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Background: Epilachna quadricollis (Dieke) (Coccinellidae: Epilachnini) is the only known
species in Korea that hibernates as a 4th instar larva, unlike most phytophagous coccinel-
lids, which overwinter as adults. This study was conducted to understand its distribution,
seasonal phenology, developmental patterns, and reproductive traits through field sur-
veys across Korea and laboratory observations, providing baseline data for future studies
on its ecological adaptations.

Results: Epilachna quadricollis undergoes four larval instars and overwinters as a ma-
ture 4th instar larva. Except for slight variation observed in the 2nd instar, head capsule
width was a reliable indicator for distinguishing larval developmental stages. The mean
duration of the development from oviposition to the new 4th instar was 43.1 days. Fe-
males laid a mean of 51.5 + 2.8 (SE) eggs per cluster on the underside of leaves from June
to mid-August, with a mean fecundity of 3384 + 93.2 (SE) eggs. Pupation began in late
April, with adult emergence from mid-May. Oviposition began approximately 39 days after
adult emergence and lasted for 19 days. The phenology of E. quadricollis was estimated
by reorganizing multi-year field collection and observation records, and its feeding and
development were closely linked to the phenology of Fraxinus spp.

Conclusions: This study provides detailed insight into the life history, seasonal develop-
ment, and reproductive traits of E. quadricollis. Its univoltine cycle, closely synchronized
with the phenology of Fraxinus spp., highlights the species’ dependence on host plant
availability. Larval stages can be reliably distinguished based on morphological character-
istics, especially head capsule dimensions. The extended preoviposition period suggests
that reproduction is regulated by photoperiod. Its confirmed distribution across several
offshore islands—including Deachungdo Island, Jejudo Island, and Ulleungdo Island—
highlights the need to investigate potential dispersal mechanisms and population con-
nectivity.
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has been recorded as a species distributed in North Korea.
Epilachna quadricollis inhabits mountainous areas and

Epilachna quadricollis (Dieke) (Coccinellidae, Epilachni-
ni) is known to be distributed in Korea, China, and Taiwan
(Borowski 2020; Jadwiszczak and Wegrzynowicz 2003).
Unlike most species belonging to the ladybird beetle fami-
ly, Coccinellidae, which exhibit carnivorous characteristics,
the Epilachnini tribe including E. quadricollis demon-
strates herbivorous behavior and is classified as paraphy-
letic group within the Coccinellidae (Lee 2015; Park and
Yoon 1991). While most species of phytophagous ladybird
beetles overwinter as adults, E. quadricollis is the only spe-
cies known to overwinter as larvae in Korea. In taxonomic
studies by Chtij6 (1940) and Bielawski (1980), this insect

causes damage by feeding on the leaf tissue of Fraxinus
rhynchophylla Hance, Fraxinus sieboldiana BL., and Ligu-
strum obtusifolium S. et Z., making the number of dam-
aged leaves easy to identify with the naked eye. In South
Korea, localized damage to Fraxinus spp. has been observed
more frequently than damage to Ligustrum trees in moun-
tainous areas. Because of the lack of information on distri-
bution, phenology, development, and reproductive biology
of this beetle in Korea and globally, field and laboratory
studies were conducted to fill these knowledge gaps. The
objectives of the current study are to describe the pheno-
logical characteristics of E. quadricollis within its natural
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habitat and to obtain data on its distribution in Korea, as
well as life history traits, including voltinism, longevity,
and fecundity.

Collection and site information of E. quadricollis
From 1983 to 1988, collections and observations were

carried out at five sites in Gyeonggi Province—Mt. Cheong-
gyesan, Kwangjun-ri, Mt. Namhansan, Mt. Wangbangsan,
and Mt. Yongmoonsan—with each site surveyed three to
ten times. From 2017 to 2018, sampling and monitoring
were conducted at five new locations across South Korea,
due to the disappearance of populations at the original sites
in Gyeonggi Province. Each site was monitored between
three and nine times during the study period: Mt. Samgak-
san on Daecheongdo Island (an island in the westernmost
part of South Korea), Mt. Seonginbong on Ulleungdo Is-
land (an island in the easternmost part), Mt. Halla on Jeju-
do Island (an island in the southernmost part), Mt. Mani
on Ganghwado Island (an island in the mid-western part),
and Mt. Tohamsan (located in the southeastern part of the
mainland). All collection sites were mixed forests contain-
ing either Fraxinus spp., L. obtusifolium, or both. Except
for Ulleungdo, all specimens were collected from Fraxinus
spp., whereas on Ulleungdo, collections were made exclu-
sively from Ligustrum foliosum Nakai.
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The initial observation of adult E. quadricollis in Gwang-
jeon-ri, Namyangju County (Gyeonggi Province) occurred
on June 14, 1983. Collections were carried out every 1-2
weeks until early November, yielding a total of 10 collec-
tions and observations. Through these efforts, the entire
life cycle was observed in the field, from adults to eggs and
from first to 4th instar larvae, including overwintering lar-
vae. Based on the season-long collection in 1983, subse-
quent collections were conducted during the research peri-
od to supplement information on the onset and end of
overwintering, as well as developmental patterns in the
field.

Geographic information for the study area was obtained
using Google Earth (Google Earth LLC 2024). Weather data
for the survey areas were obtained from the Automated
Synoptic Observing System and the Automatic Weather
Station via the Korea Meteorological Administration’s Me-
teorological Data Open Portal (Korea Meteorological Ad-
ministration 2015). Weather data for the survey sites were
collected from weather stations in close proximity. Howev-
er, for past survey sites where there were no neighboring
weather stations (Mt. Cheonggyesan, Kwangjun-ri, Mt.
Namhansan, and Mt. Wangbangsan) during 1983-1988,
data from the Seoul Weather Observatory were used as a
reference. The Seoul Weather Observatory is situated 19—
38 km from each of these sites. Details of these locations,
including the years, their coordinates, and annual average
temperatures, are presented in Table 1.

Geographic and climatic information of the collection sites of Epilachna quadricollis in Korea

Yearly average

Collection sites” Year Coordinate Elevation (m.a.s.l)
temp. (°C)
Mt. Wangbangsan, 1984 37°53'38" and 37°53'51"N by 257-262 11.6
Gyeonggi Province 1988 127°06'32" and 127°06'57"E 12.1
Mt. Cheonggyesan, 1986 37°26'30" and 36°26'37"N by 80-120 11.2
Gyeonggi Province 1988 127°03'07" and 127°03"17"E 12.1
Kwangjunri, 1983 37°4127" and 37°41'32"N by 50-70 12.4
Gyeonggi Province 1984 127°07'55" and 127°08'04"E 11.6
1985 11.6
1986 11.2
Mt. Yongmoonsan, 1983 37°32'40" and 37°32'44"N by 196-203 10.8
Gyeonggi Province 127°34'53" and 127°35'00"E
Mt. Namhansan, 1984 37°28'52" and 37°28'54"N by 377-381 11.6
Gyeonggi Province -85 127°11'04" and 127°11'06"E 11.6
Mt. Manisan, Incheon 2017 37°37'22" and 37°37'23"N by 157-167 11.5
2018 126°25'30" and 126°25'31"E 11.3
Mt. Samgaksan, 2018 37°48'55" and 37°48'56"N by 292-297 11.8
Daecheongdo, Inchon 124°41'57" and 124°41'59"E 11.0
Mt. Tohamsan, 2017 35°47'06" and 35°48'02"N by 731-689 12.3
Gyeongsangbuk Province 2018 129°2040” and 129°20'48"E 12.1
Ulleungdo Island, 2017 37°29'09"” and 37°29'12"N by 273-250 13.1
Gyeongsangbuk Province 2018 130°53'34" and 130°53'36"E 13.0
Mt. Hanllasan, 2017 33°21'24" and 33°21'28"N by 1,096-1,099 10.2
Jeju Province 2018 126°27'47" and 126°27'48"E 10.0

m.a.s.l: meters above sea level.

“The annual average temperature was obtained from data recorded at a nearby weather station. *The collection sites from 1984-1988 were located

9.9 to 37.7 km from the weather station, while those from 2017-2018 were 2.0 to 17.7 km away from the nearest weather station.
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Phenology estimations of E. quadricollis in the

central region
Insect phenology involves the timing of life events, in-

cluding the number of generations (voltinism) (Gaytan et
al. 2022). The seasonal timing and duration of life stages
can vary greatly based on climate (Duan et al. 2018). For
this reason, data from geographically distinct locations
such as Daecheongdo, Ulleungdo, Mt. Hallasan, and Mt.
Tohamsan were excluded from central-region phenology
estimates.

Phenology was based on collection and observation data
concerning developmental stages—such as overwintering
larvae, pupae, adult emergence, oviposition, and larval de-
velopment—gathered from six sites located within 36°26'-
37°54'N and 126°25'-127°35'E in the Incheon and Gyeong-
gi Province areas. Mt. Manisan in Incheon was included in
the phenological estimation along with past data from
Gyeonggi Province, due to their similar geographic and
climatic conditions (Table 1). Fifty records of collections
and observations over 13 survey seasons—varying by area
and year—were compiled monthly and every ten days to il-
lustrate the occurrence of E. quadricollis by developmental
stage. It is important to note that the life cycle illustrated
for E. quadricollis represents a composite from several study
periods and may be slightly longer than what would be ob-
served within a single year.

Immature stage measurements and stage-
specific development periods

Immature stage measurements

Adult E. quadricollis were collected from Kwangjun-ri in
1983 and reared on F. rhynchophylla. Their offspring were
used to measure the immature stages. All experiments, in-
cluding measurements and rearing of both adults and im-
matures, were conducted under ambient laboratory condi-
tions (25°C + 1°C, 65% + 5% RH., with natural photoperiod),
unless otherwise stated.

Larvae were classified from first to 4th instars based on
the number of molts evidenced by exuviae. Larvae were
measured under a microscope using an ocular micrometer
(0.01 mm, 1 Div.) calibrated with a stage micrometer to de-
termine their instar-specific body and head capsule sizes.
Newly hatched larvae, newly molted 2nd, 3rd, and 4th in-
star larvae, mature 1st, 2nd, and 3rd instar larvae on the
verge of molting into the next instar, and mature 4th instar
larvae just before overwintering were used as specimens
for measurement. The head capsule width was measured at
the broadest part of the head, viewed dorsal and frontally.
Body width was measured at the 3rd abdominal segment.
Measurements that incorporated spines (scoli) involved the
distance between the distal points of the subdorsal scoli on
both sides of the 3rd abdominal segment. The body length
measurement did not include the spines; the distance from
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the anterior end of the head (in dorsal view) to the posteri-
or end of the abdomen was measured. All measurements
were made to the nearest 0.01 mm.

Stage specific developmental period

To determine the stage-specific developmental periods of
E. quadricollis, overwintering larvae collected from Mt.
Namhansan on March 22, 1988, and their offspring were
used for the study. The hibernating larvae were put in large
plastic Petri dishes (150 x 25 mm) lined with paper towels,
containing 10-20 individuals per dish, and observed daily
to examine developmental changes. To maintain humidity
within the large petri dishes, filter paper slightly moistened
with water using a pipette (9?55 mm, Whatman no.2) was
placed inside. Upon pupation, individuals were immediate-
ly separated and placed individually in smaller Petri dishes
(@ 60 x15 mm) to measure the duration until adulthood.

The adults emerging from pupae were reared in groups (4
males: 4 females) in cylindrical transparent plastic tubes
(@9 x 16.5 cm, 3 mm thick), which served as rearing con-
tainers. Both ends of the tubes were covered with plastic
Petri dish lids (@9 x 15 mm). As food, bouquets were made
by inserting three small twigs (16 cm long, each with three
leaves) into a vial (6 cm x 2.5 cm), and the junction be-
tween the vial opening and the twigs was sealed with Para-
film to prevent water leakage. A total of four rearing con-
tainers were maintained, and the offspring of the adults
were used to assess the developmental duration of imma-
ture stages.

Newly laid egg masses in the rearing containers were
randomly selected and individually transferred to Petri
dishes (@ 90 x 15 mm) containing fresh food leaves, and
the egg period, defined as the time until hatching into the
Ist instar larva (n = 51). To separate egg masses laid in the
rearing containers without causing damage, leaves with at-
tached egg masses were carefully detached or only parts
with egg mass were excised, minimizing impact on the
eggs.

Newly hatched larvae were randomly selected to measure
the duration of each larval stage. Each larva was reared in-
dividually up to the 4th instar, and the duration of each
developmental stage was recorded (Table 2). To minimize
disturbance when separating the Ist instar larvae (newly
hatched) or 2nd and 3rd instar larvae (newly molted), the
leaf to which they were attached was gently removed, min-
imizing handling shock.

Reproductive schedule: adult longevity,

fecundity, and oviposition periods
To obtain data on reproductive traits such as lifespan,

egg production, and oviposition period, E. quadricollis
adults were collected from the field (Mt. Namhansan on
May 29, 1986) immediately after emergence and before
feeding, and brought to the laboratory. They were identi-
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Measurements of the immature stages of Epilachna quadricollis (in millimeters)

Length of body Width of body
Stardium excluding spine including spine
Mean n Mean
Egg 0.93 + 0.04*™ 20
New L1 0.99 +0.01° 10 1.34 £ 0.01°
Mature L1 1.86 = 0.01¢ 10 1.41 +0.02°
New L2 1.86 = 0.01¢ 10 2.02 £0.02¢
Mature L2 2.52 £0.01¢ 10 2.35 +0.03¢
New L3 2.31 +0.01¢ 10 3.03 £ 0.01¢
Mature L3 4.03 £0.038 10 3.98 + 0.02f
New L4 3.86 = 0.01° 10 4.93 +0.038
Mature L4 6.80 + 0.04" 10 6.27 £ 0.02"

Values are mean = standard error.

Width of body Breadth of
excluding spine head-capsule
n Mean n Mean n
0.42 +<0.01° 20
10 0.47 £+ <0.01° 10 0.41 £<0.01° 10
10 0.75 £0.01¢ 10 0.40 +£0.012 10
10 0.79 £0.01¢ 10 0.55 + 0.02° 10
10 1.26 = 0.01¢ 10 0.60 + 0.02¢ 10
10 1.15 +0.019 10 0.77 £ 0.01¢ 10
10 2.09 £ 0.028 10 0.79 +0.01¢ 10
10 1.95 + 0.02f 10 1.17 £0.01¢ 10
10 3.22 +£0.028 10 1.18 £ 0.01¢ 10

*Means in the same column followed by the same letter are not significantly different (ANOVA, p < 0.05).

9 10 11

Overwintering larvae

EEREREREE

Pupae

Adults

Life history of Epilachna

First feeding
eggs

1* — 3 instar larvae

4" instar larvae
Beginning of autumn leaves

quadricollis in Central Korea. The

activity periods of E. quadricollis

were estimated based on collec-
tions and observations conducted
between 1983-1988 and 2017-
2018 in the Gyeonggi Province
and Incheon regions, and represent

Beginning of leaf fall

a composite of data from 13 survey
seasons.

| =

fied as newly emerged based on their pale body coloration,
a characteristic feature observed immediately after eclo-
sion. They were placed in large Petri dishes (150 x 25 mm)
and were fed leaves of F. rhynchophylla. Following mating
within the Petri dishes, the pairs were isolated and reared
in separate rearing containers (@9 x 16.5 cm high) and
fresh food was supplied as needed by replacing it with fresh
leaves. According to rearing records, adult beetles typically
began feeding 2-5 days after emerging from pupae, with
mating observed to begin approximately 13-20 days’ post
emergence. Rearing containers were checked daily for sur-
vival and the presence of eggs until female death. Males
were not replaced if they died before the female, as the av-
erage longevity of E. quadricollis shows no significant dif-
ference between the sexes. Eight pairs of E. quadricollis
were checked. The preoviposition and oviposition periods,
along with fecundity, were recorded for each female. Lon-
gevity was assessed for both males and females. Egg masses
laid by each female were individually transferred to Petri
dishes (@ 90 x 15 mm). The total number of eggs laid per
mass was recorded.

Statistical analysis
The variation in size (mm) among immature develop-

mental stages was assessed using one-way analysis of vari-
ance (ANOVA), while differences in longevity between fe-
male and male adult ladybugs were assessed with a Student’s
t-test. The developmental period across immature stages
was analyzed with the Kruskal-Wallis test due to non-nor-
mality (Shapiro-Wilk test, p < 0.05). All measurements
were reported as the mean + standard error (SE), with the
range represented by the 95% confidence interval (CI). Sta-
tistical analyses were conducted using SAS 9.4 (SAS Insti-
tute Inc. 2012), and differences were considered significant
at p <0.05.

Phenology of E. quadricollis in the field

Pupation of overwintering larvae begins in late April,
with the emergence of new adults from mid-May in the
field. E. quadricollis undergoes three molts after hatching
from eggs, and overwinter as mature 4th instar larvae, as
shown in Figure 1.

Oviposition generally starts approximately 40 days fol-
lowing adult emergence (Fig. 1), which closely corresponds
to the preoviposition period of 38.8 days measured in the
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laboratory (Table 4). From August onwards, both young
larvae and mature (4th instar) larvae are commonly ob-
served in surveyed areas (Fig. 1). In early to mid-Septem-
ber, both overwintering larvae and actively feeding 4th in-
star larvae were observed to coexist (Fig. 1), indicating
variation among individuals in the timing of developmen-
tal progression and entry into diapause, rather than a syn-
chronized transition into overwintering across the popula-
tion.

This study confirmed the presence of E. quadricollis
throughout South Korea, including the mainland with sur-
veys at five sites in Gyeonggi Province from 1983 to 1988,
as well as in regions ranging from Deacheongdo Island on
the west to Ulleungdo on the east, and Jeju Province in the
south where studies were carried out between 2017 and
2018 (Table 1).

Measurements of immature stages and

development periods
The eggs are laid in clusters on the undersurfaces of

leaves, lying flat against the undersurface rather than being
attached at one end and projecting downward like those of
Epilachna vigintioctomaculata (Moschulsky) (Coccinelli-
dae) and related species. The eggs are 0.9-1.0 mm long and
0.42 mm wide (Table 2) and pale yellowish cream in color.
The duration of the egg stage ranges from 4 to 10 days
(5.5-6.8 CI), with a mean of approximately 6.2 days (Table
3). Egg masses contain between 21 and 97 eggs (45.8-57.2
CI), with a mean of about 52 eggs (Table 4).

The larva hatches by chewing the end of a thin, mem-
brane-like sac enclosing the ovum, and subsequently devel-
ops through four larval instars. Feeding begins shortly af-

Page 5 of 8

ter eclosion, and the larvae feed mainly on the undersides
of leaves, although the 4th instar larvae occasionally feed
on the upper sides. The developmental periods of larvae,
excluding the overwintering 4th instar, were longest during
the 3rd instar. There were no statistically significant differ-
ences among the Ist, 2nd instars, and the pupal stage (Ta-
ble 3).

The changes in the measurements of head capsule width
and body size (width and length) across developmental
stages were examined (Table 2). The width of the head cap-
sule increased with developmental stage, and within the
same stage, the size difference between new and mature
larvae was only significant at the 2nd instar (0.55 vs. 0.6,
p < 0.05), with little difference observed at the other stages
(Ist, 3rd, and 4th instars). Conversely the body size (length
and width) of mature larvae was significantly larger than
that of new larvae at the same instar across all larval stages
(p < 0.05). Changes in larval length and width before and
after molting were compared (Table 2). No significant dif-
ference in size (length and width, excluding spines) were
found between mature 1st instar and newly molted 2nd in-
star larvae, both measuring 1.86 mm in length, while the
width was 0.75 mm in the mature 1st instar and 0.79 mm
in the new 2nd instar. After the 2nd instar, the body size
was shown to be smaller immediately after molting com-
pared to before molting (p < 0.05). In contrast, spine-inclu-
sive width measurements were consistently larger post-molt-
ing.

Reproductive schedule: adult longevity,

fecundity, oviposition periods
The mean lifespan for females was 63.8 days, which was

Developmental periods of the immature stages of Epilachna quadricollis under laboratory conditions

Host plant
used for food Egg L1
Fraxinus rhynchophylla 6.2 £0.3° 11.1 £0.4°
(5.5-6.8) (10.3-11.9)
No. individuals examined 54 31

Duration of stage (days + SE, 95% Cl)

L2 L3 L4

12.0 £ 0.8 13.8 £0.6° 11.5 £0.2%
(10.4-13.6) (12.5-15.1) (11.1-11.9)
31 31 21

Pupa

8-9 mo

Reared at ambient laboratory conditions (25°C + 1°C, 65% + 5% RH) with natural day length.
Means within a row followed by the same letter are not significantly different (Kruskal-Wallis test, p < 0.05).

Reproductive schedules of Epilachna quadricollis fed on Fraxinus rhynchophylla under laboratory conditions

Reproductive traits

Longevity (in days) of males

Longevity (in days) of females
Preoviposition period (in days)

Oviposition period (in days)
Postoviposition period (in days)

Fecundity (total no. of eggs laid per female)
No. of eggs per mass

Mean + SE (95% CI)

56.6 + 5.0 (44.7-68.6)
63.8 £ 5.0* (52.0-75.5)
38.8 + 4.1 (29.1-48.4)
19.4 + 4.4 (8.9-29.9)

5.6+ 1.1 (3.0-8.2)

338.4 +93.2 (118.0-558.7)

51.5 + 2.8 (45.8-57.2) 52

© ™ o o 3

Reared at ambient laboratory condition (25°C + 1°C, 65% + 5% RH) with natural day length.
*Longevity was compared between sexes using Student’s t-test (p > 0.05). Means within a column followed by the same letter are not significantly

different.
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slightly longer compared to 56.6 days for male (Student’s
t-test, p = 0.3312). The oviposition period lasted 19 days,
during which a mean of 338 eggs was produced. Eggs were
laid in masses, with a mean of 52 eggs (range: 21-97) per
mass. The preoviposition period extended for 39 days fol-
lowing adult eclosion (Table 4).

Phenology of E. quadricollis in the field
The life cycle pattern of E. quadricollis closely resembles

that of Epilachna admirabilis, which, according to Imai
(2004), is distributed from northern to southern Japan,
from Hokkaido to Kyushu. It is the only known species in
Japan that overwinter as larvae (Katakura 1976). Research
has shown that oviposition increases significantly during
the shift from long to short photoperiods (Imai 2004;
Katakura 1976). Epilachna quadricollis begins oviposition
in late June (Fig. 1), shortly after the summer solstice, when
day length starts to decrease. This timing suggests that its
reproductive activity is similarly influenced by photoperi-
odic changes. Additionally, the cessation of feeding activity
in September may be associated with a seasonal decline in
the quality or availability of Fraxinus foliage, which is pri-
marily influenced by environmental variables such as pho-
toperiod, humidity, precipitation, and temperature (Han
and Sim 1989; Keenan and Richardson 2015; Zhang et al.
2020). Variability in feeding duration among populations
suggests that local environmental factors may further con-
tribute to regional differences in host phenology, particu-
larly in the timing of leaf senescence. At Mt. Tohamsan,
where Ligustrum and Fraxinus coexist, E. quadricollis adults,
eggs, and 1st instar larvae were observed on Fraxinus in
early September. Despite Ligustrum retaining leaves until
late autumn (until early November of 2017), E. quadricollis
did not feed on it, suggesting overwintering is tied to the
leaf fall of Fraxinus.

Mean annual temperatures at E. quadricollis sites in cen-
tral Korea remained consistent over 30 years (1983-1988:
11.6°C £ 0.15°C, n = 11; 2017-2018: 11.5°C £ 0.13°C, n = 4).
Other sites outside the phenology survey area averaged
11.78°C £ 1.36°C (n = 6), showing no significant difference
(Table 1), suggesting that temperature is closely linked to
habitat preference. Temperature is a critical abiotic factor
affecting insect populations, impacting development rate,
survival, fecundity, and dispersal (Bohannon et al. 2022;
Lee and Elliott 1998; Rankin and Singer 1984; Ratte 1984).

The inland distribution of E. quadricollis in both North
Korea (Kitano and Han 2014) and South Korea (Jeong et
al. 2011; Korea Forest Service and National Park Research
Institute 2014; Lim et al. 2011; Park 2008) has been found
in several reports, yet this study is the first to report its
presence on islands far distant from the mainland. On Ul-
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leungdo, it was found exclusively on L. foliosum Nakai.
The 2nd to 4th instar larvae were observed feeding on the
host plant until the end of September, which is about a
month later than on the mainland. Due to the limited du-
ration and area of data collection on Ulleungdo, long-term
research is required to better understand how its unique
habitat affects the life cycle and ecology of the E. quadri-
collis population compared to the mainland. Whether this
isolated population arose through natural dispersion or ar-
tificial introduction remains unclear.

Measurements of immature stages and

development periods
The results of this study confirmed that head capsule

width significantly differs between instars, making it a
useful morphological marker for distinguishing larval
stages. In contrast, overall body size excluding spines may,
in general, temporarily decrease after molting, as the un-
sclerotized cuticle has not yet expanded (Nijhout 1981).
During the intermolt period, the cuticle gradually unfolds
as the larvae feed and grow, resulting in volumetric growth
(Nijhout et al. 2014; Wolfgang and Riddiford 1981).

The developmental period from 1st to late 3rd instar
(new 4th instar larva) for E. quadricollis was 36.9 days at
25°C + 1°C, similar to that of E. admirabilis in northern
Japan, which overwinters as larvae (Takeuchi et al. 2005).
It was reported that the developmental period of E. admi-
rabilis took 42.5 days on T. cucumeroides at 24°C from the
Ist instar to the late 3rd instar. In contrast, Henosepilachna
vigintioctomaculata, a contribal species that utilizes annu-
al herbaceous plants (e.g., Solanaceae), undergoes 2-3 gen-
erations per year and exhibits rapid larval development (9.7
days from 1st to 3rd instar at 25°C; Kwon et al. 2010), typi-
cal of multivoltine species. On the other hand, both E.
quadricollis and E. admirabilis show univoltine life cycles
and extended developmental periods. Despite differences
in host plant growth form—woody for E. quadricollis and
herbaceous for E. admirabilis (Imai 2004; Katakura 1976;
Takeuchi et al. 2005)—they both utilize long-lived, season-
ally predictable host. These shared ecological traits may
underlie the similarity in their developmental strategies,
distinguishing them from species like H. vigintioctomacu-
lata that exploit ephemeral, fast-turnover resources.

Reproductive schedule: adult longevity,

fecundity, oviposition periods
Epilachna admirabilis and E. quadricollis coexist in Tai-

wan and China, but there are no reports of their presence
together in Korea or Japan (Borowski 2020; Jadwiszczak
and Wegrzynowicz 2003; Kurosawa et al. 1985). These spe-
cies can be considered ecological homologues due to their
similar life history traits, such as life cycle and reproduc-
tive characteristics. Imai (2004) reports that in mid-lati-
tudes, photoperiod induces reproductive diapause in adult
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E. admirabilis, which corresponds to the pre-oviposition
period. Considering that species belonging to the tribe Epi-
lachnini commonly exhibit reproductive diapause in re-
sponse to photoperiod (Imai 2004), it is presumed that the
extended pre-oviposition period in E. quadricollis is also
influenced by photoperiod. However, the characteristic re-
sponse, such as reduced feeding activity, observed in the
diapause state of E. admirabilis, was not seen in E. quadri-
collis. In laboratory conditions, feeding begins within sev-
eral days post-eclosion and continues until oviposition
ceases, without typical signs of summer diapause.

This study provides comprehensive insights into the phe-
nology, distribution, life cycle, developmental characteris-
tics, and reproductive traits of E. quadricollis in Korea.
Both field and laboratory data confirm that the species is
univoltine and overwinters as a mature larva, with its de-
velopment and reproduction closely synchronized with the
phenology of F. rhynchophylla.

Morphological traits, including significant differences in
head capsule size, serve as reliable indicators for larval
stage differentiation.

The extended preoviposition period of approximately 40
days suggests a potential photoperiodic response, similar
to that reported in the congeneric species E. admirabilis
from northern Japan, indicating phylogenetic relatedness.

The relatively stable annual mean temperature (~11.6°C)
at collection sites suggests that climate plays a significant
role in limiting the species’ geographical distribution and
influencing its seasonal life cycle. In addition to known
host plants (Fraxinus spp. and L. obtusifolium), L. folio-
sum was newly recorded as a host on Ulleungdo. The pres-
ence of E. quadricollis on isolated islands such as Ulleung-
do raises questions about the mechanism by which the
species’ distribution has expanded, as well as the possibility
of population differentiation.
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