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Body Length-mass Relationships of Aquatic Insect of Mountain Streams in Central Korean
Peninsula. Chung, Keun* (Major in Applied Biology, College of Agriculture and Life Sci-
ences, Kangwon National University, Chuncheon 200-701, Korea)

For twenty-nine aquatic insect taxa common to mountain headwater streams in cen-
tral Korean peninsula, body length-dry mass and -ash free dry mass relationships
were developed by using a natural log transformed power function. Most of the pre-
dicted mass at length of this study was rather similar to those of other studies. Taxa
with higher predicted mass at length than predicted by others tend to have soft exo-
skeleton and move by stretching and contracting their body. Ash rate in average was
10% of dry mass and was not significantly different among functional feeding groups.
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In BL for some selected Korean aquatic insects, where DM=dry

mass (mg), BL=total body length (mm) and a, b are fitted constants. Live, intact specimens were treated with 5%
formalin in a Petri dish for 6 hr., measured its length from the anterior margin of head to the tip of abdomen, and
dried at 60°C for 3 days and weighed for dry mass. Then, they were incinerated at 500°C for 6 hr., and re-weighed
to calculate ash rates. Correction factor for In-transformation bias is given in Table 2. All regressions are signifi-
cant at p=0.001. n=the number of individuals, size range=range of total body lengths (mm) included in regre-
ssion, r’=the coefficient of determination, S.E.=the standard error of the estimate.

Size range ) Dry Mass Ash rate (%)
Taxon r
(mm) Ina+1S.E. b+1S.E. +1SE
Ephemeroptera
Ameletus spp. 45 6.5~185 0.932 —5.56396+0.34226 2.97029+0.15206 7.92+0.94
Baetis spp. 60 25~81 0.967 —6.24873+£0.13699 3.38661+0.08241 8.59+0.91
Cinygmula sp. 16 41~7.1 0.973 —5.06348£0.22795 2.92177+0.12944 7.54+1.83
Ecdyonurus dracon 39 47~122  0.956 —4.19443+0.19024  2.81479+0.09911 13.194+0.93
E. kibunensis 23 24~6.5 0.933 —4.20961+0.21630 2.65256+0.15452 9.65+2.03
Epeorus curvatulus 45 25~81 0.974 —4.57651+0.12729 2.84825+0.07116 9.44+1.16
Drunella triacantha 33 3.2~113 0.969 —4.92127+0.18999 3.15359+0.10074 9.09+0.50
Ephemera spp. 34 3.7~255 0.987 —6.43947+0.15517 3.10693 £0.06357 14.01+£1.06
Paraleptophlebia chocorata 47 21~78 0.959 —5.82816+0.15905 3.16628+0.10140 8.46+0.96
Plecoptera
Amphinemura sp. 41 14~9.2 0.968 —4.94825+0.13579 2.84697+0.08323 10.48+1.53
Nemoura spp. 44 21~73 0.900 —4.89213+0.20197 2.94903+0.15143 11.51+£1.52
Scopula sp. 17 4.1~23.2 0.968 —5.11950+0.30844 2.85188+0.13427 5.59+0.88
Kamimuria sp. 41 27~27.0 0986  —5.03235+0.12284  3.02688+0.05873 9.88+1.38
Oyamia nigribasis 32 25~20.2 0.983 —5.20971+0.17407 3.05227+0.07391 6.67+0.62
Stavsolus sp. 30 3.3~16.3 0.960 —4.78548+0.21210 2.73435+0.10564 10.16£0.87
Sweltsa sp. 53 2.2~10.6 0.940 —5.85820+0.18444 2.95735+0.10445 9.80+1.08
Trichoptera
Hydatophylax sp. 37 19~255 0991 -5.25570+0.16005 2.91395+0.06741 6.03+0.55
Psilotreta kisoensis 57 15~115 0.913 —4.05011+0.20282 2.77578+0.11653 6.28+0.57
Philopotamidae 23 3.5~115 0.968 —5.52459+0.19277 2.74318+0.10940 6.45+1.65
Rhyacophila articulata 51 3.2~123 0.958 —5.49184+0.20026 3.26130£0.09771 7.61+0.49
R. brevicephala 29 28~6.4 0.897 —4.00794£0.21875 2.40512+0.15710 12.72+0.93
R. impar 14 25~9.2 0.964 —5.10389+0.29494 2.93557+0.16365 7.50+1.61
R. shikotsuensis 22 35~17.1 0.981 —5.61154+0.18146 2.98184+0.08278 8.33+1.98
Diptera
fﬁoﬁh{ra%”;pr{)‘é‘:ﬁg 0 60 20~64 0528 -5.86285+0.42861 2.51826+0.31249  20.09+2.94
Tanypodinae 20 3.0~105 0.753 —6.86517+0.63124 3.10211+0.41833 6.98+1.95
Simuliidae 69 12~41 0.960 —4.91827+0.22757 2.79446+0.25393 10.66£1.27
Dicranota sp. 24 3.5~7.0 0.723 —5.47381+£0.52027 2.50973+0.32023 14.39+£2.61
Hexatoma sp. 30 3.2~33.0 0983 -541459+0.16809  2.95039+0.07308 8.97+0.88
Tipula spp. 24 3.5~535 0.968 —5.96368+0.35711 2.85475+0.11013 16.64+2.33
2 1ys}ed DM3} shele) Apolo] EE3}HeH(Table 1) Abd o2 g o4 3|
Are] AAASG(r) 7+ 0.9 o]0z EZole} AxA
Fo 2o ARWAS Byn) Be| mofo] Mz fAl
A = T Fol &ehflellA] AakEl Aol = r? Zhe] Fivk ubd,
=]

DME 3R 319142 71€7] 3k (bpm)~= Rhyaco-
phila brevicephala®] 2.40¢|A] %€ Baetis spp.2] 3.397}
A Wol7h Zlovt 2AP ERwel Rl 273 33
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Table 2. Parameters of linear regression In AFDM=In a+b - In BL for some selected Korean aquatic insects, where
AFDM=ash free dry mass (mg), BL=total body length (mm) and a, b are fitted constants. The number of indivi-
duals, size range included in regression, and sample preparation procedure are same to those of Table 1. All re-
gressions are significant at p=0.001. r?=the coefficient of determination, S.E.=the standard error of the
estimate. Correction factor=exp ((residual mean square) - 2°%).

Ash free dry mass Correction factor

Taxon r?
Ina+1S.E. b+1S.E. DM AFDM
Ephemeroptera
Ameletus spp. 0.928 —5.64803+0.37074 2.97787+0.16293 1.053 1.057
Baetis spp. 0.973 —6.39745+0.12463 3.42332+0.07498 1.020 1.017
Cynigmula sp. 0.963 —5.19081+0.27314 2.94768+0.15510 1.004 1.006
Ecdyonurus dracon 0.957 —4.45714+0.19296 2.87713+0.10052 1.010 1.010
E. kibunensis 0.948 —4.67091+0.21009 2.90781+0.14848 1.024 1.022
Epeorus curvatulus 0.978 —4.84879+0.12097 2.94619+0.06763 1.029 1.027
Drunella triacantha 0.968 —5.00533+0.19333 3.14714+40.10251 1.019 1.020
Ephemera spp. 0.985 —6.56701+0.16730 3.09596+0.06873 1.023 1.026
Paraleptophlebia chocorata 0.956 —5.88866+0.16280 3.14635+0.10379 1.031 1.032
Plecoptera
Amphinemura sp. 0.965 —5.16681+0.14586 2.91195+0.08941 1.037 1.043
Nemoura sp. 0.895 —5.18261+0.21659 3.07599+0.16239 1.069 1.080
Scopula sp. 0.968 —5.25547+0.31051 2.88682+0.13518 1.052 1.053
Kamimuria sp. 0.977 —5.15325+0.15576 3.03170+0.07447 1.021 1.034
Oyamia nigribasis 0.981 —5.19495+0.18238 3.01540£0.07743 1.026 1.029
Stavsolus sp. 0.960 —5.02870+0.21620 2.80184+0.10768 1.031 1.032
Sweltsa sp. 0.931 —5.99516+0.19989 2.97105+0.11320 1.055 1.065
Trichoptera
Hydatophylax sp. 0.977 —5.24377+0.17651 2.87794+0.07435 1.021 1.026
Psilotreta kisoensis 0.906 —4.16947 +0.21395 2.80745+0.12292 1.107 1.120
Philopotamidae 0.960 —5.72794+0.22269 2.82036+0.12638 1.018 1.024
Rhyacophila articulata 0.955 —5.61429+0.20765 3.28270+0.10131 1.043 1.047
R. brevicephala 0.901 —4.20860+0.21790 2.45058+0.15649 1.017 1.017
R. impar 0.955 —5.33901+0.34027 3.02361+0.18880 1.029 1.039
R. shikotsuensis 0.984 —5.84384+0.18964 3.04044£0.08651 1.026 1.028
Diptera
cg-Chironomidae 0.575 ~6.78672+0.46275 2.99105+0.33738 1.242 1.287
(non-Tanypodinae)
Tanypodinae 0.772 —7.01136+0.60839 3.14859+0.40318 1.097 1.090
Simuliidae 0.951 —5.01873+0.25282 2.77859+0.28218 1.035 1.043
Dicranota sp. 0.772 —6.36163+0.53185 2.97043+0.33670 1.075 1.082
Hexatoma sp. 0.983 —5.51490+0.16759 2.95262+0.07287 1.032 1.032
Tipula spp. 0.969 —6.08155+0.34704 2.83048+0.10702 1.074 1.070
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F7} 28k E. kibunensis (6 mm), Philopotamidae (14
mm), R. impar (14 mm), cg-Chironimidae (7 mm), Dicro-
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Fig. 1. Comparison of body length-dry mass relationships among various authors (1=Benke et al., 1999, 2=Burgherr and
Meyer 1997, 3=Johnston and Cunjak 1999, and 4=Meyer 1989). For comparison, the first and last taxa of each Insect
Order in table 1 were selected. All equations but those of 3 had not been adjusted for transformation bias. Non-Tanypo-
dinae Chironomidae of 3 (in their Table 2) is treated as cg-Chironomidae. For ADH & JBW in Sweltsa spp., the regression
equation for dry mass was obtained from combining the ash rate (3.9%) into their equation for ash free dry mass.
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ing collectors (8.6 3.0%, n=2), scrapers (7.8 +1.1%, n=
3)9] A2 AelAAE TE Abele] Hig Felt <l
A=A ek9ke} (square root arcsin transformation of per-
centage, one-way ANOVA, F,,,=0.841, p=0.51).

B AF A dolxl EZo]-DM 3]HAL 7)o B
Al Hlake] 2 BAolo] vjsled 53| e
231 A9 A9 gldn (1) e A7
dl=7kzk Aol ZAY (Ameletus spp.2} Paralepto-
phlebla spp.), = (2) o7 AAEe] w3 7k T
kel &8} (Sweltsa spp., cg-Chironomidae), (3) =&
A AF=ol vls] 2 FEE H.o]=(Amphinemura spp., Rhy-
acophila spp., Tipula spp.) Al 322 o]z} (Fig.
1). ¥R A wolx gsle.

o
=

&

L
oﬁ, o i ¢

&

d

P A ) 5o Aol A o] 72
H&2 718k v)Fe] A A=, 5274
ZF 3742 b3t 3ol 7k of AT A
AR F A3 vFo] ga WIkEE g iEe] $4
TZolA be] AA| 3 2.4~3.6 Abelo)| QlE Aoz F
A=) 3 9lc} (Benke et al., 1999). ¥ AFol|A] dojxl 3
A e R o] WY Wl 238 AN BE F
o] o] W9 gl EFFoJoksl: A2 o, 7l 2
A AAEAY =8 5o DA Ftel vls] BH ezt
w2 A F7kslE $2 bike] Wl 2L = Qdn
(Nolte, 1990). 2 x|t A28 w1} WPAre] 07, o=
4 374 S Tk olgd A 7t A =
AA DA F el &3 ANAE o] §3te EH'V‘
+ 42 A9z bgke]l vAAH R Y W
s)lo} (Benke et al., 1999; Johnston and Cunjak, 1999). o]
A o] F= 3]FAe] Aozl FZ7] WHE weld A
ol W3 IAAE H83te] AFE FAZE A
=X = A ok=1 (Benke et al., 1999), DMz} AFDMe¢]| d
FA o] FAl AlTHE BT ASeles vs 1
2 3lt}. AFDM of| Z3ke] DM ¢ &3Ret o AR 4= 9]
7] W&ol 3H4, agk> bt 2E], bt =7} o

il

r°“ N

rH

Az AR R dormz azte] WHFE S3HHeR
TAE 4 ¢k (Wenzel et al., 1990). Yulkxlo g Eo] 2
53 3 $5 agke] & A 3Fe| 3l (Nolte, 1990).
32§ 9.7%%= Waters (1977)7} T4 214 =4
Eoll o3l FA3 388 (10%) 3 wi-¢- A 7]
T Al 3RE Aol AAFHA ddoh 1F AR
Benke et al. (1999)2 En|t| & FE5Ho|x o]z 39
AlE AEd 23 3 FAFFES] e A2 7
29} F= 78 (A H 12.4%2}F 11.0%)NAM 7 =
3 Aropd = FejellAM P w2 (Bt 3.3%), L ol
2 FE Q) AT 5 2del 2AE FU1ES (2
2313 &2 Holo| 23 FU)E Y T ¥
& zk= Amphinemura spp.
o mHe| 3" 2UE
o o3 3EE zlol7t F TP Woka AAEH 4
MEZe 27 AF dAE 2] SsiAME SR
sl Al AR50 BAHClE g WA SA s oFs)
B2 (<, digital images} B Lz ES S AHES)
= e Ale)) 23 B mwl chere] ¥7)%e] 2au o)
DMel 2 A& 2 4 Sl Fede Y Aoz 4%
Ao} geoz, Hols W 4HEES A4oz Bl
& mr)gere wolo] FRut AAA Aol wel 2ol
7 91 FPsAo) alek A ¥71%e] AA F el )
Ax ke AANY) AAAE ST B =79t
woAE 24a7] Mol o Be] A& wlgel Bef. s
A=A ] SeIAE e AR w2l o Basm
2 o2g Wyox fuE Q7L AdAes 3id)
t}. o] & S, Mason (1977)3} von Schiller and Solimini
(2005) = PAMEFE o5, =E 3 W w4 AL Bl
% DME EA3w ol &1 #2 AMEFHR w7IA
ke AlgE uwdt dFo] 2JsH Chironomus plumo-
susoll Al 4513 Ul 8-Bo] DMelA AAske wlgo] o
4%0] 37 (Landahl and Nagell, 1978), A< u]$™ DM3
ElAdr8-go] Z7)slE= o= (Wenzel et al., 1990), =
sp-go] Zashs Aoz vehdeh 2 AFdA A5
Atolel| B]E-& o]} AAHA e E 9, 7H 7
Aol ¥ olfEE ® ATV FE 1xE] A A s
FAEZTE bgAtew 3 7 OM] H|3}ed Benke et al.
(1999)ellM = i EF=(MIEF A FHF5F =23
3} 28] AL B4 Eeksiei 2 4 gl
7 EF DeelA 3R o] v A F2 (1) AA
FA oA AAZF T2, (2) AlmFEn] A2 2belel
71413k} (Johnston and Cunjak, 1999). A 232 &
Ref Fol wet ta2w, 5 2ok ol g=v]-A%
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U

il
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25t TMES
DA 7} GElA =2 (Nolte, 1990) e oA A=
hed g Abg e R SFelA AL 7

A& FA3F T} (o) Smock, 1980; Meyer, 1989; Benke et
al., 1999; Johnston and Cunjak, 1999). 8t Zorx &
=7)-A%F FAE 48 24lol o8 W & Qv 4
T Al wet FYE F M= AFo] oE 4
Azl A el Zn FAE Aoz dHA slon
(Mackay, 1984), AA| w2ty = =27]-A=F {47
= 4 ¢lt}(Cavaletto et al., 2003; Chimney et al., 2007).

=715 AL Ao ARl wel aak.
SAEEE o ol Hls) 4R F)ele B
Aol wlal AFEA ] Fome AATAY A3 77
o AAEL olgsle ANGE FE A AN
ol AR e B vl @40 AdE 4 3
o} (Dumont and Balvay, 1979; Merritt et al., 1982; Nolte,
1990). 3FA|RE o] mA|gE Q.Qle)| 2J3t Xfeo]E 3]F] A
vked3lar AA| R o] g3l AL AAH oz w9 oS-
22 AAdEs 3 Fo A A87I7e 2383 3
AL A}g-3ke} (Benke et al., 1999; Johnston and Cun-
jak, 1999)

NA A e g27)-Ae WAL B S e,
&3] A7 Bedw HA 2
oh v} (Smock, 1980). $H74 %] = =
3} ok 2R3 48 FelA 2 Aelr) Sl Agel:
Fol £% 5 A9 AAEE AN DM Fol &
o) 4= ¢J}ar dlt}(Schroder, 1987; Meyer, 1989).

g, g8 Folet stejzte o moke] fAkshH
2] MAXZE Azlel fAgle]l 3] A el 23t A=k
271 vl AR 5 & Aoz AyzbEh Trichop-
tera®] Limnephilidaedl] <43t $-2]1}e}2] Hydatophylax
nigrovittatus (Yoon, 1995¢]] u}&)¢} Eu|Al Pycnopsyche
spp. (Benke et al., 1999)F 52| £]3¢] w9 F-A}3
(personal observation), o]zl B7Zo]o]] o3t Al o=
A= A2 Lt W, S5 A —;'F@EJ Limne-
philidae®] A2k ol Z2] (Meyer, 1989)% $] Eol H]3}oq
w9 Z13oh. Meyer (1989)7} 3|7 4] 22401] o] -3t

=
o
4

-

1:0
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Limnephilidaex= $-z2]v}e}e] Hydatophylaxels= & =
oFol B U Aoz Az,

7 wnd BaA)AF ARNAE olgsled SATE
AAZe) AAFE FRE Al BE A2
zAale Aol we Fadd, FNTEE WET BYT
AEee) phelt AMD 52 A2 ol w) W
g 4~ ¢} (Britt, 1953; Lasenby et al., 1994). w}2}A], o}
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A Al
MR FHe] A 2R{E A AT o
vy o] Al xEF o] ¢k} (Johnston and Cunjak, 1999,
Appendix 1 7). 3]9]4& & o] X g9 54| W3}
= Haser) 98 A4 el olg® wbge AT
(freshly killed) 2 0] 43]= Zo|t}. o] & 93] Y&
AFAH= EtOHUY} formalin 222 REdde)| x2]alx] ¢
2 AelglE FAE o]t} (Merritt et al.,
1982), = 7-¢ E (Nolte, 1990), =3} FAAlA
(Johnston and Cunjak, 1999) x]&]3t 2] & E=37]|E
Atk A A7 AAES AR Aot AFA
AAM FEH5IET F A5 F271E SAAA
(Smock, 1980; Meyer, 1989; Burgherr and Meyer, 1997).
ATl Aokl AR BAolE vkl
Z1A ZA 35} (Tower et al., 1994), == video camera
2 deojxl digital images |83t FZo|E FA3=
v = 0] 85 9]t} (Azevedo-Pereira et al., 2006). 713 %]
Tk oo} Zo] dejxl Wiwle] ¥ Folxl F37]e Hidt
, B ol 7k ke AA sl stelst
°4—% 9 Ags A2shs W 1 394
A72 Ags A=she We] tao,

A Alge] FHe] Wdge] v& 7Pl ¥
7] o Eell AL YA F FAA =3 AR S b
el et

ge Aug

’77\__
L‘G‘E o

=
=

L
E= X

=

EEERC S EL

Azshe W2 gesiARL AsE

ATl A
] SXRE 70%

EtOH, =X 5~10% formalin ®.33}71}, formaline)] 3}
7 mL o] BHE AT F EOHe] A7) RIS

ol 7 E8iA AMgHoh B HENL Eo] W]
x| odgke cl=r}) formaling dubdow EZo)l=
Z4A17]=4] u]s}e] (Lasenby et al., 1994; von Schiller
and Solimini, 2005), EtOH7} # A% $A]Z3%2] 27 0]
of WX oJgkE ko] UAFA| Yt EtOH: BF

°]% L& 7% 3R 9k (Lasenby et al., 1994) 44
39) %3} EtOH®] o] w2} B7o)g WIA7): 3
= b= 4 ¢l5h(—-17~0%, von Schiller and Solimini,

2005). EtOHY} formaline 2 x]2]3t Alg2 o] &3}
HALE T8 AtelE $ATFE Fel7] al ok
17k A& & SReE Ao R AE 3
d|= glt}(Bass et al., 1982: Formalin 4% A]
£ Morin et al., 1988: 95% EtOH, 10 sec). 1%
B wrdA FATEE S Ao Auiel

W37l AR TE= AS 323H (Lasenby et
. 1994), Azl HE AAt= 374 e e A
Qoled Fo 209E & 4 ook Beby, B0

%
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>
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o] &3te] FAIEFL AAHFS FAT Aol gl
A5 formaling $AEF HEN oz ARS3|= H}
HA sk AZbEe. FHx (abundance)ie HH o2
AR E AT 77 371§l EtOHE BEN
2 AIR3E= e 28 7Aoo (AL, Wetzel et al., 2005).
Folue] Aae AdeA el
A prEFe] FHel-AF 334 FellA cg-Chiro-
nomidae, Tanypodinae, 28] 12 Simuliidae 5 r? Z}o] y
At 3 22 A RFE AT HAANAL AT
A A $ehtele] ARl AASE 4HEE
o AeHeIE 2 o e Aoz Azwn o 4
31T o) SpHol} BA 47} B2 oA 5 e dg
o] BT o] ALl RS ASA Pk Az
o EAAe) AL ol gak Aol s 2R
FHoz AR FEAA Aol AL olgetw
(Meyer, 1989), 21914 258 H4815}7] $13}e] 2HAle]
NEADS T B)E SHsE PHT §AE e
2 dejAl HAAE o g3l Ae] uidAlshe} Benke et
al., 1999; Johston and Cunjak, 1999)
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