IF U DI

K& T, LAESBOMEYMOERE, £, B8R, MRAR, HmET VAR E T 55
XaRE L. AHEGEOMEAEEOIL WIS 250 2 03IL iR TH 5. dbitke
&, —MEENCIXILRE 45~T0 BICHFEET /MO Z & TH Y, Lich-> CTILiEIX % DOFF
RicHTz2 vz 5. F7z, HFAOFAKERK 3,900 HFHFFax—vdds, 6
MIEZD 1/3D%11,300 TFHFua2—briEbEdTns. Ik, BVEkoR) 1,800 77
FHFORA—MVIERSKERETH 2.

RETEARCIE S L7 EIL, TitiE Ly 7R TH 2. £ 2 TOF MR
THZIVEE (=Yy=Y, 7AhxV=Y), TIE (bPF=Y), #7<xVE W7~
V., TARY) R EOETER, AN FXE (T A N, ¥yIHUN), arTE (3R
F7), YT IVE (VYIS TY) B EOEELRES, L THKOY Y72 L1
TAMRER BN 2. S 5 WL BB OEME O FELEY TH 2 I AT 7 Y
73,

Bz 1E e s 7RO A LT v Y A TREFHKIESH 0 CRRE, FREKE %Y 500 mm
BEL VoL 50, WG EREIRER SR O BRRSR G 2R e 5. XETIE,
ZOE RBRBREUET CTHEYNED L S5 CEFL w00, BTEE, 7o— 2 %H
HIT 2R LW Xk 2%, KA, AROSEHE, BEA bV RARE, MM, oL E,
TR ORIRE R, KfEER, LA, (AERFEOHMER X 2 =X &, £, GESCHK
PRK K 75 & DI D & OFEFNCHT S 2 LTI DIEE: & [FIE 775 L1 D T DRI OWFFERL
RaF ol RHHRCEER LI L T, MO REEZHEL THic 720 gy
Th5.

REBRIZZD LD, @XEZHEL TR ZZnl2TOFEED /R EEGRBEOE I I
D VEHHLETS.

MEREF | 56 T3 BREZES

mEZAR (R BEEE JLK - KR

mEZA C ME B LK - (RIE)
N EE AER - EaEDT)
RHNE AL - Ea@bT)
FzE bz ek - KR






LI
Spatial pattern of post-fire forest succession in Central Kamchatka, Russia

----------------------------------------------------------------------- Hiroaki Ishii, Kosuke Homma, Jiri Dolezal, Toshihiko Hara,
Akihiro Sumida, Valentina Vetrova, Marina Vyatkina, Kana Hotta 1

LS EERIMIC BT 2 b7 EJ& Picea & & Abies OHERI OBIFRIC KU 3 MRS D8

---------------------------------------------------- TR M, R BEL K B, RN, N W BE U
FoOBEE, R WL B W, BA BA BEAE DIHET
B, B % RE KA, Rk BT, WE - 7

EEBELALH RO LATE + HEs & IR R RIS
AL D Bk CT b 72 BB & 2 72 K1 —
---------------------------------------------------------------------- FH K, WEIEE, PN ORE, Hh RE, W S,

SeM R, E o, AE thE, 5H OEE 21
S AT HHONERNC FIETIREE, pH, HEIEEE DRI oo B m 31

At¥EE O HE IUH 5 7 B > NSO T EF ¥~ Y (Sasa kurilensis (Rupr.) Makino & Shibata) Di&4E
B L OB OZEHZAbIC KIFT T EREER
"""""""""""""""""" W HIA, FBEOBEEE, Rk ORES, IUHE WS, RE BT, N OEE, K OBEKE 41

SRS T FEOYIIRR 51 5 EE RO L EO LRI
———————————————————————————————————————————————————————————————————————————————————————— WH T, NF %, BE U R BRE ST

B RO o G b OKEE 65
Fr F U NTRIRIC B B TEY Y OBREDPEIARD I 2 DFEE e AN, B e 73

JEHSEERS b N~ DIEREADH)E - TEEESD Y 1 > 7 L BRI R
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff % WL, ANEFOTEE, R OBERE, B % 8l

T R A N B R, BER IEsE 93
T ST B 1 5 57 A 3 RO § 5 — 3 oo B B, B BEE 105

B 2 FHOKGEMETTO N FIES 7 H N e v T 7 DR 4R LS ETRY - AlbT S, J§ BEE 115

11

A 7 BRI pE G O RIPTERE & SR OMGEE - iE - M H O AL, EHHO &, AN @& 125

Oy 7RSS A NI B T 5 FHEEORH L 7 v — YRR X S EEEEERERIC OV T e KM i 133







Low Temperature Science, 73 (2015), 1-6
doi: 10.14943/lowtemsci. 73. 1

Spatial pattern of post-fire forest succession in
Central Kamchatka, Russia

Hiroaki Ishii', Kosuke Homma?, Jiri Dolezal®, Toshihiko Hara',
Akihiro Sumida’!, Valentina Vetrova*‘, Marina Vyatkina‘, Kana Hotta®

Fire is a natural component of vegetation dynamics in boreal forests. However, in Far East Russia,
socio-economic changes following the dissolution of the Soviet Union have resulted in increased incidences of
human-caused forest fires. Here, we compared the species composition and stand structure among three forest
stands at various stages of recovery after fires in Central Kamchatka, to infer how intraspecific differences in
regeneration strategies and subsequent patterns of survival affect post-fire forest succession. At 2 years after
a fire, sprouted stems of Populus tremula and Betula platyphylla were clustered according to their modes of
sprouting; root suckers at the 3-m scale, and stump sprouts at the 0.5-m scale, respectively. At 40 years after
a fire, stems of Larix cajanderi originating from seeds were clustered at an 8-m scale. At 200 years after a fire,
clumps of B. platyphylla and L. cajanderi were both randomly distributed and the clumps of B. platyphylla were
maintained by sprouting. Bray-Curtis ordination analyses suggested that there may be multiple pathways of
post-fire succession depending on the relative survival rates of P. tremula and B. platyphylla. 1f fire-return
intervals become shorter in Central Kamchatka because of more frequent human-caused fires, the population size
of L. cajanderi will decrease and early successional forests comprising P. tremula and B. platyphylla will domi-
nate the landscape. On the other hand, if fires are suppressed, late-successional forests comprising L. cajanderi
and B. platyphylla will dominate the landscape.
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1. Introduction

Forest fire is an important component of vegeta-
tion dynamics in boreal forests (Bradshaw et al., 2009;
Drobyshev et al., 2014; Flannnigan et al., 2009). In
Far East Russia, socio-economic changes following
the dissolution of the Soviet Union have resulted in
increased incidences of human-caused forest fires
(Mollicone et al., 2006). On the Kamchatka Penin-
sula, which is located in the eastern-most part of the
Russian Federation, several hundred hectares of bor-
eal forest burn every year. Although forest fires
have likely been an inherent component of vegetation
dynamics in Kamchatka (Eichhorn, 2010), the impact
of human-caused fires on future vegetation dynamics
is difficult to predict.

Vegetation recovery (secondary succession) fol-
lowing forest fire can vary depending on the intensity
of the fire and the extent of the burned area (Kasisch-
ke and Stocks, 2000). These factors affect the sur-
vival and regeneration of tree species and determine
the subsequent pattern of secondary succession. In
Central Kamchatka, the driest region of the Penin-
sula, late-successional forests are dominated by Picea
ajanensis and Larix cajanderi, while early-
successional forests comprise Betula platyphylla and
Populus tremula (Eichhorn, 2010; Kojima, 1994). The
two coniferous species regenerate by seed, while the
broad-leaved trees regenerate by both seed and
sprouting. B. platyphylla regenerates from stump
sprouts, while P. tremula regenerates from root
suckers (Homma et al., 2003). Thus, we can expect
the spatial distribution of species in a post-fire forest
to reflect their respective regeneration strategies. In
this study, to infer how species differences in regener-
ation strategies and subsequent patterns of survival
affect post-fire forest succession, we compared

species composition and stand structure among three

forest stands at different stages of recovery after fire

in Central Kamchatka.

2. Study Site and Methods

The study was conducted during 2000 to 2001 in a
natural forest in the Central Kamchatka Depression
(56 04'N, 160 01'E, 70 m a.s.l., Figure 1). This region
is in the driest biogeoclimatic zone in the province
(Krestov, 2003). See Homma et al. (2003) for details
regarding the study site. We established three study
plots in stands at various stages of recovery after fire.
The youngest stand (plot size = 100 X 100 m) was
burned 2 years before the study. The mid-seral stand
(plot size = 50 X 100 m) was burned ca. 40 years
before the study. The oldest stand (plot size = 50 X
100 m) was burned more than 200 years before the
study. All plots had generally flat topography. The
stand ages were estimated using increment cores.

We measured the diameter at breast height
(DBH) of all aboveground stems taller than 1.3m in
height. In the 2-yr plot, we measured all standing
dead trees. We mapped the position of the base of
each stem within the plot using a surveying compass
(S-25, Ushikata Co. Ltd., Yokohama, Japan). We also
counted the number of saplings (seedlings and
sprouts < 1.3 m height) of P. tremula, B. platyphylia,
and L. cajanderi in each plot (Figure 2).

3. Data Analysis

The species composition and stand structure of
the three plots were compared using a multi-variate
Bray-Curtis ordination analysis (Beals, 1984), which
allows a visual comparison of the relative position of
each plot along a successional gradient. Both the
abundance and bhasal area of the component species
were used in the analysis. The horizontal spatial
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