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Introduction

The islands of the Fijian archipelago contain approximately 44 species of
butterfly, five of which are thought to be endemic (Patrick & Patrick 2002;
Prasad & Wagqa-Sakiti 2007). The endemic Fijian swallowtail butterfly
Papilio schmeltzi (Herrich-Schaeffer) is the only member of the
Papilionidae to occur in Fiji. This species is usually found in forest or areas
with dense vegetation and although widely distributed it is only ever locally
abundant (Patrick & Patrick 2002 Prasad & Waqa-Sakiti 2007). Primarily
due to habitat loss, forest fragmentation and habitat degradation, it is thought
that P. schmeltzi is currently undergoing a severe population decline and
significant reduction in geographic range (Chandra et al. 2013a).

The feeding preferences of Papilio larvae have been studied for some
considerable time (Dethier 1941). In nature, Papilio schmeltzi larvae
primarily feed on Micromelum minutum (G. Forst.) Wight & Arn.
(Rutaceae), although in the absence of M. minutum, P. schmeltzi larvae can
also feed and develop on leaves of another rutaceous plant, mandarin orange
Citrus reticulata Blanco (Chandra ef al. 2013a, b). There is some evidence
that P. schmeltzi larvae avoid tougher, thicker leaves on mature plants, and
the preferred leaves are on younger plants or stems where the leaves are
thinner and more tender (Chandra et al. 2013a).

Lepidopteran larvae can grow faster on young leaves compared to mature
eaves (Stamp & Bowers 1980), and ovipositing females sometimes show a
preference for young foliage over old (e.g. Fei et al. 2017). It is supposed



The Weta 53: 15-23 16

that, in these cases, younger leaves have lower concentrations of toxic or
repellent chemicals, contain more nutrients, and are softer and easier for the
larvae to chew and ingest (e.g. Coley 1980; Stamp & Bowers 1980; Wist &
Evenden 2016). Older leaves may more prone to drop off the plant, and thus
isolate the larvae from its food plant. Additionally, older leaves may have
already been subjected to considerable herbivore damage and thus have
greater concentrations of induced defensive compounds (Scriber & Slansky
1981; Hodge et al. 2007).

However, there are numerous examples of the converse situation, where
insects perform better on mature leaves (increased survival, longevity) and
where mature leaves are deemed more nutritious than younger leaves (e.g.
Chen & Poland 2009). Lamdon et al. (2003) found that mature brassicas
leaves were more likely to be damaged by herbivores than younger leaves
because younger foliage had greater concentrations of chemical
(glucosinolate) defences to act as herbivore deterrents. Reavey (1991)
reported larvae of the moth Achlya flavicornis developed more slowly and
had lower survival on young birch leaves compared to older leaves.
Similarly, larvae of the gypsy moth, Lymantria dispar, preferred and grew
more on old cottonwood leaves (Meyer & Montgomery 1987). In the latter
system, younger cottonwood leaves had high concentrations of phenolics,
suggesting that plant defences were focussed on protecting vulnerable
young foliage over more mature leaves. In other cases, the choice of ‘young
v. mature’ may be too simplistic, with insects tracking, or showing a
preference for, leaves of intermediate age (e.g. Wait et al. 2002).

Gaining detailed information on the nutritional behaviour of P. schmeltzi
will aid in better understanding of its habitat requirements and improve
methods for captive rearing of specimens. The aim of this study was to
compare the food utilisation and development of P. schmeltzi larvae on
young and mature leaves of the natural host plant Micromelum minutum and
a possible alternative food source Citrus reticulata.

Methods

Larval growth assays were performed in 15 cm diameter plastic Petri dishes.
Four diet treatments were created using a 2 x 2 factorial combination of the
two host plant species, M. minutum and C. reticulata, and two foliage ages,
mature leaves and newly emerged young leaves. The growth assays were
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performed for both 1st and 5th instar P. schmeltzi larvae. For the 1st instar
growth assays, eggs were obtained from three females and assigned to the
four treatments in an ad hoc manner. A single egg, close to hatching, was
placed into each of ten Petri dishes for each treatment. For the 5th instar
larvae, 40 newly moulted larvae were assigned to the four diet treatments in
a similar ad hoc process. The Petri dishes were maintained in an air-
conditioned laboratory with a temperature range of 27-29°C, a relative
humidity of 60%—-80% and a 12 h day length.

The length of the larvae was measured under a dissection microscope and
then weighed, both at the start of the assay and then again two days later.
The larvae always initiated feeding from the edge of the leaf and moved
inwards towards the rib. Thus, the amount of leaf eaten could be estimated
by placing the leaf on graph paper and drawing a line where the leaf edge
originally occurred. The total number of faecal pallets produced over the
two days was counted.

Data for each instar were analysed separately. Differences between initial
and final length and weight, leaf eaten, and faecal pellets produced were
analysed using two-way ANOVA and treatments separated using Fisher’s
least significant differences (P < 0.05). The binary survival data were
analysed using a generalized linear model. Relationships between response
variables were assessed using Pearson’s correlation coefficient.

Results

The results of the feeding trials are summarized in Table 1. All of the Sth
instar larvae survived for the duration of the 2d assay. However, the survival
of 1st instar larvae was significantly reduced on older leaves.

First instar gained more length and more weight feeding on young leaves
compared with feeding on mature leaves. Fifth instar larvae were more
influenced by plant species: the older larvae gained more length and body
weight feeding on M. minutum leaves of both ages than when feeding on C.
reticulata. Both first and fifth instar larvae gained an average of
approximately 2 mm in length over 2 d on a diet of young M. minutum
leaves. However, for the first instar this was accompanied by an increase of
weight of only 6 mg, whereas the fifth instar larvae gained 130 mg.
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The changes in body weight reflected the amounts of leaf material eaten,
and faecal matter produced. First instar larvae ate more leaf material and
produced more faecal pellets on young leaves, especially of M. minutum.
The fifth instar larvae consumed over three times more leaf material when
feeding on M. minutum than on C. reticulata, and subsequently produced
significantly more faecal pellets when feeding on leaves of the former plant
species than the latter (Table 1).

Table 1: Development of Ist and 5th instar larvae of Papilio schmeltzi
reared on young (Y) and mature (M) leaves of Micromelum minutum and
Citrus reticulata leaves. Values given are predicted means. P-values and
LSDs (P < 0.05), were obtained from: balanced ANOVA for 5" instar
larvae, regression for unbalanced designs for Ist instar larvae, and a GLM
using a binary model for survival data.

M. min C. ret
Leaf age Instar Y M Y M LSD Py Page Psp x age
Length gain Ist 193 034 08 046 071 0014 <0001 0012
(mm/2d)
5t 215 139 069 067 064 <000l 0090  0.107
Weight gain Ist 61 09 3.1 1.0 33 0123 <0001 0.138
(mg/2d)

Sth 130 240 87 86 71.0  <0.001 0.035 0.031

Faccal Pellets 6.7 24 41 1.8 29 0063 <0001 0276

(per 2d)
5th 130 157 60 63 34 <0001 0210 0315
Leaf eaten
(2 d) Ist 25 07 13 04 06 <0001 <0001 0.010
sth 205 210 57 37 56 <0001 0.68  0.540
(52“5;’ ival Ist 100 70 90 50 0252  0.004  0.408

Sth 100 100 100 100

Overall the treatments, changes in weight and length, leaf area eaten and
faecal pellets produced were all significantly correlated for both instars
(Table 2). However, the relationships between weight gained and leaf eaten
and between weight gained and faecal pellets were much stronger for 1st
instar larvae than for 5th instar larvae (Figures 1 & 2).
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Figure 1: Relationship of 1st instar Papilio schmeltzi larval weight gain
over 2 days with area of leaf eaten and number of faecal pellets produced.
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Figure 2: Relationship of 5th instar Papilio schmeltzi larval weight gain

over 2 days with area of

leaf eaten and number of faecal pellets produced.
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Table 2: Pearson’s correlation coefficients (above) and associated
probability values (below) illustrating the relationships between response
variables for first and fifth instar larvae of Papilio schmeltzi in Petri dish
feeding trials over 2 days.

Leaf caten Faecal Length

pellets gained
First instar Faecal pellets 0.787
<0.001
Length gained 0.786 0.788
<0.001 <0.001
Weight gained 0.72 0.831 0.797

<0.001 <0.001 <0.001

Fifth instar Faecal pellets 0.912
<0.001
Length gained 0.569 0.444
<0.001 0.004
Weight gained 0.574 0.618 0.317
<0.001 <0.001 0.046
Discussion

In our study, larval growth was only greatest on young leaves for 1st instar
larvae. It has been suggested that lepidopteran larvae grow much faster on
young leaves compared with old leaves because they can convert a greater
fraction of young leaf biomass to larval tissue (Stamp & Bowers 1980). In
some cases of insect herbivory an increased consumption rate occurs when
the insects are presented with a low-quality food source (Chen & Poland
2009). However, for P. schmeltzi, growth of both first and fifth instar larvae
was correlated to the amount of leaf eaten and faecal pellets produced,
suggesting there may be a simple functional relationship underlying
conversion of plant biomass into larval biomass in this system.

The results of our study indicate that young P. schmeltzi larvae were more
influenced by the leaf age rather than leaf species and did not perform
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particularly well on mature leaves of either host plant. Conversely the older
Sth instar larvae were more influenced by host plant species, and actually
gained more weight on mature leaves of the preferred host plant M.
minutum. Chandra et al. (2013b) reported that female P. schmeltzi 1aid eggs
on younger leaves, which would subsequently benefit 1st instar larvae
hatching close to an acceptable food source. As the larvae age they are likely
to encounter older leaves if they progress from feeding on leaves at the tip
of the branch towards leaves at the base of the branch (see Rodriguez &
Moreira 1999). Our results suggest that in terms of the distribution of larvae
among leaves of different ages, 1st instar larvae should exhibit a strong
association with younger foliage, which may not be so apparent in later
instars. This hypothesis regarding the age-dependent spatial distribution of
larvae requires testing with further observations, both in the field and using
caged animals.

In this study we have not performed any chemical analysis on leaf tissue to
examine nutritional properties or identify chemical defences. Furthermore,
we concede that our laboratory assays provide a very simplified picture of
the feeding behaviour and growth of this species of insect on these host
plants (see Coley 1980). For a more complete picture of the relationships
between leaf age and larval behaviour, P. schmeltzi larvae of different
instars should be offered a choice of foliage to see if any feeding preferences
are based correspond to enhanced performance (see Reavey 1991).
However, our results have identified instar-dependent differences in the
feeding requirements of P. schmeltzi larvae which can be incorporated into
protocols for cage-rearing protocols for this endangered species.
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