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Abstract The larval development of Protaetia brevitarsis (LEwis, 1879), the larvae of which have
found in both carnivorous bird’s nests and decayed plant matter in nature, was investigated by feeding
of humus soil with or without chicken meat in the laboratory. The larval developments of Rhomborrhi-
na polita WATERHOUSE, 1875 and Pseudotorynorrhina japonica (HOPE, 1841), neither of which has
been reported to be found in bird’s nests, were also observed using the same method for interspecific
comparison. The survival rate of R. polita larvae was low under both feeding conditions, although
meat-eating had a slightly positive effect on their survival rate. In contrast, the survival rates of Ps. ja-
ponica larvae were equally high under both feeding conditions, and meat-eating had a positive effect
on growth rate or weight increase. The result in Pr. brevitarsis was distinctly different from R. polita
and Ps. japonica. Although the non-meat-eating larvae took more than 200 days to pupate (assumed to
hibernate as larvae in nature), meat-eating larvae had two alternative tactics of development: pupate
around the 50th day with a relatively small body size but as large as non-meat-eating larvae (assumed
to hibernate as adults) or pupate around the 175th day with a relatively large body size (assumed to hi-
bernate as larvae). Although the adaptive advantage of earlier pupating or larger body size has not re-
vealed in Pr. brevitarsis, adults emerge before winter and carry out some reproductive activity in fall
or start it early in the following spring may have greater fitness than adults emerge after winter. Fur-
ther, larger adults may have higher benefits in fertility, mating success, and strength in competing for
feeding sites than smaller adults. Therefore, a nest of carnivorous birds is considered to be a valuable
resource for larvae of Pr. brevitarsis, and female adults may favor it as an oviposition site.
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Introduction

Larvae of the Cetoniinae beetle Protaetia brevitarsis (LEwWIS, 1879) (Coleoptera, Scarabacidac)
are sometimes found in bird’s nests, including artificial nest boxes of the Ural owl Strix uralensis PAL-
LAS, 1771 (NASU ef al., 2011) and in natural nests of the Oriental stork Ciconia boyciana SWINHOE,
1873 (NAsU et al., 2010). They are also found in other places, such as under litter composed mainly of
grass (Iumma, 2017), in the tree hollows of willows, and in the horticulture soil in plastic planters on
balconies (KOsHIYAMA et al., 2019).

Another cetoniine beetle, Anthracophora rusticola BURMEISTER, 1842, has similar ecological
habits. The larvae and/or pupae are found in decayed plant matter such as compost and straw-thatched
roofs (MURAYAMA, 1952) and the nests of carnivorous birds such as several Falconiformes species
(MAKIHARA et al., 2004; YAMADA et al., 2007; CHoI et al., 2008, 2017; NONAKA et al., 2010; KOSHI-
YAMA, 2012; KOSHIYAMA ef al., 2012 b; OSAFUNE & KOSHIYAMA, 2014), the great cormorant Phalacro-
corax carbo (LINNAEUS, 1758) (YAaMAMOTO, 2010), the Oriental stork (NAsu et al., 2010, 2012), and
the omnivorous carrion crow Corvus corone LINNAEUS, 1758 (NAGAHATA ef al., 2013).
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Our previous laboratory study (KOosHIYAMA et al., 2012 a) clearly showed that 4. rusticola larvae
pupated faster, survived at higher rate, and gained more weight when they were fed humus soil with
dried chicken meat than without dried chicken meat, indicating that meat-eating enhances larval de-
velopment of this beetle. Therefore, larvae of 4. rusticola living in the bird’s nests may benefit from
the continuous availability of prey meat supplied for chicks by the bird parents.

Because both the Ural owl and the Oriental stork are carnivorous, there is a possibility that Pr.
brevitarsis larvae living in the bird’s nests gain some benefits by cating meat as well as A. rusticola
larvae. We here compared the larval development of Pr. brevitarsis under feeding conditions of hu-
mus soil with and without dried chicken meat in the laboratory. For interspecific comparison, we also
observed the larval development of two other cetoniine beetles, Rhomborrhina polita W ATERHOUSE,
1875 and Pseudotorynorrhina japonica HOPE, 1841, neither of which has been reported to be found in
bird’s nests.

Material and Methods

Parental insects

Four Rhomborrhina polita adults were collected in Yawatahama City, Ehime Prefecture in Au-
gust 2006. Seven Pseudotorynorrhina japonica adults and eight Protaetia brevitarsis adults were col-
lected in Okayama City, Okayama Prefecture in June and May 2007, respectively. Although the life
history including larval habitat of R. polita have not been discovered in detail, larvae of Ps. japonica
could develop in general humus resources in nature, as were reported by Suzuki (2011) to grow in hu-
mus soil under a kudzu-vine community, because it is a most common cetoniine beetle in Japan
(SAkAT & Fusioka, 2007). On the other hand, the larval habitat of R. polita could be unique because it
is uncommon (IGA, 1956) and the type of development is semi-voltine with long larval period (SAKA-
MOTO, 2000).

Each species was reared separately in a plastic case (20 cm long, 12 cm wide, 14 cm high),
which was half-filled with humus soil made from broad-leaved tree leaves, Amigo Original Insect Mat
(Lic, Okayama, Japan). Sliced apple and banana and a commercial food for pet beetles, Amigo Origi-
nal Insect Jelly (Lic), which contains brown cane sugar, were introduced into the cases as the adults’
food. All of the experiments were conducted at 25°C under a LD 16 : 8 photoperiod.

Effect of meat-eating on larval development

Eggs laid by the adults of R. polita were collected from the humus soil on 8 September 2006,
those of Ps. japonica on 13 July 2007, and those of Pr. brevitarsis on 20, 23, and 29 May 2007. Each
egg was placed in a plastic cup (6.5 cm diameter, 4 cm high) filled with the humus soil. The hatched
larvae were fed with (treatment group) or without (control group) a piece of chicken meat (about 200
mg) that had been dried for three days by a window under room temperature in the cups on the day of
hatching. Thirteen R. polita and nine Ps. japonica larvae for each group, and twelve and 13 Pr. brevi-
tarsis larvae for control and treatment groups, respectively, were reared at 25°C under a LD 16 : 8
photoperiod. Each larva was weighed using an electrobalance, FX-300N (Seiken, Ibaraki, Japan) at
two-day intervals during the initial 114 days for R. polita, four-day intervals during the initial 160
days for Ps. japonica, and two- to four-day intervals during the initial 210 days for Pr. brevitarsis.
When a larva was just after hatching or molting, it was not weighed to avoid injuring it. The chicken
meat and humus soil were renewed every two and six to eight days, respectively. When formation of a
cocoon was observed, we regarded it as pupating. Survival rate of larvae was calculated as the propor-
tion of pupated individuals during rearing and living larvae on the final day of rearing.
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Fig. 1. Changes in body weight of larvae in three cetoniine beetles fed on humus soil with (treatment) and without

(control) dried chicken meat. The weights were measured every two to four days after hatching.
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Statistical analysis

To analyze the effect of meat-eating on the survival rate, we used generalized linear model
(GLM) with binomial distribution, logit link function, and treatment as an explanatory variable. In
analyses for data of the body weight, first, we used the O'Brien test for checking homogeneity of vari-
ance. For Ps. japonica, we used the t-test because the two sets of data did not have different variances
(F=0.33, p=0.5791). While for Pr. brevitarsis, we used the Kruskal-Wallis test and the Wilcoxon
test as a post hoc analysis, because the three sets of data had different variances (F = 6.22, p =
0.0140). The statistical package JMP version 12.2 for the Windows (SAS Institute Inc., 2015) was
used for all analyses.

Results

Rhomborrhina polita

The body weights of both control and treatment larvae increased slowly, and they died one after
another (Fig. 1). Only three individuals of the treatment group (n =13) and one individual of the con-
trol group (n = 13) reached the 3rd (last) instar. The survival rate at the end of the observation, the
114th larval day, was significantly higher in the treatment larvae (23.1%, no. of alive individuals = 3,
n = 13) than in the control larvae (0%, no. of alive individuals =0, n = 13) (GLM, d.f. = 1, ){2 =4.55p
=0.0329).

Pseudotorynorrhina japonica

The increase of body weight was faster in the treatment group than in the control group (Fig. 1).
The body weight at the end of the observation, the 160th larval day, was significantly higher in the
treatment group (mean = SE = 3281.57 + 120.14 mg, n = 7) than in the control group (2450.14 +
120.14 mg, n = 7) (t-test, d.f. = 1, t = 4.89, p = 0.0004). The survival rates of treatment and control
groups at the end of the observation were the same (77.8%, no. of alive individuals = 7, n = 9, for
each group). No pupated individuals were observed, and all of the surviving larvae were in the 3rd
(last) instar at the end of observation.

Protaetia brevitarsis

The larval growths of treatment and control groups were qualitatively quite different (Fig. 1). All
13 larvae that ate meat grew promptly from about the 20th larval day, and six of them pupated
(formed cocoons) early (mean = SE = 51.0 + 1.53 days, range 4656 days, date 18-28 July 2007)
(early-pupating individuals of treatment). The remaining seven larvae grew slowly and all pupated
late (174.6 + 6.18 days, 152-200 days, 1-27 November 2007) (late-pupating individuals of treat-
ment). On the other hand, the body weight of control group, which did not eat meat, increased linearly
and three individuals pupated (204.7 + 2.40 days, 200-208 days, 17-25 December 2007). Five other
individuals were still in the 3rd instar at the end of observation, the 210th larval day. Assuming that
the pupated individuals were alive at the end of observation, the survival rate was significantly higher
in treatment group (100%, no. of alive individuals = 13, n = 13) than in control one (66.7%, no. of
alive individuals = 8, n = 12) (GLM, d.f. = 1, ¥’ = 6.71, p = 0.0096).

The larval weights on the measurement day just before pupation (two to four days before pupa-
tion) were significantly different among three groups (i.c., control, early-pupating individuals of treat-
ment and late-pupating individuals of treatment) (Kruskal-Wallis test, d.f = 2, ¥° = 10.35, p < 0.0057)
(Table 1). The body weight was significantly heavier in the late-pupating individuals of treatment than
the other two groups at the 5% level based on Wilcoxon test (Table 1).
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Table 1. Body weight of just-before-pupation larvae of Protaetia brevitarsis reared on humus soil
with (treatment) and without (control) dried chicken meat.

Group of larvae Body weight (mg)
Control 2188.33 £271.95 (n=3)"
Treatment: early-pupating individuals 2413.17 + 192.30 (n=6)"
Treatment: late-pupating individuals 3875.71 £ 178.03 (n=7)"

Values are mean + SE. Means followed by the same letters are not significantly different
from each other (p > 0.05) based on Wilcoxon test.

Discussion

In all three beetle species, meat-eating by larva had a positive effect on larval development.
However, the efficacies were different. In Rhomborrhina polita, the survival rate was very low in both
food conditions, although it was slightly higher in larvae fed on the humus soil with than without
chicken meat. Larvae of R. polita may need some other nutrient sources to complete their develop-
ment. In contrast, the survival rates of Pseudotorynorrhina japonica were high in both food condi-
tions. Larvae of Ps. japonica are considered to be able to complete their normal development without
meat, but meat-eating has a positive effect on the rate of growth or weight increase.

On the other hand, the effects of meat-eating on larval development in Protaetia brevitarsis were
distinctly different from the two species described above. All Pr. brevitarsis larvae that fed on the hu-
mus soil with chicken meat grew rapidly, and half of the larvae required only about 50 days until pu-
pation, although more than 200 days were required for larvae fed only on the humus soil. In spite of
the difference in their growth rates, their body weights just before pupation were not different from
each other (Table 1). These results indicate that one effect of meat-eating on Pr. brevitarsis was dras-
tic acceleration of development. Furthermore, another half of the larvae fed on the humus soil with
chicken meat grew larger in body size and pupated at around 175 days. Their body weight just before
pupation was significantly heavier than that of larvae fed on only the humus soil (Table 1). These data
indicate that another effect of meat-eating on Pr. brevitarsis was an increase in body size. These two
effects mean that Pr. brevitarsis larvae possess two alternative tactics of development due to
meat-eating: emerging early with small body size (but the same size as individuals that did not eat
meat) or emerging late with large body size.

What is the benefit for Pr. brevitarsis of emerging early? The early pupation of meat-eating lar-
vae in this study occurred in July, suggesting their emergence before hibernation in nature. The larvae
fed only on the humus soil pupated in December under the laboratory conditions, suggesting their hi-
bernation as larvae in nature. If the adults emerge before winter and carry out some reproductive ac-
tivity in fall or start it early in the following spring, they may have greater fitness than the wintering
larvae that fed only on the humus soil. Further, the meat-eating individuals with large body size and
late pupation may have higher benefits in fertility, mating success, and strength in competing for feed-
ing sites than the non-meat-eating individuals with small body size. Therefore, nests of carnivorous
birds, such as the Ural owl and the Oriental stork, are valuable resource for larvae, and female adults
may favor them as oviposition sites, if available.

IuMA (2017) concluded that a bird nest is not necessary for Pr. brevitarsis to reproduce, and its
breeding place is grassland, based on the observation of habitat and behavior of outbreaking Pr. brevi-
tarsis at Oi Central Seaside Park in Ota-ku, Tokyo. This conclusion seems not to conflict with the
present results of our laboratory experiment. However, SUDA and HORIGUCHI (2019) reported that the
morphological features of Pr. brevitarsis adults collected at the park are quite different from those of
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other populations in mainland Japan and that they are considered to be an introduced population. Be-
cause the introduced Pr. brevitarsis could be different from native Pr. brevitarsis not only in morpho-
logical features but also in ecological traits, it is worth clarifying whether the effect of meat-eating on
larval development of the introduced Pr. brevitarsis is the same as that of the native Pr. brevitarsis
examined in this study.

Finally, we mention the similarity of larval development of two cetoniine beetles, Pr. brevitarsis
and Anthracophora rusticola, both of which grow in bird’s nests. Our previous laboratory experiment
with 4. rusticola conducted by the same method as this study, showed that 4. rusticola larvae fed on
the humus soil with meat grew rapidly (pupated within 36 days after hatching) like the early pupation
group of Pr. brevitarsis in this study, and those fed only on the humus soil grew slowly (pupated at 76
or 80 days after hatching) like the Pr. brevitarsis of the control in this study (see Figure 1(B) of
KOSHIYAMA et al., 2012 a). Such a distinct difference in larval development depending on consuming
meat or not was not observed in R. polita and Ps. japonica in this study, neither of which has been re-
ported to be found in bird’s nests. Laboratory experiments, as shown in this study, can help to screen
which beetle species breeds in bird nests in nature.
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