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Relationship between Aboveground Biomass and Measures of Structure and Species Diversity

in Quercus mongolica-Dominated Forest, Mt. Jeombong'*

Heon Mo Jeongz, Inyoung Jang3, Seungbum Hongz*

2 of
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20| thopA 7ro] A B4 ¥s]7] Jste] 2B Tt o2 918, 200433 2013WAHK] YEAF AR
AN ST A BEFE 311 lowha FOw], 8 AEF 8 T4 61 £E LT 206 3tonha-1(66.3%).71
A8 36.9tonha’(11.9%),5)LH 30.6tonha'(9.8%)5°9] 402 Aotk AZvpRe] AR AEFo] 71 ge
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AL ZAAe] vle d= W=7 @A AR, Fat Fi2%(DBH)O] 50em ©]4el A W&ol
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Tels thobt 453 thakek DBH 420 84 A4S Ao

ABSTRACT

Relationships of standing biomass with biodiversity and structural diversity were examined in the Quercus
mongolica-dominated forest in Mt. Jeombong, Gangwon-do. We examined the standing biomass of the Q.
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mongolia community (31 1.1t0n-ha'1) from 2004 to 2013, and the observed major species were Q. mongoilca,

Carpinus cordata, Tilia amurensis whose standing biomasses were 206.3ton-ha™ (66.3%), 36.9ton-ha™

(11.9%), and 30.6ton-ha’ (9.8%), respectively. Although the number of Q. mongolica individuals was very

small compared with total density, the reason that Q. mongolica showed the most biomass than other species

is due to greater average diameter at breast height (DBH) and the higher number of DBH > 50cm individuals.

We calculated the range of Shannon index (H’) and Shannon evenness (J') in the Q. mongolica community, and

they were gradually increased in time, showing 2.015~2.166, 0.673~0.736, respectively. Their H'and J' showed

positive linear relationships with their standing biomass. This indicates that the spatial distribution of the

standing biomass in Q. mongoilca community becomes more homogeneous with time and this homogenization

appears in various species in the community. In addition, we estimated biomass-species index (BS) and

abundance-biomass-speciesdiversity (4B8S) and they also showed gradual increase in time, ranging from 3.746

to 3.811 and from 4.781 to 5.028, respectively. Their indices showed positive linear relationships with the

standing biomass. This can be explained from the observations of variations in standing biomass with tree

diameters as the differences in the average standing biomass in the community have reduced gradually in time.

Moreover, it is expected that increase in the structure diversity of the Q. mongoilca community enhances the

efficiency in carbon sequestration and productivity, so the community can be developed to a more sustainable

ecosystem with more abundant resources. Thus, applications of uneven-aged plantations with considerations

of local ecological properties can be a very efficient reforestation method to ensure stable support of biodiversity

and productivity.

KEY WORDS: STANDING BIOMASS, BIODIVERSITY, FOREST STRUCTURE, LINEAR RELATIONSHIP,
LONG-TERM ECOLOGICAL RESEARCH
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29 AF3E 3 AHAY Fx29 o5 Ao]o HAE
0|8l 3}+= A o|th(Hooper et al., 2005; Keddy, 2005). A&
% chpya AR aetel Ay o] e 1% Yud
ol A4 FA| = sfutolw(Hooper ef al., 2005), X+ 304
2 e s Eo) AEE by cheke A 759
BAE Yol Ao) FRF £l Hof Fhek(Con e al.
2013). Odum(1971)2 AFg Hol 9] melo] uhet @Ee}
T O bl H(positive) o] FHEA7F EA gkl &t
Aom, FEF thokdol AuA 9 51 249 &8
FF= v AAA Atz FAol A =2 =gkt
(Tilman et al., 1996; Stocker et al., 1999). A AA XS =
AEST oFAT A= Aided Bt d4t= =24
(Hector et al., 1999; Tilman et al., 1996; Vance-Chalcraft
et al., 2010)9} At&(Caspersen and Pacala, 2001; Creed
et al., 2009; Wang et al., 2011) 5-9] thofst SAF A S

Sz HEA Y BT BES oY Y BAE
St At7F A=A vt A S4F AEA Y
3t AEF Ry kel BAE S e ATe
g Arolsl, 4 Ao 3 24T F kAl 54
o th3k AFEo] AP 9 th(Lee et al., 2015; Cheon
et al., 2013; Kwak et al., 2013; Jang and Song, 1997).

AP O] AT AEE T TA O digk A7t wol
Sle AL 9ol 71 5 AEFY A7|HQ E8o] og7]
uj Zo]th(Con et al., 2013; Vance-Chalcraft et al., 2010).
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o, ol A+ ol He AEd
Fo] gty FYgTte] i
AT AEF thdd e BA <
Ao g BEAE 1 9lti(Con et al., 2013). Mulder et al.
(2004)= AEdge dAerE a3t AN =& F
2S5 Z7MA7Itkal B 11819 01, Martinez-
Sanchez et al. (2016)= A<=35tal Q% &SoA 24
thFdol o o W gas At gt Ei
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Figure 1. A map showing the study area. The closed
circle indicates the location of the Q.
mongolica community in the study area

Table 1. Topological characteristics in the quadrat of 0.
mongolica community in Mt. Jeombong

Characteristics
Dominated species Quercus monolica
Sampled area(ha) 0.5
Maximum DBH(cm) 73.5
Location N 38°02'10.3", E 128°26'11.1"
Topography low slope-ridge
Aspect south-eastern
Altitude(m) 1,066
Naked rock(%) 4.0
Litter thickness(cm) 2.7
Soil depth(cm) 50.5
14 — 2500
I Precipitation ——Temperature
12 |
5 2000 E
— 10 £
S s 1500 %
0 P
g 6 1000 2
= 4 2
= X 500 £
0 0

2007 2008 2009 2010 2011 2012 2013

Figure 2. Annual variation of air temperature and
precipitation in the study area
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B A, oA 2T oF 4%, ko] Zt) DBH(Diameter
of breast height)= 73.5cm, 242 Zo]+= 50.5cm, G2
7ol 27en Atk o] Aele] F|AZo0] A F 20074
e 2013877 B AFA 47} 9IA% Aot 2|efo] o
B ZA5FS 1,320.5m, AFH 712S 10.3TCHT
(Figure 2.).
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pye 1A FI AR FAA ARG v &l AE g 55mha, GEHFUE 3.5mha” HEITEZAUGE 19
' B 2.1l mhy o 2ha . 7 =] R e e
P3P AEIG F FREARFF gy A 0 TR [3ha, R L2nihe, SR
(ABS) A% AN A Tl AAFL 10em T & E735}0] Linha”, E4UE 1.0m*ha”, E9 U 30.8mha” 0]
A AFsH gt otk AR B AL 2063tk (66.3%),
s 71 wor i 74 ek 36.9ton ha (11.9%), T U5 30.6ton-
6. £ 2 ha'' (9.8%) 59 #AZ Woith AZUYR dBUEE
e e 7hA et I o U, e ol vl WAy DBH7F
AR AZGRTe A QAR s g g, gy, wor A8 ATl @l AN SER AyRe dud
ABS9) A= AT (correlation coefficent) 43 & = =AY DBH7E Zhob A4 Aasdo] A2 Aow &
slo] BAANS BAGT oju] AlTAL 23} 004 AR AZuTaer 10978 F+ AFFAEFS
AZS R ZEI(version 3.1.3., http://www.r- project 31L1tonha "ol gom ZAE FHA Y AZ Y
R —_ =} DS NP0 PPY . . N
org) S 0|43t} 500.28tonha (Park ef al., 2003) Bt} Z9rot} AL WAk
s 9] 147.76~278.48ton-ha” (Park ef al., 2005), 37| % &3
= g} 3}4+2] 67.9ton ha” (Son er al., 2002), AetE Fof WS
7E:|EI' E':I -Tl,él- o L = 20 ol o
Ak9] 132.0ton-ha”(Son er al., 2007) & A= T} 2 299
1, MZiLRRato| X Q} X|ALE MEak AR dE5F Hop golth & AZduRaEe] &
e TR ST e=s Zo] B AL 2 Aol Y# DBH(A/| % F52
A7 AAE 2004dRE 20136710 AL g A 983, ARk WAL 9.0ty £ A e Bt
FZete B o8 Wxl 1754treesha’, 7] A WA LS DBH(}8-OCm)7} 7] g2el Aow e A wae
36.8nha”!, AATE AJEFL of 311-1t0n'ha'13'1E}(Table 749~ "o DBH7}F F 162cm&E & Y1} 2 zjo]7} et
2). AZyEZe | 228 F4es GobEyRs) 5987 A AAZ o mE o Y429 FZFS 300ton-ha’ (Wittaker
Az b woa A 38UNA, S 1757, A and Likens, 1973)5.2 e 5o 554 AR gt
UE 125707 59 £08 wobrh, W3 DBHE AlZU= 4 248t0n'ha_1(Ni et al., 2001), 25 ¢19] A=A L
7]_ 325CH1(33-73SCH])E 7]_;8. Zj\—]—l 7]_EH1/]_;'|_ 216CIH(34-464CH1), ‘Ej] 250t0n-ha'1(Rapp et al., 1999), %7] Oﬂ(,),] L/_I]'?;] /\é 7‘&}-14—1?_
2 176.9ton ha” (Yuste ef al., 2005) 0]} o0, Zf-9] 2 o

AU 18.8em(3.6-50.2cm), FEUF 17.9em(3.1-32.5
cem), ZHIUE 17.6em(3.6-38.2cm), U 16.3cm(3-63.8
cm), T2 AU 14.6em(3-41.2cm), E¥IUF 14.3em
(3.3-37.7cm), 7} 8 11.8em(3.1-45.7cm), FEHEUE- 7.9
an(3-22.9cm) 59 &0 2 FHrh £24 7| AWAL Adr}t
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Table 2. Average stem density, DBH, basal area and above-ground biomass of permanent plot from 2004 to 2013

. Basal area Above-ground DBH(cm) Density
Species 1 -1 . 1 ]
(m*-ha™) biomass(ton-ha™) Mean£S. D. Max trees-ha
Quercus mongolica 14.0 206.3 32.54¢0.5 73.5 125
Tilia amurensis 1.2 30.6 16.3+0.9 63.8 175
Carpinus cordata 1.0 36.9 11.8+0.4 45.7 381
Acer pseudo-sieboldianum 1.1 5.9 7.9+0.6 22.9 598
Acer truncatum 1.3 1.0 14.6+0.6 41.2 84
Sorbus alnifolia 5.7 9.2 17.6x1.2 38.2 41
Juglans mandshurica 0.8 7.0 21.6x1.3 46.4 26
Cornus controversa 1.9 4.0 17.9+0.6 32,5 33
Acer mandshuricum 5.5 0.3 18.8+1.3 50.2 25
Fraxinus mandshurica 3.5 4.7 14.3+0.8 37.7 36
Others(9 species) 0.8 4.7 230
Total 36.8 311.1 1,754
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Table 3. Annual number of individuals, above-ground biomass(ton-ha™), biological diversity and structural
diversity indices in Quercus mongolica community

Years No. of individuals Above-ground biomass N H' J' BS ABS
2004 1,013 299.4 20 2.015 0.673 3.746 4.781
2006 992 305.8 19 2.018 0.685 3.783 4.838
2007 956 309.3 19 2.035 0.691 3.778 4.858
2008 862 310.0 19 2.077 0.705 3.796 4.936
2009 838 314.0 19 2.106 0.715 3.805 4.973
2010 844 316.7 19 2.136 0.725 3.786 4.956
2011 821 313.9 19 2.146 0.729 3.789 4.973
2012 784 319.5 19 2.152 0.731 3.797 5.006
2013 767 311.7 19 2.166 0.736 3.811 5.028
o ooz Ayt 1F0] sty 1955 [FA8HA Fol og o 24 n=A BEdrhe S oulsiy,
th(Table 3.). £ ttdA AHHHNY £ 4+5=2U)= 44 Vance- Chalcraft et al. (2010)= £ #4529 AR A&
2.015~2.166, 0.673~0.7362] Ao A7 7F 52 A F AFo] 9] S(negative)?] TA= =2 AMEFOZE HE =
7ol Aol wet AAHOR FAstAch F OB A% o] SAATD AFH Hh ek Telw 919 AR HEE
(H)S) Z7be AZueze A4 AdSel da 2 39 opHol A% 2] 283 7159 ouXY BT 22
A vl Zol7h gt Al Aoz AdohE k. A 2o dFe vAd= A net
A2 Q7712 SO AT Be GEELR, AR, 3 2Eo| TAE CiUMIL XA Mol B
AR, BEnRs So AAFTt GasaT AR
Ao ghijus, EWUR, Uy So] 274t £ thof AETF-Z2 thoFA 2|42 (biomass-species diversity index,
A Ao 21 A A0l Yolo] Tk B oA A9 £ ok BS)9+ & FH T Bk 2 t}obA 2] 4x(abundance-biomass-
A AL 20129 FYEE A9 FRE A ZALE Al species diversity index, ABS)+«= Z}Z 3.746~3.811, 4.781~
Urzete] & ohokg Z4(H, 0.970-1.227) Hop Aok 50289 W g o AR Fek AlTte] (LS St

(Cheon et al., 2013). & A A4HHNS £ FHZ(S)7f
Ao AdEHe F ARV S 9A 4 #F E
MA vleof 2ol 7t gt 7531“’] o J&%ﬂ“ﬁ ol
At ol AY9A €] F A=t 19
7HA S 71et Do et al. (2010)9] 2o} 22 Zlof 3Tt
223 e AL Feto] sbgareel o2 B
oF 2004 Zof 4% AERE AAF] Fasty GAE Aozt
I o &3 A3z o]E FAstch(Lee et al., 2000).
o Xl-r(H') a2a F e EU)S AR e
& FHBAE UEd S ch(Figure 3.). F B FAd A
XVOH?— Aedel diet deAsd Fo2Ep
value)2 717 0.83, 0.00560]3 o £ 5= AA
BoAEgd dE ARAe $l%EE vauog 22t
0.88, 0.0019% th(Table 4). o] Aile= AZAYFELES A&

=
o

o
-

o o
5
j,cz

Sh= A= e Qlth(Table 3.). A7 73] uhE BS9}
ABS®| F7h= 58 A7l EP"'EO}E A7l e+
vl &3} A7 #stthe Ae dAngith §19 A=
S5O A g 2 HEF v&d F 4 H]z% e
A Bl&8) Aol7k Hasielr] Wil Aoz BAHS)
ot} ®E3 ABS7} BSHETF A 3 ABASLR)T ¢ 2
A /ﬂaur T o] F = #% dzgo] Aol o

T2 Wk opet 50 F FHEo o7k g
£ Ao ® wekE o] A= 4BSHET
A47t o =94 Con ef al. (2013)T} Martinez-
Sanchez et al. (2016)¢] Q| o] @ ABfs o Aol
it

BS 1|3l ABS9} AH AEFS AR 4 AEd
S UERW At (Figure 4). BSS} 23 Aol diet A

Table 4. Statistical results about relationships between above-ground biomass and biodiversity indices (H'and J'),

structural diversity(BS and ABS)

H' J' BS ABS

Pattern Positive linear Positive linear Positive linear Positive linear
R 0.83 0.88 0.73 0.86
p value 0.0056 0.0019 0.0263 0.0029
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Aot FAZE(p value)> 22t 0.73, 0.02630] 3121
ABSS} A)gH el digh AaAa2t 192 (p value)
L Z+7} 0.861F 0.0029% tH(Table 4). o] A¥}= AlZVEFE
shol 4ol e PEA adlo] A4R AEY AR
F714Q BA 2= UEdnh 2O et &
AE Fote] o B2 241 gas At e A4
A X< (Con et al., 2013, Martinez-Sanchez et al.,
16)7 £ )2 2l(Lei er al., 2009, Wang ef al., 2011)9]
e de s E v ol 2 Ay Aol itk
N2 gote PEE ARE ST AEF Aol 1Y
< Bttt HollA 53] 5 a5tth(Szwagrzyk and Gazda,
2007). Ishii ef al. (2004)= F-2Ho] L2 B Ao AEE
Sof 45nere AUBES Bkl &9 ARS 714
713l o] & Aol FHI AAA AR AAH 5
HS A4 7|Elo 2 3t APJEEO| rhof
wal ok ook 1eln Sy Euhte
500-600Mg C ha'9] W& oFo] BAs
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Figure 3. Relationships between aboveground biomass and measure of biodiversity (Shannon index; H’, and

Shannon evenness; J')
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