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ABSTRACT. Swinhoe’s tree lizard (Diploderma swinhonis: D. swinhonis) is an arboreal agamid that
is native to Taiwan. In Taiwan, the lizard is considered to be a generalist that feeds primarily on ants
and a diversity of small insect prey by employing an opportunistic sit-and-wait foraging strategy.
In Japan, D. swinhonis is considered as an invasive alien species that was discovered in Hyuga city,
Miyazaki Prefecture, in 2016. Despite concerns about the impact of D. swinhonis on native fauna, little
information about the diet of this alien species has been published to date. This study, therefore,
J. Vet. Med. Sci. investigated the feeding ecology of D. swinhonis in Hyuga city to evaluate their potential impact on
84(12): 1610-1616, 2022 the ecosystem. Specifically, prey preference was investigated by examining the stomach contents of
males, females, and juveniles captured from April to December 2020 and in March 2021. The results
showed that the lizards in Hyuga preyed upon a wide variety of invertebrates as in Taiwan, while ants
accounted for the largest proportion of the prey items consumed regardless of sex, age or changes
in season. These findings indicated that D. swinhonis might cause a decrease in the abundance of
the native insect fauna of Hyuga city or competition with native lizards for foods in Hyuga city. Since
Accepted: 14 October 2022 its impact is not currently apparent, it's necessary to monitor its effect in the future.
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Examples of invasive alien arboreal lizards are now found all around the world. Species such as brown anoles (4nolis sagrei),
green anoles (4. carolinensis) and oriental garden lizards (Calotes versicolor) have caused a variety of ecological problems in the
areas that they have invaded [1, 3, 6, 10, 18]. For example, 4. carolinensis, which is an arboreal, diurnal, sit-and-wait predator,
was introduced to Ogasawara Islands, Japan, where it has caused the local extinction and significant decline of a variety of native
insects [26]. Furthermore, populations of native lizards on Ogasawara Islands (e.g., Ogasawara snake-eyed skink, Cryptoblepharus
nigropunctatus) have decreased significantly due to predation by, and competition with, A. carolinensis [27]. Anolis carolinensis
has a considerably larger head and mouth than C. nigropunctatus, and can eat larger prey [27]. A previous study showed that A4.
carolinensis has significantly altered the islands’ environment through a decline in primary consumers and the concomitant increase
in secondary consumers [27].

The introduction of arboreal, diurnal lizards into the mainland of Japan has also been reported [13, 22]. Invasion of Swinhoe’s tree
lizard (Diploderma swinhonis (Giinther, 1864): D. swinhonis) was reported on the mainland of Japan in 2006 for the first time [15].
D. swinhonis is a diurnal, arboreal agamid and native to Taiwan and Orchid Island [21, 32]. Currently, in Japan, populations of alien
D. swinhonis have been reported in Iwata City, Shizuoka Prefecture, Atsugi City, Kanagawa Prefecture, and Hyuga City, Miyazaki
Prefecture [4, 11, 15]. D. swinhonis is regarded as an invasive alien species, and raising, keeping or transporting this species is
prohibited by the Japanese Invasive Alien Species Act from 2016. We previously reported the reproductive cycle and size at sexual
maturity of the nonnative population of D. swinhonis in Hyuga city [11]; oviposition of averaged clutch size 5.1 + 1.5 occurs from
May to October, and the size (snout-vent length) at sexual maturity is 53.0 mm in males and 50.2 mm in females [11]. The population
in Hyuga city is smaller at sexual maturity and has a larger clutch size than the native populations in Taiwan [11].

Despite the concerns for alien arboreal lizards, the diet of alien D. swinhonis distributed in Japan is not well documented. Although
the adverse effects of such introductions cannot be entirely understood based on feeding ecology alone, a knowledge of the impacts
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of introduced alien species can provide crucial information for predicting possible future impacts of these species on native fauna.
Studies on the diet of native D. swinhonis in Taiwan have shown that this species is a dietary generalist and a sit-and-wait predator [9,
17, 19]. Although D. swinhonis occasionally feeds on large prey, such as cicadas and other mature lizards [19, 31], it feeds mainly on
hymenopteran prey (primarily ants) [19]. In Japan, two studies have examined the diet of nonnative D. swinhonis [4, 15]; however,
the sample sizes employed in those studies was small and seasonal changes in diet, sexual differences in feeding preference, and
ontogenic shifts in the diet were not examined [4, 15]. To document the whole aspect of the feeding ecology of alien D. swinhonis, we
examined the stomach contents of D. swinhonis in Hyuga city. By conducting monthly field surveys and collecting numerous samples,
this study provides a more accurate understanding of the feeding ecology of this species. In addition, comparison of the findings with
data from Taiwan reveals the changes that were caused by introduction into Japan.

MATERIALS AND METHODS

Field research

Linear transect surveys were conducted in Hyuga city, Miyazaki Prefecture, Japan (32°26°N, 131°39’E) from April 2020 to
December 2020 and March 2021. We walked and captured lizards on trees or on the ground. For lizards found in trees, the height of
capture was recorded to the nearest 10 cm based on visual estimates.

Morphology and diet composition

After returning the captured specimens to the laboratory, the lizards were euthanized by intracelomic injection of sodium or calcium
pentobarbital. Snout-vent length (SVL) was measured to the nearest 0.1 mm using digital calipers, and body weight (BW) was measured
to the nearest 0.01 g using a digital scale. The lizards were dissected and sexed based on the morphology of the genital organ. As shown
in Table 1, the stomachs of up to 9 individuals (males, females and juveniles) were removed per month. Based on our previous study,
male and female lizards with SVL less than 53 mm and 50.2 mm, respectively, were considered to be juveniles [12]. The dissected
stomachs were preserved in 100% ethanol until such time as the stomach contents were examined under a stereomicroscope (Leica
MZ6, Leica Microsystems GmbH, Wetzlar, Germany). Almost all of the stomach contents were identified to the level of order. All
protocols were approved by the Institutional Animal Care and Use Committee of the University of Miyazaki, Japan (Approval No.
2021-007). The lizards were kept in the facility permitted by the Ministry of the Environment (Permission No. 17000092).

Statistical analysis

Statistical analyses were performed in R version 4.0.5 (R core team, 2021). Using the mean of each item, the Euclidean distance for
each month was calculated. This was used as the degree of dissimilarity, and a hierarchical cluster analysis using the group average
method was conducted to identify seasonal differences. Based on this analysis, March to June was defined as season A (spring to
early summer), July as season B (summer), August to October as season C (summer to autumn), November (late autumn to winter) as
season D, and December (winter) as season E. The Shannon-Wiener index was used to evaluate the diversity in the diet composition.
The Jaccard distance was used to assess dissimilarity among seasons, sexes and growth stage. Both indexes were calculated using R
package vegan (version 2.5-7). Wilcoxon rank-sum test was used to examine differences among sexes, age classes and seasonal changes
in the number of stomach contents. Kruskal-Wallis test was used to examine seasonal changes and sexual or growth differences in the
number of prey items of each order or group. The data were shown as the mean + SD. A value of P<0.05 was considered significant.

RESULTS

Field research and morphology

As shown in Table 1, a total of 117 D. swinhonis specimens were examined. Mean SVL, BW and the height of capture are shown
in Table 2. The capture height of males was higher than that of females and juvenile lizards (£<0.05), as shown in Table 2.

Stomach contents

A total of 1875 prey items belonging to 6 classes and at least 17 orders were recorded in the stomachs of D. swinhonis captured in
Hyuga city (Table 3). The prey items consisted mainly of Hymenoptera, more than 90% of which were ants (Formicidae), followed
by Coleoptera, Hemiptera and various insect larvae, in order of frequency (Table 3). The Shannon-Wiener index was H’=1.35.

Table 1. The number of lizards used in the experiment

2021 2020

March  April May June July  August September October November December Total
Male 0 2 6 6 6 6 6 6 1 2 41
Female 1 2 6 6 6 6 6 6 5 4 48
Juvenile 5 3 2 0 2 1 2 2 2 9 28
Total 6 7 14 12 14 13 14 14 8 15 115

Males were larger than 53.0 mm in snout-vent length (SVL), and females were larger than 50.2 mm in SVL [12]. Juveniles were smaller
than size at sexual maturity and did not sexed.
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Table 2. Snout-vent length (SVL), body weight (BW), and capture height of
mature male, female and immature Diploderma swinhonis in Hyuga city

SVL (mm) BW (g) Capture height (m)
Male 783 +4.5 15.0+2.5 2.0+£1.2%
(66.9-85.1) (8.8-19.8) (0-5)
Female 64.5+59 84+25 1.2+0.8
(53.7-78.8) (3.3-15.0) (0-4)
Juveniles 33.5+59 1.4+£0.7 1.1+1.2
(24.7-40.5) (0.1-3.3) (0-5)

SVL: snout-vent length, BW: body weight. Data show mean + SD. Ranges are shown in
parentheses. *P<0.05. Immature D. swinhonis were defined as the snout-vent length of
D. swinhonis is more than 53.0 mm (male) or 50.2 mm (female) [12].

Table 3. The diet composition (percentage of each type of dietary item (%N) and occurrence frequency of each prey (F)), the Shannon-
Wiener index, and Jaccard distance for total data and by sex and age class of Diploderma swinhonis in Hyuga city

Total Male Female Juvenile Signifi-
Class Order
N% F N% F N% E N% F cance

Insecta Balattodea 0.11% 0.02 0.00% 0.00 0.23% 0.04 0.00% 0.00

Coleoptera 6.24% 0.44 5.84% 0.49 6.64% 0.41 5.96% 0.43

Dermaptera 0.11% 0.02 0.15% 0.02 0.11% 0.02 0.00% 0.00

Diptera 0.05% 0.01 0.00% 0.00 0.00% 0.00 0.33% 0.04

Hemiptera 4.75% 0.29 4.23% 0.37 5.86% 0.33 2.65% 0.11

Hymenoptera 75.15% 0.81 77.08% 0.88 73.54% 0.82 75.50% 0.68

Lepidoptera 0.05% 0.01 0.15% 0.02 0.00% 0.00 0.00% 0.00

Mantodea 0.16% 0.03 0.15% 0.02 0.23% 0.04 0.00% 0.00

Orthoptera 0.21% 0.03 0.15% 0.02 0.34% 0.06 0.00% 0.00

Psocoptera 0.05% 0.01 0.00% 0.00 0.00% 0.00 0.33% 0.04

Phasmatodea 0.11% 0.02 0.00% 0.00 0.23% 0.04 0.00% 0.00
Arachnida Araneae 2.08% 0.25 2.92% 0.37 1.69% 0.24 1.32% 0.07
Dipropoda 1.49% 0.17 1.02% 0.15 2.36% 0.29 0.00% 0.00
Chilopoda 0.59% 0.07 0.44% 0.07 0.56% 0.06 0.99% 0.07
Gastropoda Stylommatophora 0.16% 0.03 0.00% 0.00 0.34% 0.06 0.00% 0.00
Malacostraca ~ Amphipoda 0.11% 0.02 0.00% 0.00 0.00% 0.00 0.66% 0.07 *
Malacostraca  Isopoda 0.75% 0.08 0.29% 0.05 0.90% 0.06 1.32% 0.14
Larva (mainly lepidoptera) 3.63% 0.38 4.53% 0.41 2.59% 0.37 4.64% 0.36
Unknown 4.21% 0.42 3.07% 0.34 4.39% 0.47 6.29% 0.46
Shannon-Wiener index 1.35 1.25 1.42 1.22
Jaccard distance Vs. 0.25 Vs. 0.67

female juvenile
vS. 0.59
juvenile

*P<0.05.

Seasonal changes in stomach contents

A significant difference was observed in the number of stomach contents among seasons (Fig. 1). Specifically, the number of stomach
contents remained low from March to June and increased in July. The values obtained for May and June were significantly different
from those for July and September (between May and September P<0.01, others P<0.05). Thereafter, the number of stomach contents
decreased from October to November and was the lowest in December when it differed significantly compared to the other months
(P<0.01). In December, only one lizard (juvenile) had stomach contents. The stomach contained two items; one was a hymenopteran
(an ant) and the other could not be identified (Season E in Table 4).

In the hierarchical cluster analysis, we excluded the results for juveniles, as they were not sampled consistently throughout the year
(Table 1), as well as the results for December, as there were almost no stomach contents. A hierarchical cluster analysis revealed two
clusters and one clade (Fig. 2), with March, April, May, June and November forming one cluster, and August, September and October
forming the other cluster. July formed an independent clade.

As shown in Table 4, the Shannon-Wiener index (H’) was 2.19 for season A, 1.28 for season B, 0.87 for season C, 0.81 for season
D, and 0.00 for season E. The Jaccard distance exceeded 0.70, except for the value between season A and season B, which was 0.52.
The results showed that the composition of the diet in each period exhibited seasonal changes.

J. Vet. Med. Sci. 84(12): 1610-1616, 2022 1612



The Journal of
Veterinary
Medical
Science

DIET OF SWINHOE’S TREE LIZARD IN HYUGA

504

401

301

204

Number of stomach contents

101

Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Month
Fig. 1. Seasonal changes in the number of stomach contents of

Diploderma swinhonis in Hyuga City. Data are shown as the
mean + SD. *: P<0.05, **: P<0.01.
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Fig. 2. Cluster analysis of stomach contents shown as a dendrogram.

Seasonal divisions were indicated by A, B, C and D. The results for
juveniles and the results for December were excluded in this analysis
because juveniles were not sampled consistently throughout the year,
and there were almost no stomach contents in December.

Table 4. The diet composition (percentage of each type of dietary item (%N) and occurrence frequency of each prey (F)), the Shannon-
wiener index, and the Jaccard distance for the season of Diploderma swinhonis in Hyuga city

Season A Season B Season C Season D Season E
Class Order 232 r;rllfn t;:rz«lrly Summer Summer to autumn Late;;ﬁg;m to Winter Sclirllgg_
N% I N% I N% I N% B N% B
Insecta Balattodea 0.00% 0.00 057%  0.14 0.00%  0.00 0.00%  0.00 0.00%  0.00 **
Coleoptera 26.06% 080  3.72%  0.57 1.08%  0.29 0.00%  0.00 0.00%  0.00 **
Dermaptera 0.28% 0.03 0.00%  0.00 0.09%  0.02 0.00%  0.00 0.00%  0.00
Diptera 0.28% 0.03 0.00%  0.00 0.00%  0.00 0.00%  0.00 0.00%  0.00
Hemiptera 6.52% 033 10.32%  0.57 2.60%  0.29 1.79%  0.13 0.00%  0.00
Hymenoptera 44.48% 0.83  74.50% 1.00  84.93% 1.00  78.57%  0.75 50.00%  0.07 **
Lepidoptera 0.00% 0.00  0.00%  0.00 0.09%  0.02 0.00%  0.00 0.00%  0.00
Mantodea 0.00% 0.00  0.00%  0.00 0.27%  0.07 0.00%  0.00 0.00%  0.00
Orthoptera 0.00% 0.00  0.29%  0.07 0.27%  0.07 0.00%  0.00 0.00%  0.00
Psocoptera 0.00% 0.00  0.29%  0.07 0.00%  0.00 0.00%  0.00 0.00%  0.00
Phasmatodea 0.28% 0.03 0.29%  0.07 0.00%  0.00 0.00%  0.00 0.00%  0.00
Arachnida Araneae 1.98% 0.18 1.15%  0.29 251%  0.44 0.00%  0.00 0.00%  0.00
Dipropoda 1.70% 0.13 0.00%  0.00 1.61%  0.29 7.14%  0.38 0.00%  0.00
Chilopoda 1.98% 0.10  0.29%  0.07 0.18%  0.05 1.79%  0.13 0.00%  0.00
Gastropoda Stylommatophora  0.57% 0.05 0.00% 0.00 0.09% 0.02 0.00% 0.00 0.00%  0.00
Malacostraca Amphipoda 0.57% 0.05 0.00% 0.00 0.00% 0.00 0.00% 0.00 0.00%  0.00
Malacostraca Isopoda 1.42% 0.10 0.57% 0.14 0.63% 0.07 0.00% 0.00 0.00%  0.00
Larva (mainly lepidoptera) 8.22% 048  430%  0.57 2.06%  0.41 1.79%  0.13 0.00%  0.00
Unknown 5.67% 0.45 3.72%  0.57 3.59% 049 8.93% 038 50.00% 0.07
Shannon-wiener index 2.19 1.28 0.87 0.81 0.00
Jaccard distance vs. B 0.52 vs. C 0.70 vs. D 0.95 vs. E 0.98
vs. C 0.80 vs.D 0.86 vs. E 1.00
vs. D 0.85 vs. E 1.00
vs. E 1.00

March to June was defined as season A (spring to early summer), July as season B (summer), August to October as season C (summer to autumn), November

(late autumn to winter) as season D, December (winter) as season E. **P<0.01.
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The composition of the stomach contents in each season was also shown in Table 4. There were significant differences in the
number of Hymenoptera, Coleoptera and Blattodea, which the lizards preyed upon throughout the year (Kruskal-Wallis test: P<0.01).
Hymenoptera was fewer in season A (spring to early summer) compared to other seasons. In contrast, Coleoptera was more numerous
in season A (spring to early summer) than in the other seasons. Blattodea was gained from only two female lizards in season B (July).
Although not significant, the seasonal variation in Hemiptera was similar to that of Coleoptera.

Comparison of stomach contents by sex and growth stage

Regardless of sex and growth stage, lizards preyed mainly upon Hymenoptera (N% >73.54, Table 3). The Jaccard distance showed
a difference in diet composition between mature and juvenile lizards (male vs. juvenile, 0.59; female vs. juvenile, 0.67). In contrast,
index values were similar between sexes (male vs. female, 0.25). As shown in Table 3, the Shannon-Wiener index (H”) was 1.25 for
males, 1.42 for females, and 1.22 for juveniles. There was a significant difference between sex and growth stage in the number of
Amphipoda, which were gain from only juveniles (£<0.05, Table 3).

Of the 17 taxonomic orders observed in the stomach contents of all lizards, the stomach contents of males contained representatives
of 11 orders within 17 orders. The remaining six orders consisted of Blattodea, Diptera, Psocoptera, Phasmatodea, Stylommatophora,
and Amphipoda. Imagines of Lepidoptera were gain from only males. Fourteen orders were gain from females’ stomach, and there was
no members of Diptera, Lepidoptera, Psocoptera or Amphipoda. The three orders of Blattodea, Phasmatodea and Stylommatophora
were gained from only females. From Juveniles’ stomach, arthropods belonging to 9 orders were gained, and the stomachs did not
contain members of Blattodea, Dermaptera, Lepidoptera, Mantodea, Orthoptera, Phasmatodea, Diplopoda and Stylommatophora.
Diptera, Psocoptera and Amphipoda were gain from only juveniles.

DISCUSSION

The findings of this study showed that, as in Taiwan, D. swinhonis in Hyuga city ate mainly Hymenoptera (primarily ants), although
a variety of invertebrates were preyed upon. The findings showed that there were seasonal changes in the diet of D. swinhonis for
the first time, with the number of stomach contents increasing significantly during summer and the composition of the diet changing
significantly from spring to summer. In other lizards, previous studies have also reported seasonal changes in the number of stomach
contents [20, 25, 29]. These changes have often attributed to changes in food availability and/or lizards’ activity throughout the year
[5, 12, 23]. In addition, changes in the lizards’ behavior, such as those associated with reproduction, can account for seasonal changes
in food intake [8]. In the Japanese temperate zone, ants show phenology in the activity out of their nest. For example, in Tokyo, the
number of Formica japonica out of its nest keeps low from May to early July and increases from mid-July to August [7]. Similarly,
the community of ants shows the seasonal changes that increase in frequency found in bait traps from April to June and the decrease
in frequency after October in Ibusuki City, Kagoshima Prefecture, which is near Hyuga city [33]. It is therefore expected that food
availability especially in ants may increase from spring (March—-May) to summer (June—August) and that the low abundance of stomach
contents observed from March to June may be associated with low food availability at that time. Furthermore, lizards are rarely
observed in Hyuga city from November to March, suggesting that they are not active at this time. The low number from November
to December may be related to the low activity of lizards.

In this study, during season A (from March to June), the proportion and number of Coleoptera and Hemiptera were more numerous
while that of Hymenoptera was fewer compared to other seasons. In addition, the Shannon-Wiener index values showed that the
highest diversity of stomach contents was observed during season A. Since this high diversity cannot be explained by a decrease in
food availability or lizard activity, two hypotheses are proposed to explain this phenomenon. The first is that, as has been reported for
other lizard species, the composition of the lizards’ diet changed in response to food availability [12, 24]. In other words, Coleoptera
and Hemiptera increased in the microhabitat of D. swinhonis during season A. The other hypothesis is that the food preference and/or
feeding strategy employed by the lizards varies depending on their resource requirements. As a result of depleting their fat reserves
in winter, the lizards have high energy requirements as they become active again in spring (March or April). Since, in Hyuga city, the
formation of vitellogenic ovarian follicles starts in mid-May [11], it is reasonable to assume that lizards require a lot of resources at the
onset of spring. Consequently, they may not be able to meet all of their energy needs by foraging on their preferred prey and may be
forced to feed on prey that they would not typically feed upon. A similar pattern has been reported in two species of dwarf chameleons
(Bradypodion ventrale, Bradypodion taeniabronchum), which have been observed to change their prey selection as food availability
decreases during winter [2]. In addition, it is known that D. swinhonis avoid weevils (Pachyrhynchus tobafolius and Kashotonus
multipunctatus) that is too hard and unprofitable through laboratory experiment [28]. The seasonal change in diet composition,
especially in Coleoptera, may reflect change in food preference depending on resource require and avoidance of unprofitable prey.
However, the present results do not provide sufficient support for either of these hypotheses and additional research on seasonal
changes in food availability and lizard behavior is necessary.

In this study, D. swinhonis preyed primarily on ants, regardless of sex and age class. Although this suggests there is little difference
between sex and age class, the Jaccard distances showed that there was considerably more similarity between the sexes than between
adults and juveniles, indicating the likelihood of some ontogenic shifts in diet. It has been reported that ontogenic shifts in diet can
promote differences in the use of feeding microhabitat, head size and bite power [24, 30]. In D. swinhonis, females and juveniles
use similar microhabitats (low bushes at the bases of trees or near ground) [14], but the results of stomach contents suggested lower
similarity between juveniles and females than that between sexes (Table 3). The present result also showed lower diversity of juveniles’
stomach contents than that of adults. However, 43% of juveniles preyed upon Coleoptera, which are hard (Table 3), suggesting that
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they have jaws that are powerful enough to eat hard prey. Juveniles can chew hard prey but have smaller heads than adults and cannot
eat prey large enough to fit in their mouths. Therefore, we suspect that head size is more important for restricting juveniles’ prey and
associated with lower diversity of juveniles’ stomach contents than females’. On the other hand, although male D. swinhonis have a
larger head than females [16], the Shannon-Wiener index suggested that females fed on a wider variety of prey items than males and
juveniles. In the field surveys, we observed that males were found higher above the ground than females (Table 1). In addition, both
male and female mature lizards ate relatively large prey, such as cicadas. These findings imply that mature lizards with sufficiently
powerful jaws can eat large prey, regardless of their head size, and that the difference in diet composition can be attributed to differences
in their microhabitat use, such as perch height.

All of the studies conducted to date on the diet of D. swinhonis, including this study, have shown that Hymenoptera are the favorite
prey of this species [9, 17, 19]. However, the frequency of Hymenoptera in stomach contents varied among these studies. In this
study, the occurrence frequency (F) of Hymenoptera in the stomach contents was 0.81, whereas frequencies of 0.53, 0.88 and 0.91
were obtained in populations in Taiwan [9, 17, 19]. Huang reported that D. swinhonis on Orchid Island is frequently found along the
periphery of forests where crickets are abundant, and that 25% of the lizards surveyed in these areas preyed upon crickets [9]. These
results suggest that D. swinhonis is opportunistic and that they eat prey that appears before them [9], and variation in the occurrence
frequency (F) of Hymenoptera in the stomach contents reflects this. In terms of relative proportions of prey items in the stomach, the
proportion (N%) of Hymenoptera in Hyuga city (75.15%) was lower than that in Taiwan (90.71%) [19]. In addition, the Shannon-
Wiener index of lizards’ stomach contents in Hyuga city (H’=1.35) was also higher than that in Taiwan (H’=0.71) [19]. However, the
seasonal lowest value (H’=0.87 in summer) was not significantly different from that in Taiwan. Based on these results, we consider
that there is no marked difference in the food preference of lizards in Hyuga city and lizards in Taiwan. As shown by the results of
the seasonal changes in the composition of the diet, D. swinhonis tends to eat ants when food availability is high. Since the average
temperature in the lowland areas of Taiwan is typically higher than that in Hyuga city, food may be more abundant than it is in Hyuga
city throughout the years. This is supported by the fact that despite the results in Taiwan containing the samples collected between
May to October [19], it showed similar diversity with results in summer in Hyuga city. Therefore, it is assumable that D. swinhonis
introduced into Hyuga city does not show a change in food preference. Still, it eats more variety of prey than that in Taiwan, depending
on seasonal changes in food availability.

This study elucidated the feeding ecology of D. swinhonis in Hyuga city and showed that the diet of this species exhibits marked
seasonal changes. Since D. swinhonis in Hyuga city eat a variety of prey, it is considered to be dietary generalist, as in Taiwan. When
food availability is high in its feeding microhabitat, this species typically feeds on ants, like an ant specialist. Prey selection may help
to save energy [30]. Based on this study, the most significant concern is the impact on the abundance of ants and the cascading effect
of a decrease in the abundance of ants, such as the reorganization of trophic webs. Furthermore, although no lizard mainly eats ants
in the Japanese temperate zone, D. swinhonis changes prey in spring, when food availability is low. Therefore, it should be noted that
competition may occur for foods with native lizards. However, the impact of D. swinhonis on the ecosystem in Hyuga city is currently
unclear. We consider that monitoring the effects of D. swinhonis in Hyuga city is necessary in the future.
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