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SUMMARY

I. Title

Development of a manual to eradicate invasive crane flies at the King Sejong
Antarctic Station

II. Purpose and Necessity of R&D

A species of winter crane fly (7richocera maculipennis) invaded into several
Antarctic bases and research stations in King George Island over the past
several years, and this unwanted species has been persistently present in and
around the waste water treatment facilities at Russian Base, Chilean Base,
Uruguayan base as well as Korean King Sejong Station. The main objective
of this project is to develop an effective way to eradicate this unwanted
invasive winter crane fly species from King Sejong Station and provide it as
a standard eradication manual for the winter crane fly.

III. Contents and Extent of R&D

Some common techniques for the eradication of invasive insects, such as SIT
(sterile insect technique), release of biocontrol agents, and use of toxic
pesticide, cannot be wused in the eradication of winter crane fly iIn
Antarctica since there are apparent concerns of using them in the Antarctic
environment. Among limited options, therefore, we try to use a combination
of attractants, pesticide-impregnated netting, delimitation and strengthened
quarantine practice in our effort to eradicate the winter crane fly in and
around King Sejong Station. Potent attractants can be used as a mean for
attract & kill and for locating the adults of the winter crane fly present at
low density. Pesticide impregnated netting will be effective in reducing the
population level of the winter crane fly by blocking the exiting adult winter
crane flies from two waste water treatment systems at King Sejong
Station and also by keeping female winter crane flies from entering the
waste water treatment systems for oviposition. While the pesticide
impregnated into the netting will be effective in killing adult winter crane
flies contacting with the nets, the pesticide will not be contaminating the
surrounding environment since it only stays in the nettings. In the first
year of this project, 1) the basic biology such as oviposition, embryonic and
post-embryonic development, and feeding activity of the winter crane fly
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have been understood, 2) the detailed morphology of the olfactory sensory
system and visual sensory system of adult winter crane flies has been
investigated through electron microscopy, 3) a system to identify
olfactory—active compounds for the winter crane fly has been established by
constructing an electrophysiological recording system to measure the
responses of the olfactory receptor neurons through EAG
(electroantennogram) and EPG (electropalpogram) recordings, 4) the
responses of compound eyes of adult winter crane flies to different
wavelengths of lights have been electrophysiologically measured through
ERG (electroretinnogram) recordings, 5) the volatile compounds produced in
the waste water treatment facility at King Sejong Staation have been
collected by wusing a dynamic headspace volatile collection system for
chemical analysis and the identification of olfactory—active compounds, and
6) a field trapping system to evaluate olfactory—active compounds and
attractive visual cues has been established.

IV. R&D Results

In the first-year research, it was found that 1) the winter crane fly can lay
eggs in the freshwater around King Sejong Station and their larvae can feed
on various organic materials in the freshwater, 2) however, predation of the
winter crane fly larvae by other insects such as springtails and midges was
observed and parasitism by microscopic animals present in the freshwater
was also found, which might limit the survival of the winter crane fly larvae
in the lakes around King Sejong Station, 3) adult winter crane flies have
well-developed olfactory sensory systems on the antennae and maxillary
palps, and they exhibited specialized olfactory responses to some volatile
compounds in EAG (electroantennogram) experiments, 4) adult winter crane
flies have well-developed compound eyes, and their visual sensory neurons
displayed strong ERG (electroretinnogram) responses to green, blue and UV
lights, 5) the volatiles produced in the wastewater treatment facility at King
Sejong Station has been collected by using a dynamic headspace collection
system and Tenax cartridges, and EAG tests with the samples indicated that
olfactory-active compounds for the winter crane fly are present in the
headspace samples, 6) a field trapping system has been established to
evaluate the attractiveness of different olfactory-active compounds and visual
signals, and 7) we initiated preparing pesticide-impregnated nettings that can
be placed in the wastewater treatment facilities at the King Sejong Station.



V. Application Plans of R&D Results

Based on the progresses and findings in the first year of the project, it will
be proceeded in the second and third year that 1) the development of
attractants will be continued by conducting EAG, GC-EAD (gas
chromatograph-linked electantennogram detection) and chemical analysis using
GC-MS (gas chromatography-mass spectrometry), 2) field-trapping tests will
be conducted to evaluate the attractiveness of olfactory—active compounds and
visual cues, 3) collection of the winter crane flies will be attempted in Korea
to conduct experiments using them, and 4) pesticide-impregnated nettings
will be prepared and the installation of the nettings will be made in the
wastewater treatment facilities at the King Sejong Station.
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Figure 1-1. Winter crane fly, Trichocera maculipennis (Trichoceridae:

Diptera: Insecta), that has invaded the King Sejong Station and other

international stations and bases in King George Island.

Figure 1-2. Males (A-C) and females (D-E) of winter crane fly, Trichocera maculipennis,
showing that the width of abdomen is different between males and females (B, D).
Females have an ovipositor at the abdominal tip (A, C). In contrast, two semi-circular

structures are present in the abdominal tip of males (E).
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breathe using a pair of hairy spiracles located at the abdominal tip, by

placing them either out of water surface or in an air bubble.

Figure 1-4. The larvae of winter crane fly,

the damp floor in a dark corner inside the Sewage Treatment Building at King

Figure 1-3. An adult winter crane fly,

Sejong Station.



Figure 1-5. The larvae of winter crane fly, 7Trichocera maculipennis, intake food by slicing
them with a pair of sharp and hardened mandibles and send the fragmented food through

oral cavity (temporal sequence from left to right).
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Figure 1-7. Inside the sewage treatment building at Russian Bellingshausen
Station in King George Island. The occurrence of winter crane fly, 7richocera

maculipennis, has been monitored with UV traps in the building.

Figure 1-8. A UV trap placed inside the sewage treatment building at Russian

Bellingshausen Station (A), and adult winter crane flies captured with the trap (B).
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Figure 1-9. Parameters to compare the morphometrics of adult winter crane
flies, 7richocera maculipannis, between Chilean base (Base Presidente Eduardo

Frei Montalva) and Korean King Sejong Station.
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Table 1-1. Morphometric comparison of the adult populations of winter crane flies,
Trichocera maculipannis, between Chilean base (Base Presidente Eduardo Frei Montalva) and

Korean King Sejong Station

Adult winter crane fly

Measurements King Sejong Station Eduardo Frei Base

Mean body length 6.98 mm 5.85 mm

(head + thorax + abdomen)

Standard error (SE) 0.23 mm 0.09 mm

Sample size (N) 11 (5 males, 6 females) 59 (31 males, 28 females)
Max imum 8.37 mm 7.27 mm

Minimum 5.82 mm 4.03 mm

Result of #test P =503 x 10° (95%)

Table 1-2. Comparison of the length of wings of adult winter crane flies, 7richocera
maculipannis, between Chilean base (Base Presidente Eduardo Frei Montalva) and Korean

King Sejong Station

Adult winter crane fly

Measurements King Sejong Station Eduardo Frei Base
Mean wing length 8.06 mm 7.29 mm

Standard error (SE) 0.18 mm 0.11 mm

Sample size (N) 12 57

Max imum 9.11 mm 9.47 mm

Minimum 7.02 mm 5.66 mm

Result of #test P = 0.001883 (95%)

Table 1-3. Comparison of the width of wings of adult winter crane flies, 7richocera
maculipannis, between Chilean base (Base Presidente Eduardo Frei Montalva) and Korean

King Sejong Station

Adult winter crane fly

Measurements King Sejong Station Eduardo Frei Base
Mean wing width 2.54 mm 2.21 mm

Standard error (SE) 0.07 mm 0.05 mm

Sample size (N) 12 58

Maximum 2.96 mm 2.91 mm

Minimum 2.12 mm 1.28 mm

Result of rtest P = 0.002456 (95%)
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Figure 2-1. A female winter crane fly, 7richocera maculipennis, laying eggs (A). Each egg

is deposited through an ovipositor located at the abdominal tip (B, C).
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Figure 2-2. Mesh-cages containing adult winter crane flies and oviposition containers (A).

Female winter crane flies lay eggs on the moistened paper tissue (B) in a Petri dish (C).
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B3t 51.3 + 7.7 /M(mean = SE, & Atgtg 513 7, N = 1009 &8 Abghste] fog
el & YEHT (p = 00D (€ 2-5).

_20_



Figure 2-3. Oviposition containers for testing the oviposition preference of female winter
crane flies. A square piece of wet paper tissue is placed in a Petri dish without
(A) or with (B) algae and mosses collected from a freshwater lake (Sejong Lake)

at King Sejong Station.

Figure 2-4. Eggs (arrows) deposited by female winter crane flies on mosses

collected from Sejong Lake and placed in the oviposition containers in indoor

mesh-cages.

_21_



140

[y
N
o

100

80

60

40

Number of eggs oviposited/day

20

= o[ 7]

Figure 2-5. The results of the oviposition preference test. The number of eggs deposited
was significantly larger when mosses were present in the oviposition container (Student

t-test, P = 0.001).
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Figure 2-6. The eggs of winter crane flies were elongated oval, with white or pale grey in
color at the time of oviposition (A). The color gradually became darker as embryogenesis

progressed (B), and vyellowish-grey at the terminal stage of embryonic development (C).

Day O Day 1-2 Day 3-4 Day 4-5

AL

Figure 2-7. The embryonic development of winter crane fly. Eggs exhibited even

distribution of yolk at the time of oviposition (Day 0). As embryogenesis progressed, three
main body parts (head, thorax and abdomen) were distinguishable (Day 1-2), and the
formation of head appendages and abdominal segmentation became visible (Day 3-4).

Hatching typically took place in 4-5 days after oviposition.
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Figure 2-8. A winter

development, being ready to hatch (left), and an empty egg shell (chorion)

left after hatching (right).
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: gom Aad
Ao Azech AENANA Adete] AuelA A%E AL GFo 45 19
9 T3 A L AL 47 0159 + 0.009 (mean + SE, N = 7), 1.122 + 0.122

(mean = SE, N = 6) % 0.197 + 0.018 (mean + SE, N = 6) o|lom 28 Z9o] F3X3}
A 2 AZELS 27 0239 + 0.007 (mean £ SE, N = 9), 1.833 + 0.154 (mean +
N =13) % 0460 + 0.190 (mean + SE, N = 13) o]t} (% 2-1).

Figure 2-9. Eggs, a first instar larva, and a second instar larva of winter crane fly,

Trichocera maculipennis.

Figure 2-10. A larva of winter crane fly undergoing molting into the second instar. The

second instar larva started escaping the old cuticle, head-first from dorso-anterior

region.
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Table 2-1. The head-capsule width, body length and body width (mm) of the first and

second instar larvae of winter crane fly, 7richocera maculipennis, reared in a laboratory at

King Sejong Station.

Size (mm) (mean * SE)

0.159 + 0.009
1.122 £ 0.122
0.197 £ 0.018
0.239 £ 0.007

Head capsule
Body length
Body width

1° Instar

Head capsule
Body length
Body width

2" Tnstar

13
13

1.833 = 0.154
0.460 £ 0.190
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Intestine0f Q1= M X =l HO|

Figure 2-11. The intestine of the winter crane fly larvae is visible through their
semi-transparent cuticle, displaying the contents of food ingested and their

movement through the digestive tract.

Figure 2-12. The winter crane fly larvae feeding on mosses and algae collected from Sejong

Lake.
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Figure 2-13. The winter crane fly larvae actively feeding on plant tissue

(left) and floating organic material in Sejong Lake.
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Figure 2-14. Various feeding activities of the winter crane fly larvae. A: a second instar

larva feeding on its own exuviae (old exoskeleton); B: a larva feeding on a winter

C: a larva feeding on floating organic matters collected from Sejong

crane fly egg;

Lake.
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Figure 2-15. A winter crane fly larva (green arrow) feeding on a springtail (blue arrow)
undergoing molting. Ingested dark cuticle fragments of the springtail is visible inside

the larval intestine, indicating that they are being digested (right).

£ -\

Figure 2-16. A winter crane fly larva (green arrow) and two midge larvae (blue arrow),

feeding on mosses in Sejong Lake.
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Figure 2-17. Predation of a first instar larva of the winter crane fly, 7Trichocera

maculipennis, by a springtail.

Figure 2-18. Protozoans (arrows), collected from Sejong Lake, actively moving around along

the body surface of the winter crane fly larvae.

_31_



Figure 2-19. The winter crane fly larvae exhibiting abnormal appearances, which might

indicate that the larvae were infected by microorganisms present in Sejong Lake.
o
A 3 A A WAy 32t

L ¥HA 72 A 24

ARAnE #FE T ASAuAYE 2 de WARA7e FHA TR E
FE FAsIl o, o5 T A=At Asel 58 §4 Al&go] o= Ax dg
Hol de=AE goteta, AEolA WAz EA F, FE sotste] Azt
AR T A50d SAEAS AT The S dolE it A AF v
ol g 2o <tHutet 3 o] AE 4 (maxillary palps)o]l lom, StEVE v
9 YA AR, FAACdE 5 A2 Feta o, AeHade T Ads
Fetar AL A& F FHoll fAstr Ak (2 3-D. A4 AF He e T
dol = 7 e tElvE 7 vk o] scapest 3 vht] o] pedicel, L]l o2 wit] o]
71 flagella segments® T4 AT} scape9} pedicel > 2 He 9= Yo =4 o&
o] #Hel WA F(nanoscale wall-pores) WAl 7LV 52 844 %= Zo=z HAL
(2" 3-1). A4 AF o8 vtd9 HA(flagella segments)= A ¥ <HHU=

[

ST

BRROR 44% P4 sbsolAtd oF 7 WA vrdE 7 9ne 9

=
F, aEl3 B FAVIE0] Be BEAY o]F F rEe AARAIE e

g
rlo

_32_



WoERg galEe] REGE AL ¢+ AU (27 33, 2 BA vpe: @
AHel SAH B s WARA Sl EAGAT (29 3-4). AN <
bl 7bg wol EAsE WAL= Weld 227 (basiconic sensilla)E F 7h

AR FEEE e e basiconic sensillaZt £A13kaL AUt (28 3-5 bs). 7
=77 A <tHLe] HAd A= 7 7 FEA EFd el basiconic sensillag ol A
Subtype I basiconic sensilla® 7F&i 71 FEES 3 714 7|2 FEZF ol vluA oF
<2 thin-walled sensillac]™ (19 3-5), 77}7] #EHeo| ®-2 nanoscale wall pores ©|
EAstE Aoe® Hol (¥l 3-6) HAHZAVIQL AR FEHIAY vE EYY
basiconic sensilla®! subtype II basiconic sensillai= Subtype I basiconic sensilla®l] ¥H]
d #x Fow (29 3-5), ©] EFYS basiconic sensilla® FEIE FWHo E&
nanoscale wall poreE°] &3l Ao R Hol (¥ 3-7) olE% WA HZI7|el Ao
2 #aHddn. A AE dHue #HE midels FEd FAEA7I
coeloconic type sensilla’} #3¥38F31 121 coeloconic type sensillax= HE|ZX o2 I+
7}A] subtypel @ FEE F AJ=d (2" 3-8), o5 FEF HWHI
nanoscale poreE-& =314 A9 longitudinal grooveZ} Z+ wgh®E A

4 3-9) ALZgAe ey HAA- EASHE coeloconic sensillagx= WAj7HZbo] 5

o}

Y A= & Foll AT AH4 A (maxillary palps)> 2 gy
T R%F9] basiconic sensilla’} o] # X3} ch
= =

=) 8l+= basiconic sensillax 813 F 714

g, ZeE 4= 9] Subtype I basiconic sensilla:

At (29 3-11). o]l5 F 71A EFY 9 basiconic sensilla®

=
FwWol] ®e nsnoscale wall poreE°] £A435le] ol5¢9] 7]wo] WA ZIIS <o
1=
H Az w A Bz e Ao of, 73 Alolo] WA /7 2 B X
3

&3] dtobs A oA F7F wEol A F webA, 20199 129-2020d 14

o 2 AZF7IA duA A o, FAe 44 AAREE 2FE A2 1§
=

_33_



Figure 3-1. A pair of the antennae of winter crane fly, 7Trichocera maculipennis, located
dorso—anteriorly on the head. Their first segment (scape) and second segment
(pedicel) are covered with dense hairs that do not appear to have any sensory

function. S: scape; P: pedicel; F: flagella.

Figure 3-2. The first flagella segment of the winter crane fly antennae is covered with
numerous short and long hairs. Among them, the blunt-tip sensilla (os) appear to be

olfactory.
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A. 5th flagella segment B. 15th flagella segment

Y L , Wl

I ) 4 J" .'F [
Figure 3-3. The 5" (A) and 15" (B) flagella segments of winter crane fly antennae are also
covered with many hairs, and many of these hairs appear to have an olfactory

function.

Table 3-4. A part of the 5" flagella segment of the winter crane fly antennae, showing the

presence of basiconic type olfactory sensilla (os).
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Figure 3-5. Two distinct morphological subtypes of basiconic sensilla (bs-I and bs-II) and a
morphological type of coeloconic sensilla (cs) present on the antennae of winter crane

fly, Trichocera maculipennis.

Figure 3-6. Subtype bs-I basiconic sensilla on the antennae of winter crane fly (A). The
presence of multiple nanoscale wall pores on the sensillum cuticle (B) indicates

olfactory function.
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Figure 3-7. Subtype bs-II basiconic sensilla on the antennae of winter crane fly (A). The
presence of multiple nanoscale wall pores on the sensillum cuticle (B) indicates

olfactory function.

Figure 3-8. Two subtypes (B, C) of coeloconic sensilla present on the antennae of winter

crane fly, Trichocera maculipennis.
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Figure 3-9. Coeloconic sensilla present on the antennae of winter crane fly, 7richocera
maculipennis. This type of sensilla are known to have olfactory function in other

insects.

Figure 3-10. The maxillary palps of winter crane fly (A). A number of basiconic sensilla are

present on the cuticular surface of the maxillary palps (B).
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Figure 3-11. The basiconic sensilla on the maxillary palps in winter crane fly, 7richocera
maculipennis, can be classified into two distinct morphological subtypes, bs-I and

bs-1I.

Figure 3-12. Both subtypes, bs-I (A) and bs-II (B), of basiconic sensilla on the maxillary
palps in winter crane fly exhibit multiple nanoscale wall pores on their cuticular

surface, suggesting that their primary function is olfactory.
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Figure 3-13. A dynamic headspace volatile collection system used in this study. Tenax was

used as the adsorbent.
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Figure 3-14. A dynamic headspace volatile collection system to collect volatile organic
compounds (VOCs) produced in the sewage collection facility receiving sewage water
from the main building at King Sejong Station. This area is a main breeding site of

winter crane flies in the station.
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Figure 3-15. Electrophysiology recording system to measure the EAG (electroantennogram)

and ERG (electroretinnogram) responses of winter crane flies on site at King Sejong
Station.
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Figure 3-16. An adult winter crane fly was mounted on a plasticine block for recording
electroantennogram (EAG) responses to various olfactory stimuli (A). Microglass
recording electrode filled with saline solution was connected to the distal part of the

antenna (B, C).

hexane

1-hexanol
Figure 3-17. An example of electroantennogram (EAG) responses of a female winter crane

fly to three successive stimulations with hexane (solvent control: yellow arrows) and

1 mg of 1-hexanol (green arrows).
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Figure 3-18. Electroantennogram (EAG) responses of female winter crane flies to the hexane
extract of headspace samples collected from the sewage collection facility at King
Sejong Station. The EAG responses to the headspace samples were significantly
larger than those to hexane (solvent control) (Student fttest, p = 0.01), indicating
that the volatile emanation of the sewage collection facility contains highly

olfactory-active compounds for winter crane fly.

EdES Addete] o5 tid AT A AT dH vl e WA AR
59 EAG WHSS XA Y (X188 EZJEY AewWe 1§ 3-19 #Fx). 7 248
1 mg/20 pl®] X% hexaneol 3]Aste] F=Hlsldar, 28 AR 20 s 22 2746 x



20 mm)e] filter paperel| 7}stal ©]E glass Pasteur pipetted] Y2 o3 ©o]& E3af 1
mle] 715 7hel AT dA AFY HHUE ASsta wES SASAT 1
gl g2 AFE3F hexane< 20 ul 7}3F AL solvent control® AF&3Fich 1 Ay}
17 7FA] A EZE Fol Al linalool 2 1-hexanol®] + 714 o] A&zt <] Qe
oAl Ze EAG WSS HAFAT (19 3-19). o] 7 EZL2 Ao dFHNA 7}
7z 731 £ 053 mV (mean * SE, N = 48) ¥ 667 +

o] EAG WSS uEho] 1.01 + 0132 EAG 9HgwHS el hexane(solvent
controDell B3] AR =%, o= AEZHTAY Qe o5 =4

1
ot WARZALEC tE EAdTE AL GABT oE F o2l 9dx

o
N
N}
3
<
g
@
jab)
]
H+
wn
o
Z
1l
(N
&

Solfox

2-phenylethanol®} Z3-hexenole] At o g 73 EAG WSS Uegudo (2d
3-19). & AdS Foto] AT <HHuvel 54 WAEE S ] dgHow
Whgshe WA A E Sl EAgTE As ¢ T dslen, o] AAE "o RE MF
71719l L FxolA WitEE WAELE FolA Ao GH e Fsta A
e 2 Q1 dAAgds  YedgsE  EZES GC-EAD(gas—chromatograph-linked
electroantennogram detection) 7]& & Alg3slo] 5AHE A 3ot}

9
8
7
w
36
S
ab
w
g4
Q
< 3
(W)
2
. | i i 11
0
2 & O @ & O 2 O D L& > & 2 & & B> e S
+’b° \\e}\ Q}oo BB L& QS\O 0\3 ‘Q@Q S & 07‘,\- {’é\ & N \\\\b ’b(\o
& & & @ X K Q\Q,KOQ((\;(\@ SR R
VAT AT ¢ AN ¥ O & & & PR
G S S P MR
R %e%®+g\0 & & o
A < &
X N
R\

Figure 3-19. Electroantennogram (EAG) responses of female winter crane flies to 17 volatile
organic compounds (mean * SE). Several compounds elicited significant EAG
responses, and linalool and 1-hexanol elicited the largest EAG responses among the
compounds tested, which indicates that these compounds have strong olfactory
activities on the antennae of the winter crane flies and their antennal olfactory receptor

neurons have selective responsiveness to specific odors.
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Figure 3-20. Two maxillary palps of a female winter crane fly were placed on a piece of
of the maxillary palp (B) for recording EPG (electropalpogram) responses.
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small plastic container was placed at the center of a white sticky-base trap (B).
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Figure 3-21. Three different formulations (A) used in a preliminary trapping experiment for
developing attractants for winter crane fly.
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A, Dorsal view B. Ventral view

Figure 4-1. A pair of antennae (Ant), a pair of maxillary palps (MP), mouthparts (Mt) and

a pair of well-developed compound eyes (C) located on the head of winter crane fly,

Trichocera maculipennis.

ot

Figure 4-2. Well-developed compound eye of winter crane fly is composed of a number of

regularly aligned facets (‘ommatidia’).
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Figure 4-3. An ERG (electroretinogram) recording system constructed at King Sejong
Station to record the responses of compound eyes of winter crane flies to various

visual stimuli.
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Figure 4-4. Electroretinogram (ERG) responses (green arrows) of a female winter crane fly

to the repeated stimulations with a white LED.
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Figure 4-5. Electroretinogram (ERG) responses of female winter crane flies to different
wavelengths of light, recorded by using six different LEDs generating infrared (IR),
red, yellow, green, blue and ultra violet (UV) as stimuli. The ERG responses to green

and blue were significantly higher than those to other wavelengths.

Figure 4-6. Trapping tests to measure the behavioral attraction of the adult winter crane

flies to different wavelengths of LED lights in the sewage treatment facility at King

Sejong Station.
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Figure 5-1. Two different types of UV traps used to monitor the adult populations of winter
crane flies at King Sejong Station. One type uses UV LEDs (A), and the other UV

fluorescent bulbs (B) as the visual stimuli.
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Figure 5-2. UV traps placed in the sewage treatment building (A, B), and in the sewage
collection facility (C) at King Sejong Station.
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Figure 5-3. White (A) and red (B) delta traps, supplied from Uruguayan Artigas Base, were
also placed around the sewage treatment tank in the sewage treatment building at

King Sejong Station (C, D), to monitor adult population of winter crane fly.
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Figure 5-4. The location of two UV traps (blue) and nine Uruguayan delta traps (4 red and

5 white) placed in the sewage treatment building at King Sejong Station to monitor
adult population of winter crane fly.
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Figure 6-1. The shape and structure of the sewage treatment tank inside the sewage
treatment building at King Sejong Station (A ~ D), and the location where nettings

are to be placed (D arrows).
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Figure 6-2. The structure (A, B) and drawing © of the sewage collection facility for the
main building at King Sejong Station.
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Figure 7-1. Moth flies collected in the sewage treatment facility at the Chilean Eduardo Frei

Antarctic Base (A). Their overall morphology (B) and wing venation (C) indicate

typical characteristics of a moth fly.
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Figure 7-2. Egg masses oviposited by midges in Sejong Lake (A). Mixed stages of
embryonic development were taking place in the egg mass (B). Midge larvae were
scavenging on the surface of organic-rich rocks in the lake (C). Midge larvae fed

actively on the mosses in the lake (D).

Figure 7-3. Colored traps (A) and odor-baited traps (B) placed at the edge of KGL-1 Lake
in Barton Peninsula. Some sticky traps baited with synthetic volatile compounds

captured significant number of winged-midge adults (C).
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