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The Pitcher Plants of Singapore

especially vulnerable to poaching because of their more attractive pitchers (WNL, pers. obs.).
Populations of Nepenthes ampullaria plants have been completely exterminated from Lower Peirce
Reservoir Park, and severely depleted along the trails of Kent Ridge Park by poaching over the last
two decades (HTWT, pers. obs.; Fig. 2.24). Nepenthes hybrids are also regularly poached from their
natural habitats (WNL, pers. obs.). Although hybrids cannot be assessed for a conservation status
category because they do not form independent, self-perpetuating populations, the loss of many
such plants from parks and nature reserves is a significant loss of biodiversity in Singapore.
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Fig. 4.3. An adult female pitcher blue perching on a capsule of Nepenthes gracilis. (This and all subsequent
photographs in this chapter by: Horace Tan).

Fig. 4.4. The upper side view of an adult female pitcher blue.
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Fig. 4.5. Comparison of adult male (left) and female (right) pitcher blue butterflies. Note that the labial palpi
of the female (right) are proportionately longer than those of the male (left).

Eggs of the pitcher blue: Eggs of the pitcher blue are typically laid singly, and rarely in pairs or
triplets, at the tip of a capsule (Figs. 4.6-4.8). Occasionally, eggs are laid at the lower portion of the
capsule near the calyx. It is not uncommon to see multiple egg-bearing capsules on one cluster of
fruits (Figs. 4.6, 4.7). The dome-shaped egg is small (about 0.8-0.9 mm in diameter) with a depressed
micropyle. The surface is covered with a reticulated pattern of intersecting raised ridges (Fig. 4.9).
When freshly laid, the egg is whitish with a yellowish green undertone (Figs. 4.9, 4.10). Each egg
takes about three and a half to four days to hatch.

Fig. 4.6. Eggs (arrowed) at the tip of capsules of Nepenthes gracilis.
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Fig. 4.8. Close-up views of egg-bearing capsules of (a) Nepenthes gracilis, (b) Nepenthes rafflesiana and (c)
Nepenthes ampullaria.
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Fig. 4.9. Upper view (left) and side view (right) of an egg of the pitcher blue on the stigma of the capsule.

a

Fig. 4.10. Empty egg shells of the pitcher blue showing varying numbers of eggs laid at the stigmata of
capsules.

Larval stages of pitcher blue: The larval stages of the pitcher blue comprise four instars. In each
instar, the caterpillar bores through the wall of the capsule and feeds on the developing seeds
contained within. Once the entry is made, the caterpillar stays within the capsule to feed and rest until
the seeds are depleted. When this happens, the caterpillar moves on to the next capsule. This feeding
sequence is only interrupted by moulting events which also take place within the confined space of
the capsule. From the 2" instar onwards, the caterpillar also has a dorsal nectary organ on the dorsum
of the 7! abdominal segment. As a result, ants have been observed to attend to the caterpillar when
they are outside the capsule (Fig. 4.23).
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First instar: The young caterpillar emerges after nibbling away a sufficiently large portion of the egg
shell. Measuring 1.1-1.2 mm in length, its pale yellowish-brown body sports long fine setae, a dark
brown head capsule and a large and oval shaped prothoracic shield. A dark brown anal plate is also
featured with a prominent black spot (Fig. 4.11).

The newly hatched caterpillar makes its way to the side of the egg-bearing capsule and starts to bore
into it (Figs. 4.12, 413). After about two days of feeding and growth, it reaches about 3.5 mm in
length. It then stays dormant within the capsule for its moult to the 2" instar.

Fig. 4.11. A newly hatched pitcher blue caterpillar boring into a capsule of Nepenthes rafflesiana.

Fig. 4.12. A newly hatched pitcher blue caterpillar boring into a capsule of Nepenthes gracilis (left). The
caterpillar’s body is entirely inside the capsule, leaving only the anal plate visible at the entrance (right).
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Fig. 4.13. Side (top photograph) and top (bottom photograph) views of a 1% instar caterpillar of the pitcher
blue.

Second instar: Covered with numerous setae, the body of the 2" instar caterpillar is brown to reddish
brown (Figs. 4.14-4.16). The head capsule is yellowish brown in colour and the dark brown
prothoracic shield is roughly triangular in shape. The caterpillar grows up to a length of about 5.5-
6.0 mm, and after about two days in this instar, it moults again.

Third instar: The prothoracic shield is still dark brown and triangular but now features a short tooth
midway along its base (Fig. 4.17). The basal body colour is reddish brown but with lighter colouration
on the dorsum of the middle body segments (Figs. 4.18, 4.19). This instar takes about three days to
complete, with a body length reaching about 9 mm.

Fourth instar: As in the previous two instars, the 4" (and final) instar caterpillar has numerous body
setae and long lateral setae (Fig. 4.20). The body colour is reddish brown to wine red (Figs. 4.20,
4.21). One prominent change from the 3" instar is seen in the prothoracic shield which has now
become pale yellowish, and is bearing large black spots in its four corners. The dorsal nectary organ
is rather prominent at this stage (Figs. 4.22, 4.23).

59



Weng Ngai Lam & Hugh T. W. Tan (Editors)

Fig. 4.15. A sequence of photographs showing the boring effort of a 2™ instar caterpillar.
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Fig. 4.16. A late 2" instar caterpillar found inside a capsule, with nearly all developing seeds devoured.

Fig. 4.17. Views of anterior segments of pitcher blue caterpillars in 3 (a) and 4" instar (b), showing the dark
brown prothoracic shields.
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Fig. 4.18. Side (top photograph) and top (bottom photograph) views of an early 3" instar caterpillar of the
pitcher blue.

Fig. 4.19. A capsule of Nepenthes gracilis opened to reveal a late 3 instar caterpillar of the pitcher blue.
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On the last feeding day of the 4™ instar, the first two thoracic segments and 3™ to 5™ abdominal
segments become much paler in colouration (shades of yellow, orange and even beige), giving the
caterpillar a distinctly banded appearance (Fig. 4.24). After four to five days of growth and reaching
amaximum length of around 15-16 mm in the final instar, the body of the caterpillar gradually shrinks.
The caterpillar ceases eating and wanders around for a pupation site. Its preference is for a previously
eaten capsule with sufficient room within to accommaodate it. The pupation site could also be a spot
on the surface of a leaf. The caterpillar readies itself for pupation by spinning a silk girdle and a silk
pad (Figs. 4.25, 4.26).

Fig. 4.20. Two views of an early 4" instar caterpillar of the pitcher blue.
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Fig. 4.21. A 4" instar caterpillar feeding through a hole it made on a capsule of Nepenthes gracilis.

Fig. 4.22. Anterior segments of a 4" instar caterpillar showing its prothoracic shield (left). Posterior segments
showing the dorsal nectary organ (DNO, right).
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Fig. 4.23. A 4" instar caterpillar being attended to by an ant, which is likely to be feeding on nectar secreted
by the caterpillar’s dorsal nectary organ.

Fig. 4.24. A late 4" instar caterpillar. Note the banded appearance.
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Fig. 4.25. Side (top photograph) and top (bottom photograph) views of a pre-pupatory caterpillar on a leaf.

Pupal stage of pitcher blue: Pupation takes place after one day of the pre-pupal stage. The slightly
hairy pupa has the typical lycaenid shape, yellowish brown in basal colour with variable number of
black to dark brown patches on the pupal surface (Figs. 4.26-4.28). The pupa has a length of about
9-10 mm. Eight days later, the pupa becomes darkened, signalling the imminent emergence of the
adult (Fig. 4.29). Patches of green and blue can be seen in the wing pads through the pupal skin
(Fig. 4.29). The next day, the adult butterfly emerges from the mature pupa (Fig. 4.30).
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Fig. 4.26. Side (top photograph) and top (bottom photograph) views of a pupa of the pitcher blue on a leaf.
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Fig. 4.27. A sequence of photographs revealing the pupation site of a pitcher blue caterpillar within an empty
capsule of Nepenthes rafflesiana. a, Intact but empty capsule; b, a cut made to lift off a section of the capsule
skin; c, a late pre-pupatory caterpillar revealed; d, the pupa a day later.

68




The Pitcher Plants of Singapore

Fig. 4.28. A pupa-bearing capsule of Nepenthes ampullaria. A glimpse of the anterior portion of the pupa
through the hole (top). The full view of the pupa after the capsule is split open (bottom).
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Fig. 4.29. Two views of a mature pupa of the pitcher blue.
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Fig. 4.30. A sequence showing the eclosion event of a female pitcher blue. Mature pupa (a); young adult
halfway out of the pupa (b); fully emerged but wings yet to be fully expanded (c); wings fully expanded (d).
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Fig. 4.31. Larva (a) and two stages of pupal development (b, c) of the Florida pink scavenger in a fruit of
Nepenthes gracilis. Panels b and c share the same scale bar.
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Fig. 4.32. Top (a, b), ventral (c) and side (d) views of the eclosed Florida pink scavenger adult. Scale bars
represent 1 mm, with panels a and c, and panels b and d, sharing the same scale bars.

Seed herbivory by the Florida pink scavenger. — The Florida pink scavenger (Pyroderces badia;
Lepidoptera: Cosmopterigidae) is a small moth species known from the southern USA, whose larvae
are scavengers on a wide range of commercial fruits and vegetables (Hodges, 1962; Adamski et al.,
2006). We observed larvae of this species consuming the seeds of Nepenthes gracilis (Fig. 4.31), and
the species was identified after these larvae were reared to adulthood (Fig. 4.32). The Florida pink
scavenger is likely to be a generalist herbivore which feeds opportunistically on the fruits and/or seeds
of Nepenthes species. However, the incidence of such herbivory is likely to be low, as we have only
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observed this on one instance. Furthermore, the Florida pink scavenger may be an introduced species
since we know of no records of this species from the region.

The effect of specialist seed predators on Nepenthes phenology. — Despite their negative impact
on Nepenthes seed survival, specialist seed predators such as the pitcher blue butterfly may play key
roles in the maintenance of Nepenthes phenology. Like many plant species, Nepenthes species
demonstrate clear phenological patterns in flowering and fruiting (see Chapter 7: Flowering and
Reproduction). Synchronous fruiting is likely to reduce the relative numbers of seeds lost to seed
predators because seeds are produced in numbers far greater than predator populations can consume
in a given time (a phenomenon known as predator satiation; Rathcke & Lacey, 1985). Furthermore,
the prolonged absence of seed resources during the intervening months between flowering/fruiting
episodes greatly suppresses specialist predator populations and prevents them from growing to a level
where seed predation may exceed seed production. Thus, the presence of specialist seed predators
such as the pitcher blue butterfly acts as a selection pressure that may maintain well-synchronised
flowering periods within Nepenthes species, as individuals flowering before or after peak periods
suffer high levels of pre-dispersal seed mortality (Rathcke & Lacey, 1985; Elzinga et al., 2007; VValdés
& Ehrlén, 2017).

Indirectly, this may also lead to the reduction of hybridisation success between co-occurring
Nepenthes species. Nepenthes species usually flower at different times of the year (see Chapter 7:
Flowering and Reproduction), and hybridisation thus happens only when individual plants flower
sooner or later than others of their species, thus coinciding with the flowering time of an individual
of a different species. Seed predators such as the pitcher blue ensure that the probability of survival
of such seeds are always lower than those produced during the temporally separated peaks in each
species’ flowering time. The loss or reduction of specialist seed predators like the pitcher blue,
presumably due to the loss of nectar sources and/or suitable habitats, is thus one of several possible
explanations why Nepenthes hybrids are more often found in human-modified landscapes where
disturbance events are much higher (Peng & Clarke, 2015).
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The Pitcher Plants of Singapore

CHAPTER 8: GLOSSARY

To make this book’s contents more accessible to non-specialist readers, simplified definitions of
technical or scientific jargon are provided below. The definitions here are not universal but are the
ones most appropriate to the terms in the contexts in which they are used in this book. Furthermore,
definitions provided here are deliberately simplified to be accessible to a broad audience, and are thus
not as accurate as definitions provided in scientific dictionaries. Names of species (e.g., Dolichoderus
thoracicus, an ant species) or higher order taxa (e.g., Asteraceae, a plant family) are not defined here.
Additionally, words whose definitions are given at their only occurrence in the book are also not
included in this glossary.

adhesive pad — The anatomical structure on arthropod legs that facilitates their adhesion and thus
movement on non-horizontal surfaces.

ambulatory — Having the habit of walking. See also natatory.

anthropogenic — Having a cause or origin in human activities.

apical meristem — The point (apex) of a shoot or root system from which growth originates via cell
division, enlargement and differentiation.

arthropod — The animal phylum containing invertebrate organisms bearing an exoskeleton and
jointed legs, such as the insects, spiders, crustaceans, etc.

axillary bud — Embryogenic, as yet undeveloped shoots found at the axils of leaves, which have the
potential to develop into leafy branches, leafy and flowering branches, inflorescences (flower clusters)
or flowers.

benthic — Describing an aquatic organism that occupies the lowest zone of the water column (i.e.,
on or just above the substrate). See also pelagic.

biogeography — The study of the natural distribution of species through space and time.
cannibalistic — The habit of consuming another member of the same species.

capitulum (plural, capitula) — A type of flower cluster where the axis of the shoot is axially
compressed, and individual flowers are positioned on a single, lateral plane, as in the capitula of a
sunflower, daisy or chrysanthemum.

carnivore (adjective, carnivorous) — An organism which feeds primarily on animal tissue. See also
detritivore and/or herbivore.

chelicerae (singular, chelicera) — The mouthparts of arthropods in the subphylum chelicerata, which
includes animals such as scorpions, spiders, etc.

chitin — A biopolymer that forms the main constituent of the exoskeletons of arthropods and the cell
walls of fungi.

community — A group of different, interacting species sharing the same habitat and resource pools
at the same point in time.

decurrent — Describing a leaf base which extends down along the stem beyond its point of attachment.
See Fig. 2.11.

dehisce — The splitting of a chamber-like plant organ—especially fruits—to release its contents at
maturity. Dehiscence describes this process of splitting.

detritivore (adjective, detritivorous) — An animal that feeds primarily on decomposing organic
matter. See also carnivore and/or herbivore.

deutonymph (also known as hypopus) — A developmental stage, in the life cycle of pitcher inquiline
mites, adapted for dispersal (via attachment to a suitable phoretic host) between pitchers.

digestion — The breaking down of a large, complex macromolecule (such as protein) into smaller,
simpler units (such as amino acids), often to facilitate absorption.

dimorphic (noun, dimorphism) — Having two different forms. See also polymorphic.

dioecious — Describing a plant species whose flowers are unisexual and borne on different individuals
(i.e., the same individual cannot bear bisexual or both male and female flowers), i.e., the species
consists of male and female individuals, just like humans.

ecology — The study of how species interact with each other and their environment.
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endogenous — Originating within an organism.

enzyme — Biological molecules that accelerate or decelerate specific chemical reactions.
epicuticular wax — A layer of wax deposited upon the outermost surface (cuticle) of plant tissues.
eukaryote — All species whose cell nucleus is enclosed within a nuclear envelope, that is, all species
which are not bacteria or archaea.

exoskeleton — The hard outer covering of animals such as arthropods (e.g., insects and crustaceans)
and molluscs (e.g., snails).

filamentous —Threadlike in form.

genus (plural, genera; adjective, generic) — The taxonomic rank above species (see Taxonomy).
Monogeneric describes a family containing only a single genus.

geographic range — The area over which a species naturally occurs.

gland — A biological structure that secretes one or more compounds. Glandular refers to a surface
containing glands.

habitat — The environment in which a species lives.

haematophagus — The habit of feeding on blood.

herbivore — An organism that feeds primarily on plant material or algae. See also carnivore and/or
detritivore.

hybrid — The offspring of two different species. Hybridisation is the process by which a hybrid is
produced.

hydrolytic — Describing a chemical reaction in which a larger molecule is broken into smaller
molecules as it reacts with a molecule of water. Hydrolysis refers to such a chemical reaction.
hygroscopic — Describing a substance which absorbs moisture from the air.

idioblast — A cell that differs in form and function from its immediate neighbours.

inflorescence — A cluster of flowers borne on a single shoot system.

infructescence — An inflorescence whose flowers each have developed into a fruit.

instar — A developmental stage in the life cycle of insects and arthropods. The first instar is the least
mature stage of development.

lamina (also known as the leaf blade) — The portion of the leaf that is typically expanded, flattened
and adapted for light capture for photosynthesis in most plants. See Fig. 1.1 for illustration.

larva (plural, larvae) — The juvenile, pre-metamorphosis stage(s) of an insect.

lithophytic — Describing a plant that often grows upon rocks or the cracks in rocks.

lumen — The cavity of a hollow, tubular biological structure.

metabolic — A process associated with an organism’s metabolism, which consists of the basic
chemical processes sustaining life.

metazoa (adjective, metazoan) — A multicellular animal species.

microbe — A species that is too small to be visible to the naked eye, including archaea, bacteria,
fungi, protists, etc.

mimicry — The resemblance of one species to another, often with an adaptive function. Batesian
mimicry is a specific type of mimicry in which a species lacking the physiological investments of the
anti-predator defence or pollinator-attracting reward resembles one that does. For example, a
harmless snake species (mimic) resembles a venomous one (model), or a carnivorous plant secreting
only small amounts of nectar to lure insects to their death (mimic) resembles a flower that secretes
large amounts of nectar to reward insects for their services in effecting pollen transfer (model).
morphology — The study of the physical structure of organisms. See also physiology.

mutualism — An interaction between two species from which both benefit. Mutualists are species
which participate in a mutualism.

nanophyll — The reduced leaf that bears ground pitchers of Nepenthes ampullaria and other carpet-
forming Nepenthes species (see Chapter 2: Singapore Species and Hybrids: Nepenthes ampullaria).
natatory — Having the habit of swimming. See also ambulatory.

native — Describing a species that is found naturally in an area.

nectary — A gland that secretes nectar. Extrafloral nectaries refer to nectaries found on plant parts
other than the flowers.
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nepenthebiont, nepenthephile, nepenthexene — Terms that classify Nepenthes inquiline species into
groups according to their degree of dependence upon Nepenthes pitchers as habitats. Nepenthexenes
are species that may colonise Nepenthes pitchers opportunistically, although they are not typically
a part of Nepenthes phytotelma communities. Nepenthephiles are frequently found in pitcher
phytotelmata, but are not completely dependent upon these for survival. Nepenthebionts are obligately
associated with Nepenthes pitchers, and are completely dependent on pitcher phytotelmata during at
least one stage of their life cycle.

nocturnal — Describing a species that is active mostly at night.

nuclease — An enzyme that catalyses the breaking of long chains of (deoxyribo- [DNA] or ribo-
[RNA]) nucleic acids into shorter chains of the same.

nucleic acid — Molecules responsible for the encoding of genetic information in cells.

olfactory — Relating to smell.

ontogeny (adjective, ontogenic) — The natural and predictable development of an organism through
its lifetime.

panicle — A cluster of flowers with two or more degrees of branching, i.e., a raceme of racemes.
See Fig. 7.3 for illustration.

pelagic — Describing an aquatic organism that occupies the middle zone of the water column that is
between the surface and the bottom of the aquatic habitat. See also benthic.

petiole (also known as the leaf stalk) — The stalk attaching a leaf blade to the stem. See Fig. 1.1 for
illustration.

perianth — The collection of floral parts in a flower which are non-reproductive (viz., the sepals
and/or petals or tepals).

peristome — The structure surrounding the mouth of pitchers.

phenology — The study of cyclic and/or seasonal biological phenomena, such as flowering, fruit
production, migration, etc.

pheromone — A chemical secreted by an organism whose function is to stimulate behavioural or
physiological changes in other individuals of the same species.

phosphatase — An enzyme that catalyses the removal of a phosphate molecule from a phosphate-
containing molecule.

phototropism — The phenomenon in which a plant or plant part grows or moves towards a directional
light source.

physiology — The study of the processes associated with the functioning of living systems. See also
morphology.

physiognomy — The appearance and structure of a plant community.

phytotelma (plural, phytotelmata) — A water body held by or within a terrestrial plant organ (e.g.,
fluid-containing pitchers, tree holes, tank bromeliads etc.).

pollen — The substance, produced by male flowers or floral parts, which produces sperm cells for
the sexual reproduction of plants. See also pollinate.

pollination — The physical transfer of pollen from male flowers or floral parts to the stigma of a
flower of the same species. A pollinator is the animal agent that facilitates this process.
polymorphic (noun, polymorphism) — Having multiple different forms. See also dimorphic.
population — A group of interbreeding individuals of the same species.

predator — An organism that kills and consumes another. A seed predator is an organism which
consumes seeds or parts of seeds in a way that renders them no longer viable. It is thus different from
a herbivore in that the act of consumption kills the individual plant, whereas a herbivore may eat parts
or one part of the plant such as its leaves. See also carnivore and/or herbivore.

prehensile — Describing a structure that is capable of grasping by means of wrapping around an object.
protease — An enzyme that catalyses the breaking of long protein chains into shorter protein chains
and/or amino acids. Aspartic, cysteine and serine proteases are three different families of proteases
which are distinct in the structures of their active sites.

prothoracic shield — A flat, plate/shield-like structure found on the first segment (prothorax) of a
caterpillar.
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propagule — Any plant structure that may develop into a new, separate plant individual when detached
from the parent plant.

protist/protozoa — Microscopic eukaryotes such as amoeba, dinoflagellates, etc. The terms are not
synonymous, but differences are irrelevant to their usage in this book.

pupa (plural, pupae) — The intermediate life stage of an insect, which it goes through as it develops
(metamorphoses) from larval to adult life stages. Pupation describes the process in which a larva
transforms into a pupa.

raceme — A kind of flower cluster that consists of a single vertical axis with stalked flowers inserted
along the length with the oldest flowers at the base (proximal end) and flowers getting progressively
younger towards the tip (distal end). See Fig. 7.3 for illustration.

recruitment — The addition of new individuals to a population; in the context of Nepenthes plants,
the survival of seedlings past the germination stage.

respiration — The process in which a cell obtains energy from nutrients and oxygen.

reticulated — Having a netlike pattern.

rhizosphere — The soil surrounding a plant’s root ball.

rosette — In reference to the Nepenthes plant: an immature plant (and/or its leaves and stem) which
has not yet begun to climb—i.e., the plant’s stem remains compact, with short internodal distances.
sclerotised — Describing a hardened biological substance or structure.

senescence — Deterioration owing to the natural process of ageing.

sequestration — The process by which an organism takes up a substance from the environment.
seta (plural, setae) — A hair-like biological structure.

stigma (plural, stigmata) — The floral part that receives pollen. See also pollination and/or pollen.
species (plural, species) — The taxonomic rank below genus (see Taxonomy).

succession (ecological) — The natural process in which an ecological community changes
compositionally over time.

Sympatry (adjective, sympatric) — The occurrence of two or more populations of different species
in the same geographic area at the same time.

taxon (plural, taxa) — Any taxonomic unit, regardless of hierarchy (see Taxonomy).

taxonomy (adjective, taxonomic) — The study of naming and classifying biological organisms. The
seven major taxonomic ranks in such a system, in increasing order of hierarchy, are: species, genus
(pl. genera), family, order, class, phylum (pl. phyla), kingdom. For example: the common pitcher
inquiline mosquito Tripteroides tenax is the species from the genus Tripteroides with the specific
epithet ‘tenax’; the Tripteroides genus belongs to the mosquito family Culicidae, which belongs to
the order of the true flies, Diptera, which belongs to the phylum Arthropoda, which belongs to the
kingdom Animalia.

tendril — A specialised plant organ, or part of an organ, that is like a coiled spring in structure and
used to facilitate climbing by grasping adjacent structures. See Fig. 1.1.

type species — Relating to taxonomy, a species that is permanently associated with a genus name,
and thus a species which will remain associated with that genus name even if the genus is subsequently
revised.

tornal — Associated with the rearmost region of the wing of a butterfly.

variety — Relating to plant taxonomy, a taxonomic rank below that of species (see Taxonomy).
vermiform — Wormlike in form.

viscoelastic — Describing a substance that possesses both viscous and elastic properties.

volatile — Describing a substance that evaporates quickly at room temperature and pressure.
wavelength — The period of a light wave. In the visible spectrum, warm colours have lower
wavelengths, while cool colours have higher wavelengths.

whorl — A group of three or more leaves or floral parts which are arranged radially around a single
point along the stem or stalk.
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