopetes
cerymica, typically feeds on the adaxial
surface of older palm fronds.

There have been few cases in which lep-
idopterous defoliators of palms have been
introduced far outside their ranges (but see
Opisina arenosella and Homaledra sp.).
Most are native to their respective regions.
Although caterpillars of various species are
common in plantations, they normally
occur at low population densities, regu-
lated by biotic factors, with which they
have presumably co-evolved, usually
including parasitic species of Braconidae,
Chalcidae, Ichneumonidae and other fami-
lies of the order Hymenoptera, and species
of the family Tachinidae and perhaps other
families of the order Diptera. Microbial
pathogens, including especially fungi and
viruses, are known to attack many species
of these Lepidoptera and, in some species,
are considered to be of major importance in
regulating populations. Predators, such as
reduviid bugs (Hemiptera), spiders, etc.,
attack caterpillars on palm foliage but gen-
erally make less of an impact on the host
populations than do parasitoids.

Significant damage to plantation palms
by caterpillars is usually in the form of
occasional outbreaks, which probably
occur when natural population regulation
deteriorates for some reason. These out-

breaks can be devastating and difficult to
manage. Insects whose populations on
crops are usually insignificant but which
occasionally explode to pest levels may be
more damaging than perennial pests. This
is because a farmer is apt to have a system
in place for managing predictable peren-
nial pests, but may be unprepared to con-
tend with a problem caused by a different
pest that develops suddenly.

Pesticides have become an important
tool in agriculture, because of the ease,
rapidity and economy with which they can
be used to control pest populations and
their damage. But, although pesticides may
quickly and effectively reduce the target
pest population, the adverse effects on nat-
ural enemies have often outlasted this ben-
efit (Wood, 1968; Syed and Shah, 1977).

The fact that the damage caused to a
plantation by a caterpillar outbreak
increases with the duration of the outbreak
provides incentive for early intervention
with pesticides. On the other hand, the
longer an outbreak continues, the more
likely it becomes that natural enemies will
begin bringing the pest population under
control. This is a common dilemma in pest
management.

Although pesticides are believed to have
indirectly caused many of the outbreaks of
caterpillars on palms, some outbreaks of
caterpillars have been observed in planta-
tions where pesticides were not used.
Thus, other factors have been considered.

Dry conditions seem to be conducive to
high population density of caterpillars on
palm foliage. This is particularly well
known in limacodids, e.g. Darna nararia in
India and Sri Lanka (Menon and Pandalai,
1960), Mambarilla rotunda in India and
Birthosea bisura in various localities in
South-East Asia (Holloway et al., 1987).
Outbreaks of Darna catenatus in Sulawesi
and New Guinea were observed in the dry
season and in Sulawesi were associated
with dry years (Lever, 1979; Holloway et
al.,, 1987). During an atypical drought,
which lasted from December 1982 to May
1983, in the Philippines, there were several
outbreaks of Penthocrates zelaznyi on
coconut palm on Mindanao and an out-



Defoliators of Palms 41

break of Penthocrates rufofascia on
coconut palm on Luzon (Holloway et al.,
1987). This drought affected a large area of
South-East Asia and is thought to have
been linked to the El Nifio southern oscilla-
tion phenomenon (Salafsky, 1994). Out-
breaks of the coconut palm zygaenid,
Artona catoxantha (Zygaenidae), have usu-
ally occurred during drier months (Lever,
1953). The chief effect of drier weather
may be to inhibit the activity of natural
enemies. Dry conditions are generally
known to be unfavourable for the develop-
ment of entomogenous fungi. Parasitic
wasps and flies may also be adversely
affected. For example, in southern India,
populations of Trichospilus pupivora, a
natural enemy of a coconut caterpillar,
O. arenosella (Oecophoridae), became
extremely sparse during the dry season
from March to May and flourished during
and immediately after the rains from July
to February (Anantanarayanan, 1934). Dry
weather may also be favourable to caterpil-
lars, because they are not subjected to the
direct effects of rain. Heavy rains may
decimate the weak adult moths of Hidari
irava (Hesperiidae). Birthamula chara
(Limacodidae) has occurred in outbreaks in
September at the beginning of the rainy
season in Sumatra (Holloway et al., 1987),
but possibly the major population increase
was in the preceding dry season.

Outbreaks of caterpillars of various
species in plantations have followed elimi-
nation of ground cover by herbicide treat-
ments and by wildfires. Herbaceous ground
cover may provide important nectar
sources for adult Hymenoptera that as lar-
vae parasitize caterpillars (Gabriel, 1976;
Syed and Shah, 1977).

The closure of the canopy as a plantation
matures, thus facilitating the movement of
caterpillars between palms, and the occa-
sional emergence of genetic strains of
moths prone to epizootics have been sug-
gested as additional possible factors that
may lead to outbreaks (Syed and Shah,
1977).

Although caterpillar outbreaks have
been attributed to the indirect effects of
factors described above, Syed and Shah

(1977) pointed out that caterpillar popula-
tions often remain stable in palm planta-
tions in spite of the prevalence of a
condition such as drought, lack of ground
cover or application of a broad-spectrum
pesticide. They interpreted this as evi-
dence that outbreaks may usually be the
result of combinations of such factors,
rather than a single factor.

If insecticides are used at all, their use
should be limited, so as to minimize direct
loss of natural enemies and to leave tolera-
ble reserves of populations of the pest
insect to serve as hosts for the natural ene-
mies. Insecticide use may be reduced or
eliminated by monitoring caterpillar popu-
lations and applying insecticides only
when census figures indicate that treatment
is economically justified. Wood (1968)
describes census methods for caterpillar
pests of oil palms, which include periodic
field visits and counts of caterpillars on
fronds of palms near predetermined census
points. The number of caterpillars on two
fronds each of three adjacent palms are
determined. Visits may be trimestral when
there is no outbreak, and more frequent
when the census indicates an important
population increase. Insecticides are
applied when the numbers of insects reach
a certain index that indicates economic
damage. These have been recommended
for numerous species of caterpillar pests of
palms. They have been based mostly on
intuitive interpretation of field observa-
tions.

Pest management methods applicable to
plantations may be likewise applicable to
controlling lepidopterous defoliators on
ornamental palms in certain situations,
such as field nurseries, which typically
consist of blocks of single species, and city
landscapes in which a particular plant
species is predominant. Such monocul-
tures are likely to be conducive to out-
breaks of defoliators similar to those
experienced in plantations. In general, the
incidence of such outbreaks is expected to
be less in landscapes in which palms are
incorporated with dicotyledonous trees
and in which a diversity of palms is
planted. Occasional attacks by caterpillars
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on such palms would not usually cause
sufficient aesthetic damage to warrant
treatment. However, in areas of high recre-
ation use, such as around resort hotels,
parks and other tourist facilities, there may
be a low tolerance for caterpillars, espe-
cially limacodids, because of the possibil-
ity of injury due to their urticating setae. In
such situations, pests may often be man-
ageable with simple mechanical control,
e.g. hand-picking.

Important lepidopterous defoliators of palms
Tineoidea

The Tineoidea are the most primitive
superfamily of the Ditrysia, with more than
10,000 known species. Important distin-
guishing characteristics of the very small to
medium-sized adult moths is that the pro-
boscis is reduced or lacks scales, there are
some erect scales on the frons and the
wings are often narrow, with reduced vena-
tion. The caterpillars are concealed feeders
in portable cases, tunnels, silken tubes, etc.
Clothes moths (Tinea spp.) are familiar
examples of this superfamily.

Psychidae
The Psychidae, known as bagworms, are
one of the most important tineoid families,
with about 6000 spp., most of which are
native to the eastern hemisphere. The adult
males are small to medium, typically dull-
coloured, winged moths. Females of most
species are apterous (wingless). The cater-
pillars live in bags, which they construct
by spinning silk, often incorporating plant
fibres or other matter (Colour Plate 4a). The
tubelike bag is open anteriorly to allow
feeding and posteriorly to permit ejection
of frass (solid excrement, usually in the
form of finely ground plant tissue). The
bags are built up in size as the caterpillar
grows, until finally the insects undergo
pupation in these bags. The winged males
leave the bag after eclosion from the pupal
case, but the apterous females remain in
the pupal case within the bag. Males have
extensible abdomens for penetrating the

bag to mate with the female. Females lay
eggs inside their pupal case within the bag.
The abdomen of the female bears a tuft of
deciduous setae, which are shed at oviposi-
tion and become mixed with the eggs. Most
psychids feed on angiosperms, but a few
attack gymnosperms, lichens and mosses.
Some bagworm species commonly
observed on trunks of palms in Florida and
perhaps elsewhere do not attack palm
foliage, but are thought to feed on lichens
or mosses on the trunks.

Since females are apterous, they do not
disperse, but oviposit on the host plant on
which they developed. Larvae of Metisa
plana tend to remain on the same palm
frond where they hatched, but move to
new hosts in response to high population
pressure (Rhainds et al., 1998). Dispersal in
the caterpillar stage is mostly by young
instars before they begin construction of
the bag. In palmivorous species, caterpil-
lars disperse to new palms either: (i) by
crawling down the stem, over the ground
and up the stem of the new palm, or across
fronds that are in contact with adjacent
palms; or (ii) by swinging on their silk
strands or ballooning (Syed and Shah,
1977). Caterpillars swing on their silk
threads to move between fronds of the
same or adjacent palms. They may crawl to
the tips of leaflets and spin strands of about
1 m in length and be carried to new plants.
The dispersal of bagworms is obviously
facilitated where palms are densely
planted.

The unusually high fecundity and the
apterous condition of the females of
Psychidae seem somehow connected as a
survival strategy. In most Lepidoptera, the
female, with good host-finding abilities,
constitutes the main dispersal stage. In
Psychidae, reliance on ballooning larvae
for dispersal must result in high losses to
the population. The female’s unusually
high fecundity may compensate.

Bagworms of several species attack
palms in tropical regions. In South-East
Asia, three species are of primary impor-
tance: Mahasena corbetti, M. plana and
Cremastopsyche pendula (syn. Pteroma pen-
dula) (Syed, 1978).
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Mahasena corbetti, the coconut case
caterpillar, occurs in South-East Asia and
some islands of the Pacific, where it is a
serious pest of African oil palms. The adult
male moth is brown, with a wing-span of
25-30 mm. Females and immature stages
have the typical characteristics of
Psychidae, described above, including the
concealed habit in a silk bag, to which
overlapping pieces of leaf are loosely
attached. Maximum length of caterpillars is
44 mm for caterpillars that develop into
females and 30 mm for those that develop
into males (Sankaran, 1970).

Reported hosts, in addition to African oil
palm, include Areca sp., Arenga sp.,
coconut palm and diverse dicotyledonous
species (Corbett, 1932). It is a pest of
banana in the Philippines (Ostmark, 1974).
In a survey to determine the extent of infes-
tation of this insect in Sabah, localized
infestations of M. corbetti were observed
on African oil palm and Areca catechu, but
not on coconut palm. Among dicotyledo-
nous hosts, infestations were particularly
common on two leguminous trees, namely
Albizzia sp. and Delonix regia. In the labo-
ratory, the insect developed on several
legume species, as well as other dicotyle-
donous species (Syed, 1978).

Mating is typical of psychids. The
female, which may occupy the host plant
or another substrate, remains in the pupal
case within the silk bag. Within 24 h after
mating, the female begins to oviposit inside
the pupal case. Fecundity is relatively
high, compared with most Lepidoptera,
Wood (1968) reporting a maximum of over
3000 and Syed (1978) a mean of 2009 eggs
deposited per female. The egg incubation
period is 16 days. The larvae pass through
11 or 12 instars during 101-124 days
(Syed, 1978).

As caterpillars mature, they turn around
in the bag, changing from a feeding posi-
tion with their heads orientated toward the
plant surface, to a position more typical of
Lepidoptera pupae, i.e. with their heads
toward the distal portion of the bag, and
pupate. The pupal stage lasts 26 days
(Syed, 1978).

The early-stage caterpillars scarify the

abaxial surfaces of fronds. Caterpillars of
later instars chew the entire leaf tissue,
forming holes, and finally feed at the leaf
margins, causing notches (Corbett, 1932).
In addition to the holes and notches caused
by bagworm feeding, dried necrotic areas
are formed where they have fed on the sur-
face. Bagworms attack the middle and old-
est fronds of palms, the younger fronds
usually remaining free of damage.

According to Wood (1968), the impor-
tance of M. corbetti in relation to other
species of bagworms on oil palms declined
after the 1930s in the Malay Peninsula, but
it remained the principal pestiferous bag-
worm of these palms in Indonesia (Hartley,
1988) and Sabah (Syed and Shah, 1977).
Outbreaks of the coconut case caterpillar
are occasional but often severe. In out-
breaks in Sabah, 300-500 of these caterpil-
lars were commonly observed on a single
frond (Wood, 1968). It is common as a pest
of coconut seedlings in the Philippines
(Bigornia, 1977; Blancaver et al., 1977) and
may attack older coconut palms.

A complex of natural enemies normally
regulates populations of M. corbetti. The
relative importance of species of this com-
plex varies with locality (Wood, 1968;
Sankaran and Syed, 1972; Kamarudin et
al., 1996). Outbreaks of this insect in recent
decades have been attributed to the elimi-
nation of large segments of populations of
natural enemies by pesticides applied to
control various foliar pests. Contact pesti-
cides are believed to be especially inappro-
priate for bagworm control, as they seem to
have a differential effect, favouring these
well-protected caterpillars at the expense
of the relatively more exposed parasitoid
populations (Ostmark, 1974). Some sys-
temic insecticides applied by trunk injec-
tion are effective (Wood et al., 1974; Singh,
1986). Flooding and other factors that
reduce ground cover may result in popula-
tion increases of the pest (Siburat and
Mojiun, 1998). Conversely, maintaining
ground cover with nectariferous plants
enhances populations of natural enemies of
M. corbetti (Lay, 1996).

Entomopathogenic fungi (Siti-Ramlah et
al., 1994) and viruses (Ali et al., 1996) have
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been isolated from M. corbetti and are
being studied for control of this pest.
Applications of Bacillus thuringiensis have
thus far not been effective (Basri et al.,
1994).

Because dispersal of bagworms is lim-
ited to the larval stage, adhesive bands
wrapped round the stem have been used to
prevent the caterpillars from crawling up
into the foliage (Blancaver et al., 1977).
Hand-picking has been effective in control-
ling incipient infestations, e.g. on palm
seedlings in germination beds or container
nurseries.

When insecticides have been employed
to attempt to control large outbreaks of M.
corbetti, some difficulties have been
encountered. The caterpillars of this
species feed on the abaxial surface of
fronds, a factor that may have reduced the
effectiveness of aerial applications (Wood,
1968).

In the mid-1900s, two similar species of
bagworms, namely C. pendula and M.
plana, surpassed M. corbetti as important
bagworm pests of African oil palm in the
Malay Peninsula. Metisa plana became
dominant in that region (Wood, 1968) and
is also a pest of bananas in the Philippines
(Ostmark, 1974). Syed (1978) published
detailed observations on these three
species.

Additional bagworms on palms in India
and South-East Asia include the following
species:

® Acanthopsyche cana on coconut in Sri
Lanka.

® C(ryptothelea cardiophora on African
oil palm in Malaysia.

® Dappula tertia on African oil palm in
Malaysia.

® Metisa hypoleuca (syn. Acantho-
psyche hypoleuca) on coconut in Sri
Lanka.

® Metisa (syn. Acanthopsyche) griseoalba
on Nypa fruticans in Vietnam.

® Pteroma (syn. Acanthopsyche) nipae
on N. fruticans in Vietnam (Lepesme,
1947; Lever, 1979; Zhang, 1994).

Oiketicus kirbyi occurs in the Americas
from Mexico to Argentina (Colour Plate 4a;

Genty et al., 1978; Zhang, 1994). In the
West Indies, it was reported from Cuba
(Hochmut and Manso, 1982). The adult
males are similar to those described for M.
corbetti, but larger, with a wing expanse of
32-52 mm. Maximum length of the apter-
ous female is 60 mm (Genty et al., 1978).

A polyphagous insect, O. kirbyi is a pest
of various crops grown in areas with a trop-
ical wet (Af) or tropical wet and dry (Aw)
climate (see Box 1.1), being especially
destructive to banana and plantain planta-
tions (Stephens, 1962; Ostmark, 1974;
Ponce et al., 1979). A forest pest, it defoli-
ates eucalyptus in plantations in Brazil
(Campos Arce et al., 1987) and destroyed
up to 80% of the foliage of a mangrove for-
est in Ecuador (Gara et al., 1990). In the
1970s, it was recognized as a pest of
African oil palm (Genty et al., 1978).
Oiketicus kirbyi is a prolific species, with a
maximum egg production of 10,000 eggs
per female (Genty et al., 1978).

The sex pheromone of O. kirbyi has been
identified (Rhainds et al., 1994). In the
usual lepidopteran mechanism, sex
pheromone is released from abdominal
glands until mating occurs. The bagworm
mechanism is different. In the several
species that have been studied, including
O. kirbyi, females expel pheromone-
impregnated scales into the posterior end
of the bag to attract the males. It is not yet
known how males differentiate between
mated and unmated females. Possible
explanations are that the pheromone dissi-
pates relatively quickly from the scales and
thus the females are attractive for a limited
period, or that, upon mating, the females
are marked by an inhibitory semiochemical
produced by either the male or the female.
Males prefer larger females and females
that are positioned at relatively high sites
on palms (Rhainds et al., 1995a, b).

Oiketicus kirbyi is attacked by various
natural enemies (Ponce et al., 1979;
Delvare, 1992). Leguminous ground cover,
e.g. Pueraria phaseoloides, Centrosema
pubescens, Calopogonium spp., etc., is
thought to enhance parasitoid populations
by providing nectar sources (Mexzén and
Chinchilla, 1999). The burning of debris
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under palms should be discouraged,
because smoke may interfere with natural
enemies.

Some principles learned from experi-
ence in controlling bagworms on bananas
(Ostmark, 1974) seem applicable to bag-
worms on palms. Because the caterpillars
attach the bags to the leaf surface and feed
from within it, the bag remains attached
even if the larva dies. Dead and live cater-
pillars cannot be distinguished by the
appearance of the bag. Therefore, monitor-
ing dead and live bagworms to determine
the impact of natural enemies and thus
make decisions on timing of sprays or to
determine the degree of control with an
insecticide involves the difficulty of open-
ing the bags of each specimen to observe
the condition of the larva. Studies of bag-
worms as pests of bananas also revealed
that late-instar caterpillars tend to be resis-
tant to pesticides, possibly because of a
high lipid content or because the caterpil-
lars may remain in their bags and cease
feeding after the first contact with an insec-
ticide (Ostmark, 1974).

Thyridopteryx ephemeraeformis, a highly
polyphagous bagworm in eastern North
America, sometimes lives on the foliage of
Sabal palmetto in Florida (Johnson and
Lyon, 1991). Oiketicus abbotti has been
reported on palms in Florida and Jamaica
(Lepesme, 1947).

Gelechioidea: Oecophoridae

The Oecophoridae are the largest family of
the superfamily Gelechioidea, with about
4000 species, most of which are native to
Australia and other areas of the eastern
hemisphere. The adult moths are small to
medium-sized. The caterpillars are often
leaf-miners or borers in other plant parts
(Scoble, 1992).

Opisina arenosella (syn. Nephantis
serinopa), the coconut leaf-eating caterpil-
lar or coconut blackheaded caterpillar, is
native to southern India and Sri Lanka,
where it is a major pest of coconut palms
(Fig. 2.3). It was first described from speci-
mens collected in Sri Lanka in 1898 and
reported for the first time in southern India

in 1909. By 1923, it had apparently spread
to Bangladesh and Myanmar (Burma). The
expansion in coconut plantations during
the 20th century probably encouraged the
spread of this insect. Details of the bio-
nomics, distribution and biological and
other methods of control of this insect
published in the decades of the 1920s to
the 1950s were reviewed by Nirula (1956).
Ramachandran et al. (1979) and Cock and
Perera (1987) published more recent
reviews.

The medium-sized, light-greyish adult
female moths have a wing-span of
20-25 mm. The males are smaller and have
a slender abdomen, terminating in a promi-
nent tuft of scales, which provides a useful
means of separating the sexes. The caterpil-
lars (Colour Plate 4b) are greenish yellow
in the earlier instars and increasingly more
greenish in later instars. Their head cap-
sules and thoracic plates are black. Nirula
(1956) published a detailed description of
all stages, including all five larval instars.

Although the insect is best known as a
pest of coconut palm, palmyra (Borassus
flabellifer) is presumed to be the original
host of O. arenosella. Palmyra is native to
southern India and is commonly infested
with this insect, even in areas where
coconut palms are not grown. In a study
comparing four plants, the insect’s order of
preference for oviposition and feeding was
palmyra, coconut and banana, while A.
catechu was rejected (Murthy et al., 1995).
Additional reported hosts include Caryota
urens, Corypha umbraculifera, Phoenix
sylvestris, Hyphaene sp. and Roystonea
oleracea (Jayaratnam, 1941; Nirula, 1956;
Menon and Pandalai, 1960; Dharmaraju,
1963).

The imagos generally emerge from the
pupal case in the early morning hours, but
rest during the day on foliage or trunks of
palms or other objects near palms. When
on leaflets, moths typically align them-
selves parallel to the margins, with the
head directed upwards. The imagos regu-
larly imbibe nectars (Nirula, 1956). A sex
pheromone of the female moth has been
identified (Mumford et al., 1986) and
attraction of males to virgin females in the
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Fig. 2.3. Opisina arenosella (Lepidoptera: Oecophoridae), a pest of coconut palm in Sri Lanka
and India. (a) Pupa. (b) Larva. (c) Imago. (d) Damage to coconut leaflet. Redrawn from P.M.
Somasirimudali, in Mahindapala and Pinto (1991).

field has been observed (Fernando and
Chandrasiri, 1997). The sexes mate at dusk
one or a few days after eclosion and
females oviposit at dusk, beginning a day
after mating, continuing for about 2 days.
The behaviour of the imagos has been
described as ‘sluggish’ (Ramachandran et
al., 1979). They cling fast to palm foliage
tossed by winds or during moderately
heavy rains. They are poor fliers, a factor
that may have contributed to their rela-
tively slow rate of spread and the localized
nature of infestations. However, it is said
that strong winds prevalent in coastal areas
may carry imagos long distances.

The females lay 60-250 small, incon-
spicuous eggs (about 0.3 mm X 0.7 mm)
near the tips of leaflets of usually older
fronds. The eggs hatch within a week. The
caterpillar wanders for a time after hatch-
ing and then spins a silken shelter on
the abaxial frond surface, remaining in it

while feeding (Nirula, 1956; Menon and
Pandalai, 1960).

Aggregations of first-instar larvae occur
on the oldest fronds. Larvae tend to move
to younger fronds as they develop. Dense
populations of second to fourth instars may
occur on fronds 12-14 months of age,
while the fifth and sixth instars occupy
fronds of 2 months of age (Perera, 1987).

The total larval period of five or six
instars is about 40 days, during which the
caterpillar grows from a length of about
1.5-3.5 mm to about 20 mm. The sluggish,
pink prepupa spins an ovoid cocoon on the
abaxial surface of the frond. The pupal
stage lasts 9-14 days. The complete life
cycle takes about 2-23 months (Nirula,
1956; Menon and Pandalai, 1960; Lever,

1979).
Opisina arenosella attacks palms from
the  seedling  stage to  maturity

(Ramachandran et al., 1979). The caterpil-
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lars destroy abaxial leaf-surface tissue by
their feeding, causing parchment-like
necrotic patches. Population density may
reach five to ten larvae per leaflet, in which
case feeding results in extensive desicca-
tion of foliar areas and presumed reduction
in yield. Extraordinarily dense populations
have been observed, e.g. 100 first-instar lar-
vae per leaflet and 20-30 third- to fifth-
instar larvae per leaflet (Priyanthie
Fernando, personal communication). Damage
can be recognized as characteristic patchy
necrosis, with silk shelters and frass
deposits (Nirula, 1956; Menon and
Pandalai, 1960).

Reports of O. arenosella as a pest of
coconut palm were rare prior to the 1920s.
In recent times, it has been considered to
be the most serious defoliator of coconut
palm in India and Sri Lanka. There were
159 outbreaks in Sri Lanka during 20 years
(1965-1985) (Ramachandran et al., 1979;
Cock and Perera, 1987; Perera, 1987). In Sri
Lanka, most outbreaks occur between
October and February, when cooler temper-
atures inhibit the development of para-
sitoids (Perera, 1987; Priyanthie Fernando,
personal communication).

Natural control of O. arenosella usually
keeps this insect at tolerable levels. It
becomes a pest suddenly and temporarily
in localities where natural control tem-
porarily breaks down. Pest populations are
most often associated with dry conditions,
which are presumed to be detrimental to
fungi and other natural controls (Cock and
Perera, 1987). For example, on the south-
western coast of India, the insect builds up
to pest levels most often during the dry
season (January—April). Populations dimin-
ish quickly with the onset of the south-
west monsoon (May—August) (Nirula, 1956;
see Box 1.1).

Many species of insects are natural
enemies of the larval and pupal stages of
O. arenosella. These include parasitic
Hymenoptera in the families Bethylidae,
Braconidae, Chalcidae, Elasmidae, Eupel-
midae, Eurytomidae and Ichneumonidae
and Diptera in the families Phoridae
and Tachinidae. Predators include species
of Acari, Hemiptera (Reduviidae and

Anthocoridae), Coleoptera (Carabidae) and
Hymenoptera (Formicidae) (Cock and
Perera, 1987).

In Sri Lanka, Way et al. (1989) observed
that at least 11 species of ants nested in
coconut palm spathes and some of these
are predators of eggs of O. arenosella.
Some species, such as Oecophylla smarag-
dina (Fig. 2.8), which has a reputation as a
fearsome general predator, and Para-
trechina longicornis, were dominant in
some palms and were mutually exclusive.
Although they preyed on the eggs of
O. arenosella, other ants, such as
Monomorium  floricola, Technomyrex
albipes and Crematogaster sp., were more
effective in controlling O. arenosella.
However, the general impact of the ants
was insufficient to control the pest effec-
tively.

Species of bacteria and fungi also infect
larvae and pupae of O. arenosella. Serratia
marcescens, a bacterium that was observed
to infect larvae in laboratory cultures of the
moth, caused 70% mortality of larvae that
fed on sprayed leaflets (Antony, 1961;
Muthukrishnan and Ranagarajan, 1974).
Significant mortality was associated with a
nuclear polyhedrosis virus in Kerala
(Philip et al., 1982). In nature, fungi are
believed to cause high mortality of O.
arenosella during wet seasons (Nirula,
1956).

Different species of natural enemies are
important in different parts of the range of
O. arenosella, and the importance of
species in particular localities changes over
time. Even where natural control is usually
adequate, it may occasionally deteriorate,
leading to local outbreaks. The extensive
literature on the subject was reviewed by
Cock and Perera (1987).

As early as the 1920s, workers in India
became interested in augmenting natural
control by rearing and releasing natural
enemies of O. arenosella. To control the
spread of outbreaks in the south-west
coastal region in 1924/25, Trichospilus
pupivora (Eulophidae), Goniozus nephan-
tidis (syn. Perisierola nephantidis) (Bethy-
lidae), Elasmus nephantidis (Elasmidae)
and Bracon brevicornis (Braconidae) were
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reared in massive numbers in government
laboratories. A network of canals, streams
and lakes extends over a zone of about 900
km?2, known as ‘the backwaters’ of Kerala
(Fig. 1.4e). One rearing laboratory was
mounted on a boat, which circulated the
backwaters. Populations of O. arenosella
diminished to ‘the irreducible minimum’
and the biological control effort was termi-
nated in 1931 (Nirula, 1956).

Several similar efforts have since been
conducted in various areas of southern
India and Sri Lanka. These efforts appear to
have resulted in varying degrees of success
(Nirula, 1956; Ramachandran et al., 1979;
Cock and Perera, 1987; Jayaraj, 1989). Cock
and Perera (1987) concluded that
Argyrophylax fugipennis (Tachinidae), a
parasitoid of A. catoxantha in Java, merited
investigation as a possible biological con-
trol agent of O. arenosella, because it was
thought that it could successfully parasitize
the larvae hidden in silk tubes, has a high
reproduction rate and can survive on other
caterpillars when O. arenosella populations
are low.

Preliminary studies in Gujarat, India,
suggested that O. arenosella consumed less
leaf tissue of a local green dwarf variety
than of two other types: the predominant
local tall variety and a hybrid (Kapadia,
1981). However, even in the most resistant
of these three varieties, about one-third of
the leaf surface was damaged, compared
with about half of that of the more suscep-
tible tall varieties.

Chemical control of O. arenosella has
been investigated for many years (Pillae
and Kurian, 1960; Sathiamma and Kurian,
1970). An enduring problem has been that
insecticides generally disrupt natural or
biological control agents. A trunk-injection
technique with monocrotophos was re-
ported to control O. arenosella effectively
(Nadarajan and Channa Basavanna, 1981).
The authors judged this technique to be
appropriate for use by farmers and com-
patible with biological control. Mono-
crotophos injected into the trunk reaches
the foliage in 6 h, and persists in tissues for
4 months (Priyanthie Fernando, personal
communication). Because palms do not

heal holes made in the trunk, workers plug
injection holes to prevent entry of fungi
and other deleterious organisms.

Stenoma impressella (syn. Stenoma
cecropia) causes serious damage to African
oil palm in Colombia and Ecuador.

The wing-span of the female is 25—
30 mm. Both sexes are similar in appear-
ance. The forewing is brown, with pale vio-
let zones and two fine transverse dark
lines. The hind-wing is grey distally and
bright rose-orange or yellow-orange near
the margins. A conspicuous feature is a
thick tuft of dark brown scales on the tho-
rax. Caterpillars are pale yellow, with
purple longitudinal stripes, and 20-25 mm
when full-grown (Genty et al., 1978).

Stenoma impressella is highly poly-
phagous, attacking, in addition to African
oil palms, many species of forest trees, as
well as important crop trees, such as cacao,
coffee, guava and citrus (Genty et al,
1978).

The moths rest in lower vegetation by
day, becoming active nocturnally. They
mate while on young foliage. An unusual
characteristic is that the females lay eggs
on the adaxial frond surfaces singly and
often in a line along leaflet midveins on the
distal zones of fronds of the upper half of
the crown. In contrast, most defoliators of
palms oviposit on the abaxial frond sur-
faces. Eggs hatch in 3-5 days. Soon after
hatching, the larva selects a site, usually
against a leaflet midvein, and begins spin-
ning a shelter of silk and incorporated
frass, the construction of which is continu-
ous as the larva grows. Since new construc-
tion proceeds anteriorly, corresponding
with the increasing size of the larva, the
shelter takes on a narrow, conical shape.
The larva remains protected by the shelter
while feeding. Early feeding damages the
abaxial frond surface, except for secondary
veins. In later feeding, the entire leaf tis-
sue, except for midveins, is consumed. The
larva extends the shelter as necessary to
reach new tissue. The larval period of eight
instars lasts 57—67 days.

During its development, a single larva
consumes a mean of 40-50 cm? of leaf
material. Populations of 1500—2000 cater-
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pillars per frond were observed on African
oil palm. Sparse but repeated infestations
also cause considerable damage, such as
stripping of the distal half of fronds, except
for leaflet midveins. Infestations were
observed to spread over hundreds of
hectares in two generations.

Rhysipolis sp. (Hymenoptera: Bra-
conidae) was identified as the most impor-
tant natural enemy of S. impressella, but
the rate of parasitism was low, i.e. 7-18%
in Genty et al’s (1978) observations.
Additional hymenopterous parasitoids
(Chalcidae, Ichneumonidae) and predators
(Coleoptera, Hemiptera and Hymenoptera)
were still less effective. A high incidence
of mortality of young caterpillars was
observed during dry periods.

Control with B. thuringiensis was effec-
tive experimentally. Synthetic chemicals
have been used effectively in some planta-
tions. Genty et al. (1978) stressed the impor-
tance of timing of applications, indicating
that a reduction of 95-100% of caterpillars
was achieved if treatments were applied in
the first 15 days after caterpillars hatch.

Gelechioidea: Agonoxenidae

The family Agonoxenidae contains rela-
tively few species. One subfamily, the
Agonoxeninae, is of interest because all
four known species are associated with
palms and distributed almost completely
allopatrically in the Pacific region from
Australia to the Hawaiian Islands. The
adult moths are small and narrow-winged
(Fig. 2.4). The caterpillars feed beneath a
flimsy silken web (Bradley, 1966; Nielsen
and Common, 1991).

Agonoxena argaula, the coconut flat
moth, is a pest of coconut palm in Fiji
(Hinckley, 1961) and has been reported
from many islands of the Pacific (Bradley,
1966; Dharmaraju, 1980a, b; Walker, 1989).

The adult moths are small, 5-9 mm in
length, and of a general yellow-brown
colour, with light stripes. The early-instar
caterpillars are yellow, later-instar caterpil-
lars becoming green. The pupal stage is
passed in a whitish cocoon, attached to the
palm-frond surface or, if the caterpillar
drops, on undergrowth. The caterpillars

Fig. 2.4. Agonoxena sp. (Lepidoptera: Agonoxenidae). This small genus is represented on palms
in Oceania. (a) Larva. (b) Pupa. (c) Adult. After Risbec, in Lepesme (1947).
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develop in 16—-22 days and the pupal stage
lasts 9-10 days (Singh, 1951).

In addition to coconut palm, this species
has also been reported from Metroxylon
and from Clinostigma (Bradley, 1966). The
latter is a genus of palms of the western
Pacific, usually found in dense montane
rainforests (Uhl and Dransfield, 1987).

The imagos are active nocturnally. The
females oviposit on the abaxial frond sur-
faces, often near feeding scars and beneath
the webs of caterpillars of previous genera-
tions. The newly hatched larvae spin a
flimsy protective web, beneath which they
feed on the abaxial surfaces of fronds. They
feed between parallel veins, consuming all
but the adaxial epidermis, thus leaving a
rectangular scar. The damage may be espe-
cially severe when high populations of the
insect infest young palms (Lever, 1979).

Natural enemies native to Fiji attack
caterpillars of A. argaula, including
species of Apanteles, Bracon, Agathis
(Hymenoptera: Braconidae) and Tongamyia
(Diptera: Tachinidae). Other parasitoids
attack the pupa, including Brachymeria sp.
(Chalcidoidea), which is indigenous to Fiji.
Lever (1979) reported a parasitization rate
of nearly three-quarters of the caterpillars,
about half of which was due to Apanteles.

In Fiji, native natural enemies of the
caterpillars have been supplemented by
the introduction of two parasitoids of
Agonoxena pyrogramma. These are Ela-
chertus agonoxenae (Hymenoptera:
Eulophidae) from New Guinea and Actia
painei (Tachinidae) from New Britain.
Macrocentrus sp. (Braconidae), which was
introduced into Fiji from Java, attacks the
pupa, supplementing control imposed by
Brachymeria sp.

Two additional species of Agonoxena,
neither of economic importance, are associ-
ated primarily with coconut palm (Bradley,
1966). Agonoxena pyrogramma is distrib-
uted in Java, New Britain, New Guinea,
Solomon Islands and Mariana Islands.
Agonoxena miniana is known from Java,
and was reportedly introduced into the
Hawaiian Islands (Zhang, 1994). Ago-
noxena phoenicia was described from

imagos reared from caterpillars collected
from a palm, Archontophoenix alexandrae,
in  northern  Queensland, Australia
(Bradley, 1966).

Gelechioidea: Coleophoridae

Coleophoridae (case-bearer moths) are very
small moths with linear wings fringed with
setae. The caterpillars of most species mine
leaves and make distinctive cases out of
the plant material. The subfamily Batra-
chedrinae (g.v.) contains species that mine
in fruits of palms, and the following
species, which are leaf skeletonizers in
Florida, the West Indies and possibly else-
where in the American tropics.

Homaledra  sabalella is  reported
throughout  peninsular  Florida, the
Dominican Republic, Puerto Rico and the
nearby island of Vieques (Wolcott, 1936;
Martorell, 1976; Zhang, 1994).1

The imagos are typical coleophorids:
small, dull tan-coloured moths. The well-
developed proboscis indicates that it feeds
on nectars or other liquids. The caterpillar
has a cream-coloured body, with the thorax
and head a darker yellow and the
mandibles brown. The fully developed
caterpillar is about 15 mm long.

The caterpillars are ‘skeletonizers’, feed-
ing on tissues of the abaxial frond surface,
leaving the veins intact (Colour Plate 4c).
The tissue of the adaxial surface above the
skeletonized areas desiccates. The caterpil-
lars spin a tough silk tube, in which they
incorporate their fine, brown frass, extend-
ing the tube as they grow and feed over an
increasingly larger area of the frond sur-
face. The pupal stage is passed in a small,
spindle-shaped cocoon within the tube.
Creighton (1937) described H. sabalella lar-
vae as gregarious, living in colonies of
35-100 individuals beneath a common
web.

Homaledra sabalella larvae are present
throughout the year and complete five gen-
erations per year in northern Florida. The
larval stage may take about a month in
early autumn and about 3 months during
winter (Creighton, 1937).

"Homaledra sabalella was identified in California, near San Diego, in March 2001; it has not been
determined whether this species is established in that state (John Heppner, personal communication,

March 2001).
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Homaledra sabalella has been reported
from diverse palm species (Martorell, 1976;
Schmutterer, 1990). There is a single record
from Beaucarnea recurvata (Agavaceae) in
central Florida. Creighton (1937), whose
observations were probably mostly in the
Gainesville area, reported that S. palmetto
was the most heavily infested native palm
species and Phoenix canariensis the most
heavily infested exotic species. According
to plant inspection records obtained over
several decades by the Florida Department
of Agriculture and Consumer Services, the
species had been most frequently observed
on the native palmate palms Acoelorraphe
wrighti, S. palmetto and Serenoa repens, as
well as on Washingtonia robusta, which
is a palmate palm native to Mexico but
commonly planted in Florida. Phoenix
canariensis has also been frequently
reported as a host. Our impression from
field observations of palms since the 1970s
in Florida and some localities in the West
Indies was that it was more frequent on
palmate than pinnate palms.

Natural enemies of H. sabalella larvae in
Florida include six hymenopterous para-
sitoids and a predator, Plochinus amandus
(Carabidae) (Creighton, 1937).

A second species of this genus,
Homaledra heptathalama, is known in
Florida only on S. palmetto (John Heppner,
personal communication). In contrast to H.
sabalella, the larvae of this species are soli-
tary (Lepesme, 1947).

In recent years, we have noticed that
coconut palms are increasingly attacked by
a leaf skeletonizer in southern Florida (Figs
2.5 and 2.6). We initially assumed that this
insect was H. sabalella, but its behaviour
differs from this species in preferring
coconut palms to Washingtonia sp. and P.
canariensis, and in that the larvae are soli-
tary rather than aggregated. It differs from
H. heptathalama in host preferences. Of 20
species of palms examined, extensive dam-
age was seen only on coconut palm (F.W.
Howard, unpublished). A leaf skeletonizer
that has recently become a pest of coconut
palms in Puerto Rico may be the same
species (Edwin Abreu, personal communi-
cation). Efforts are now under way to iden-
tify this species and to investigate whether

Fig. 2.5. Homaledra sp. (Lepidoptera:
Coleophoridae), an undescribed species
recently found in Florida and Puerto Rico.
SEM view of head of imago showing coiled
tubelike proboscis, a characteristic of
Lepidoptera.

it is the same as an unidentified species of
Homaledra reported on coconut palm from
Guerrero, Mexico (Noriega et al., 1991;
John Heppner, personal communication).

On coconut palm in Florida, caterpillars
of the species occur singly in a tube. A
damaged area, often of about 2 cm X
20 cm, eventually surrounds the tube, indi-
cating that the larvae leave the tube to feed.
Damage is not present on the two youngest
open fronds of coconut palm. Twenty or
more skeletonized areas, each the damage
of one caterpillar, are often found on the
third frond. Succeeding fronds often have
over half of their leaflets damaged by the
caterpillars (F.W. Howard, unpublished).

Coconut palm foliage was protected from
damage by this species by applications of a
product containing azadirachtin (neem-
seed extract), repeated at about 14-day
intervals for 10 months (F.W. Howard,
unpublished). Further work is being con-
ducted to develop practical methods of
controlling this pest.

Zygaenoidea

The moths of the superfamily Zygaenoidea
are usually small to medium-sized. The
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caterpillars are stout and sluglike and tend
to possess some form of chemical protec-
tion, accompanied by aposematic colour-
ing. Two families of zygaenoids, the
Zygaenidae and the Limacodidae, contain
important defoliators of palms. Dalceridae
and Megalopygidae are also represented by
important palmivorous species in some
localities (Epstein, 1998).

Zygaenidae
The Zygaenidae (burnet and forester
moths) are a widely distributed family of
about 1000 species, most of which are trop-
ical (Marc E. Epstein, personal communica-
tion). The moths are diurnal and brightly
coloured. Unlike limacodids, zygaenids

Fig. 2.6.
Homaledra sp. (a)
Damage on abaxial
surface of coconut
pinna, showing
skeletonized area
and frass tube. (b)
Adaxial frond sur-
faces of coconut
leaf damaged by
Homaledra sp.,
showing folding of
desiccated pinnae.

have well-developed probosci and feed on
nectar. Caterpillars of many zygaenids have
been shown to be cyanogenic, i.e. capable
of synthesis of cyanoglucosides, which
form a component of a viscous material
stored in specialized cuticular cavities.
This material is released in response to
aggression and breaks down to yield hydro-
gen cyanide, which has toxic or antifeedant
properties, depending on the concentration

(Rothschild et al, 1970). In some
zygaenids, the caterpillars feed on
cyanogenic plants but synthesize their own
cyanogenic compounds independently.

Caterpillars with well-developed chemical
protection mechanisms often have apose-
matic colour patterns.
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Cyanogenic compounds are widely dis-
tributed in plants and in arthropods
(Nahrstedt, 1985), including many families
of Lepidoptera. However, cyanogenesis has
been found to be especially well developed
in the Zygaenidae (Witthohn and Naumann,
1987). The species of Zygaenidae that are
associated with palms may be presumed to
possess this adaptation, but this has not
been investigated.

Artona catoxantha (syn. Zeuxippa
catoxantha, Brachartona catoxantha), the
coconut leaf moth or coconut zygaenid, has
long been known as a pest of this palm in
South-East Asia. The imagos (Fig. 2.7) are
small brown and greyish moths, with yel-
low bands on the anterior margins of the
fore- and hind-wings and a wing-span of
13—-16 mm (Gater, 1926; van der Vecht,
1950).

The first-instar caterpillars are translu-
cent yellow, becoming greenish after feed-