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Caligo teucer(Linnaeus, 1758) is widely distributed in Argentina, Bolivia, Brazil and Ecuador. The objective was to
study biological aspects of Caligo teucer japetus Stichel, 1903 with banana leaves, Musa sapientiumL. (Zingiberales:
Musaceae), in the butterfly garden, under environmental conditions, and in the laboratory of biological control
of insects at the Universidade Federal de Vigosa in Vigosa, Minas Gerais state, Brazil at 24 + 2 °C, 68 + 10% relative
humidity and 12 hours photophase. The duration of the egg incubation, larvae, pupa and egg to adult periods of
C. teucer japetus were, respectively, 11.8 + 0.1; 53.9 £ 0.9; 17.9 £ 0.3 and 82.6 + 1.0 days for females, and 11.8 £ 0.1;
50.3 £ 0.6; 18.4 + 0.3 and 79.4 + 0.6 days for males in cages in the laboratory. The longevity of C. teucer japetus
adults was 26.0 + 10.4 and 47.5 + 8.7 for females and 24.7 + 3.5 and 35.4 + 15.7 for males in the butterfly garden
and in laboratory cages, respectively. The high survival and the relatively short period of development of its
immature stages confirm that banana leaves are an adequate food substrate for the development and survival
of Caligo teucer japetus.

Development stages
Survival

Introduction

Banana, Musa sapientium L. (Zingiberales: Musaceae) is the most
consumed tropical fruit in the world and the main product of the
international fresh fruit trade (Almeida and Gherardi, 2018). The banana
tree is cultivated in several countries, with Brazil, China, Ecuador, the
Philippines and India being the largest producers (Silva and Cordeiro,
2000; Fancelli, 2012). In Brazil, this crop ranks second in planted area
(458,871 ha) and production (6,789,420 tons) among the cultivated
fruits (IBGE, 2020).

Pest insects damage plants of the banana M. sapientum, some of
which with constant presence and wide geographical distribution
(Ostmark, 1974; Smilanich and Dyer, 2012). However, the occurrence
of most of these pests is regionalized (Labou et al., 2017), increasing
the importance of studying their biology and ecology, for the adoption
of integrated management measures (Okolle et al., 2011).
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The genus Caligo Hiibner, [1819] (Satyrinae, Brassolina) has 21
species, all of large size (over 100 mm in wingspan), the majority of
twilight habit and gregarious larvae in the initial stages (Penz et al.,
1999; Casagrande and Mielke, 2000; Casagrande, 2002). Most studies
with these species were on systematic (Wahlberg et al., 2003; Freitas
and Brown, 2004; Mielke and Casagrande, 2006; Penz, 2007) and
morphology (Souza et al., 2006; Casagrande and Mielke, 2008).

Caligo teucer(Linnaeus, 1758) (Lepidoptera: Nymphalidae) is widely
distributed in Argentina (Arroyo and Rodriguez, 2005), Bolivia (Blandin
and Descimon, 1975), in the Amazonian region of Ecuador (Devries and
Walla, 2001) and in Brazil (Ramos, 2000). Caligo teucer japetus Stichel,
1903, the subspecies that occurs in extra-Amazonian Brazil, damaged
Alpinia purpurata (Zingiberaceae), Canna indica (Cannaceae) and
Heliconia bihai(Heliconiaceae) plants in the municipalities of Pombos
and Recife, Pernambuco state, Brazil (Souza et al., 2006).

The objective of our work was to study the survival and duration
of the immature stages of C teucer japetus, with its larvae feeding
on banana leaves in the laboratory and, after reaching adult stage, to
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determine its survival and longevity under a butterfly garden and at
the laboratory.

Material and Methods

The work was carried out at the butterfly garden and at the
Laboratory for Biological Control of Insects/BIOAGRO at the Federal
University of Vicosa (UFV) in Vigosa, Minas Gerais, Brazil. The immature
stages of C teucer japetus was studied in a climatic chamber with a
temperature of 24 + 2 °C, 68 + 10% relative humidity and a 12-hour
photophase. However, the survival and longevity of adults were studied
in a non-acclimatized room of the aforementioned laboratory and in
the butterfly garden under similar climatic conditions (temperature of
24 + 5 °C, relative humidity of 70 + 10% and photophase of 12 hours).

Seventy-six C. teucer japetuseggs were collected on M. sapientium
(banana tree) leaves at the UFV Science Park butterfly garden and placed
in Petri dishes until the larvae hatched which were individualized in
transparent plastic 500 ml pots with a lid and fed daily with pieces of
banana leaves until pupae is formed. Specimens of C. teucer japetusare
not native to the municipality of Vicosa, MG and they were probably
introduced from another region of Brazil in the butterfly collection of
the aforementioned butterfly garden. The lid of these plastic pots was
perforated twice to facilitate aeration and to increase their internal
humidity. The aeration orifice (four centimeters in diameter) was
sealed with voile fabric and a 2.5 ml plastic tube with distilled water
was inserted into the other. Pieces of banana leaves were washed with
5% aqueous sodium hypochlorite solution before being offered, daily,
to C teucer japetus caterpillars.

The pupae of C. teucer japetus were sexed, weighed, separated
into pairs, fixed in strips of filter paper and kept in wooden cages

(40 cm x 40 cm x 40 cm, respectively, in width, height and length)
until emergence of adults.

Twenty pairs of C. teucer japetuswere separated, half in the butterfly
garden and half in ten laboratory cages. These adults confined in cages
were fed with decomposing banana fruits and water (Bauerfeind et al.,
2007) and those in the butterfly garden with fermented fruit, in addition
to sap from different plants, manure and mineral salts from puddles
(Srygley and Penz, 1999). The forewings of the pairs confined in the
butterfly garden were marked with overhead projector ink to facilitate
their differentiation during the observations.

The duration and viability of the larva and pupa stages; number
and duration of instars, pupal weight, sex ratio; preoviposition,
oviposition and postoviposition periods and male and female longevity
were obtained from evaluations twice a day (9:00 AM and 03:00 PM)
under a stereomicroscope, the change of stage being determined by
the presence and measurement of the head capsule.

A t-test (P= 0.05) was used to compare males and females with
respect to the duration of different biological cycle stages. Statistical
analyses were performed with the System of Statistical and Genetic
Analysis (SAEG) of the Federal University of Vicosa.

Results

The eggs of C. teucer japetus are spherical (1.83 + 0.05mm in
diameter) with a number of vertical carina ranging from 28 to 30,
carved in the shell forming lateral lobes that start from the micropylar
region at the upper pole. These eggs, initially whitish, turn milky and
dark white next to the caterpillar hatching (Fig. 1A). The incubation
period and viability of eggs were similar for caterpillars that originated
males or females (Table 1).

Figure 1. Caligo teucer japetus (Lepidoptera: Nymphalidae). A - eggs; B - first, second, third, fourth and fifth instar larvae; pupa: C - anterior view, D - posterior and E - lateral;
F - male, dorsal (left), ventral (right); G - female, dorsal (left), ventral (right) view. Scale bars A, B: 1 mm, C, D, E: 10 mm, F, G: 20 mm.
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Table 1

Survival and duration (mean + standard error) of the stages and instars of Caligo teucer japetus (Lepidoptera: Nymphalidae) in cages with Musa sapientium leaves at a
temperature of 24 + 1 °C, relative humidity of 68 + 10% and 12 hours photophase. Vigosa, Minas Gerais, Brazil.

Survival Duration
Stage

(%) Female n Male n Female + Male n
Egg 86.11 11.84+0.14 38 11.84 £ 0.14 38 11.84 £ 0.00 76
Larva 68.00 53.91£091 27 50.34 + 0.64* 25 52.18 £ 0.62 52
First Instar 68.42 10.00+0.73 27 8.69 +0.38"¢ 25 9.38+0.43 76
Second Instar 100.00 9.11+0.41 27 8.34 +0.24" 25 8.75+0.25 52
Third Instar 100.00 8.92+0.43 27 8.94 +0.18" 25 8.93+0.24 52
Fourth Instar 100.00 9.89+0.22 27 9.44 +0.26" 25 9.68 +0.17 52
Fifth Instar 100.00 16.94 +0.32 27 14.94 + 0.34 25 16.00 +0.29 52
Pupa 98.07 17.88 £ 0.34 26 18.40 £ 0.27"¢ 25 1813 £0.22 51
Egg-adult 100.00 82.58 +0.95 16 79.43 £ 0.64° 16 81.86 +0.59 51

nNot significant at 5% probability by the “t” test. ‘Significant at 5% probability by the “t” test. n: number of individuals.

Table 2
Longevity (mean * standard error) of adults of Caligo teucer japetus (Lepidoptera: Nymphalidae) in cages and butterfly houses. Vi¢osa, Minas Gerais, Brazil.
Survival Longevity
Stage
n (%) Female ’n Male n
Cages
Adult 20 100 26.0+34 10 24.7 £1.2m 10
Butterfly garden
Adult 20 100 475+ 1.0 10 35.4+0.6" 10

"Not significant at 5% probability by the “t” test. Significant at 5% probability by the “t” test. >n: number of individuals.

The duration of each instar of C. teucer japetus caterpillars varied
between them and sex (Table 1), with lower value in the third instar
for both sexes and longer in the fifth for caterpillars that originated
females. The width of the head capsules and the body length of the
first, second, third, fourth and fifth instars C. teucer japetus were 1.33
+0.01lmm and 10.84 + 0.36mm; 1.98 + 0.01mm and 18.29 + 0.62mm;
2.91 +0.02mm and 32.83 £ 0.91mm; 4.50 + 0.03 and 65.23 + 1.32mm;
6.55+0.06 and 87.77 + 1.91mm, respectively (Fig. 1B). Some caterpillars
reached 16, 24, 44, 74 and 115mm long in the first, second, third, fourth
and fifth instars, respectively.

The longevity of the C. teucer japetusimmatures was shorter for the
larvae and longer for the pupa, and the duration of these stages varied
between them and sex (Table 2), with greater and lesser value for the
larvae and egg, respectively, and longer larval period for individuals
that originated females.

The durations of the larval stage and the egg to adult period of
C. teucer japetus were longer for individuals that originated females
(Table 1), but those of pupa were similar between sexes.

The weight of C. teucer japetus pupae differed between sexes, with
females being heavier than males. The pupa of this insect (Fig. 1C, D, E)
is obtecte, with yellow to brown-yellow coloration, several bands and
streaks of dark brown color, in addition to a narrow brown color band
on the dorsal part, from the vertex to the cremaster. The pupal length
was 42.0 £ 0.17mm.

The duration of the pre-oviposition, oviposition and post-oviposition
periods of C. teucer japetus females, kept in cages, were, respectively,
12.86 + 1.74 days; 4.86 + 1.42 days and 6.71 + 2.06 days, with oviposition
of 12.0 + 2.9 eggs per female.

The C. teucer japetus female longevity was longer and similar
to that of males in both environmentals (Table 2), but that of both
sexes was lower in cages than in the butterfly garden. The periods of
preoviposition, oviposition, postoviposition and fecundity could not
be evaluated for the butterfly garden individuals.

The C. teucer japetus adult (Fig. 1F, G) is a butterfly with the dorsal
part of the wings with a blue-gray color and the outer edges with a wide
black band. Males (Fig. 1F) measure 61.9 + 19.6 mm in wingspan with

the anterior dorsal region of the first pair of wings light yellow, blue
from the first anal vein and external edges with a large black band. The
females (Fig. 1G) are larger, with 154.8 + 48.9 mm of wingspan with
the anterior dorsal portion of the first pair of wings light yellow and
lighter blue and the outer edges with a thinner black band in relation
to males. The ventral face of the wings, of both sexes, is predominantly
brown, with a black ocellar patch of white halo in the center of the
pair of posterior wings, which gave rise to the name of owl butterfly
for species of this genus.

Discussion

The egg size and the carinae number of C. teucer japetusare within
the range of 1.8-2.0 mm and 28-30 carinas, respectively, for C teucer
(Souza et al.,2006), but greater than the 26-27 carinae of C. eurilochus
(Cramer, 1775) and lower than the 31 and 33-36 of C beltrao (llliger,
1801) (Casagrande, 1979) and C. illioneus (Cramer, 1775) (Specht and
Paluch, 2009), respectively. The darkening of the C. teucer japetuseggs
is due to the semitransparent corium showing the color of the head and
the longitudinal carmine red stripes of the pre-emergent caterpillar
(Souza et al., 2006). The egg viability of C. teucer japetus females,
originated from caterpillars fed with banana leaves was three times
greater than that of C illioneus with leaves of this plant, which may be
due to the conditions of each experiment and the variations between
species of this genus. The C teucer japetus eggs were kept in climatic
chambers with constant temperature and relative humidity, while
those of C. illioneus were kept with banana leaves under uncontrolled
temperature and humidity (Penz et al., 1999).

The egg incubation period, for females originated from caterpillars
fed with banana leaves, was longer than the six days of C. illioneuswith
leaves of this plant (Penz et al., 1999) and 8.9 days for C. eurilochus
brasiliensis (C. Felder, 1862) with leaves of Saccharum spontaneum
L. (Poaceae) and Cyrtostachus sp. (Araceae) (Malo and Willis, 1961).
These variations may be because the eggs were kept at a temperature
lower than 25-29 °C from that of C illioneus (Penz et al., 1999) and
C. eurilochus brasiliensis (Malo and Willis, 1961).
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Variations in the duration of each instar and sex, of individuals fed
with banana leaves, may be related to the higher leaf consumption by
these caterpillars as they develop (Llandres et al., 2015) and the fact
that those that originated females need more nutritional resources,
because they are, on average, larger than those that originated males
(Specht et al., 2013). The shorter duration of the third and longer of
the fifth instar of C teucer japetus, with banana leaves, is also due
to the increase in the feeding period, in the latter, to accumulate
lipids necessary for the pupa formation (Mevi-Schiitz and Erhardt,
2003; Llandres et al., 2015). On the other hand, the longer durations
of the first, second, third, fourth and fifth instars of C teucer japetus
compared to those of C illioneus with leaves of Heliconia velloziana
(Heliconiaceae) (Specht and Paluch, 2009); that of the first (6 days),
second (8 days), third (5 days), fourth (5-6 days) and fifth (6-7) instars
of C. illioneus with banana leaves (Penz et al., 1999) and the first (7.7
days), second (7.5 days) and third (8.6 days) instars of C. eurilochus
with 8. spontaneumand Cyrtostachus sp. leaves (Malo and Willis, 1961)
can be attributed to the variations between Caligo species, their host
plants (War et al., 2012, 2018; Santamaria et al., 2015, 2018) and the
development temperature of these caterpillars (Solensky and Larkin,
2003; Navarro-Cano et al., 2015).

The cephalic capsule widths and the maximum length of the
first, second, third, fourth and fifth instar larva of of C. teucer japetus
caterpillars are within the range, for these parameters, of 1.3-1.5 mm;
1.8-2.4mm; 2.6-3.1mm; 4.2-4.7mm and 6.6-7.4mm and 20mm, 32mm,
46mm, 69mm and 125mm when fed with Heliconia bihai(Heliconiaceae),
Canna indica(Cannaceae) and Alpinia purpurata(Zingiberaceae) leaves
(Souza et al., 2006).

The lower survival of C, teucer japetus caterpillars is probably due to
their gregarious behavior from the first to the fourth instar (Specht and
Paluch, 2009; Allen, 2010), with higher mortality from those of the first
instar, individualized, and therefore more vulnerable to chemical and
morphological defenses of banana leaves (Reader and Hochuli, 2003;
Campbell and Stastny, 2015) and the leaves microclimate (Ronnas et al.,
2010; Campbell and Stastny, 2015). In addition, the metabolism, digestive
physiology and intestinal microbiote of newborn caterpillars differ from
those in more advanced instars (Mason and Raffa, 2014; Despland,
2018), being more selective and sensitive to food and plant chemical
defenses, possibly due to a more limited set of digestive enzymes
(Hochuli, 2001). The survival of 100%, in the instars, except for the first,
of C teucer japetus was similar to that of C illioneus caterpillars fed
with banana leaves (Penz et al., 1999), indicating that this substrate is
suitable for these insects.

The longer and shorter duration of the larvae and egg stages,
respectively, is commom for species of the genus Calligo (Penz et al.,
1999; Souza et al., 2006; Specht and Paluch, 2009) and, as mentioned,
the longest larval period of individuals that originated females can be
attributed to the fact that females need more nutritional resources than
males to reach adulthood (Specht et al., 2013). The greater duration of
the larval stage of C. teucer, of individuals that originated females, is
due to its greater weight or size in relation to males. This is due to the
fact that the weight and size of larvae are positively correlated with
the fitness parameters (egg production), whose females hatch from the
pupa with preformed and formed eggs and, therefore, need a longer
larval period of time to produce pupa (Tammaru, 1998; Gotthard, 2008).
This may explain the similar duration of the pupa stages, between the
sexes, because the pupation depends on the biomass gained during the
immature stage; if a caterpillar is in its final instar with a low weight,
it is necessary to evaluate the potential cost of a longer development
and the that of reduced adult weight (Slansky, 1980).

The duration of the larvae and pupa stages and the egg-adult
period of C. teucer japetus were similar to the values of 51.5, 18.1 and

78.1 days, respectively, for C. eurilochus fed with S. spontaneum and
Cyrtostachus sp. leaves (Malo and Willis, 1961), greater than the 32, 13
and 45 days, respectively, of C. illioneus fed with H. velloziana leaves
(Specht and Paluch, 2009) and that of the 46.5, 14 and 67 days with
banana leaves (Penz et al., 1999). These differences indicate, once again,
that the duration of the larvae, pupa and egg stages vary with the Caligo
species and with the host plant and temperature.

The higher weight of C teucer japetus pupae, which originated
females in relation to those that originated males, can be attributed
to the greater lipid accumulation for the reproductive activities of
females that are larger and with a longer development period (Ziegler
and Van Antwerpen, 2006; Specht et al., 2013). The pupae of C. teucer
and C illioneus are very similar, which difficults their identification
(Specht and Paluch, 2009). The length of C. teucer japetus pupae was
longer than those of C. illioneus(37-40 mm) (Specht and Paluch, 2009)
and similar to those of C. teucerfed with three host plants (39-42 mm)
(Souza et al., 2006).

The longer and shorter duration, respectively, of C. teucer japetus
female preoviposition and oviposition periods, in cages in the laboratory,
differed from the general pattern for lepidopterans (Specht et al., 2013;
Martinez et al., 2014). This indicates that the food offered to adults
in the cages partially met their nutritional needs, which also affect
their mating behavior and posture (Geister et al., 2008; Hiroyoshi and
Reddy, 2018).

The longer longevity of females than males of C teucer japetus
in the butterfly garden maybe related to the stress caused on adults
confined in cages (Bronikowski and Promislow, 2005; Molleman et al.,
2007; Niitepdld, 2019). This may explain the greater adult longevity of
both sexes in the butterfly garden, where they could feed on fermented
fruits but, also on the plant sap, manure and mineral salts in water
pools (Srygley and Penz, 1999). These longevities, in cages and in the
butterfly garden, were shorter and longer, respectively, than the 28.5
days and 28 days of C brasiliensis and C. illioneus in the laboratory
(Silva et al., 2013).

The sexual dimorphism of C. teucer japetus, in size and color, is a
general pattern among butterflies of this genus, with males, in most
cases, being smaller and with a more intense and bright color than
females. This is because females are more sensitive to intraspecific
color variations, choosing males with bright iridescent ornamentation
(Kemp, 2007).

The results obtained in this research allow concluding that the
number of instars of Caligo teucer japetus was five with high survival.
The gregarious behavior of its larvae and the relatively short development
period confirm the potential of this butterfly as a pest of the banana tree.
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