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Abstract: This study evaluated the effects of variable retention harvesting (VRH) on understory vegetation
development and species composition in a deciduous broadleaved forest in Bonghwa-gun, South Korea. Vegetation
changes were monitored from 2010 (preharvest) to 2018 across five treatments: control; 15% (AR15) and 50%
aggregated retention (ARS50); and 15% (DR15) and 50% dispersed retention (DR50). In the low-retention (AR15 and
DR15) plots, increases in soil exposure and the expansion of disturbance-favored species following harvest disturbance
led to pronounced shifts in species composition. Contrarily, the high-retention plots maintained relatively stable
species composition; in particular, the aggregated retention patch (AR50R) displayed the most similar pattern to the
control. In the open portion of aggregated retention treatment (ARSOH), disturbance-adapted species rapidly expanded,
resulting in marked increases in species richness and diversity. Overall, VRH more effectively maintained and
enhanced understory species richness and diversity than clearcutting, although the magnitude of these effects varied
according to the retention level and spatial pattern. AR50 treatment was identified as the most effective approach for
simultaneously sustaining compositional stability and species diversity. These findings support the ecological validity
of the 20% retention guideline in Korea’s environment-friendly felling activities policy and indicate that high
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aggregated retention and edge exposure minimization are key strategies for the long-term conservation of forest

biodiversity.

Key words: variable-retention harvesting, aggregated retention, species richness, species composition, Quercus
mongolica, clear cutting, harvesting, environment-fiiendly felling activities
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ZFEH X (variable-retention harvesting, VRH)= 7]£9]
A 7id(clear cutting)2 AT 4= Q= =8 whHo g
AkE|g o0, WA ol FoE V)& R AEET A
AL 9x)5}T B 2AFFo B AECIRY B A

71od5h= AL F2 Ao & Shl(Franklin et al., 1997;
Franklin et al., 2002). H3] 3 £X]5 7|A&3} oHES 1]
715 24, <L A% 1A, 2RAES] 71E Al oFE
=9 AAA Al T S2HARL, 1AL F71A Q1 e A 7
52 WIEt= Aoz deA  drkLindenmayer and
Franklin, 2002). 1980t} o|& Exj AYAL &zl 3bA|, 2}
A, HF, AH)oll T A A S s,
PEo] =24 B AETdS S8 = A
(Ecological Forestry)o] ZFAE|Q] 0 H, A=l A Q) 7P =
7P E= opoFst W o] 7HH(variable-density thinning)-2

SJAZ EE}Z] o] &EsH= AETHA S-XKBiological legacy)

Joke A S haEsh Zekd TPHoR Ae) Her
I‘4(Seymoure and Hunter, 1999; Franklin et al., 2007;
Franklin and Donato, 2020; Willis et al., 2021).

FHjet fHS AR A 4] WXt 3E d9ES
Y7L e vl iAo R =2 0] 54
chopiTh T2 LR GRSk Aoe Wuska gtk
(Rosenvald and Lohmus, 2008; Gustafsson et al., 2012). ~L
HY I J3= 2= F(retention level)T} Fef(AHY} &
A, )3 Sl Rl g Sl ufet ikl Ukt
th(Beese et al., 2019). <& , iUtk duElRe]
EMEND (Ecosystem-based Management Emulating Natural
Disturbance) A3 1} )=+ X452 DEMO (Demonstration
of Ecosystem Management Options) H-o)| A= 2=

oﬂ 1]:]{-'/]- o].__Al/\ﬂ,,] .J_]:}O]:/HJ_J- 7\/\%0] qolrﬁ]— OI:APO
2 WSS YRl ol G408 wa} ke HolslE
3K (Craig and Macdonald, 2009; Halpern et al., 2012;
Bartels and Macdonald, 2023). T3t 24} o] £2)= A
o|$7]F HEN TAY FHUeR 7ssto] 2wt 2k
& FdE Brh F misks e HriERRE 7R
A1Kedge effect)2l= 1A E3F XA =31 It Whyte and
Halpern, 2019).
oA QI vie} o), zkemale] waks g it Al

ALl Ee] - FRA, B3] B (9, 10%2 30%)
e, 2t 4HE)ell A oJERH(Franklin et al.,
1997; Rosenvald and Lohmus, 2008). duFdo g = 42
& WA Ee A SA0] gt BlER Ao, AR =
1%0114] 30%, =EAR= 40%7F2] thslA| 28k Martinez
Pastur et al., 2019). F|4 2 H|S&-2 5~10%7} A=
210 H(Gustafsson et al., 2012), 2|Uzk= 20%E HAS|
I QAR 2/ 9 o] TRt HE). E]F AR
Z(dispersed retention, DR)ETh= AFE(aggregated
retention, AR)2] Fej7} AP} SARSE A8 TAL e
W AH 35S X6k 7o = H7hEar Qloi(Aubry et
al., 2009; Martinez Pastur et al., 2019; Whyte and Halpern,
2019).

OfAJo} A oilx] e P A€ EJJ*’H et A+t
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Figure 1. (Upper) Geographic location of experimental site of the variable retention harvesting: (Lower) C=control, DR50=dispersed
retention 50%, DR15=dispersed retention 15%, ARS0=aggregated retention 50%, and AR15=aggregated retention 15%.
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GU(Betula schmidtii), S35 Quercus serrata), U5 vigto A 245 ZF 33 291(BS, WD), 18|aL
(Tilia amurensis), Z(Rhododendron schlippenbachii), % U= ZR Hidslo] st AW ghos M B B
AR mucronulatum)7t F8 FFoIUrE. B2 AIYE of ol-&st3ich
FEGO~50 om), ABA RS FE(1s 9A) Aol mE Q4 8 wiske mohiEE 9 Bad
sfalme) Hare Flo] BAI SIFAMERES U B
539 e Wit ok, FFHE(species richness),
Shannon ThFE=X4(HNZE H75FA Tt Shannon, 1948). T
I 9], TTHEL TP Al B4 2EZoAE A4
2 BEZAE A ghglth
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& 5 ha Y22 ghsto] 1 ha 570 Aej45 2/dsigict
(Figure 1). #|2]= o274 Control, C), TAIREE 15%(AR15)
2 7S 50%(ARS0), APEZEE 15%(DR15) 2 4APERE
50%(DR50)= A5 ke Aelte A2 544
ZEEHARISR, AR50R)} 7H-HAR15H, ARS0H)Z 4] He— i[)ln ()
o, AHY A2l o] ARfStER uij%|5l3l e, 10 =
m? T91e] 2RE ko 2 TAISISIGIT JEg-2 A WA H’ : Shannon diversity index
oiH] XEAteo] WA o ® AL ARSO 2 AR1SO| A S : number of species
2)E 98 A1) AL Z47F 399 m W 43.7 mo]c) p: : relative proportion of the i-th species
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2 4709 1 m*9] mlagdate S 370 et A n
2E FE=2AE 2]l tKFigure 1). DR15, DR50-S i =N
HHFYE 257, SFERANE 25712 ST ARS0 A2 n; = coverage of the i-th species

of|A], ARSORL 47]j9] Z=Le} 127)19] sl AH47) 2t N : total cover
] & Z2A HIl= HlES TR T (Non-metric
Multidimensional Scaling, NMDS)(Kruskal, 1964)3} Serensen
o]RE= X]4x(Baselga and Orme, 2012)& 8315t} o]
20109 HA A ARYEAL ARE 7IE0R 7 2ARIE
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£ vwalgick Sorensen A% 2|4== PC-ORDIZE 1349
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ARSOR)= HA| #|%5 KL ZJ sholon], ZidE o
TolA AE] WsAdo] W kel

~HY A2]7HDR15, DR50)oIA WD= R A 2% 5
7kek & asiglont), 2016W thRAE EIRE M A2t
AN FAlOl F43] S7Fsh= olEAel Wb W=
(Figure 28] WD, Appendix 2). o4 A2+ 7Rd12l
ARI5HS} AR50HO] WDE ) A5 714319111, 20161
off ZA| $7} 0% Hashs FARE olgict 4 A2+
o] = ARI5RI}F AR50RS] WD H3l= A2 T} oA}
o]i=tl, ARISROA= 7 5= 201287H4] ot S7F $-
A3, 20161 S7KeE & 7hasiylct 4 At
UE ARSORS] WD= 2 Wsglo] oM gasiet 2017

T ™

Haol] w2 S15-21A89] WE(2010-2018) 5

GRE= o S7ieke Ao R [A= o

Al 2% FatHA(BA)T} e AE EA]ET
AR FASE O, o AeollA A ARt HAprt
=7 UERdth(Figure 3). 20112018\ ot %ﬁu}nqz_—la
50% H2]5(AR50, DRS0)OA AAHoz Z7}81,
15% #2]54ARIS, DRIS)OA S Adbzo s 7ha }Mu}.
PBALL BE Hefolx gus] Paskion, fati
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Figure 2. Changes in mean bared soil and woody debris cover (%) in the forest floor. Error bars were omitted for visual clearance.
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Figure 3. Changes in forest structure (BA and density) after retention treatments.



6 SRR s A1157 415 (2026)
80 80
——@—— ARI15H ——@—— ARI15H
70| @ ARI5R 4 = AR15R L 70
~ =Y~ ARSOH \ ~ oY ARSOH
—_ = — - ARSOR / = — - ARS50R
fge—C— ¢ [ = <
5 = DR15 / b \ e = DR15 g
= ——9—— DR50/ /L & ——®-— DR50 5
w 501 /N e
3 2NN by - =
@ /) b -
S 40 © b v 8. % = 2
a Vo p w@%> - @
S / /f/ - u
< 30 / @ 4 2
2 /7 A A g
g e A =il 3
8 204 e - 2
3 /<;/t? . [34'47[}‘A\\E
10 -
0 ‘ == ! , . . o

Years

T T T T T T T T u
2010 2011 2012 2013 2014 2015 2016 2017 2018 2010 2011 2012 2013 2014 2015 2016 2017 2018

Years

Figure 4. Changes in mean cover of understory vegetation (herbaceous and shrub layers) after retention harvesting. Error bars were

omitted for visual clearance.
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o] AdEe = 73.8%FHFigure 6). A #2]74DRI15,
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Figure 5. Changes in mean species richness and diversity (/) of understory vegetation (herbaceous layers) after retention harvesting.
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F2A9] & o]AA BA Axf, AR50H, AR15H, DRI15,
ARS50R, ARISR, DR50, 1)1 C2] 40 & =7 Uehdt}
(Figure 7). S3]ARSOHE 7P A2 gollA 7 whe £
2 Holxj Ao HAEgch

n #

B QA AT SHel udold] £7] SRel
= X (variable-retention harvesting,
VRH)7} 815414 it S wWsjol u]3t ek 37t
SEAEE 2 Atolls LRbAQl N A=E gl He
TEEA A= 7182 o= Jdol vlsl A& vt
T HMIpE AE AeR skl Q7] wiZelt

ol whE

Sl22lage] HhE20102018) 7

(Franklin et al., 1997; Lindenmayer and Franklin, 2002).
JEiu 2R U PR SR 89 ol M&Egon, of
L alAel ek W ol A4l B wake el

g 4= Q18-S YERITHHalpern et al., 2012; Roberts et al.,
2016; Bartels and Macdonald, 2023).

o].—A]/\H,J ]:}ObHJ_} 2}_7\/«] I:ﬂg].‘— ‘]2—1__§ 01/%1—
o] WHalo|A WAEIYITE WA RS EoF L-2o| Z7}3HHA|
MEFAL T A *bkc’ﬂ*ﬂ frefet AEdA 20S
s WA AEsEe] ool Ao faidt 21o] 34
S W B RS 4 SUE SISl x4

=559 AZS GEol= 22 3ltKHalpern et al,

2012). B ol TR AlmRel AR, e)w A%
U5 (Betula spp)©] BHE, T12]31 FZTH SERES} Tlo
991 713 of2fit sk = A %1 4o e,

oﬁ.

)

WA vEE )Mo 3F Aujel R BE TS Al
6}9-1 o1} Aj7re] AubHA By 2 agﬂﬂqmarmon et
., 1986), WlEo] &2 Al shL olE3l] wel 1 m3p}

ww g 2280 W Aol B Sle) &
B RS L ERE LY B EETEY
0u4 A0l 3 Ak o 4 el 4
o QHE usla7t fAEe] Tt SA F24S
UERATHBartels and Macdonald, 2023).

&

3k, 81221489 ol2f3t HSle Mol w2 g eel W
oha} 9T 7|7t Eok whakel Ajd wke] ke § e
3 ") Qlck 20159 g1 BlE 1) e A
TR A1) Hute] n)7)Eel 2| E 35173‘01] YA WIS

2 TFsAo] EO0m, ol EaF 3 Bk WY B,
4 et 2419 Mol 5 SIS Beqe] S48l B
3RS H|x]= &) 2¢l(confounding factor) 0.2 Z-E-31S- 4=
olr}. olo} Te AQl ke BAeluEe] UAlH Z7H
ofulet Ui Helpol BAE BN 2 Fohpy 37t
S olgigl A0R Rl ofejgh A S8 KT

7 abe Ah AETOIA TF FSSHA ekt ol

71 Aol fiAIEfs 7hed) FgAke] fkedge effect)’t 7
SlElHA AlGf £9] 9-9lo] &Z1E] 31 (Heithecker and Halpern,
2007; Jung et al., 2017; Kim et al., 2017), oJ7]o]| €& HaF
o= HobE P A 2ol HaA Frhekdel 24
F7IkE Aog wehEch

A o]lF &5 o] AT SV o]l FA B
Al A= Jblo g olst sk 74, EoF wet W £
3} 221, WjEZ£X} dlof, Z£2H](seed rain) A7} E3HA]
o7 gt Avtz ke of2gt 2719 7Y Whg(gap
response)’> EA&O] B2 A ol 71 SSiskA ©

Zhem(Halpern et al., 2012; Martinez Pastur et al., 2019;
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Franklin and Donato, 2020), & Lo A= GARSE 9FAfo]
Selulgle. ol 2EE0) M= it mEe] 43 % B
% Bj=at o] w2 4 Alsk 99 2 ) S0
= oA} sH4 9] W} sl 285t AvtE A= E
sheol g S5 oby aAEE ool s o
o] Wi Ho] Faslol 2EBe] 27h WL oAk Ao
oA QIt(Halpern et al., 2012; Roberts et al., 2016).
BE50| 9% F7I 5 74 Ftom Ane 4 oick 3
A ARE 2A8ld EEE2] A W(advance regeneration)
At & dbAst ol 9l 2 2| A (resprouting) o] WHEA|
Y= om, 4, E2]94ell, ARSOR, DR50)7} A &+

Az} u7)F AFAYR 7510l 2H AHE ARz
221 9948 A&EA o2 AFSFRtHFranklin et al., 1997,
Lindenmayer and Franklin, 2002; Aubry et al., 2009; Whyte
and Halpern, 2019). %4 2] U] 7HH SZHARS0H)o| A=
FFgAle] Fkedge effect)} 781 2Hgatol, Tt 2]
o] M| w2 MHo] FEelalA| ehdthHalpemn et
al., 2012; Whyte and Halpemn, 2019). Z7}#]9] £4 HAME
o W 5 Zojois BOF b HET u)7|F k3] /o]
Shu] ZEE0| HEEG SALS BEAOR ofgakAuL, A]
7to] AL} Bk WA 7 s} eskeickHarmon
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Appendix

Appendix 1. Mean and standard deviation of bared soil cover (%) by variable-retention harvesting types

Treatisis Year 5010 2011 2012 2013 2014 2016 2017 2018
AR15H 7.65+1.65 3.30+0.95 10.87+£1.74 6.46+1.20  0.41£0.13  4.94+1.43 5.90+1.11 4.00+0.89
AR15R 5.81+1.81 0.86+0.48 1.29+0.48  3.89+1.21 1.34+£0.44  6.04+3.16 1.13£0.25  2.06+0.60
ARSOH 2.56+0.65 0.71£0.15  5.74+1.44  2.66+£0.46  0.26+0.10  6.19£1.37  9.97+2.16  2.03+0.64
ARSOR 4.95£1.29  0.65+0.15  0.53£0.09  0.99+0.17  0.92+0.28  2.29+0.41 0.63+0.11 2.87+0.73

C 10.17¢1.61  5.44+1.47  7.32+1.60  8.00+1.28 1.94+£0.50  4.99+0.94  8.37+1.74 14.41+1.74

DRI15 827+1.65 10.42+2.08 11.91£2.22  8.02+1.54  4.29+0.85  3.96+0.91 6.58+1.20  4.28+0.64
DR50 7.29+1.32  11.71£1.96 16.1242.10  4.72+0.64  4.78+0.58  5.54+0.72  7.17+1.16  7.87+0.92

Appendix 2. Mean and standard deviation of woody debris cover (%) by variable-retention harvesting types

Treatments Year 2010 2011 2012 2013 2014 2016 2017 2018
ARI15H 3.67+0.37  3.65+0.41 3.25¢0.26  2.26+0.22 1.56+£0.26  4.88+1.11 4.17+£0.54  3.44+0.78
ARI15R 3.16£0.52  3.70+£0.63  4.41+£0.99  3.26+0.88  2.38+0.31 4.03+0.65 1.83+0.23  2.25+0.31
ARSOH 4.76+0.81 3.26+£0.45  4.30+0.61 2.75+0.50 1.38+0.29  3.64+0.82  4.23+0.76  2.08+0.40
ARS0R 4.28+0.40  3.78+0.41 3.47+0.44  3.04+£0.37  2.46+0.21 2.09+0.34  2.14+0.21 2.60+0.22

C 4724036 437034  4.11£0.30  3.22+0.28  2.58+0.19  12.084+2.69  3.46+0.26  3.62+0.39

DR15 4.64£0.38  10.97+1.94 6.44+1.24  4.65t1.12  4.64£1.05 10.28+1.85 6.89+1.25  4.14+0.75
DRS0 3.60+0.33 6.36+1.05  5.27+0.79  3.60+0.56  3.87+0.54  10.02+1.77  2.53+0.21 2.88+0.48

Appendix 3. Mean and standard deviation of cover of understory vegetation (herbaceous layer) (%) by variable-retention harvesting types

Treatments Year 2010 2011 2012 2013 2014 2016 2017 2018
ARI1SH 15.39£10.05 14.14+14.11 41.35+20.74 72.05+24.14 66.32+23.10 69.88+24.39 51.87+23.77 48.17+26.30
AR1SR 14.67+ 6.00 18.09+ 8.08 20.64+10.98 31.41+ 9.56 22.55+ 9.11 46.45+£27.86 40.00+20.64 58.31+£22.99
ARSOH 11.48+ 831 11.31% 7.77 27.91+18.55 56.07+£22.95 39.55+25.76 46.21£27.80 42.49+19.19 47.90+£25.14
ARSOR 10.94+ 9.25 11.94+ 8.78 16.66+12.07 22.34+14.89 24.71+20.31 25.26+18.85 24.43+15.53 25.58+21.95

C 10.87+ 7.08 11.74+ 9.15 14.73+ 9.83 17.87+10.83 18.00+11.70 15.59+12.43 15.49+11.53 12.79+12.66
DR15 14.51£11.32 14.89+£10.00 30.97+17.43 58.49+34.56 58.79+28.56 42.65+21.26 32.54+19.28 39.39+24.84
DRS50 13.02+11.33 17.79£11.73 31.64+18.72 50.80+24.02 53.28+23.04 40.69+23.49 36.83+23.48 32.13+£21.70

Appendix 4. Mean and standard deviation of cover of understory vegetation (shrub layer) (%) by variable-retention harvesting types

Year

Treatmonts 2010 2011 2012 2013 2014 2016 2017 2018
ARI15H 22.55+17.89 - 0.07£0.33  2.59+5.60  8.29+£13.77 41.80+26.91 39.37£23.29 55.07+20.55
ARI15R 26.32+18.35 31.34+29.73 13.08+15.01 10.11+ 9.49 13.14+17.54 12.81+11.78 14.39+18.13 22.50+15.83
ARSOH 14.98+15.26 - 1.57£7.09 1.40+2.91 2.35£5.37  47.57£24.4 31.68+25.99 55.02+26.67
ARSOR 24.27+18.68 17.38+17.50 15.52+20.04 18.55+£19.88 13.29+13.40 16.99+14.92 15.34+14.86 19.57+15.93

C 16.05£12.79 20.08+17.49 19.4£19.72 16.72+15.18 17.31+15.62 16.43£16.49 9.98+10.98 17.31£16.07
DR15 19.00+£17.83  0.89+2.64  2.53+6.48  6.38+9.62  8.96+14.02 44.13+£31.04 36.38+26.79 51.56+30.92
DRS0 17.26+£15.02  0.78+2.02 1.58+3.44  5.31+8.43 5.62+8.70  35.12+31.02 23.55+24.19 32.114+21.43
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Appendix 5. Mean and standard deviation of species richness of understory vegetation (herbaceous layer) by variable-retention
harvesting types

Treatmoiis Year 9019 2011 2012 2013 2014 2016 2017 2018
ARI5H 7.942.9 116434 165437  16243.6  9.8452 13.543.8  10.142.8  9.6+3.4
ARI5R 8.6+2.8 10.943.1 12437 159449 13.345 18.9+5.4 14.1+4 14.9+4.1
ARS0H 52421 8.6+2.0 109434 117432 6.542.7 11.942.6  9.3+22 9.142.6
ARS0R 54417 6.5+2.1 7.942.2 8.842.9 74423 8.042.5 77425 6.9+2.4

C 7.043.3 74435 77432 8.4+3.5 74432 7.843.5 6.8+3.1 5.843.0
DRI15 6.142.5 10.144.6 14353 152444  13.8%4.1  13.5£53 9.9+4.3 10.4+4.0
DR50 6.6+2.8 9.543.8 13.5453  13.9452 13+4.4 112443 8.843.8 8.9+3.3

Appendix 6. Mean and standard deviation of species diversity (H’) of understory vegetation (herbaceous layer) by variable-retention
harvesting types

Treatiois Year 5019 2011 2012 2013 2014 2016 2017 2018
ARI5H 1.2+0.5 1.6£0.4 1.8+0.3 1.8+0.3 1.6+0.4 1.8+0.4 1.7+0.4 1.540.5
ARI15R 1.3+0.5 1.540.5 1.7+0.3 1.8+0.4 1.8+0.4 1.9+0.4 1.9+0.3 1.940.3
ARS0H 0.9+0.4 1.4+0.4 1.5£0.4 1.6+0.3 1.2+0.5 1.6+0.3 1.7+0.3 1.5+0.4
ARS0R 1.0+0.4 1.240.4 1.3£0.4 1.3£0.4 1.30.4 1.3£0.4 1.3£0.4 1.2+0.4

C 1.3£0.5 1.240.5 1.240.5 1.30.5 1.3£0.5 1.240.6 1.240.5 1.1£0.5
DRI5 1.0+0.4 1.4+0.5 1.6+0.5 1.7+0.4 1.7+0.4 1.8+0.6 1.6+0.6 1.640.5

DRS0 1.3+0.5 1.3+0.5 1.5+0.5 1.5+0.5 1.6+0.5 1.5+0.5 1.4+0.6 1.4+0.5




