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Abstract

Aims Larch forests are important for timber harvesting and water-soil conservation in North China. To explore
the distribution, community structure and species diversity of larch forests is important for the vegetation conser-
vation and sustainable utilization in North China.

Methods We collected species composition and local environment for 215 forest plots dominated by three
common larch species, namely, Larix principis-rupprechtii, L. kaempferi and L. chinensis, in North China during
2000-2017. Among these types, L. kaempferi forests are planted, while L. chinensis forests are almost natural, and
most of L. principis-rupprechtii forests are natural. Based these data, we used the canonical correspondence
analysis (CCA) to explore the relationship between species composition and environment. We also explored the
pattern of community structure and species diversity of these three forests in relation to environmental factors.
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Important findings Mean annual air temperature (MAT) was the most important factor for the distribution of
these larch forests. The proportion of natural forest decreased, while that of planted forest increased, with MAT.
Diameter at breast height (DBH) and height distribution of three larch forests were right-skewed, indicating that
all of these larch forests are at relatively stable successional stage. Species richness differ remarkably among dif-
ferent larch forests, which was highest in the L. chinensis forests (39.3 + 17.9), followed by the L. kaempferi for-
ests (37.4 £ 22.4), and lowest in the L. principis-rupprechtii forests (planted forests 27.2 + 17.7, natural forests
27.5 + 13.8). Species richness, the maximum DBH and the maximum height decreased with latitudes and longi-
tudes. Species richness, the maximum DBH and the maximum height increased with annual precipitation.
However, species richness showed no significant trend, and the maximum height increased, while the maximum
DBH decreased, with MAT. The patterns of species richness along geographical and climatic gradients were
consistent between the planted, the natural and the overall (including both planted and natural) larch forests.
However, the patterns of community structure differed remarkably among planted, natural and overall larch
forests. The maximum height of planted forests increased, while that of natural forests decreased, with latitude and
longitude. The maximum DBH and height of natural forests decreased, while those of planted forests increased,
with MAT and annual precipitation, respectively.

Key words larch forest; Larix principis-rupprechtii; Larix kaempferi; Larix chinensis, community structure;
species composition; species diversity
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Table 1 Investigation area of three larch forests in North China

FEIAAMRZEAL Larch forest type ALY AY Origination

FEJ7 % No. of plots

FEZFH AL A Main sites

LS ANg YN NTH Planted forest
Larix principis-rupprechtii forest

KER#K Natural forest

HAEHFARK L. kaempferi forest ANLH Planted forest

KELFH L. chinensis forest KERH Natural forest

Bt Total

66 IIZR: FRili%
Shandong: Mt. Taishan etc.

84 e FRi AIE LSS
Hebei: Mt. Wuling, Mt. Xiaowutai etc.
W5 Kl

Nei Mongol: Mt. Daging
W RAT W Aokl sE
Shanxi: Mt. Taihang, Mt. Zhongtiao etc.
THE: A#
Ningxia: Mt. Liupan
36 WWZR: Wi, b
Shandong: Mt. Laoshan, Mt. Kunyu etc.
WE KR RIS
Henan: Mt. Yuhuang, Longyuwan Forest Farm

29 BRpE: KAWL KBRS
Shaanxi: Mt. Taibai, Zhuque Forest Park etc.

215

42°N

38°N

B ARdbh X3 R AR AREE T 0 A 1 o

Fig. 1 Sampling sites of the three larch forests in North China.
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Fig. 2 Canonical correspondence analysis ordinations oflarch
forests along geographical (A) and environmental variables (B)
in North China. Environmental factors include Aspect, Slope,
mean annual air temperature (MAT) and mean annual precipita-
tion (MAP). LCF, L. chinensis forest; LKF, L. kaempferi forest;
LPF, Larix principis-rupprechtii forest; NF, natural forest; PF,
planted forest.
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Table 2 Scores of the canonical correspondence analysis ordinations of
larch forests in North China

HiFLRZ Geographical factor CCA1l CCA2 R p
2% Longitude 089 —046 044  <0.01
Z5J¥ Latitude 084 -055 042  <0.01
R Altitude -0.96 027 0.13  <0.01
YA CCAl CCA2 R p
Climatic and topographical factors

EREKE MAP 0.19 -098 0.08 <0.01
SRR MAT 099 -0.11 053  <0.01
i Slope —0.65 076  0.15  <0.01
M Aspect —-0.75 0.66  0.03 0.1

MAP, mean annual precipitation; MAT, mean annual air temperature.
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HAAPRTR AR Z P 32 20 H A& R4 (70.2%) 7K o
1€ Mk (Sorbus alnifolia, 5.3%) « [ 1# (Symplocos
paniculata, 4.2%) M = I & 24 (Lindera obtusiloba,
2.8%); KHLLIZ IR EW I 32 KB A H
(81.2%). LA F(Abiesfargesi, 8.1%). & 15H:AY
(Rhododendron clementinae subsp. aureodorsale,
5.4%) SR i HE(B. utilis, 2.2%)(73)-
2.3 bt XTEIH AR BT F 2 A

IR RIRMTT . HE HEE P M
BN 5.88111.4; HEJLTEHHA N AT
WL BRI EE By 0IN2.5. 4.7H120.4;
H A TS AR 590 95,10 13.8F120.4; K LA Mk
rN22. 7H129.6; BT R IFIN2.9. 6.2
A121.8; BT N T 5835, 7.9F120.4 (R4). 3
Fhig A MRTR AR SZ A =5 B e KB 53 Al 11411
fle; HEARZ: 29, 38F122; HAJZ: 55, 56M173 (&
4)o I RIRMFETE N TR M F=E B &
EZS(P > 0.05), [HAE3FA RS TE A AR T
L RN EEEEREE P < 0.05)(F3; &£
4y, BARTE, HAREMHARITAZIF = B
R T AL A RFUR B LLAZ MR (p < 0.05), b
I IAMR S R BRI TR AR Z M = B 22

w3 ARALHUX 3T AR MR T AR T ZEY R i) 2

FE(p > 0.05); HARVEHIARERZYF S D2
KFHEILEH AP < 0.05), (HE5KALEKRES
BEZEF(p > 0.05), LT RIRMREEAZ P Fh
FEEHRKAAEKREA EEZR@Pp > 0.05), HZ
HALTEHAS N TARBIEAR ZVIFFEE E R /N T K
HAAH(p < 0.05); KELEHRKERZEVMFER
JE£ 3 KT H ARV AR R S Ay i Fa AR (p < 0.05),
H A TE A MR 5 4 AL 5 A PRI B AR JZ W Rl 4 5 L
BAH B 7 R (p > 0.05)(El3).
2.4 HedtibXEM AR SR L5

R TE A PR L AT AR R v 4
SR o HARTE AR B3R i K, REALAIRZ,
S5 |3 g VN R S ) TEES - FA NS N N S 7] i)
e, ALVE A IR, KA 8% . =Fhig it
FaRRAZ Wi B FE RO R T0; W REURT
30 WERMAIERE, & FA RIRRAR 5 B B4 K
TN, MmN NTAR, TR RAMIE RN T
MR RECRT0, W RECKT3 (RS).
25 fEdeith XTERM MM R R SRS S
BRSERFHXR

by PR S A PR 7 0 A b X 94 A BRI B VR 45
PRI TP Z FEVESZ 35 (p < 0.05). BT,
B A = S AR RARE(p > 0.05) LA, &
A P ) B DR B A2 A e RO i B AR R P o 3=
It 5 8 24 5 (1) 38 I Yl 3 AR (p < 0.05)(E14), Bt
MAPF) S I 2 25 88 0 (p < 0.05)(4D. 4H. 4L).

Table 3 Important value of the main tree species in the canopy of three larch forests in North China

HALVETHFAN AR FEE | AL CRAAM) HIHA | A AR TR HIHH | K ALAZHRCRIR) HEH
LPF (PF) IV (%) | LPF (NF) IV (%) | LKF (PF) IV (%) |LCF (NF) IV (%)
LA TE I F 88.7 | 4EAbvEMHA 74.6 | HAFEMA L. kaempferi 702 | KEAZF L. chinensis 81.2
Larix principis- L. principis-rupprechtii JKMI1EMK Sorbus alnifolia 53 |EiiA1 Abiesfargesi 8.1
rupprechti it P. tabuliformis 6.0 || i Symplocos paniculata 42 |&HEES 5.4
MF2 Pinustabuliformis 2.8 |24 B. albosinensis 6.0 |=#i22 Linderaobtusiloba 28 |Rhododendron clementinae
IARREA 1.8 | [ B. platyphylla 30 |JifkE Q. acutissima 51 [subsp. aureodorsale
;r;s*;bwma s :H Pice.a me?/.eri 1.5 |# Toxicodendron vernicifluum 2.0 ﬁﬁiﬁf utl ?2
Quercus mongolica : j; g- \(ijafjrr:l(l:a 12 Elfma Chamaecyparispisifera 19 | o (Ol o .
o R e N 2 | F%¥a P.densflora 0.9 (i B, platyphylla 06
Betula platyphylla ¥ Populus davidiana 0.9 || #AKkM Juglans mandshurica 08 |y iumn o . o
£I}: B. albosinensis 0.8 |FEist Pokoraiensis 0.9 | HERM Nyssa sinensis 07 | o spectes '
&1k Pinusarmandii 0.5 | Wb Juglansmandshurica 0.8 |37 %M Q. wutaishanica 0.7
HAth# Other species 27 ILAHR Q. wutaishanica 0.5 |#BH Tiliatuan 0.6
H ARl Other species 3.4 |k Fraxinus mandschurica 0.6

E1l1¥x P. armandii 0.6

JI#L Robinia pseudoacacia 0.6

HAhFh Other species 6.3

R SIR CHEEYE) TCR(H B SR 512, 2004).

Plant names refer to Flora Republicae Popularis Snicae (The Editorial Committee of Flora of China, 2004). IV, important value; LCF, L. chinensis forest; LKF,
L. kaempferi forest; LPF, L. principis-rupprechtii forest; NF, natural forest; PF, planted forest.
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12, A FEAJR Tree layer 40 B HEAJZ Shrub layer g, € EAJZ Herb layer
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5 30 ‘ 60f b
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< $ \$3 NS < AN O S AN &

E3  AEALHX =FIEH TR Z(A) R ZB) A RO £ E . ARG FRER L H R E R . HPLPF.
LKFFILCF/r BRI MHAARR . HASE A PRAUR B A2 0K, NFRIPF 23 Bl R R R RPN TR

Fig. 3 Species richness of the tree (A), shrub (B) and herb (C) layers in the Larix principis-rupprechtii, L. kaempferi and L.
chinensis forests in North China. Different lowercase letters mean the result of multiple comparisons. LCF, L. chinensis forest; LKF,
L. kaempferi forest; LPF, L. principis-rupprechtii forest; NF, natural forest; PF, planted forest.

e L X TR
Table 4 Species richness of larch forests in North China

AN RS TRz i N LV N Sk

Forest type Tree layer Shrub layer Herb layer Total

L b YEMFACN T HR) LPF (PF) 25+2.1° (1-9) 47+4.1° (0-18) 20.4+15.8" (0-55) 272+17.7° (0-63)
HeJLIE A (R AR HR) LPF (NF) 3.1+£2.1° (1-11) 58+5.0 (0-29) 11.4+19.1° (0-50) 27.5+13.8° (1-65)
H A& AR PR TAK) LKF (PF) 5.1+£29" (1-11) 13.8+£9.1* (4-38) 204+15.1° (4-56) 37.4+224% (14-81)
KAL) LCF (NF) 22+1.5° (1-6) 7.7+£3.6"% (0-22) 29.6+15.8° (12-73) 39.3+17.9° (17-98)
FT RARAR All natural forest 29+£20° (1-11) 62+4.7" (0-29) 21.8+13.4° (0-73) 30.5+15.8° (1-98)
Ji5 N LAR All planted forest 3527 (1-11) 79+£7.6° (0-38) 204+ 155" (0-56) 30.8+20° (1-81)

B 218 T Y (b e i 22 e (B IME—- e KA o ANTFVNG P EHRR 2 L& 2R
Values represent mean = SD and (minimum — maximum) value. Different lowercase letters mean the result of multiple comparisons. LCF, L. chinensis forest;
LKEF, L. kaempferi forest; LPF, L. principis-rupprechtii forest; NF, natural forest; PF, planted forest.

RS I IFE I FA MR RS R R AE . W ai
Table 5 Diameter at breast height (DBH) and height structure of dominant species in three larch forests in North China

e PEFFh K BfbrdEmZ  mME-BORE TR EE 2R B W R 2R
DBH/Height Dominant species Number Mean + SD Min-Max Skewness Kurtosis
J94% DBH (cm) HeALF HFA (N TAK) LPF (PF) 4251 15.1+ 6.4 3.0-36.2 0.2 22
HAL T FA(RIRHR) LPF (NF) 4464 18.0 +7.5° 3.0-75.8 0.7 4.4
H A& AN T#R) LKF (PF) 1463 20.7 + 8.4° 3.2-56.0 0.8 3.7
KAL) LCF (NF) 1278 19.5+9.8° 3.0-80.0 0.8 45
BT KAR#K All natural forest 5742 18.3+8.1° 3.0-80.0 0.8 4.8
J 5 AN LARAL planted forest 5714 16.5+7.4° 3.0-56.0 0.7 3.8
W Height (m) He AL HFA (N TAK) LPF (PF) 4251 11.3+42° 2.2-35.5 0.6 3.6
HEALTE AR (RIRAK) LPF (NF) 4464 123 +£43° 2.0-30.0 0.3 32
HATEHFA (N THK) LKF (PF) 1463 17.6 + 8.2° 2.3-39.5 0.6 2.8
KHTA(RIRHAK) LCF (NF) 1278 9.1 +4.8¢ 2.0-30.0 2.0 8.2
FiT KA/ All natural forest 5742 11.6+4.6 2.0-30.0 0.6 3.6
B AN T#k All planted forest 5714 129+6.1° 2.2-39.5 1.4 5.6

ENEUNCESSINCE A e N N
Different lowercase letters mean the result of multiple comparisons. LCF, L. chinensis forest; LKF, L. kaempferi forest; LPF, L. principis-rupprechtii forest; NF,
natural forest; PF, planted forest.
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Fig. 4 Changes in community structure and species richness with latitude, longitude, mean annual temperature (MAT) and precipita-
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