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Abstract

An accidental fire occurred at Kushiro marsh in Hokkaido, Japan, on April 30, 1985. We examined
vegetation recovery at the Phragmites australis marsh following the fire. The predominant species
such as P. qustralis, Calamagrostis langsdorffii, Equisetum limosum, and so on were mostly regenerat-
ed by vegetative sprouts. On the other hand, Rubia jesoensis, Cicula virosa, Aviemisia moniana, and
others were regenerated by seed germination. In spite of a little change of species composition, the
physiognomy of the marsh hardly changed after the fire. This minor change induced by seedling
emergence is transitory at the initial stage of burned marsh and introduce a long-term vegetation

change of the P. gustralis marsh.
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There are two ways of plant establishment at
burned area, vegetative regeneration and seed
germination, as their basic cgtegories (GILL, 1981 ;
NAKAGOSHI ef «l., 1982 ; ROWE, 1983). Some of
plant communities recovered at the burned areas
in Japan mainly consist of seedlings from buried
seeds but others of vegetative sprouts from the
survived roots, rhizomes and bases of scorched
trunks. For example, seedlings are prominent in
the initial stage of post-fire vegetation at a burned
Quercus serrvata and Cryplomeria japonica forest in
northeastern Honshu Island (TSUDA ¢f «f., 1988).
However, vegetative sprouts predominate the
burned Pinus densiflora forest at Setouchi region,
southwestern Honshu (NAKAGOSHI ef al., 1980).
Furthermore, first year vegetation at the burned
Moliniopsis japonica moor in Hakkoda Moun-
tains, northeastern Honshu, is characterized by a
few seedlings and many sprouts and, thus, the
vegetation recovery is basically carried out
vegetatively (TSUDA ef al., 1989).

The objective of this study was to examine the

vegetation recovery at the burned Phragmites
australis marsh, particularly the effects of fire on
marsh plant in relation to such regeneration types
as vegetative sprouting and seed germination.

Study Sites and Methods

An accidental fire occurred at Kushiro marsh
located in the eastern part of Hokkaido, Japan, on
April 30 and burned itself out on May 2, 1985.
Investigations were carried out on August 9, 1985
in the first summer following the fire, and on
August 30, 1989, four years later of the first inves-
tigation. This fire burned about 2200 ha which is
equivalent to 10.3 % of the whole of Kushiro
marsh, 21440 ha, Fig. 1 shows the burned area and
study sites.

Most of the burned area was dominated by
Phragmites australis before the fire (TSUJIL, 1986).
Four 1X1m quadrats were set at this burned site
and other four quadrats at an adjacent, unburned
P. australis site in 1985, Four quadrats in the
same size were again established at the burned
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site in 1989. The number of individuals of each
species occurring inside of each quadrat was
counted in both investigation. Individuals of
plants occurring at the burned site in’ the first
summer were distinguished into seedlings and
vegetative sprouts. In the present study, we regar-
ded vegetative sprouts as individuals when they
grew separate one from the other above the
ground surface even though they were conected
with other sprouts under the ground. The maxi-
mum height of each species was also examined in
both investigations.

Results

The Phragmites australis community was
divided into two strata ; the upper stratum consis-
ting of only P. ausiralis and the lower one of other
grass, forb and fern species at every investigation
sites unburned. The maximum heights of P.
australis investigated at the burned site in 1985
and 1989 and the unburned site were 136-170, 144
-175 and 140-162 cm, respectively. The maximum
height of Calamagrostis langsdoyffii, the dominant

43N

FIiG. 1. Map of Kushiro marsh. Hatched and shaded
area show the marsh and the burned marsh area, respec-
tively. B and U are study site at the burned and
unburned area, respectively.

species in the lower stratum, was 100-130, 76-120
and 105-120 cm, respectively, in the same investi-
gations. Other species as well as those dominant

species also showed little changes in maximum
height after the fire. The most species in the P.
australis community little changed in the maxi-
mum heights following the fire.

Table 1 shows the species composition indicat-
ed by species density at both of the burned and
unburned sites.

P. australis, the dominant of the upper stratum,
always occurred at the unburned site and its
density was approximately 30 cuims per square
meter. Equisetum lmoswm, C. langsdorffii and
Urtica angustifolia in the lower stratum also oc-
curred at the unburned site. Among them, C.
langsdorffii was the most abundant species. Its
density was 92 to 364 and density of other two
species were usually 10-odd individuals per
square meter, Several individuals of Stellaria
radians, Stellaria alsine var. undulate, Lastrea
thelypteris, Lathvrus palustris ssp. pilosus,
Polygomuem sieboldi, and so on appeared at several
quadrats. 110 individuals of Carex sp. occurred at
only one quadrat.

There were four species restricted to the burned

site. Among them, Artemisia montane was found
only in 1985, the first post-fire year, and
Polygonum thunbergii in 1989, fifth post-fire vear.
Rubia jesoensts and Cicuta virvosa occurred in both
years. There were few species disappeared after
the fire.

Among the common species found at both of the
burned and unburned sites, E. lmosum increased
in density just after the fire, then decreased with
the lapse of time. Its average density at the
burned site in 1985, 1989 and unburned site were
42.5, 13.3 and 9.0, respectively. On the other hand, -
P, australis was slightly decreased in density
immediately after the fire: average densities of
P. australis at the burned site in 1985 and 1989 and
the unburned site were 26.5, 40.0 and 30.3, respec-
tively. In the present study, some species such as
A. montana, R. jesoensis, C. virosa, E. limosum in
the lower stratum were increased in number after
the fire, while P. australis in the upper stratum
were hardly influenced by the fire occurred in the
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TABLE 1. Species composition of the plant communities indicated by density of burned and unburned

sites. (individuals/m?

Burned Unburned

1985 (1st year)

1989 (5th year)

Species Quad. No. Bl1l1 Bl1Z Bi3 Bl4 B21 B22 B23 B24 U0l U0z U3 U4
FEquisetum limostim 45 53 23 49 g 15 18 11 11 9 6 10
Phragmites australis 27 24 37 18 53 27 39 41 42 2 21 33
Calamagrostis langsdorffi 220 156 216 192 80 198 45 60 195 364 288 92
Urtica angustifolia 2 4 14 1 1 2 6 18 22 3
Steliaria radians 5 2 2 3 3 2 6

Stellavia alsine var. undulata 25 5 7 8 3 29 17
Lastrea thelypleris 6§ 1b 22 2 27 10
Lathyrus palustris ssp. pilosus 11 4 1 1 4 1
Carex sp. 160 150 60 320 110

Calila palnstris var, membranacea 1 6 1 2 1

Stachys rviederi var. viliosa 1 2 1 4 1
Senecio cannabifolins 1 1 4 2
Oenanthe javanica 9 1 1
Athvrien brevifrons 1 1 3
Solidage virga-aurea ssp. asiatica ) 1
Rubia jesoensis 51 15 8 5 4 13 0

Cicuta virosa 6 70 6 3 1 3

Avrlemisia montana 8 2 7 1

Onoclea senstbilis var. inferrupta 9 14

Achitllea ptaymica ssp. macrocephala 1

Lobelia sessilifolia 3

Thalictrim minus var. Iypoleuciom 2

Polygonum thunbergii 2 2 1 4

Carex vhynchophysa 29

Polygonum sicboldii 1 7 1 7 1

Total 550

512 326 396

160 272 151 455 280 537 375 177

spring.

Table 2 shows the density of seedlings and
vegetative sprouts in the first year vegetation
after the fire. The predominant species such as P.
australis and C. langsdor(fii of this burned marsh
were regenerated by vegetative sprouts along
with other prominent species such as E. limoswm,
L. thelypteris, Carex sp., and so on at both of
burned and unburned sites. On the other hand, A.
montana, R. jesoensis, C. virosa and S. alsine var.
undulata were seedlings rather than vegetative
sprouts. S. afsine var. undwulata is a annual plant
but other three are perennials and these peren-
nials established by seed germination were found
at only the burned site as shown in Table 1.

Discussion
THOMPSON and SHAY (1985) showed that the

height of Phragmites austratis was shorter by
spring burning. But, there were no significant
difference in maximum heights among our three
investigations. Other species also showed little
changes in maximum height after the fire. Thus,
the physiognomy of the P. awustralis community
little changed after the fire at Kushiro marsh.
Average densities of P, australis at the burned
site in the first summet and the unburned site
were 26.5 and 30.3, respectively, and density of P.
australis was slightly decreased after the fire in
the present study. On the other hand, P. australis
indicates a 85 9% decrease in density after a winter
burning in north-central Nebraska, USA
(SCHLICHTEMEIER, 1967) but an increase by about
three times after spring, fall and summer burning
in Manitoba, Canada (THOMPSON and SHAY,
1985). Increase or decrease of density of P qus-
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TABLE 2. Densities of seedlings and vegetative sprouts in the first year vegetation

after the fire. (individuals/m?)

Seedlings Sprouts
Species Quad. No. Bll Bl2 Bl13 Bl4 Bll Bl2 Bl13 Bl4
Rubia jesoensis 40 9 4 2 11 6 4 3
Stellaria alsine var. undulata 25 5 7 7 1
Ciente vivosa 6 70 6 2 1
Artemisia montana 8 2 7 1
Stellaria radians 5 2 2
Thalictrum minus var, hypolercim 2
Urtica angustifolia 8 2 4 &
Lathyrus palustris ssp. pilosus 2 11 2
Phragmites australis 27 24 37 18
Calamagrostis langsdorffii 220 156 216 192
Equisehim limosum 45 53 23 49
Lastrea thelvpteris 6 15 22
Carex sp. 160 150 60
Caltha palustris var. membranacea 1 6
Senecic cannabifolins 1 1
Onoclea sensibilis var, inlerrupia 14
Achiflea plarmica ssp. macrocephaln 1
Lobelia sessilifolia 3
Stachys riederi var. villosa 1
Athyrium brevifrons 1
Total 79 91 24 23 471 421 302 373

tralis might depend on physical condition such as
thermal value, burning time, wind velocity, and so
on during the fire, This assumption must be
verified by the experimental facts by burning.
Plants are injured or sometimes killed by com-
bustion and high temperature induced by fire.
Besides such direct eifect of fire, there are some
indirect effects also important to establishment of
plant community at the burned fields (DAUBEN-
MIRE, 1968). The soil tends to rapidly warm up in
the sunshine at a burned site because of loss of
plant cover and blackened soil surface after a fire
and it induces large fluctuation in temperature
(KUCERA and EHRENREICH, 1962 ; MALLIK,
1986 ; TSUDA and HIRATSUKA, 1991). . Some
species require light (WESSON and WAREING,
1968 ; KEELEY, 1987), high temperature (IWATA,
1966 ; TAKAHASHI and KIKUCHI, 1986;: WA-
SHITANI and TAKENAKA, 1986) or the fluctua-
tions of temperature (THOMPSON eof al., 1977;
HIRATSUKA, 1991) for their seed germination.
Other species germinate best on bare ground
(LUTZ,1956) because the inhibiting substances for
germination are contained in the litter {(OOYAMA,

1954). Burned site is in extremely good condition
for seed germination.

The P. australts marsh investigated in the pres-
ent study little changed in its physiognomy after
the fire. However, many seedlings of the species
such as R, jesoensis, C. viresa, A. montana, and so
on appeared immediately after the fire and grew
under the dominant, upper layer of P. austraiis.
Many seedlings appeared at the hurned site,
because the site condition was affected by the
indirect effects of the fire such as heating of soil,
removal of litter, increasing light intensity, and so
on and became confortable for seed germination.
It should be revealed that such change induced by
seedling emergence is transitory at the initial
stage of vegetation after a fire and introduce a
long-term vegetation change of Kushiro marsh.
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