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Abstract
Phoenicoprocta capistrata (Fabricius 1775) (Lepidoptera: Arctiidae) is an arctiid moth reported for the
Caribbean and Brazil, whose immature stages and life cycle are unknown. In this study, and for the first
time, a host plant is registered and the immature stages and the captivity life cycle are described using a
Cuban population. Larvae feed on fowlsfoot, Serjania diversifolia (Jacq.) Radlk (Sapindales:
Sapindaceae). One complete cohort was obtained from December of 2004 to February of 2005 and
about 57 days lapsed from oviposition to adult emergence. The egg is light green-yellowish and
semi-spherical. Most larvae developed through 6 or 7 instars, although there were individuals with 8
instars. The last instar has a cephalic capsule width of 2.04 ± 0.06 mm (n = 29) irrespective of the
number of instars. The cephalic capsule growth curves of the larvae with 6 and 7 instars have different
slopes, but both follow a geometric pattern consistent with the Dyar’s rule. In each larval molt the setae
types and the larvae coloration change. Adult females have two color morphs, one orange-reddish and
the other blue. Female descendants of blue and red females differ in the proportion of color morphs,
which could indicate the existence of a female-limited polymorphism phenomenon in this species.

Resumen
Phoenicoprocta capistrata (Fabricius 1775) (Lepidoptera: Arctiidae) es un árctido registrado para el
Caribe y Brasil, cuyos estadios inmaduros y ciclo de vida son desconocidos. En este estudio se registra
por primera vez una planta hospedera para esta especie y se describen sus estadios inmaduros y ciclo de
vida en cautiverio usando una población de Cuba. Las larvas se alimentan de la liana, Serjania
diversifolia (Jacq.) Radlk (Sapindaceae). Se obtuvo una cohorte completa desde diciembre de 2004
hasta febrero de 2005, transcurriendo alrededor de 57 días desde la oviposición hasta la emersión de los
adultos. El huevo es verde amarillento y semiesférico. La mayoría de las larvas se desarrollan en 6 ó 7
instares, aunque algunos individuos se desarrollaron en 8 instares. El último instar larval tiene un
ancho cefálico de 2.04 ± 0.06 mm (n = 29) independientemente del número de instares. Las curvas de
crecimiento de la cápsula cefálica de las larvas de 6 y 7 instares presentan pendientes diferentes, pero
ambas siguen un patrón geométrico consistente con la regla de Dyar. En cada muda larval se producen
cambios en el tipo de setas y en la coloración de las larvas. Las hembras adultas presentan dos morfos
de coloración, uno naranja rojizo y el otro azul. Las hembras descendientes de hembras azules y rojas
difieren en cuanto a la proporción de morfos de coloración, lo que podría indicar la existencia del
fenómeno de polimorfismo limitado al sexo femenino en esta especie.
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Figure 3. Cephalic capsule width of each instar for Phoenicoprocta capistrata larvae of Type I (larvae that finish
development in 6 instars) and Type II (larvae that finish development in 7 instars). At the 3rd instar the
developmental pathways diverge showing a more abrupt increase in width for larvae that will have a 6th instar
(Type I), but the last instar of both type of larva have a similar head width. The first 2 points of the curve represent
the median values including the two types of larvae since no statistical difference was found for the first 2 larval
instars. The numbers in brackets represents the number of individuals analyzed.

length of 8.6 ± 0.5 mm (n = 64). There is a
statistically significant difference in the duration
of pupal stage between sexes (p <0.0001); females
had a shorter duration (15 ± 2 days, n = 41) than
males (17 ± 2 days, n = 32). Pupal mortality was
about 11% of the 83 pupae studied.

Adult eclosion occured any time between 6 and 1
hours before sunset. Mating occurs at dusk. All
females (n = 11) engage in calling position the
same day of their emergence and 15 minutes

before sunset. Females more than one day old
always showed the calling position anytime
between 1 and 110 minutes before sunset (n = 26).
Copulation occured in the time span between 45
minutes before to 20 minutes after sunset (n =
25), and 52% of them occurred in the period of ±
5 minutes of sunset. Pairs remain in copula for
305 ± 70 min (n = 24). Females began to oviposit
the day after copulation occurred and could
oviposit during each of the next 3 days, but most
of the eggs were laid during the first two days

Figure 4. Phoenicoprocta capistrata adults. A: Male. B: Female reddish morph. C: Female blue morph. The scale
bars represents 7 mm.
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scattered with red speckles and the ventral
surface of the last abdominal segments that is
reddish-yellow. In these fed larvae, the middorsal
A3–A6 longitudinal stripe was white and the base
of the dorsal chalazae in these segments was
reddish-brown. In the other segments, the dorsal
anterior chalazae were white while the posteriors
were brown. Legs and prolegs were
reddish-yellow.

Second instar larvae (Figure 6B) eat the moulted
skin as many other instars do. They had an
average length of 4.84 ± 0.36 mm (n = 27) in
length and a cephalic capsule width of 0.52 ± 0.03
mm (n = 29). The head was similar to that in the
first instar, but with brown ecdysial sutures. The
main change in this instar was the appearance of
verrucae covering the body instead of chalazae,
and the appearance of one black tuft at each side
of the anterior margin of T3 and A8, pointing
diagonally forwards at T3 and diagonally
backwards on A8. The colour of the thorax varied
individually from reddish-yellow with red rings
around verrucae to a completely red coloration.
Abdominal segments were red, except for A9 and
A10, which were yellow with red rings around
verrucae, and the middorsal white stripe A3–A6.
Segments A7 and A8 had a thin middorsal
longitudinal yellow line. The lateral surface was
marked with a discontinuous subspiracular
longitudinal white stripe extending from the
anterior margin of A3 to the anterior margin of
A9. The ventral surface was yellow scattered with
a few scattered red speckles. The prolegs had a
square brown spot on its outer surface.

Third instar larvae (Figure 6C) had an average
length of 7 ± 1 mm (n = 28) and a cephalic capsule
width of 0.70 ± 0.08 mm (n = 23). The colour
pattern was basically the same as the second
instar, but tufts were longer and one dark red
subdorsal stripe was present on each side of the
middorsal white stripe. These new stripes had the
same extension of the middorsal stripe but were
thinner. There were some individuals with yellow
ventral and subventral regions and others with
these regions in pale red. The discontinuous
subspiracular longitudinal white stripe extended
from the posterior margin of A1 to the anterior
margin of A9.

Fourth instar larvae (Figure 6D) had an average
length of 7 ± 1 mm (n = 26) and a cephalic capsule
width of 0.98 ± 0.08 mm (n = 26). It was very
similar to the third instar. Tufts were longer and
the two subdorsal stripes were darker than those

in the 3rd instar larvae. The head had great colour
variability; in some individuals it was completely
orange while in others it was pale yellow with
different degrees of black pigmentation that could
be only around stemma or may extend to the
whole head up to the epicranial suture. The first
antennal segment was white and the rest were
yellow. The labrum was white spotted. Thoracic
segments and abdominal A9 and A10 were yellow,
but the rest of the segments were red-brownish.
The middorsal white stripe extended to the
anterior part of A7 but it was narrower in this
segment. Most of the setae were black and they
were more abundant in relation to those present
in the previous instar.

Fifth instar larvae (Figure 6E) had an average
length of 11 ± 1 mm (N=29) and a cephalic capsule
width of 1.39 ± 0.16 mm (n = 29). The head was
black with brown sutures and dark brown stemma
but the clypeus and the labrum were white
spotted. The thorax was dark yellow except for T3
and the intersegmental space T3-A1 which were
black. Most of the abdominal segments were
reddish-brown, except for A1 and A7 which were
black, and A8, A9 and A10 which were
reddish-yellow. Two longitudinal and
discontinuous brown lines were present, one at
both sides of the middorsal line and included
within the middorsal white stripe, giving the
appearance of two dashed brown lines within the
white middorsal stripe. The dark red subdorsal
stripes turned darker and wider and extended up
to A7. The anterior verrucae from A3 to A6 had
numerous white setae. The setae of T2, T3, A8
and A9 were longer than the setae of the other
segments.

Sixth instar larvae (Figure 6F) had an average
length of 15 ± 2 mm (N=22) and a cephalic
capsule width of 1.59 ± 0.08 mm (n = 19). The
number of setae was notably increased and tufts
disappeared. Those that in the previous instars
were white were orange-yellowish. Segments A8
and A9 may have different degrees of black
pigmentation varying from only a few black spots
to completely black. The rest of the segments
maintained the same general colour pattern of the
previous instar.

The seventh instar (Figure 6G) had an average
length of 20 ± 2 mm (n = 29) and a cephalic
capsule width of 2.04 ± 0.06 mm (n = 29). The
head was black with brown sutures except for the
adfrontal suture that was black. Mouth pieces,
labrum and antenna were similar to those in fifth
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Figure 7. Photograph of the coocon (A) and pupa (B) of Phoenicoprocta capistrata.

instar larvae. The thoracic segment T1 was
completely pale yellow but T2 and T3 had one
transverse black band. The first abdominal
segment was black with one dense and short black
tuft verricule-form at each lateral side pointing
backward; these structures were also present in
A7. The middorsal longitudinal white stripe that
was present in all previous instars was lacking.
From A2 to A4 the thoracic colour pattern
inverted; intersegmental spaces were black and
the transverse band was dark yellow but
individual variation was high, in some cases the
yellow color only surrounds and colors the
verrucae and there are black spaces between
verrucae, while in other individuals the black
extended over the whole area. The abdominal
segments A5 and A6 were black with dark yellow
around verrucae, but some individuals could have
this segment entirely black. From segments A7 to
A10 the dorsal coloration was black. Lateral
coloration was marked by the discontinuous
subespiracular longitudinal stripe, which was pale
yellow in this instar. Below and above this stripe
the coloration was pale orange except for A1 and
A7 which were black above the stripe. The ventral
surface was ashy yellow. Legs and prolegs were
dark yellow and crochets were brown and
arranged in a heteroideous mesoseries. There
were two black ventral verrucae on A1. Dorsal
verrucae were dense and reddish-brown in those
segments with dark yellow coloration and black in
those with black coloration. There were also a few
white setae scattered throughout the body. On the
central verrucae of T2 and T3 there was one white
setae longer than the rest and pointing forward.
Spiracles were pale brown with the border and
central areas black. Some individuals had a more
orange body. T3 and A1 were orange instead of

black and with more orange setae than black.

In the prepupal stage the mature larvae stoped
feeding and began to search for a site to pupate. It
then shrank and detached the setae and began the
construction of a cocoon with silk and its setae.
This process lasted about two days. The denuded
larva had a light yellow colour, which was
conserved during metamorphosis and at the
beginning of the pupal stage.

The pupa was obtect and enclosed in a thin flimsy
and dark cocoon composed of the broken off setae
of the caterpillar (Figure 7A). Pupae weight was
58.5 ± 9.9 mg (n = 20) with a length of 8 ± 1 mm
(n = 64) and a width of 3 ± 1 mm (n = 64). It had
a shiny reddish-brown surface (Figure 7B) with
only a few black spots but later in development it
had dark irregular spots all over the body. The
surface was covered with a few setae along the
lateral line near the spiracles, over the dorsum of
the head near the antennas and there was also a
line of setae on both sides of the anterior region of
the prothorax and a few scattered setae over the
mesothorax. There were moderately dense
punctures on abdominal segments, except for the
zone nearby the anal and genital regions as well as
in the zone surrounding the posterior margin of
the abdominal segments. The spiracles and the
division lines of the different parts of the body
were black. At ventral view, the posterior wing
edge reach the A4 segment. Labial palps were
short and triangular. The femur of prothoracic
legs were not visible. Mesothoracic legs did not
meet midventrally. Flanged plates were absent.
The cremaster was weak and it was composed of a
few translucent hook-like setae only visible with a
magnification about 40X.
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data). The number of larval instars for arctiids has
been stated to be as low as 5 and as high as 7 for
different species (Bratley 1932; Torre 1967; Otazo
et al. 1984; Betzholtz 2003; Gomi et al. 2003), but
always with only two alternatives. Most larvae of
P. capistrata developed through 6 or 7 instars,
which are inside the range stated for arctiids, but
some larvae developed through 8 or 9 instars. The
number of moults undergone by insects is affected
by diet quality and quantity, temperature,
humidity, photoperiod and also by sex (Sweetman
and Whittemore 1937; Wigglesworth 1972; Daly
1985; Hutchinson et al. 1997). We did not design a
specific experiment to evaluate the different
factors affecting larval moults in P. capistrata.
However we can not say that sex is the cause of
the different alternatives because females could
have 6 or 7 instars. Also, all larvae were subjected
to the same variable temperature, humidity and
natural photoperiod. Larvae were fed with the
same host plant species so that the diet quality
was the same for all larvae. But the diet quantity
is one of the factors that could cause the plasticity
in the number of instars. Although the daily
amount of food was maximized, larval density
varied from 1 to 8 larvae per Petri dish. As a result
larval competition for food varied considerably. A
genetic factor is also possible. The questions
about which factors affect the number of larval
instars in P. capistrata, and how the number
varies between the individuals, remain opens.

One of the most intriguing results in this study is
the fact that no matter the number of instars a
larva has, it finishes its development with a
cephalic capsule width of about 2 mm. We could
verify the same pattern in larvae with 8 and 9
instars (unpublished data). The cephalic capsule
width shows a geometric progression pattern of
growth consistent with Dyar’s rule (Dyar 1890),
with an upper limit of about 2 mm but with
different growth alternatives in instar number.
Then a question arises: what determines the
constant limit of the greatest cephalic capsule
width in the larvae of this species? It is known
that in holometabolus insects there is a threshold
size which determines that a particular instar is
the last (Nijhout 1975), and within this last instar,
a critical weight determines when the
metamorphosis larva-pupa occurs (D’Amico et al.
2001). Nijhout (1981) stated that there is a strong
positive non-linear relationship between the head
capsule width of the last larval instar and the
critical weight. It seems that in P. capistrata
larvae, the critical weight can only be reached

with a cephalic capsule width of about 2 mm,
which could constitute the threshold size in this
species.

P. capistrata adults have a copulation duration of
about 300 minutes, which is long in comparison
with the copula of another arctiid moth,
Empyreuma pugione (L.) that only lasts 25
minutes (Otazo et al. 1984). But it is not as long as
the copula of the arctiid moth Utetheisa ornatrix
(L.) that could last 550 to 720 minutes
(LaMunyon and Eisner 1993, 1994). Copulation
duration is a multifactor complex trait that varies
between species and individuals. Factors affecting
copulation duration can be categorized as
independent and dependent of the reproductive
strategy of males and females. Temperature (Scott
1972) and body size (LaMunyon and Eisner 1993;
Charnov and Parker 1995; Parker et al. 1999) are
two such factors. These factors affect the
minimum time required for the successful
transfer of sperm during copula but there is
evidence that the spermatophore is passed early
in the copula period in lepidopterans (Shields and
Emmel 1973). Differences between species in the
total copulation duration is induced more by
those factors dependent on the reproductive
strategy and fertilization success of both sexes for
each arctiid species. For example, Charnov and
Parker (1995) suggest that copulation duration
increases with the time to find a female to mate
with. Another criteria is that across species, the
evolutionary stable ejaculate expenditure
(therefore the copulation duration) should
increase both with the risk of sperm competition
(the average probability that the females in the
population will mate with more than one male or
the polyandry level) and the intensity of the
sperm competition (the average number of males
competing for a given set of ova) (reviewed
inParker 1998). It is difficult to evaluate how
these factors affect copulation duration in arctiid
species without a clear panorama of their
reproductive strategy. Four main hypotheses have
been designed to explain the adaptive significance
of prolonged copulations: the sperm removal
hypothesis, cryptic female choice hypothesis,
sperm loading hypothesis and in-copula guarding
hypothesis (all summarized inGarcía-Gonzalez
and Gomendio 2003). The in-copula guarding
hypothesis suggests that remaining in copula may
function as an extreme form of mate guarding if it
prevents the female from remating before
oviposition (Alcock 1994), thus possibly reducing
or avoiding sperm competition from future
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ejaculates. This could be the reason why P.
capistrata has longer copulation duration than
expected by its size if it is compared with the
shorter copulation duration and bigger size of
Empyreuma pugione. Analysis of the
reproductive strategies of males and females of
these species is necessary to understand these
relationships.

Although the number of females whose progeny
was analyzed in relation to female morph
proportion is still low, some evidence was
presented for dependence of the colour of female
progenitor and the morph proportion of its female
descendants. This could indicate that this
polymorphism in the females has a high genetic
component that suggests that it is a case of
female-limited genetic polymorphism. This type
of polymorphism has received some attention in
butterflies (Clarke et al. 1985; Cook et al. 1994;
Nielsen and Watt 2000) but not in moths. Further
experiments are needed to determine the genetic
and evolutionary causes of this polymorphism in
P. capistrata.

Acknowledgements
We would like to thank Elier Fonseca
(Universidad de La Habana) for providing live
Phoenicoprocta capistrata and Dr Frank Coro for
comments about the manuscript.

References
Alcock J. 1994. Postinsemination associations between males

and females in insects: the mate-guarding hypothesis.
Annual Review of Entomology 39: 1-21.

Betzholtz P-E. 2003. The discrepancy between food plant
preference and suitability in the moth Dyauxes ancilla.
Web Ecology 4: 7-13.

Bratley HE. 1932. The Oleander caterpillar, Syntomeida
epilais, Walker. Florida Entomologist 15: 457-64.

Charnov EL, Parker GA. 1995. Dimensionless invariants from
foraging theory’s marginal value theorem. Proceedings of
the National Academy of Science USA 92: 1446-1450.

Clarke C, Clarke FMM, Collins SC, Gill ACL, Turner JRG.
1985. Male-like females, mimicry and transvestism in
butterflies (Lepidoptera: Papilionidae). Systematic
Entomology 10: 257-283.

Cook SE, Vernon JG, Bateson M, Guilford T. 1994. Mate
choice in the polymorphic African swallowtail butterfly,
Papilio dardanus: male-like females may avoid sexual
harassment. Animal Behaviour 47: 2389-397.

Daly HV. 1985. Insect morphometrics. Annual Review of
Entomology 30: 415-438.

D’Amico LJ, Davidowitz G, Nijhout HF. 2001. The
developmental and physiological basis of body size
evolution in an insect. Proceedings of the Royal Society of
London B Biological Sciences 268: 1589-1593.

Dyar HG. 1890. The number of moults of lepidopterous larvae.
Psyche 5: 420-422.

Fabricius JC. 1775. Systema Entomologiae sistens Insectorum
classes, ordines, genera, species, adjectis synonymis,
locis, descriptionibus, observationibus. Flensburgi et
Lipsiae. 832 pp.

Forbes WTM. 1930. Insects of Porto Rico: Moths. Scientific
survey of Porto Rico and the Virgin Islands 12: 13-171.

García-Gonzalez F, Gomendio M. 2003. Adjustment of copula
duration and ejaculate size according to the risk of sperm
competition in the golden egg bug (Phyllomorpha
laciniata). Behavioral Ecology 15: 123-30.

Gomi T, Mitsunori I, Yamada D. 2003. Local divergence in
developmental traits within a trivoltine area of
Hyphantria cunea Drury (Lepidoptera: Arctiidae).
Entomological Science 6: 71-75.

Hansen LS, Skovgard H, Hell K. 2004. Life Table Study of
Sitotroga cerealella (Lepidoptera: Gelichiidae), a Strain
from West Africa. Journal of Economic Entomology 97:
41484-1490.

Hutchinson JMC, McNamara JM, Houston AI, Vollrath F.
1997. Dyar’s rule and the investment principle: optimal
moulting strategies if feeding rate is size-dependent and
growth is discontinuous. Philosophical Transactions of
the Royal Society of London B Biological Sciences 352:
1349113-138.

Janzen DH, Hallwachs W. 2005. Dynamic database for an
inventory of the macrocaterpillar fauna, and its food
plants and parasitoids, of Area de Conservacion
Guanacaste (ACG), northwestern Costa Rica
(nn-SRNP-nnnnn voucher codes)
Available at http://janzen.sas.upenn.edu/index.html (Jan. 8, 2007)

LaMunyon CW, Eisner T. 1993. Postcopulatory sexual
selection in an arctiid moth (Utetheisa ornatrix).
Proceedings of the National Academy of Science USA 90:
4689-4692.

LaMunyon CW, Eisner T. 1994. Spermatophore size as
determinant of paternity in an arctiid moth (Utetheisa
ornatrix). Proceedings of the National Academy of
Science USA 91: 7081-7084.

Nielsen MG, Watt WB. 2000. Interference competition and
sexual selection promote polymorphism in Colias
(Lepidoptera, Pieridae). Functional Ecology 14: 718-730.

Nijhout HF. 1975. A threshold size for metamorphosis in the
tobacco hornworm, Manduca sexta (L.). Biological
Bulletin 149: 214-225.

Journal of Insect Science | www.insectscience.org ISSN: 1536-2442

Journal of Insect Science: Vol. 8 | Article 5 12



Nijhout HF. 1981. Physiological control of molting in insects.
American Zoologist 21: 631-640.

Nylin S, Gotthard K. 1998. Plasticity in life-history traits.
Annual Review of Entomology 43: 63-83.

Otazo A, Portilla N, Coro F, Barro P. 1984. Biología y conducta
de Empyreuma pugione (Lepidoptera: Ctenuchidae).
Ciencias biológicas 11: 37-48.

Parker GA.Birkhead TR, Møller AP. 1998. Sperm competition
and the evolution of ejaculates: towards a theory base.
Sperm competition and sexual selection3-54. Academic
Press

Parker GA, Simmons LW, Stockley P, McChristie DM, Charnov
EL. 1999. Optimal copula duration in yellow dung flies:
effects of female size and egg content. Animal Behaviour
57: 4795-805.

Robinson GS. 1999. HOSTS - a database of the hostplants of
the world’s Lepidoptera. Nota Lepid 22: 35-47.

Robinson GS, Ackery PR, Kitching IJ, Beccaloni JW,
Hernández LM. 2000. HOSTS - a Database of the World’s
Lepidopteran Hostplants The Natural History Museum,
London
Available at http://www.nhm.ac.uk/research-curation/projects/

hostplants/ (Nov. 3, 2006)

Scoble MJ. 1992. The Lepidoptera. Form, function and
diversity Oxford University Press

Scott JA. 1972. Mating of butterflies. Journal of Research on
the Lepidoptera 11: 299-127.

Shields O, Emmel JF. 1973. A rewiew of carrying pair bahavior
and mating times in butterflies. Journal of Research on
the Lepidoptera 12: 125-64.

Stehr FW. 1987. Immature Insects Kendall/Hunt Publishing
Company

Sweetman HL, Whittemore FW. 1937. The number of molts of
the fire brat (Lepismatidae, Thysanura). Bulletin of the
Brooklyn Entomological Society 32: 117-120.

Torre SL. 1967. Observaciones en la metemorfósis de los
lepidópteros Spilosoma jussiae (Arctiidae) y Empyreuma
pugione (Ctenuchidae). Memorias de la Facultad de
Ciencias de la Universidad de La Habana, Serie C.
Biológicas 1: 51-12.

Wigglesworth VB. 1972. The principles of insect
physiology7Chapman and Hall

Journal of Insect Science | www.insectscience.org ISSN: 1536-2442

Journal of Insect Science: Vol. 8 | Article 5 13


	Life cycle and immature stages of the arctiid moth, Phoenicoprocta capistrata
	Laura Rodríguez-Loechesa and Alejandro Barro
	Abstract
	Resumen
	Introduction
	Materials and Methods
	Collecting and Rearing
	Life cycle
	Describing immature stages
	Statistical analysis

	Results
	Host Plant
	Life Cycle
	Description of Immature Stages

	Discussion
	Host Plant and Immature Stages
	Life Cycle

	Acknowledgements
	References


