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719kt At e 5391 2 d(Generalized linear mixed model; GLMM)Z2 2413513 ch B&H JAELS A= 51.0%, 55
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Abstract: This study investigated gall formation in Pinus densiflora caused by Thecodiplosis japonensis, focusing on
differences among canopy layers. In October 2024, twenty P. densiflora trees of similar heights were randomly selected from
a forest stand infested by 7. japonensis in Yeongdeok-gun, Gyeongsangbuk-do, South Korea. In total, 60,028 needles were
sampled from the lower (3-4 m), middle (5-6 m), and upper (7-8 m) canopy layers. Galls were primarily located near the needle
base, although some were also found in the middle portion, and each gall typically contained approximately two larvae.
Needles with galls were on average 5 cm shorter than healthy needles. Heatmap analysis revealed a clear concentration of galls
in the upper canopy. Gall formation across canopy layers was analyzed using a generalized linear mixed model with a binomial
distribution. According to the results, 51.0%, 31.1%, and 23.0% of gall formation occurred in the upper, middle, and lower
layers, respectively, revealing significant differences among the layers (p <0.05). The predicted pattern of gall formation was
consistent with these observations. The prediction model using gall formation in the lower and middle layers exhibited greater
predictive accuracy (R> = 0.67) than models using the lower (R>=0.37) or middle layer alone (R> =0.57). These results provide
fundamental data for establishing survey standards within canopies for 7. japonensis monitoring and management.
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&S Tle|(Thecodiplosis japonensis Uchida & Inouye)
= Te)E Fojelale] et AdaiEoRA 1955 AR
o|A] Uchida®} Inouyeo] &J3l 2|22 7|&%E|tHUchida
and Inouye, 1955). SFA|9F 1R} 9FAl 19290]] AL A
B A i fEAh Aol &9gate] o] ezt A&
o2 7|55 v} Qlth(Takagi, 1929). ©] T2 FY 27]4F
AU Pinus densiflora)Q} 32(P. thunbergii)S 8 715
2 o] ARHoR SABIYT, AAIAE 1 wfapt oA
3| FAE]R] ka1 Qlti(Lee et al., 1985; Choi et al., 2019).
A= SN Dendrolimus  spectabilis), <742A7ZAdd
(Matsucoccus matsumurae) S+ A JGHof x4219]
T3fE GHek= 9 AFIS|Eo]ti(Choi et al., 2019).

sl o W AR 7R 750 5%(Insect
gallyS FA5te] 2o4S BZ3lo] shsfeickPark and Hyun,
1983a; Jeon, 1988; Hwang and Yim, 1990; Ko, 1971a,
1971b). 71 A3t ¢lo] 4 Asll, =7] 94, B84 52 A
af, 4] ofst 9 A% o}l 5 tleke Aleld Ao} S
o, e} e Sso] TARic) H7ldoR Ag Al
Ale] 72 QPHAITE AV Tabg SIS AR
2 =& 4 Jei(Park and Hyun, 1983b; Hwang and Yim,
1990; Lee et al., 2000).

Sogmiele] Ha) e Aeld AT WA s
Aolg etk SelE 22§90 ol of 67
59 W) FAs FIAN asielon,
10-1217F Lo 59 WP Sosto] SAIEE 2714 8%
Aol THEE|ITHPark and Hyun, 1983a; Sone, 1986). ©]&]
3F 27|48 Bogo] 9A} 3ule)iel T brachynteral) T
Y AR|(Skuhravy, 1994)2be frAFSHH, o]= Zule]F9]
A W= HEPE 7RI W 221t HE, 715 59 9
o aQlo] HatAog 283t AMele AARRITH(Liebhold
and Kamata, 2000; Okland et al., 2006).

A wjsf FA0l olohd S5t wjs) M4 2015
| ou] 2F 79% ZASHe] 2024d0f= 10,503 haz Hi1w|Q)
o, o] F oF 95%= U=} AdEE AT ot
(KFS, 2024). o|2f3t oaf T &8ute] 74l U=
HEoA AdE Al7]of sigshs Aatm & 4= qlom, o]
QIR WA A o2 B50] Q152 A= Al BTFAQ] e
Asfet 4= QJci(Skuhravy, 1994; Liebhold and Kamata,
2000; Okland et al., 2006). XA &£zulz] 7fHto] A
gt 718 AR H B SRR AR Ad A
oA RHEAOoR T Fagh AHH B F shtolct
(Skuhravy, 1994; Liebhold and Kamata, 2000; Qkland et
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al., 2006). webs] &dETte|o] =72l Al HE At
oAlS 7k A 548 ejshd szt gast A7)
o A7IHl ot ¥ Wl Asdesm Haslt
(Liebhold and Kamata, 2000).

oAz 1970dd o] &Qlsate] mls7t M=o
St wet g7 9 AV AEE 3 ek WAt
HAXOFE =Q]w|QlcHPark and Hyun, 1983b; Lee et al.,
1985). Al F7130A AZAQ] #lY EZE]2(Fenitrothion)
o] A3 Aol Axygy WA 07 AREE ] om(Chung,
1998; KFS, 2016), ©H7]2 02 7t Weg Aok 2t
S HS0ck ey uldEA] Aszo] whE YA wet, vl
2 AE s, oA A 5O wAPE AEH oz A
71% K Choi et al., 2019). ofof] whe} AF Aol A= A
=4 5 S ASAIIGRYE o83t s WAIE tijke s
AAEIR o, B3] HEZ2uH 40% SCE= a4 A]
o 72.4%2] WA AURE Kol AEAT e M-S FA
of zt& A sho 2 H71E|QitLee and Byun, 1994).
ol WA TS A} LESEo] Hohe L ) A%
Al B 5 2SRt BAEe] =YEsleu
(KFS, 2023), oH3] oFA|] - W ExFdet 232, 430
A =29 A, o W HgY] A} AR T A%
7hs WA E yE Alofshe alom A2 H . wet
Al AR AR ES fleiMe o W S9E S
S]] Hsff S/l Tt olsf7F atEw, o5 ¥l ®
gk x4 RS Solf WA ans Sdiske 3ert Stk

A 2AF AR |2 S99 FAE AR 2 AL
A9 Aol A 3k S 7HA] A2 E ARk A S
2 2951 QJTHKES, 2023). e} 41 ARko @ 23t
FAE FLRlolA 71A] Zdell @4 AL ik whebA F9
FAE AL el ek @A diete] |AtE T E3,
At ofAo] 28-S F91H Hdol weh Jaks o
R e s 9] oo A
Aol §A43] A5 #fe 4= AtKChoi et al,
2019). 53] 555 FA0] 2AH £9E To) 452
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Chung et al., 1997; Lee, 2017), 5% 2je

Aol et Qs ululsle. Sl B4
so el RS o] 9% AZT AR S0 B
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v S 9 FAEEC it AFE 242 g S
e nwesh A A 9, A= 3A SEt 5
hRE 3-8 wokollA YAl ZxAErE 2 4 ot
(Okland et al., 2006). °]o]l & AtollH= 5 B ool
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Figure 1. Field overview of this study site. (a) Roadside
view of an infested site showing damage by Thecodiplosis
japonensis. (b) Pinus densiflora trees in the site showing
needle discoloration (dotted circles).
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Figure 2. Pine gall midge damage. (a) Comparison of needle
length between non-galled needles and galled ones. (b) Four
larvae in a needle gall.
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Figure 3. Heatmap of gall formation (%) in each canopy layer of 20 Pinus densiflora trees. Color scale represents the percentage

of galled needles in each tree.
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2978 59 FHBL ABSHA VS FIsP Qs
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Figure 4. Percentage of gall formation by Thecodiplosis japonensis
across canopy layers of Pinus densiflora. Different letters (a,
b, and c) indicate statistically significant differences among layers
(p<0.001).
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Figure 5. Relationship between observed and predicted values obtained from 10-fold cross-validation repeated S0 times. (A) Model
based solely on the observed percentage of gall formation in the lower canopy. (B) Model based solely on the observed percentage
of gall formation in the middle canopy. (C) Model incorporating both lower- and middle-canopy percentages of gall formation. Each
point represents the mean observed proportion and the corresponding mean predicted probability for a given sample. Vertical error
bars indicate the standard error of the predicted probabilities. The solid black line illustrates the linear relationship between observed
and predicted values, and the R? value quantifies the predictive accuracy of each model with respect to percentage of gall formation.
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Table 1. Prediction models of gall formation by canopy layers (Lower, Middle, Lower + Middle) and model performance (R2, RMSE, MAE).

Canopy layer Model R? RMSE MAE
1
Lower Pi = 1 +ei(71'134+2‘455 L) 0.37+0.04 0.07+0.002 0.04+0.001
. 1
Middle P, = 4o L0634 0.57+0.02 0.06+0.002 0.05+0.002
e
1
Lower + Middle P, = 0.67+0.02 0.05+0.002 0.03+0.001

—1.601+3.591 - LM
1+e

P;: Probability of gall formation for the i-th tree; L;: Proportion of gall formation in the lower canopy; M;: Proportion of gall
formation in the middle canopy; LM;: Proportion of gall formation in the combined lower and middle canopy

Cross-validated R? = 0.50 + 0.01

50 @

45

40,

Predicted proportion (%)

20 30 40 50
Observed proportion (%)

Figure 6. Relationship between observed and predicted values
obtained from 10-fold cross-validation repeated SO times, for
a model based solely on the observed percentage of gall
formation in the lower canopy. Red circles indicate the two
points excluded from this analysis. Each point represents the
mean observed proportion and the the corresponding mean
predicted probability for a given sample. Vertical error bars
denote the standard error of predicted probabilities. The solid
black line illustrates the linear trend between observed and
predicted values, and R? value quantifies the model's predictive
accuracy calculated after excluding the two outlier points.
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