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The Taita Hills swallowtail butterfly, Papilio desmondi teita, was reared in captivity on wild citrus (Rutaceae), Toddalia asiatica and
Clausena anisata, in Ngangao Forest, Taita Hills, Kenya. The butterflies were exposed to the host plants for oviposition inside the laying
buckets under ambient laboratory conditions. Results revealed that P. desmondi teita could only complete development on T. asiatica
and but not on C. anisata in both seasons. The egg incubation period on T. asiatica was significantly shorter (P < 0.001) compared to
C. anisata during the first season (P = 0.595) but not in the second season. The development period of the butterfly in 1% and 2" seasons
on T. asiatica was 81.13 +0.44 days and 112.15 + 1.20 days, respectively, while a female-biased sex ratio was observed in the first and
second seasons. Findings from this study indicate that T. asiatica was the most suitable host plant for development of P. desmondi teita.

1. Introduction

Butterflies are among most significant component of
biodiversity within the ecosystem [1]. Some butterflies such
as papilionids and pierids and some groups of nymphalids
and hesperiids are pollinators of wild flowering plants and
cultivated crops [2]. Approximately 87.5% of flowering
plant species depend on animal pollinators for their pro-
duction [3]. In the agricultural sector, 87 of the leading
world food crops and 35% of the total crop production
volumes are dependent on animal pollination [4]. Most
butterflies are typically herbivores in their larval stages and
majority are host specific with a close relationship with
their host plants [5]. Also, most adults have a specialized
mouthpart, the proboscis which is long and tubular for
extraction of nectar, a primary source of nutrition for adult
butterflies [6, 7]. While feeding on plants’ nectar, butterflies
play a critical role as pollinators through the transfer of
pollen from one flower to another [6]. However, some
butterfly species particularly in the family Nymphalidae

feed on other liquid substances including fruit juice, rotting
fruit, tree sap, and even animal droppings [6-8].
Swallowtail butterfly species are endangered and have been
experiencing a reduction in diversity, occurrence, and
abundance across the globe [9-11]. The loss of pollinator
swallowtail butterflies is linked with the reduction in plants
that they depend on through habitat change and destruction
activities such as deforestation, agriculture conversion and
intensification, alteration of pastures, and urbanization [12].
These alterations within their natural habitat have a negative
impact on their fundamental life functions such as mating,
breeding, foraging, and many others [13]. This has raised
concerns about the stability of ecosystem function and food
security [14]. These factors may also cause a local extinction or
migration of the endemic swallowtail butterflies due to the loss
of their preferred host plants within their habitats [15, 16].
Among the tropical swallowtail butterfly species, Papilio
desmondi teita (Van Someren) (Lepidoptera: Papilionidae) is
an endemic and endangered species to Taita Hills in Kenya
[9, 17] that form the Eastern Arc Mountains (EAM) [7, 12, 18].
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The knowledge of the relationship between swallowtail
butterflies and their host plants is very scanty. According to
a recent study, compared to farmlands, forest edges are
home to a greater diversity of butterfly species [19]. A crucial
step in achieving the conservation goal of swallowtail but-
terflies is through understanding their biology within their
natural habitats. Once biology is understood, a more sus-
tainable management and conservation strategy could be
designed and adopted for use. Currently, there is no known
information on the biology of P. desmondi teita with very
little information documented on its larval host plants by
Larsen [20] and Congdon et al. [21]. Therefore, the present
study was conducted to document the biology of the
swallowtail butterfly P. desmondi teita on wild species of
citrus (Rutaceae), horsewood Clausena anisata (Willd) and
orange climber Toddalia asiatica (Lam), which were pre-
viously reported as the species’ larval host plants according
to Larsen [20] and Congdon et al. [21] as well as to un-
derstand the larval host preference between the selected host
plants.

Clausena anisata, a wild citrus species, is a small, de-
ciduous shrub with imparipinnate compound leaves that are
heavily gland-dotted and have a strong, anise-like scent
when crushed [22]. According to Mukandiwa et al. [23], the
shrub is the only member of the Clausena genus found in
tropical Africa [24]. Its country-specific geographical range
includes bushveld, riverine thickets, and forests throughout
sub-Saharan Africa, with the exception of the driest regions.
Toddalia asiatica, a woody liana that is a wild citrus species,
can grow up to 10 meters high in the forest [25]. According
to Gopal et al. [26], it is extensively distributed throughout
Madagascar, Asia, and Africa’s tropical regions. In the
Maasai and Kipsigis communities of East Africa, the plant is
traditionally used as a hedge and as a browser for goats [27].
The host plants in this study were specifically chosen as the
larval host plants due to their frequent occurrence in the
Taita Hills and their utility to the local butterfly farmers
during the reconnaissance survey. This study will yield
valuable information for the broader conservation of
swallowtail butterflies and the plants that serve as their hosts
in Kenya and throughout sub-Saharan Africa.

2. Materials and Methods

2.1. The Study Site. Taita Hills which form part of Eastern
Afromontane Biodiversity Hotspot [7, 28, 29] with an ele-
vation range of 1,200 to 2,200 meters above sea level are
home to an exceptionally high number of endemic plant and
animal species (Figure 1). The study was conducted at the
Dawida Biodiversity Center, which is situated in the coastal
region of Wundanyi Subcounty, Taita Taveta County, Kenya,
at the Ngangao Forest fragment of the Taita Hills.

The study was carried out at two locations within the
study site: a garden (a) and a laboratory (b) between March
and September of 2021. In a garden under shade, oviposition
was observed in buckets holding the mated females and the
two host plants, C. anisata and T. asiatica. The garden
recorded ambient temperature and relative humidity of
23.87+£0.93°C and 66.83 +3.22%, respectively, during the
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first season (March-May 2021) and an ambient temperature
and relative humidity of 18.25+0.57°C and 74.83 + 1.51%,
respectively, in the second season (June-September 2021).
Subsequent studies on development from egg (collected
from oviposition experiment) to adult were conducted in-
side the laboratory at an ambient room temperature and
relative humidity of 22.19+0.09°C and 73.86 +0.33%, re-
spectively, during the first season (March-May 2021) and
ambient room temperature and relative humidity of
18.26 £0.13°C and 74.71 +0.50%, respectively, during the
second season (June-September 2021). All the experiments
were carried out at 12L:12D in both seasons.

2.2. Host Plants. Clausena anisata (Willd.) Hook. f. ex
Benth.—Habit: Shrub. Habitat: Forest margins and re-
generations, bushland, wooded grassland, 1700-1875m.
Vouchers: SAJIT-004600, Watuma BM W0069 (EA, HIB),
Mwachala G et al. EW012, Faden RB et al. NMK Exped.
263 (EA).

Toddalia asiatica (L.) Lam., Tabl. Encycl. 2: 116 1797. (syn.
Aralia labordei H. Lév.; Cranzia aculeata (Sm.) Oken; Cranzia
asiatica (L.) Kuntze; Cranzia nitida Kuntze; Limonia oli-
gandra Dalzell (Unresolved); Paullinia asiatica L.; Rubentia
angustifolia Bojer ex Steud. (Unresolved); Scopolia aculeata
Sm.; Scopolia angustifolia Spreng. (Unresolved); T. aculeata
(Sm.) Pers.; T. angustifolia Lam.; T. asiatica var. floribunda
(Wall.) Kurz; T. asiatica var. gracilis Gamble; T. asiatica var.
obtusifolia Gamble; T. floribunda Wall; T. nitida Lam,
T. rubricaulis Roem. & Schult; T. tonkinensis Guillaumin;
Zanthoxylum floribundum Wall. (Unresolved).

Two wild citrus species, Clausena anisata (Willd.) and
Toddalia asiatica (L.) Lam. (Rutaceae) were chosen as the
host plants for the experiment on swallowtail butterfly,
P. desmondi teita developmental attributes. From the forest
edges, young branches with new leaves from each host plant
were gathered and brought to the laboratory. After washing
the branches to get rid of dust and any potential predators,
they were submerged in water to prevent desiccation. The
branches were placed in plastic buckets (325 mm
dia. x 375 mm-h) labeled with the host plant species for use
in colony maintenance.

2.3. Swallowtail Butterfly, Papilio desmondi teita, Culture.
A colony of P. desmondi teita from eggs (collected from an
oviposition experiment), larval instars, pupae, and adults
was maintained inside the laboratory (situated in Ngangao
Forest) in plastic buckets (Figure 2(b)) on C. anisata and
T. asiatica. The stock colony was established from the adults
collected at the forest edges in November 2020. The adults
were collected using a sweep net while foraging on the
flowers from various plant species, and some females were
collected on the selected host plants while laying eggs. To
avoid rubbing off the scales on the upper surface of the
wings, the butterflies’ wings were folded above their backs
before being placed in waxed paper envelopes. After being
brought to the laboratory, they were placed in rearing flight
cages that were 70 cm by 70 cm by 70 cm in size. A mosquito
net was placed over the cages to provide ventilation. They
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FIGURE 1: Map illustrating study site at Ngangao Forest, Taita Hills (developed using ArcGIS, ILRI database, 2018) (source: Genga et al. [18]).

were also kept from escaping by the nets. Twice a day, they
were given 10% sugar solution soaked in cotton wool as
food. To ensure successful mating, the males and females
were artificially mated after 24 hours using the hand pairing
method [18, 30]. Mated females were individually placed

into laying buckets containing either young branches of the
host plant, C. anisata or T. asiatica, for oviposition.

From the oviposition experiment, all eggs laid on the
same day and at the same age on each host plant were
collected and placed into clearly labeled transparent plastic
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FIGURE 2: Egg-laying site outside the laboratory at a garden (a) and laboratory rearing in the laboratory (b) within Ngangao Forest, Taita

Hills.

buckets that measured 325 mm in diameter by 375 mm in
height. These buckets were then used for incubation and
turther development in the laboratory. Throughout both
seasons, the P. desmondi teita rearing cultures were kept at
room temperature and relative humidity. The mesh-covered,
detachable lids on the buckets improved air circulation.
After hatching, the young larvae were placed in clean rearing
plastic buckets (325 mm Dia x 375 mm-H) with young, fresh
host plants inside, and they were separated from the un-
hatched eggs using a soft camel-hair brush. The young, fresh
leaves of the selected plants were fed to the larvae.

The pupae were removed after they had pupated by gently
pulling them off and scratching the corner of the silk girdle that
the cremaster was attached to. The pupae were moved to the
new buckets, and twigs and white serviette paper were added to
the base to support the emerging adults. Up until their adult
emergence, the pupae were kept in the same laboratory con-
ditions. After a day, the newly emerged adults were fed with
a 10% sugar solution and separated from the pupae. By using
the hand pairing method, six pairs were chosen from the

Percentage egg mortality =

number of unhatched eggs

population that was reared from each host plant, and they were
mated after two days [30]. Within the rearing bucket, the mated
females were exposed to their host plants in preparation for
oviposition. The second season experiment followed the same
procedure used during the first season.

2.4. Effects of Host Plants on Egg Incubation Period and
Mortality Rate. After being separated from the other adults,
six mated females were put in buckets with young, fresh
branches from each host plant in preparation for ovipo-
sition. Eggs of the same age (laid on the same day) were
kept in the buckets as mentioned in the previous section,
with their lids turned upside down for ventilation, to de-
termine the egg incubation period on each host plant. Until
they hatched, the eggs were watched every day. The in-
cubation period was determined by counting the days until
the eggs hatched. To determine the egg mortality rate, the
number of unhatched eggs from each host plant was
counted. Mortality was calculated as a percentage.

2.5. Effect of Host Plants on Larval Development Period,
Mortality Rate, and Larval Weight. In plastic rearing buckets
with adequate ventilation and a branch of young, fresh leaves
from the host plants, a cohort of 165 larvae (in the first season)
and 192 larvae (in the second season) was placed. The duration
of larval instar was determined by recording the number of days
taken to complete each instar stage identified by differences in

total number of laid egg

x100. (1)

size, marking and pattern, and head capsule coloration. The
larval weight was determined by weighing 60 individual larvae
using JA-SERIES (JA203) electronic analytical balance
(0.001 mg accuracy). By monitoring larval cohorts at each instar
and keeping track of the number of survivors from the start of
each instar to the finish, the mortality rate was determined. The
mortality rate (by instar) was calculated with the formula

number of dead larvae at the end of instar

larval mortality rate =

2.6. Effect of Host Plant on Pupal Period, Pupal Weight, and
Mortality Rate. Pupae were marked with the date of for-
mation, and those of the same age were kept together in the

X
total number of larvae at the beginning of instar

(2)

rearing bucket and observed daily. Sixty pupae reared on
each host plant were used to determine pupal development
parameters such as pupal period and pupal weight. During
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the experiment, the pupal mortality rate was also recorded.
The time taken from pupal formation to the adult butterfly
emergence was recorded in days as the pupal period. An
electronic analytical balance (Type JA203H; JA-SERIES)
with a 0.001 mg accuracy was used to weigh each pupa. To
calculate the pupal mortality rate, the number of dead pupae
(those that did not fully transform into adults) were counted
and recorded. Abbott’s [31] formula was used to calculate
the mortality rate:

number of emerged adults

100.
total number of pupae formed

(3)

pupal mortality rate =

2.7. Effect of Host Plant on Adult Longevity, Sex Ratio, Weight,
and Oviposition. By examining the morphology of the
forewing, hindwing, and abdomen, adult butterflies were
sexed. The sex ratio was calculated by counting and re-
cording the number of adult males and females. The adult
longevity of males and females fed on 10% sugar solution
was investigated by recording the time from each individual
emergence to death on a daily basis. The number of eggs laid
in the first two days was used to calculate the oviposition.
After a day, at 6 pm, when they were less active, sixty newly
emerged adults were weighed individually on an electronic
analytical balance (0.001 mg accuracy; Type JA203H; JA-
SERIES). All experiments were replicated three times and in
two seasons.

2.8. Statistical Analysis. All the data were analyzed in R
statistical software package, version 4.1.1 [32]. Mean and
SEM (standard error of mean) were computed for the
duration of developmental stages, egg incubation period,
oviposition, egg mortality rate, larval and pupal mortality,
and weight of developmental stages. The independent
sample t-test was used to compare the means from each
host plant. The Shapiro-Wilk test and the Bartlett test of
homogeneity of variance were applied to the fecundity
data on various substrates and submitted to one-way
analysis of variance (ANOVA) using general linear
model (GLM) procedure of R statistical package software.
Tukey’s multiple comparison test was used to separate the
means between the substrates. P <0.05 was designated as
the significance level.

3. Results

3.1. Egg Incubation Period and Mortality. The females of
P. desmondi teita laid eggs singly on the branch, lower and
upper sides of the leaves, and bucket. They laid significantly
more eggs on the lower leaf surface (F; ;76 =50.19; P <0.001)
compared to other oviposition substrates when exposed to
T. asiatica while on C. anisata, most eggs were laid on the
bucket surface followed by the lower leaf surface and the
least was laid on the stem surface as shown in Table 1. In
the first season, the host plants significantly influenced

TaBLE 1: Oviposition preference and mean (+SE) number of eggs
laid by Papilio desmondi teita on Clausena anisata and Toddalia
asiatica (as per plant) in March 2021 under field conditions.

Toddalia asiatica
Number of eggs

Clausena anisata

Oviposition substrate Number of eggs

Upper leaf surface 0.75 +0.39bc 7.10 +1.36b
Lower leaf surface 3.65+0.70b 25.60 +2.63a
Stem 0.20+0.16¢ 2.60+0.61b
Bucket 8.80+1.39a 2.95+0.55b
Fs76 23.82 50.19
P value <0.001 <0.001

Means (+SE) in the same column followed by the same letter do not differ
significantly at P <0.05 (Tukey’s test).

(t=16.15; df = 188; P < 0.001) the incubation period with the
eggs laid on C. anisata hatching in 8.35days compared to
7.27 days for those laid on T. asiatica. However, during the
second season, the host plants did not significantly influence
the incubation period at t=-0.53; df=182; P=0.595 for
eggs laid on C. anisata and T. asiatica host plants. The
percentage mortality for the eggs laid on both host plants did
not differ significantly at t=-0.14; df=4; P=0.895 and
t=0.00; df =4; P =0.998 in both rearing seasons as outlined
in Table 2.

3.2. Larval Development and Mortality Rate. Swallowtail
butterfly, P. desmondi teita, larvae recorded five instars in
both seasons. Immediately upon hatching, the first instar
larvae were feeding on their empty eggshells before moving
toward the host plant that was provided. The larvae fed on
T. asiatica successfully completed the five instar stages of
development. Those reared on C. anisata died between 2 and
3 days in both seasons. The larval development period on
T. asiatica varied from the 1°* to 5™ instar larvae in both
seasons. The longest period was recorded in fifth instar stage
for both seasons, and the shortest period was recorded in 1%
and 2™ instar in 1°* and 2™ seasons, respectively (Table 3).
The total larval period for the larvae reared on T. asiatica was
44.55£0.27 days in the first season and 66.05 + 0.66 days in
the second season.

The larval instar mortality rate observed on T. asiatica
during the first season varied from 8.51% for first instar to no
mortality for the 5%, with 24.34% mortality for all larvae
reared on T. asiatica. Similarly, the mortality rate observed
on T. asiatica in the second season varied across the instar
stages with the highest rate recorded in the first instar and
lowest rate in the fifth instar. The overall mortality rate for
the larvae reared on T. asiatica during the second season was
32.61%. However, the larvae that were reared on C. anisata
recorded 100% mortality in the first instar, hence leading to
the end of the experiment in both seasons. Therefore, the
overall larval mortality recorded in both seasons for the
larvae reared on C. anisata was 100% (Table 3).

The host plants significantly influenced the weight of the
first instar larvae at t=3.637; df = 188; P =0.0004 during the
first season. The first instar larvae reared on C. asiatica were
heavier (1.42+0.03mg) than those reared on T. asiatica
(1.29 £ 0.02 mg). However, the first instar larvae reared on
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TaBLE 2: Mean (+SE) incubation period (days) and mortality rate (%) of P. desmondi teita eggs laid on Clausena anisata and Toddalia
asiatica in the first season (March-May 2021) and the second season (June-September 2021) under laboratory conditions.

Egg development parameters/seasons

Host plant March-May 2021 June-September 2021

Incubation period (days) Mortality rate (%) Incubation period (days) Mortality rate (%)
Clausena anisata 8.35+0.05a 36.38+17.07a 11.33+0.05a 16.82+3.73a
Toddalia asiatica 7.27 +0.04b 39.55+ 14.64a 11.37 £ 0.05a 16.81 + 2.85a
T t=16.15 -0.14 -0.53 0.00
P value <0.001 0.895 0.595 0.998

Means (+SE) in the same column followed by the same letters do not differ significantly at P <0.05 (t-test).

TaBLE 3: Mean (+SE) of larval instar duration (days), total larval period (days), and larval instar specific percentage mortality of Papilio
desmondi teita reared on Clausena anisata and Toddalia asiatica during the first season (March-May 2021) and second season

(June-September 2021) under laboratory conditions.

Host plants

Larval instar Season o .
N T. asiatica N C. anisata
1ot 1 96 6.00 +0.00 85 —
2nd 78 10.77 +0.08 — —
Hnd 1 95 6.29 +0.05 — —
ond 77 8.97 +0.09 — —
3rd 1 95 7.92+0.03 — —
ond 75 11.40 +£0.13 — —
4 1 77 7.44 +0.09 — —
ond 70 12.77 £0.16 — —
h 1 77 16.90 +0.10 — —
> 2nd 65 22.14+0.20 — —
st
Total larval period zlnd 2232 i géz :
. Mortality (%)/host plant
Larval instar Season N T. asiatica v d N C. anisata
L 1 9 8.51 +1.01 85 100 +0.00
2nd 78 19.04+5.13 — 100 +0.00
Hnd 1™ 95 0.88 +0.88 — —
ond 77 3.75+2.14 — —
3rd 1 95 1.88 +0.94 — —
ond 75 1.33+1.33 — —
40 1 77 6.38 +4.53 — —
ond 70 6.72 +2.64 — —
5th 15; 77 0.00 +0.00 — —
2n 65 12.41 +7.96 — —
Larval mortality 1S; 24.34+9.09 100 + 0.00
2 32.61 +3.53 100 +0.00

N =number of larvae cohort studied; — indicates no record of numbers/no observation.

C. anisata died between 24 and 36 hours while those reared on
T. asiatica completed all the instar stages recording mean
weights of 5.42+0.23mg, 28.05+1.40mg, 85.12+3.20mg,
and 493.64 + 18.04 mg in second, third, fourth, and fifth in-
stars, respectively. Similarly, during the second season, the
host plants significantly influenced the weight of first instar
larvae at t=-3.92; df=182; P =0.0001. The first instar larvae
reared on T. asiatica were heavier (1.35+ 0.03 mg) than those
reared on C. anisata (1.21 £ 0.02 mg). All the first instar larvae
reared on C. anisata died within 36 hours. On the contrary,
the larvae reared on T. asiatica successfully completed all the
larval stages recording mean weights of 6.62 + 0.14 mg, 28.91 +
0.36 mg, 113 + 1.90 mg, and 420.56 + 7.99 mg in the 2%, 3",
4™ and 5" instars, respectively.

3.3. Pupae Development, Mortality, and Total Development
Period (Egg-Adult). The pupae of P. desmondi teita reared
on T. asiatica took 27.31+0.13 days in the first season and
31.73 £ 0.49 days in the second season for adults to emerge. The
mortality rate of pupae reared on T. asiatica was 7.88 +2.48%
during 1% season and 4.11 + 2.41% in the 2" season. The mean
pupal weight of the pupae reared on T. asiatica during the first
season was 1165.55+17.17mg while the second season
recorded a mean weight of 1102.41 +22.58 mg.

3.4. Adult Longevity, Oviposition Preference, and Sex Ratio in
P. desmonditeita. The females’ longevity was 9.08 + 0.10 days,
which was significantly longer (t=14.19; df=69; P <0.001)
than that for males at 7.23 + 0.08 days in the first season. A



Psyche: A Journal of Entomology

similar trend was recorded for the second season during
which females recorded 6.89 +0.08 days and males 512+
0.11 days at t=12.69, df=68, P <0.001. Overall, the devel-
opment time from egg to adult ranged between 81.13 days in
the first season and 112.15 days in the second season both
reared on T. asiatica (Table 4). The female to male sex ratio
was 1:0.97 and 1:0.95 during the first and second season,
respectively.

During the first season, females of P. desmondi teita reared
on T. asiatica had a mean weight of 481.47 + 11.85 mg which
was significantly higher than 300.80 + 8.51 mg recorded for
males (Table 4), and the same trend was recorded for the
second season. The number of eggs laid by the females of P.
desmondi teita on T. asiatica and C. anisata did not differ
significantly within the first two days. (t=0.65 df=4;
P =0.550) during the first season.. However, during second
season, the host plant species significantly influenced the
number of eggs laid by the butterflies at t=-2.94; df=4;
P=0.042. The mean number of eggs laid was 42.00 on
T. asiatica and 35.00 on C. anisata.

4. Discussion

The host plants selected in this study were found to influence
the development and oviposition of P. desmondi teita. The
study showed that the female laid eggs singly on the upper and
lower sides of the fresh leaf, bucket surface, and branch
surface. The highest number of eggs was laid on the lower leaf
surface of T. asiatica while on C. anisata, it was observed that
most eggs were laid on the bucket surface. The higher number
of eggs laid on the lower side of T. asiatica leaf was meant to
protect the eggs from being washed away by rainfall, direct
sunlight, and natural enemies including predators and par-
asitoids [33]. This observation was consistent with what
Stamp [34] reported about the majority of papilionid butterfly
species. However, the observation made when P. desmondi
teita was exposed to C. anisata for oviposition could be at-
tributed to the contact chemical stimuli on the host plants
which plays a great role in female final decision to lay eggs
[35], which in the present case, the females were trying to
avoid this host plant which was unsuitable for their larval
survival as exhibited from this findings. The same observation
about egg-laying habits was also made in a study on
P. demoleus and P. polytes in Bangladesh by Islam et al.
[36, 37]. The habit of laying a single egg prevents the pos-
sibility of larval feeding resources being depleted, allowing for
the efficient use of host plant resources [38]. Higher nutrient
accumulation and smooth textures lead to the oviposition
observed on the host plants” young, fresh leaves [33].

The egg incubation period for P. desmondi teita eggs
varied on each host plant. Generally, eggs laid on T. asiatica
had a shorter incubation period as compared to those on
C. anisata. The variation in incubation period might be
accounted for by the different host plants due to the vari-
ation of accumulated secondary plant semiochemicals [39].
Findings by Reddy and Guerrero [40], Hardie et al. [41], and
Kahuthia-Gathu [42] confirmed that plants’ semiochemicals
play a major role in female oviposition preference to host
plant choice. The incubation period might also vary due to

fluctuations in temperature during the period of study as
observed in our study. The first season in March 2021
recorded the highest mean temperature compared to the
second season in June 2021. These results are similar to the
finding of Al-Mehmmady [43] who reported incubation
period of Earias vittella (Fabricius) at 2.42days during
September at 31.3°C and 2.15 days during August at 32.6°C.
Similarly, Syed et al. [44] reported the shortest incubation
period of E. vittella during September when the average
laboratory temperature was 32.6°C and the longest in-
cubation period during October with an average tempera-
ture of 30.6°C.

In this study, no significant differences were registered in
the percentage egg mortality between the host plants for
P. desmondi teita in both seasons. These results could probably
be attributed to the female oviposition behaviour as a de-
terminant of successful reproduction [45]. Similarly, females
have the capability to invest in the survival of their progeny by
inducing mechanisms such as secretion of sticky substances
that protect the eggs against parasitism, endowing the eggs with
substances that deter predation, and increasing the egg size
[46, 47]. However, the percentage mortality recorded during
the study could be associated with host toxins and infection,
environmental factors in the two seasons, and host contact with
xenobiotic factors beyond control during the experiment [48].
However, we could not justify whether the mortality rate
registered on the eggs was a result of the host plant response
factors or due to the natural causes within the environment,
thus creating the need for further investigation on the actual
causes of death.

The developmental periods and larval mortality varied
considerably within the two seasons. The observed variation
could be associated with biotic and abiotic factors such as
differences in nutrition components and semiochemicals
released from the host plants and changes in environmental
conditions experienced during development [49]. This study
revealed that P. desmondi teita larvae could only complete all
successive larval instar developmental stages on T. asiatica
and were unsuccessful on C. anisata. This observation could
be related to unsuitability of C. anisata as a host plant for
P. desmondi teita [50] which led to the death of first instar
larvae as a result of starvation. Congdon et al. [21] reported
a similar observation that T. asiatica was host plant for
P. desmondi. The present study however did not confirm the
report by Larsen [20] that Clausena species was the host
plant for the butterfly species. 100% mortality was recorded
in the first instar larvae reared on C. anisata in both seasons
in the present study. In addition, the first instar larvae of
P. desmondi teita were observed avoiding the C. anisata host
plant. The 100% mortality on C. anisata could have been
a result of larvae starvation due to avoidance of the host
plant. This could be attributed to the biochemical com-
pounds present in C. anisata that might be repellant to first
larval instar of P. desmondi teita. This conforms to the
findings of Visser [51] who reported that herbivorous insects
have developed adaptive mechanisms to identify suitable
hosts and evade nonsuitable hosts using their scents. The
study also showed that young larvae had a greater mortality
rate than older stages. On the Anaphe panda (Boisduval)
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(Lepidoptera: Thaumetopoeidae) at Kakamega Forest in
Kenya, Mbahin et al. [52] reported similar findings. In the
present study, P. desmondi teita registered higher mortality
in first instar and fifth instar stages as compared to other
stages of larval development on T. asiatica. The factors that
might have likely contributed to mortality of the first instar
larvae were unknown; however, the mortality registered on
fifth instar larvae was likely caused by sharp internode spines
present on the stem and lower surface of the leaves of
T. asiatica [53]. These findings are consistent with those
reported on the survival of silkworm, A. panda, in Kakamega
Forest of Western Kenya by Mbahin et al. [52].

Duration of development can prolong when the amount
of food consumed is reduced, and this results in the insect’s
reduced length and weight [54] as on P. desmondi teita for the
larvae reared during the two seasons on T. asiatica. When
P. desmondi teita was reared on T. asiatica, the fifth instar’s
larval duration was longer than the first, second, third, and
fourth instars. The fifth instar also recorded the highest weight
which was a result of the longer feeding duration registered
during the study while compensating for the low feed intake
observed in the previous instars. Carvalho and Vasconcello-
Neto [55] found a similar observation about the larval per-
formance and host plant selection in Mechanitis polymnia
casabranca (L.), a species of neotropical butterfly. Similar
findings on P. polytes, a distinct species within the same family
reared on citrus plants, were documented by Suwarno et al.
[56]. The results on P. desmondi teita showed that fifth instar
larvae had the highest weight which differed greatly from the
weight of fourth instar larvae in both seasons. This could be
attributed to increasing feeding at the fifth instar stage and
prolonged feeding duration as reported by Hochuli [57] and
Tithi et al. [58].

The pupal period of P. desmondi teita reared on T. asiatica
varied within the seasons, ranging from 27.31 days to 31.73 days
in the 1 and 2™ seasons, respectively. Variable pupal period
and total development period could be a result of differences in
climatic conditions between the seasons. Furthermore, the
nutritional stage attained during larval development typically
determines pupation after the larval phase [42]. Once the fifth
instar larva has accumulated sufficient reserve for successful
pupation and adult emergence, pupation takes place. The re-
serve accumulation is greatly influenced by the host plants [59].
Findings reported by Al-Mehmmady [43] showed that the
pupal period of E. vittella during August and October were 6.45
and 7.78days with an average temperature of 32.6°C and
30.5°C, respectively. Furthermore, the duration of the devel-
opment period increases with a decrease in temperature as
reported by Syed et al. [44] on Earias vittella when reared on
okra, Abelmoschus esculentus L., China rose, Hibiscus rosa-
sinensis L., cotton, Gossypium hirsutum L., and Indian mallow,
Abutilon indicum L. They conducted their study of the three life
cycles of E. vittella, keeping the temperature regime at a dif-
ference of 2°C between different life cycles in a laboratory and
recorded an increase in the duration of the life cycle when the
temperature decreased in July.

Up to 80% of the food provided to the larva during its
fifth instar is devoured by it; hence, its growth increases in
direct proportion to the amount of food it consumes. If the

amount of available food is limited, this could result in small
pupa with low weight even if the diet is nutritionally suf-
ficient [60]. This could be the case with P. desmondi teita
reared on T. asiatica which had a variation in pupal weight in
the first and second seasons. The lowest mortality rate was
observed at the pupal stage of development as compared to
the larval stages in P. desmondi teita. These results are similar
to the findings reported by Kahuthia-Gathu et al. [42] on
Plutella xylostella (L.) (Lepidoptera: Plutellidae) reared on
cultivated and wild crucifer species. Islam et al. [37] reported
a mortality rate of 7.69% on the same genus P. polytes reared
on citrus species in the laboratory which was within the
range reported in the present study. Halloran and Wason
[61] reported the highest mortality during the egg stage.
Additionally, Suwarno [62] found the highest mortality at
the fifth instar. The variations reported in mortality rates
from previous findings and the current study may be as-
sociated with weather changes, human error, and host plant
effects. These findings are indications that the adoption of
bucket rearing technology has great potential to increase the
survival of the species to adults which could contribute to its
conservation and management. Also, the technology could
be adopted for commercial butterfly farming for the species
used for trade.

In the present study of P. desmondi teita, the highest
adult longevity was recorded in the first season and the
lowest in the second season. Females generally lived longer
than males. The higher longevity in females could be related
to the need of finding mates as described by Pereira et al.
[63]. Similar findings were reported by Al-Mehmmady [43]
on E. vittella male and female longevity reared during
August and October in Saudi Arabia. However, the present
study was in contrast with Syed et al. [44] who reported that
males of E. vittella within the same order Lepidoptera lived
longer than females. Jahnavi et al. [64] reported that females
of Papilio demoleus (L.) (Lepidoptera: Papilionidae) lived
longer than the males when reared on acid lime in Tirupati.
Females were generally heavier than the males in our study.
Mackey [65] and Lederhouse et al. [66] reported that females
achieve their greater size than males because of their larvae
in various larval stages which feed more and develop for
alonger period than the larval stages of the males. A previous
study by Scriber and Slansky [67] observed that Lepidoptera
females often weigh more than males over the majority of
their life cycle, a characteristic that has been linked to the
function of laying eggs. Swallowtail butterfly, P. desmondi
teita, had a female-biased sex ratio in the present study. This
finding showed that T. asiatica was a suitable host plant for
the mass production of the endangered swallowtail butterfly
species endemic to Taita Hills.

The result from the present study showed variation in the
effect of the host plants on female fecundity of P. desmondi
teita exposed to both C. anisata and T. asiatica. Generally,
more eggs were laid on T. asiatica compared to those laid on
C. anisata. The finding of this study was clear evidence that
P. desmondi teita larvae reared on T. asiatica produced
females that showed generally a better performance on
T. asiatica than on C. anisata, a clear demonstration that
T. asiatica was a more profitable host plant for P. desmondi
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teita female oviposition. Kahuthia-Gathu et al. [42] observed
that adult P. xylostella reared on wild crucifers produced
females that performed better than those reared on culti-
vated crucifers. Following a previous study that demon-
strated that most female butterflies will make higher
oviposition within the first two days after mating [18], this
study explored oviposition on both host plants within the
first two days after mating. Similarly, David and Gardiner
[68] discovered that females have a greater egg load at this
age following mating. Findings reported on the same genius
P. demoleus by Patel et al. [69] showed that the fecundity
ranged at 110.80 + 4.46 eggs per female on citrus. Similarly,
Maheswarababu [70] reported almost similar fecundity of
112 eggs per female P. demoleus on citrus species. In the
present study, the fecundity ranged between 35.00 to 53.33
eggs per female P. desmondi teita were recorded on the target
host plants, which was lower than those reported above by
Patel et al. [69] and Maheswarababu [70] on P. demoleus in
the same genus.

The findings of this study revealed that P. desmondi teita
could only complete development on T. asiatica and was
unsuccessful on C. anisata. This was clear evidence that
T. asiatica was the most suitable host plant for the species, and
thus the study recommends the conservation of T. asiatica
within its natural habitat for the survival of this species
assessed as an endangered species according to IUCN [9]
species red list assessment. With this knowledge, more sus-
tainable conservation strategies for this endangered swal-
lowtail butterfly species may be designed accordingly.
Furthermore, policymakers and other stakeholders should use
this study’s findings as a starting point when developing
policies aimed at achieving long-term conservation goals for
this butterfly species and its natural environment.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

The financial source was not involved in the development of
the study design, data collection and analysis, publication
decision, or manuscript writing.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This study was funded by the JRS Biodiversity Foundation
through the National Museums of Kenya.

References

[1] V. K. Singh, P. C. Joshi, S. P. S. Bisht et al., “Molecular
characterization of butterflies and its significance in taxon-
omy,” Journal of Entomology and Zoology Studies, vol. 4, no. 2,
pp. 545-547, 2016.

Psyche: A Journal of Entomology

[2] A. D. Tiple, A. M. Khurad, and R. L. H. Dennis, “Adult
butterfly feeding-nectar flower associations: constraints of
taxonomic affiliation, butterfly, and nectar flower morphol-
ogy,” Journal of Natural History, vol. 43, no. 13-14,
pp. 855-884, 2009.

[3] J. Ollerton, R. Winfree, and S. Tarrant, “How many flowering
plants are pollinated by animals?” Oikos, vol. 120, no. 3,
pp. 321-326, 2011.

[4] A. Klein, B. E. Vaissiere, J. H. Cane et al., “Importance of
pollinators in changing landscapes for world crops,” Pro-
ceedings of the Royal Society B: Biological Sciences, vol. 274,
no. 1608, pp. 303-313, 2007.

[5] P. W. Price, G. W. Fernands, T. M. Lewinsohn, and
W. W. Benson, Plant-Animal Interactions, John Willey and
Sons Inc, Hoboken, NJ, USA, 1991.

[6] P. A. Opler and V. Malikul, “A field guide to eastern but-
terflies,” Peterson Field Guides, Houghton mifflin harcourt,
Boston, MA, USA, 1992.

[7] E. N. Kioko, A. M. Musyoki, A. E. Luanga, O. C. Genga, and
D. K. Mwinzi, Fluttering beauty with Benefits: The Butterflies
of Taita Hills. A Field Guide, National Museums of Kenya,
Nairobi, Kenya, 2021.

[8] J. Oloya, G. M. Malinga, M. Nyafwono et al., “Recovery of

fruit-feeding butterfly communities in Budongo forest reserve

after anthropogenic disturbance,” Forest Ecology and Man-

agement, vol. 491, Article ID 119087, 2021.

IUCN, Swallowtail Butterflies, IUCN, Gland, Switzerland,

1991.

[10] A.J. Vanbergen, T. I. P. Initiative, A. ]J. Vanbergen et al.,
“Threats to an ecosystem service: pressures on pollinators,”
Frontiers in Ecology and the Environment, vol. 11, no. 5,
pp. 251-259, 2013.

[11] M.S. Warren, D. Maes, C. A. M. van Swaay et al., “The decline
of butterflies in Europe: problems, significance, and possible
solutions,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 118, no. 2, Article ID
€2002551117, 2021.

[12] N. M. Collins and M. G. Morris, “Threatened swallowtail
butterflies of the world: the IUCN red data book,” In-
ternational Union for Conservation of Nature and Natural
Resources, IUCN, Gland, Switzerland, 1985.

[13] S. Ghosh and S. Saha, “Seasonal diversity of butterflies with
reference to habitat heterogeneity, larval host plants, and
nectar plants at Taki, North 24 Parganas, West Bengal, India,”
World Scientific News, vol. 50, pp. 197-238, 2016.

[14] S. G. Potts, J. C. Biesmeijer, C. Kremen, P. Neumann,
O. Schweiger, and W. E. Kunin, “Global pollinator declines
trends, impacts, and drivers,” Trends in Ecology ¢ Evolution,
vol. 25, no. 6, pp. 345-353, 2010.

[15] G. Mennechez, N. Schtickzelle, and M. Baguette, “Meta-
population dynamics of the bog fritillary between a contin-
uous and a highly fragmented butterfly: comparison of
demographic parameters and dispersal landscape,” Landscape
Ecology, vol. 18, no. 3, pp. 279-291, 2003.

[16] M. Kuussaari, R. Bommarco, R. K. Heikkinen et al., “Ex-
tinction debt: a challenge for biodiversity conservation,”
Trends in Ecology and Evolution, vol. 24, no. 10, pp. 564-571,
2009.

[17] A. M. Musyoki, D. Mwinzi, A. Luanga, O. C. Genga, and
E. N. Kioko, “Papilio desmondi ssp. teita. the iucn red list of
threatened species 2022,” 2022, https://10.2305/TUCN.UK.
2022-2.RLTS.T15987A122599906.en.

[18] O. C. Genga, N. E. Samita, R. Kahuthia-Gathu, and
E. N. Kioko, “Larval ecology and development of swallowtail

[9


https://10.2305/IUCN.UK.2022-2.RLTS.T15987A122599906.en
https://10.2305/IUCN.UK.2022-2.RLTS.T15987A122599906.en

Psyche: A Journal of Entomology

butterfly, Papilio nireus (Lepidoptera: Papilionidae) on wild
citrus species (Rutaceae) in Kenya,” Biologia, pp. 1-18, 2023.

[19] D. K. Mwinzi, Diversity and Abundance of Butterfly Species
and Farmers’ Pesticide Use Practices and Perceptions on Insect
Pollinators in farmland and Ngangao forest, Masters disser-
tation, University of Nairobi, Taita hills, Kenya, 2019.

[20] T. B. Larsen, The Butterflies of Kenya and Their Natural
History, Oxford University Press, Oxford (UK), 1996.

[21] T. C. E. Congdon, I. Bampton, and S. C. Collins, “An illus-
trated report on the larvae, adults and host associations of 424
African Lepidoptera taxa belonging to the Papilionoidea. A
second report of the caterpillar rearing group of LepSoc
Africa,” Metamorphosis, vol. 28, pp. 57-62, 2017.

[22] M. A. Hyde, B. T. Wursten, P. Ballings, and M. Coates
Palgeave, “Flora of zimbabwe: species information: records of:
clausena anisata,” 2022, https://www.zimbabweflora.co.zw/
speciesdata/species-display.php?species_id=133210.

[23] L. Mukandiwa, V. Naidoo, and D. R. Katerere, “The use of
Clausena anisata in insect pest control in Africa: a review,”
Journal of Ethnopharmacology, vol. 194, pp. 1103-1111, 2016.

[24] J.F. Molino, “Révision du genre Clausena Burm. f. (Rutaceae).

Bull Mus Nat Hist Nat,” Paris Adansonia, vol. 1, pp. 105-153,

1994.

K. R. Kirtikar and B. D. Basu, “Indian Medicinal Plants,” in

Allahabad: Central Council for Research in Ayurveda and

Siddha, L. M. Basu, Ed., pp. 2131-2133, (Deptt. Of AYUSH,

Min. of Health and Family Welfare), Govt. of India, India, 2nd

edition, 1933.

N. Gopal, G. P. Michael, and I. Savarimuthu, “Toddalia asi-

atica (L.) lam,” Essential Oil: A Potential Natural Fumigant

And Repellent Against Three Coleopteran Pests Of Stored

Products, vol. 2, no. 3, pp. 246-255, 2014.

[27] P. E. Glover, J. Stewart, and M. D. Gwynne, “Masai and
Kipsigis notes on East african plants: Part [—grazing, browse,
animal associated and poisonous plants,” East African Agri-
cultural and Forestry Journal, vol. 32, no. 2, pp. 184-191, 1966.

[28] R. A. Mittermeier, W. R. Turner, F. W. Larsen, T. M. Brooks,

and C. Gascon, “Global biodiversity conservation: the critical

role of hotspots,” in Biodiversity Hotspots, F. E. Zachos and

J. C. Habel, Eds., pp. 3-22, Springer, Berlin Heidelberg,

Germany, 2011.

T. Schmitt, W. Ulrich, H. Biischel et al., “The relevance of

cloud forest fragments and their transition zones for butterfly

conservation in Taita hills, Kenya,” Biodiversity and Conser-

vation, vol. 29, no. 11-12, pp. 3191-3207, 2020.

T. Konagaya, N. Idogawa, and M. Watanabe, “Destination of

apyrene sperm following migration from the bursa copulatrix

in the monandrous swallowtail butterfly Byasa alcinous,”

Scientific Reports, vol. 10, no. 1, Article ID 20907, 2020.

[31] W.S. Abbott, “A method of computing the effectiveness of an
insecticide,” Journal of Economic Entomology, vol. 18, no. 2,
pp. 265-267, 1925.

[32] R. R Core Team, A Language and Environment for Statistical
Computing, R Foundation for Statistical Computing, Vienna,
Austria, 2021.

[33] M. S. Suwarno, Study on Some Biological and Ecological As-

pects of Papilio Polites L. (Lepidoptera: Papilionidae) and

Papilio Demoleus L. (Lepidoptera: Papilionidae) on Rutaceae

Host Plants, Universiti Sains Malaysia, Malaysia, 2009.

N. E. Stamp, “Egg deposition patterns in butterflies: why do

some species cluster their eggs rather than deposit them

singly?” The American Naturalist, vol. 115, no. 3, pp. 367-380,

1980.

[25

[26

[29

(30

[34

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

11

T. Nakayama and K. Honda, “Chemical basis for differential
acceptance of two sympatric rutaceous plants by ovipositing
females of a swallowtail butterfly, Papilio polytes (Lepidoptera,
Papilionidae),” Chemoecology, vol. 14, no. 3-4, pp. 199-205,
2004.

M. S. Islam, A. T. M. F. Islam, M. M. Rahman, and
A. Yamanaka, “Biology and morphometrics of the common
Mormon butterfly, Papilio polytes Linnaeus (Lepidoptera:
Papilionidae) rearing in laboratory condition,” University
Journal of Zoology. Rajshahi University, vol. 36, pp. 49-56,
2017.

M. S. Islam, M. Yasmin, and T. M. F. Islam, “Studies on the
biology and population abundance of Lemon butterfly,
Papilio demoleus L. (Lepidoptera: Papilionidae),” Bangladesh
Journal of Entomology, vol. 29, no. 1, pp. 77-90, 2019.

C. R. Davies and N. Gilbert, “A comparative study of the egg-
laying behavior and larval development of Pieris rapae L. and
P. brassicae L. on the same host plants,” Oecologia, vol. 67,
no. 2, pp. 278-281, 1985.

N. S. Satpute, S. D. Deshmukh, N. G. V. Rao et al., “Life tables
and the intrinsic rate of increase of Earias vittella (Lepi-
doptera: Noctuidae) reared on different hosts,” International
Journal of Tropical Insect Science, vol. 25, no. 02, pp. 73-79,
2005.

G. V. P. Reddy and A. Guerrero, “Behavioral responses of
diamondback moth, Plutella xylostella, to green leaf volatiles
of Brassica oleracea subsp. capitata,” Journal of Agricultural
and Food Chemistry, vol. 48, no. 12, pp. 6025-6029, 2000.
J. Hardie, G. Gibson, and T. D. Wyatt, “Insect behaviors
associated with resource finding,” in In Insect Movement,
Mechanisms and Consequences, I. Woiwod, C. Thomas, and
D. Reynolds, Eds., pp. 87-109, CABI Publishing, Wallingford,
Oxon, England, 2001.

R. Kahuthia-Gathu, B. Lohr, and H. M. Poehling, “Devel-
opment and reproductive potential of diamondback moth
Plutella xylostella (Lepidoptera: Plutellidae) on cultivated and
wild crucifer species in Kenya,” International Journal of
Tropical Insect Science, vol. 28, no. 01, pp. 19-29, 2008.

R. M. Al-Mehmmady, “Biological studies on the okra moth,
Earias vittella (fab). (Lepidoptera: Noctuidae) in jeddah, Saudi
Arabia,” Resource Centre College of Agriculture, King Saud
University, Resource Bulletin, vol. 96, pp. 5-18, 2000.

T. S. Syed, G. H. Abro, A. Khanum, and M. Sattar, “Effect of
host plants on the biology of Earias vittella (Fab) (Lepi-
doptera: noctuidae) under laboratory conditions,” Pakistan
Journal of Zoology, vol. 43, no. 1, pp. 127-132, 2011.

R. R. Ramos, D. Rodrigues, and A. V. L. Freitas, “Oviposition
preference and larval performance in a Heliconius erato phyllis
(Lepidoptera: Nymphalidae) population from southeastern
Brazil: is there a positive relationship?” Journal of Natural
History, vol. 46, no. 11-12, pp. 669-681, 2012.

M. S. Blum and M. Hilker, “Chemical protection of insect
eggs,” in Chemoecology of Insect Eggs and Egg Deposition
61-90, M. Hilker and T. Meiners, Eds., Blackwell, Berlin and
Oxford, England, 2002.

M. Hilker and N. E. Fatouros, “Plant responses to insect egg
deposition,” Annual Review of Entomology, vol. 60, no. 1,
pp. 493-515, 2015.

S. B. Vinson and G. F. Iwantsch, “Host regulation by insect
parasitoids,” The Quarterly Review of Biology, vol. 55, no. 2,
pp. 143-165, 1980.

D. Nestel, N. T. Papadopoulos, C. Pascacio-Villafan,
N. Righini, A. R. Altuzar- Molina, and M. Aluja, “Resource
allocation and compensation during development in


https://www.zimbabweflora.co.zw/speciesdata/species-display.php?species_id=133210
https://www.zimbabweflora.co.zw/speciesdata/species-display.php?species_id=133210

12

holometabolous insects,” Journal of Insect Physiology, vol. 95,
pp. 78-88, 2016.

[50] Z. D. Liu, D. M. Li, P. Y. Gong, and K. J. Wu, “Life table
studies of the cotton bollworm, Helicoverpa armigera
(Htibner) (Lepidoptera: Noctuidae), on different host plants,”
Environmental Entomology, vol. 33, no. 6, pp. 1570-1576,
2004.

[51] J. Visser, “Host odor perception in phytophagous insects,”
Annual Review of Entomology, vol. 31, no. 1, pp. 121-144, 1986.

[52] N. Mbahin, S. K. Raina, E. N. Kioko, and J. M. Mueke, “Use of
sleeve nets to improve survival of the silkworm, Anaphe
panda, in the Kakamega forest of western Kenya,” Journal of
Insect Science, vol. 10, no. 6, pp. 1-10, 2010.

[53] R. R. Kariyat, S. B. Hardison, C. M. De Moraes, and
M. C. Mescher, “Plant spines deter herbivory by restricting
caterpillar movement,” Biology Letters, vol. 13, no. 5, Article
ID 20170176, 2017.

[54] S. Ali, M. I. Ullah, A. Sajjad et al., “Physicomorphic response
of polyphagous Helicoverpa armigera Hiibner (Lepidoptera:
Noctuidae) towards different host plants,” Pakistan Journal of
Zoology, vol. 52, no. 5, pp. 1-7, 2020.

[55] M. R. M. Carvalho and J. Vasconcellos-Neto, “Host plant
selection and larval performance in the neotropical butterfly
Mechanitis polymnia casabranca,” The Netherlands Entomo-
logical Society, Entomologia Experimentalis et Applicata, vol. 1,
p. 9, 2020.

[56] M. Suwarno, S. M. R. Chew, H. A. Abu, and A. Norani, “Effect
of different host plants on the life cycle of common Mormon
butterfly Papilio polyte L. (Lepidoptera: Papilionidae),”
Journal of Biosciences, vol. 18, no. 1, pp. 35-44, 2007.

[57] D. F. Hochuli, “Insect herbivory and ontogeny: how do
growth and development influence feeding behavior, mor-
phology, and host use?” Austral Ecology, vol. 26, no. 5,
pp. 563-570, 2001.

[58] D. A. Tithi, M. R. Amin, S. M. A. Hossain, and H. M. S. Azad,
“Feeding and development of Spodoptera litura larvae on
different cotton varieties,” Journal of Agroforestry and Envi-
ronment, vol. 4, no. 2, pp. 113-116, 2010.

[59] N. van Dam, K. Hadwich, and I. T. Baldwin, “Induced re-
sponses in Nicotiana attentuata effect on behavior and growth
of the specialist herbivore Manduca sexta,” Oecologia, vol. 122,
no. 3, pp. 371-379, 2000.

[60] R. F. Chapman, The Insect Structure and Function, American
Elsevier Publishing Company, Inc, New York, NY, USA, 1975.

[61] K. Halloran and E. Wason, “Papilio polytes,” 2013, https://
animaldiversity.org/accounts/Papilio_polytes.

[62] M. Suwarno, “Larval food preference of the swallowtail
butterfly Papilio polytes L. (Lepidoptera: Papilionidae) on four
species of Rutaceae,” Biospecies, vol. 2, no. 2, pp. 34-41, 2010.

[63] A. 1. A. Pereira, V. V. Zanuncio, A. S. Lorenzon et al., “Bi-
ological and morphological characteristics of Hylesia paulex
(Lepidoptera: saturniidae) fed with Eucalyptus urophylla
(Myrtaceae),” 2009, https://www.researchgate.net/publication/
261833725.

[64] M. Jahnavi, R. A. Ramakrishna, and G. Sarada, “Biology and
morphology of citrus butterfly Papilio demoleus L (Lepi-
doptera: Papilionidae) on acid lime,” Journal of Entomology
and Zoology Studies, vol. 6, no. 1, pp. 1556-1561, 2018.

[65] A. P. Mackey, “Growth and biogenetics of the moth Cyclo-
phragma leucosticte Grunberg,” Oecologia, vol. 32, no. 3,
pp. 367-376, 1978.

[66] R. C. Lederhouse, M. D. Finke, and J. M. Scriber, “The
contributions of larval growth and pupal duration to

Psyche: A Journal of Entomology

protandry in the black swallowtail butterfly, Papilio poly-
xenes,” Oecologia, vol. 53, no. 3, pp. 296-300, 1982.

[67] J. M. Scriber and F. Slansky, “The nutritional ecology of
immature insects,” Annual Review of Entomology, vol. 26,
no. 1, pp. 183-211, 1981.

[68] W. A. L. David and B. O. C. Gardiner, “Oviposition and the
hatching of the egg of Pieris brassicae (L.) in a laboratory
culture,” Bulletin of Entomological Research, vol. 53, no. 1,
pp. 91-109, 1962.

[69] P. P. Patel, S. M. Patel, H. V. Pandya, and M. H. Amlani,
“Biology and morphometrics of citrus butterfly Papilio
demoleus linnaeus (Lepidoptera: Papilionidae) on Citrus
limon (L.) osbeck,” International journal of chemical studies,
vol. 5, no. 5, pp. 1431-1435, 2017.

[70] P. Maheswarababu, “Biology and chemical control of citrus
butterfly P. demoleus linnaeus (Papilionidae: Lepidoptera),”
MSc Thesis, Andhra Pradesh Agricultural University, Hyder-
abad, India, 1988.


https://animaldiversity.org/accounts/Papilio_polytes
https://animaldiversity.org/accounts/Papilio_polytes
https://www.researchgate.net/publication/261833725
https://www.researchgate.net/publication/261833725



