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ABSTRACT

Epuraea domina Reitter (Coleoptera: Nitidulidae) has been known as a
pollinator in citrus orchards. This inset 1s attracted to citrus flowers and
feeds nectar and pollen in flowers. During pollination activity, the appendages
such as legs cause a scratch on the ovary of citrus flower, and it develops
later to a corky scar on citrus fruits at harvest resulting in deterioration in
the fruit quality. This study was conducted to investigate the diversity of
Nitidulidae species occurring on fallen citrus fruits and the year round life
cycle of FE. domina in a citrus grove. The obtained results were as
followings:

1. The insect species belongs to Nitidulidae were surveyed in
experimental citrus blocks at Citrus research station, NHHIS (Harae-ri,
Seogwipo—city) as well as in commercial citrus orchards. In the survey, two
undescribed species (Stelidota multiiguttat and Carpophilus hemipterus) in
Korea were found with including six species Nitidulidae (Haptoncus ocularis,
Epuraea domina, Lsiodactylus pictus, Carpophilus acutangulus, Epuraea
parilis and Carpophilus marginellus), which have been previously recorded in
Korea. Among them E. domina was found on fallen citrus fruits during the
winter season without being found during the summer season in citrus
orchards, while other species were frequently observed during citrus growing
seasons in the summer.

2. The number of E. domina attracted to citrus flowers was significantly
different according to the aging state of flowers. E. domina adults were
frequently found between half-unfolded stage of petal and 1 to 2 petal fall
stage in the aging state of citrus flowers.

3. After E. domina adults were found in flowers during citrus blooming,



they were not observed in possible refuges within citrus orchards during the
summer such as soil, plant debris, leaf litters, rough barks on the trees, rocks
or logs, rock wall fence. And then E. domina adults began to be seen again
in citrus orchards in early October, the harvest season for very early
varieties.

4. E. domina adults deposited eggs in the soil near fallen citrus fruits
with increasing in early December, and peak oviposition activity in late
January followed by decreasing sharply after February. The oviposition
activity was reduced when minimum air temperatures fell below 0T, with
recovering again when the temperatures increased above 0TC.

5. The hatch larvae fed in/on fallen citrus fruits during the winter and
developed to pupae in the soil in mid to late April. Finally, the pupae
emerged to new adults in mid to late May, citrus blooming season.

6. The populations of E. domina adults monitored by a citrus fruit bait
were changed dramatically between citrus orchards and mountainous habitats
in late season in a citrus grove. Significant numbers of E. domina adults
were caught in fruit baits installed in mountainous habitats in late September,
while few adults were attracted in fruit baits in citrus orchard at that time.
More E. domina adults were collected in fruit baits in mountainous habitats
(the foot area at 130m; the middle area at 190m; the top area top area at
260m in altitude) than in fruit baits in citrus orchard (altitude 195m) till late
October. After early November, however, continuous higher density occurred
in citrus orchard as well as in mountainous foot area where the altitude was
comparable to that of the citrus orchard.

7. Judging from the present results, the year round life cycle of E.
domina In a citrus grove with ecologically diverse contexture of citrus
orchards and mountainous habitats could be summarized as follows: FE.
domina adults that spent the summer in mountainous habits migrated back to

citrus orchards in late autumn to lay eggs during the winter. The hatched



larvae fed fallen citrus fruits during the winter to develop pupae in the soil in
mid to late April. The pupae emerged to new adults in mid to late May to
feed the pollens and nectar in citrus blooming season; followed by leaving
citrus to migrate again to mountainous habitats in the summer.

8. Consequently, the characteristic life cycle of E. domina was considered
the result of evolutional adaptation to the seasonal availability of food
resources to increase their survival chance, since they could use stable citrus

food sources and avoid from their potential natural enemies in the winter.

Key Words: Epuraea domina, Citrus, Life cycle, Seasonal migration, Food

resources availability
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Stelidota multiguttata -

Lasiodactylus pictus

Carpophilus hemipterus -

Carpophilus marginellus
Carpophilus acutangulus

Haptoncus ocularis _
Epuraea parilis

Epuraea domina

000 2500 4000 8000

Fig. 1. Total number of adults beetles recovered from fallen citrus fruits during the period of June 2009 to May 2010.
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Fig. 2. Seasonal abundance of 8 species of Nitidulidae found on fallen citrus fruits, Jeju.
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Table 1. Total number of other insects except Nitidulidae found on fallen citrus fruits during the period of June 2009 to May 2010.

2009 2010
Species Total

6 7 8 9 10 4 5 6 7 8 9 10 11
. 53

Cryptophagidae 11 14 1 13 1 6
Curculionidae 3 35 2 2 7 25 74

Staphylinidae 1 1 8 6 12 9 29 45 46 54 125 115 456
Forficulidae 6 1 3 11 5 1 27
Chrysomelidae e 1 2 1 8 2 16
Carabidae 8 52 2 1 2 64
—_ 2 2 —_
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e

Epuraea domina Reitter Epuraea parilis Reitter Epuraea(Haptoncus) ocularis
(Fairmaire)

L]

Lasiodactylus pictus (MacLeay) Carpophilus marginellus Stelidota multiiguttata Reitter Carpophilus hemipterus
Fabricius Linnaeus

Fig. 3. Nitidulidae species collected from fallen citrus fruits in Jeju.
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Fig. 4. Seasonal changes of species richness, diversity and
evenness indices of Nitidulidae on fallen fruits in a citrus
orchard, Jeju. The vertical bars on the figures indicate standard

CITOTS.



Haptoncus ocularis

Lasiodactylus pictus

Carpophilus acutangulus

Stelidota multiguttata

Carpophilus hemipterus

— Carpophilus marginellus

Epuraea parilis

Epuraea domina

2.0 | 1.0 0.5 0.0

Maximum distance between clusters

Fig. 5. Dendrogram of the clustering for 8 species of Nitidulidae found on fallen citrus fruits in terms of the temporal coexistence
among species. The original data were obtained from June 2009 to May 2010 in a citrus orchard, Jeju and subjected to square root

transformation to increase the normality.
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Fig. 6. The number of E. domina found in citrus flowers according to the aging of flowers. The means followed by same letters on the
vertivcal bars (SE) are not significantly different by Tukey test (P=0.05). A = Before petals unfold, B = Petals unfolded slightly, C =

Petals unfolded half, D = Petals unfolded completely, E = 1 to 2 petals fallen, and F = After petal fall.
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Fig. 7. The effects of temperature and photoperiod on the oviposition of E. domina. The means followed same letters on the

vertical bars (standard errors) are not significantly different by Tukey test (p=0.05).
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Fig. 8. Oviposition curves of E. domina at two constant temperatures. The vertical bars on the figures indicate standard errors. Unknown

aged Five E. domina adults were reared on a piece of citrus fruit in a acryl cage (dia. 9cm, depth Scm) filled half with soil.
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Fig. 9. Seasonal abundances of E. domina each stage in a citrus orchard. Adult popultion was obtain on 10 fallen citrus fruits, and

larvae and pupae were based on 10 soil samples of 30%30cm by a depth of Scm every sampling date.
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Fig. 10. Late season activity of E. domina adults in citrus orchard and mountainous habitat in a citrus grove in 2010, Jeju. Ten-citrus

fruit bait was used to trap E. domina adults at each habitat. The vertical bars on the figures indicate standard errors.
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Larvae .~ -

Soil /

Jul /Aug "Sep\ Oct | Nov | Dec | Jan Feb

Mountainous Habitat

Fig. 11. Adopted life Cycle, winter breeding, and seasonal migration of E. domina in a citrus grove in Jeju.
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Fig. 12. GIS map for the citrus grove where the population dynamics of E. domina

were studied in Seogwipo-city, Jeju. Mountainous habitat, Chik Orum (@) 130m, &
190m, and (c)260m on sea level) and Experimental citrus block at Citrus Research

station, NIHHS ((d) 195m on sea level).
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1. G| WA= dw il §F g

= SR FoAs A EEy AEel WAk 2wy 108
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dimidiatus (corn sap beetles), Stelidota geminata (strawberry sap beetle) %
Glischrochilus quadrisignatus (picnic beetle) 5] al@d 2] 7|21 & Auj=r}
o} shA WAl eFo] ZUlelar Qukal W aES tHMyers, 2001). B3 S22t @
7] 2rEo A 9Fe] Euxdy sFo] XA v (Potter, 1995). A ZHE<Q] o}
b Zofo| A= & wigeR wmddE 28&sta o, P Fad
B /&L Carpophilus mutilatus®] 3. C. fumatus 2 Haptoncus luteolus®™ -
EAo 7 g8y 9thPefia & Crane, 2006). Hr|x|Hor] HHalZzoz 7| =
A dudl gy FollA |y R QI EFE, FAF EvtE 5 AE F
AAo 7 FQ3 S geminate B G quadrisignatus 52 AlF Sapgkdo| A b
AL ekekovy w@r|y wlE g AlS JlsdE Carpophilus hemipterus©] 3t
A ghgeA WA A Table 2). of#) & Aol wj- 2 Aejolu FHZ A
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Fol Z1g 2 AW Ao wslel et A% D+ LA FeE AYE
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Table 2. Lists of Nitidulidae species that have been known as agricultural pests in North America

Scientific name

Host plant Remarks

Carpophilus dimidiatus (F.)
Carpophilus freerari Dobson
Carpophilus furratus Boheman
Carpophilus hemipterus (L.)
Carpophilus humerdlis (F.)
Carpophilus lugubris Murray
Carpophilus nutilatus  Erichson
Colopterus insularis  {Castelnau)
Epuraea (Haptoncus) luteolus (Erichson)
Glischrochilus quadrisignatus  (Say)
Haptoncus luteolus

Stelidota ferruginea Reitter

Stelidota geminate (Say)

Com

Strawberries

Strawberries, Annona spp.

Strawberries, driedfruit &
Strawberries

Comm, sweet corm

Strawberries, Annona spp.

Strawberries

driedfruit

driedfruit, tomato, apple, peach, raspberry

Annona spp.

Strawberries

Strawberries, apple, peach, cherry, blueberry, raspberry, Melon

* Species found on fallen citrus fruits in this study.
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Sme FRol 9L NAA 2 FHACE TP P4 AWML He Ao
2 Feid IrkSaringer, 1984). ol ARE M7} 52 oW Frje] D7
Hg B HoleAt 33 Ty AstdM FFT AFY dygol VAP
Aolth.

st AE8HE AA 7HEEZAY 717 T4 HAVIE ZEETHScott, 1996). S1HA]
g A ddE = A5 H| ofd ALFd WAVE Btk IEHF Fol
€ ol ZEA AL ®Aste Fol & A Urk. AU AFA Operophtera
brumata> 11 st WU 7| A FFo] f3tste] ALZE 147404 45 ¥,
I &2 v B2 FI3rK(Childs et al, 2007). o]d &AL MEHE =/
FAZ g ool Frdo] iz Ao r AL tH(Peterson & Nilssen,
1988). ol A H o v ALALE A YT HFe2 ALSRAA T
Aste Sl LF< Psylliodes chrysocephala7} J=H|, o] $& &4 3w s
=g 55 AWlstd FAZFCR Hdstd {3 FH EY €& d=0
(Bonnemaison & Jourdeuil, 1954). B3l¥ 4 A =7] 2 FHS 1 =9
7F AgEd ERsitrt EflA HMEZIZ Ho| =& AR dFol I
AE2] HA 7| wal ALH AR (cold breeder), o WA X (warm breeder), L
Y AFH A X continuous breeder) o2 FET £ ¢J=H|(Scott, 1996) ol &l
Azt A HT S8 AL "R EAHEE A WY
HAjo] 7hs3 AL obd ZeR AAAH, ASHARE Azl Jdw dF P
chrysocephala’= A& 0C o|sl2 LE7F Wolxm AlghS ZX|stes ZAorw &
H A Ath(Anonymous. 2010). & Aol fHHEuAHAE FHA7]2e] 0T
olstE W H & o 4tdhe] dAHE= EHLS ETh
Ao 2 AeHesd thoFdt HEAu Aol A o A E e o] ATk
AgirE Aelstd o9 113 Zo] AAE + AT =7k 5248 dE 7%
7188 A& 71 W HgEddd @St GHREARES st AEE X

A

e, 2 A7) B Y GEtE 9 Bohfd] AT Lol Ea 43
o AFW @A GREETAe g4 AT B¢ B8sE, 45H=
Aee AW F 28 39 2 494 EFNR Soi7h wHs)z ®ek s A4
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off ¥l A w2 B o (Epuraea domina Reitter)y =AW 2 (Coleoptera) & ik
2 d F(Nitidulidae) 3= S5 o2 FaEd s Melr] 5o ol oy #
A Es WAL Aol AHE o] Ao EHe] H3 A=me a3t 93
s fFdsleE dFoez 484 v 2 AdE 93 g HAE = of w4 Hmt
AWz F kg 2 oydduadae] A5 AFAE i3t FPH
o vy Ze A9E A}

1. AA=E stelg] #AEAQHJAEZA}TA)S TR §7F dEdelA
Sap ko] wA Y= WA g v ZALEA S Stelidota multiiguttat, Carpophilus
hemipterus & 2&° =Wl W7|EES vE3 AAFHE A d (Haptoncus
ocularis), N 2 @m0 g (Epuraea domina), 2458 w2 4 (Lsiodactylus
pictus), w>7h w4 W E e (Carpophilus - acutangulus), = 2)'e2 e w2 d 2]
(Epuraea parilis), 4222wk 28 9 Carpophilus marginellus)s 8Fo] 7
Holvk o] F ofuARuEH = o5 Aol WAHA Ui AEH U F
¢ Ao UmA T HEASTed HEYFH A5Ee AAH eE T
o WA= AT,

2. gl Ay = syl £ A ARl wel Fow FdEE
7b ggkom FElo] 12004 HAEE AVIEH 2~39 &) FelA 7+

Bol WA At
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gt EkolA WHEZI2 s9lal, FEEd) 68 Tk MER dsoer 3
a2l
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R FEs AR Ao hE ol A T Aol HlE A ke 99 Fhmel AFA A
Aol M= v e AR #5108 St E AEd(Edas:
AEAYA 195m)B} AR A A A G AR Y 130m, XY 190m, 24 )
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29 2 A AA el 2 AALEE A&7
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