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Environmental Characteristics of the Dam Lake as Birds’ Habitat
— Comparison with a Natural Lake —

PEAGRECY - B - KEREE" - EER
Satoshi FUNAKUBO*, Hiroshi MOMOSE* *, Naomi KIBE**, Nobuo FUJ IWARA™**

Abstract: Bird distribution and vegetation were studied at a dam lake (Higashi-Arakawa dam lake, Shioya-Cho,
Tochigi prefecture) and a nearby natural lake (Lake Yunoko, Nikko, Tochigi prefecture) in Japan to find out the
characteristics of dam lake’s avifauna and to make plans to improve its environment as habitat for birds. The vegetation
around the dam lake was more patchy than that of the natural lake, and dam lake’s shore area was mainly composed of
young-aged shrub, annual herb, bare soil and rock. There was no emerged plant community in the lake’s shore. Birds
seen near the dam lake were mainly species that prefer open land and bushes. On the other hand, the natural lake’s shore
was mainly surrounded by mature coniferous, deciduous and mixed forest, and in the lake’s shore there were some
communities of emerged plants. Many birds including forest-living and wetland species were observed near the lake
shore. We proposed the following measures to improve dam lake’s environment as habitat for birds: 1) conservation of
wild trees at the time of dam construction, especially near the maximum water level, 2) creation of wetlands without
water level change or construction of artificial floating islands to facilitate the establishment of emergent plant
communities along the lakeshore.

Keywords: Dam lake, Preservation of bio-diversity, Birds, Habitat creation
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Monitoring of Pond-Wetlands’ Ecosystem Constracted in Fluctuation Area of Dam Lake

AEEZs ARE—*
Yoshiyuki HIOKI Shin-ichi SUDA
kAT« AKEE . BPEEs
Yoshiaki MIZYUTANI Bohuyo OHTA Hideyuki URATO

Abstract :  Nowadays, restoration and creation of pond-wetland ecosystem is important issue lo maintain or recover
biodiversity. It is estimated that fluctuation areas of dam lake have potential to develop pond-wetland ecosystem due to
water supply by fluctuation of lake water level. In order to verify the abiotic and biotic potential, two shallow
experimental ponds were constructed. Each pond has three different parts of depth as 25cm, 50am, 75cm and the area of '
each part is SmX Sm. Topsoil was lied on waterproof sheets, which contain lake’s water and rainfall. Monitoring work
clarified following points.

(1) From July 1998 to march 1999, the water depth of ponds changed approximately 40cm due to minfall The
shallowest part (the depth is 25cm) dried up during rainless period, but other deeper parts never dried up. The
temperature of all part of pond’s water were over 30°C in summer. It might be too hot as habitat of aquatic insects
and fishes. The water temperature of the bottom points in 75cm part kept 4°C, so this part is suitable for wintering,

(2) 22 plant species recorded in the ponds and most of them were hydrophytes and emergent plants. In the 25cm part,
many annual hydrophytes germinated from topsoil. This part could be safe site
for wetland’s plants. ‘ '

(3) 17 species of aquatic insect and 3 species of fish were recorded totally. Most of the aquatic insects estimated to
come to the ponds by flying from neighbor ponds or wetlands. On the other hand, fishes must be left when lake’s
water level fell down.  All these aquatic animals were present nearby emergent plants.

From both abiotic and biotic aspects, the experimental pénds developed habitat function for aquatic and wetland’s species.

Therefore, constructing this kind of ponds can be one of the effective methods to create pond-wetland ecosystem besides

dam lakes.

Key Words:  Pond-Wetland Ecosystem, Fluctuation, DamLake, Monitoring,
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Abstract Songs of male Japanese Bush Warblers were tape-recorded and the structure of
their songs were analyzed. The song, which was notably low in pitch (about 700 Hz in the
lowest part), consisted of the initial CF (Constant Frequency) part (introductory whistle) and
the FM (Frequency Modulated) part. There were two basic song types, which were named
type-H song and type-L song. The CF part of the type-H song was one continuous whistle,

whereas that of the type-L song consisted of several short whistles of the same frequency.

Type-H songs had a wider frequency range, louder, longer and had more complex structure
than type-L songs. Each male had 2 to 5 different patterns of these type-H and type-L songs
with an average of 2.8 songs, and had at least one type-H and one type-L song. The songs in
the repertoire of each male formed a gradation in terms of frequency range, loudness and
structural complexity. When singing, males tended to avoid the repetition of the same song
type, and the time interval between successive two songs tended to be highly variable. Also,
in successive renditions of the same song pattern, the absolute frequency of the CF part varied
each time within a certain frequency range, but the FM part was always repeated with high
stereotypy. These singing patterns might be adaptations for the long-range communication in
the bushy habitat that the species lives in.

Key words Vocalization, Auditory communication, Signal structure, Aves, Passeriformes,
Sylviidae

Introduction

Many bird species rely on vocalization as a primary channel for their communication
(Smith 1982). This is particularly true in species that live in an environment where com-
munication through visual channel is difficult or impossible. One such environment is the
dense undergrowth of the temperate deciduous forest. This particular environment poses
difficulty on vocal communication too, because the dense foliage and bush hinders trans-
mission of audio signals by attenuating and reflecting sound.. It is, therefore, natural for
us to expect the bush-living bird species to have some highly developed vocal communi-
cation system.

The Japanese Bush Warbler, Cettia diphone, is a species that inhabit this kind of
bushy habitat in Japan. It is common in secondary forests with dense undergrowth, typi-
cally small bamboo of the genus Sasa. In the central island of Honshu, the males arrive at
the breeding ground in early spring and form exclusive territories, and sing rather unusual
songs in them. Males do not help females in incubation and in feeding nestling (Haneda
& Okabe 1970). This paper describes the structure of the Japanese Bush Warbler’s song,
as well as the temporal and sequential patterning of the singing behaviour.

*Present Address: Landscape & Ecology Division, Environment Department, Public Works Research Institute, Mmlstry
of Construction, 1 Asahi, Tsukuba, Ibaraki, 305-0804 Japan
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Materials and Methods

Field recordings were made during four breeding seasons at three locations in Japan:
Haccho-daira (Kyoto prefecture, 35°14” N, 135°50” E, Alt. 810m) in 1982, Kayano-daira
(Nagano prefecture, 36°50” N, 138°30” E, Alt. 1460m ) in 1983 and 1984, Togakushi
(Nagano prefecture, 35°45° N, 138°05° E, Alt. 1220m) in 1984 and 1985. In total, 12,384
songs were recorded from 149 birds. Eighty-five of these birds were captured before the
recording had started, measured and marked with unique combinations of plastic colour
rings. Songs were recorded using a Victor MU-510 shotgun microphone connected to a
channel of Sony WM-D6 stereo cassette tape recorder. During the recording, the observer
verbally recorded the position of the bird, its behaviour and other data simultaneously
with a small microphone connected to the other channel of the tape recorder.

For laboratory recording of the songs, three adult males were captured at Sugi-touge
(Kyoto prefecture, 35°09” N, 135°48" E, Alt. 820m) on 6 December 1981 using mist nets.
They were kept for 5 weeks in the laboratory under short day photoperiod (11L-13D) and

-then induced to sing by exposing them under long day photoperiod (14L-10D). Record-
ings began two weeks after they had started singing. Their songs were recorded using a
Sony TC-D5M cassette tape recorder and a Sony ECM-150 microphone.

Recorded songs were analyzed in several ways. Firstly, tape-recorded songs were
converted to 12 bit digital data at the sampling speed of 10 kHz using FACOM M-382
computer system at Kyoto University Data Processing Center. Data were analyzed using
software written by the author. The purpose of this analysis was to measure the absolute
frequency of the introductory whistle note(s) (the CF part of the song) using 1024 point
FFT. The precision of frequency measurement was about 9.56 Hz.

Secondly, the songs were analyzed with KAY-7800 Sonagraph with 150 Hz filter
bandwidth and O to 8 kHz frequency range setting. Repertoire of each bird was deter-
mined by visual inspection of the sonograms.

Thirdly, and later, the entire system was moved to a software system written by the
author (‘Sonogram’) running on the NeXT workstation, and the recorded sounds were
converted to 44 kHz, 16 bit digital data. Using this system, the time-frequency structure
of songs were analyzed by directly measuring the sonograms (time-frequency), spectro-
grams (frequency-amplitude) and waveforms (time-amplitude) displayed on a monitor
using a mouse-controlled cursor.

Fourthly, the amplitude (SPL) of songs was analyzed using a continuous bout of 30
songs recorded at Togakushi on June 20, 1985. During this recording, the bird was sitting
on the same perch 2m above the microphone. This particular recording was chosen be-
cause the bird was very close to the microphone. Thus, the ground effect and other causes
of frequency dependent attenuation were almost negligible and amplitude values obtained
were thought to be parallel with the source amplitude. The analysis was done at Rockefeller
University Field Research Center using ‘Signal’ program (coded by Kim Beeman) run-
ning on Dec PDP11/23 minicomputer. SPL was determined by measuring root mean
square voltage values of four 100 ms signal blocks taken from each of the last four notes
of the song. Obtained values were later converted into decibel values.
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Results

Song type :
In all birds studied, the song consisted of an initial CF (constant frequency) part

followed by a FM (frequency modulated) part (Fig.1). There were two basic types of
songs in the repertoire of each male, which were named type-H and type-L songs respec-
tively. In type-L songs, the CF part was broken up into a series of several notes of the
same frequency, and in type-H songs, the CF part was a continuous whistle. If a bird had
more than one type-L or type-H songs, they were named H1, H2, H3 and so on. The
numbers were attached according to the descending order of their relative CF frequencies,
HI1 being the highest of all type-H songs. The CF frequencies of different song types in a
male’s repertoire showed little overlap as shown later, and type-H songs had higher CF
frequencies than type-L songs without exception.

Repertoire size

Each male had a repertoxre consxstmg of 2to 5 (2. 8 in average) different FM patterns
(song types). The distribution of repertoire size among males is shown in Fig. 2. All birds
had at least one iype-H song and one type-L song.

CF frequency and FM pattern

Parameters used for the measurement are shown in Fig. 3. The summary of the
measurement results is shown in the Table 1. The type-H song had higher values in all the
parameters (P < 0.0001, Mann-Whitney U-test) except FM_Min ( the. minimum FM fre-

. N \ ] ’
5 Bird A 5 Bird B |
H1 | H1 \ L
3 | 1 3 uE
—i—'\— — kl‘ \v
5 | 5
H2 l ) L1 /
kHz 3 i} 3
\A /
1 - g \ U‘ 1 m— gyewn r n A
5 : 5
L1 _ L2 A
3 3 .
; : A
1‘-—*.’-—-'M‘“—*"- 1 w———&——-
r—
- 0.2 sec.

Fig. 1. Song repertoire of two wild male Bush Warblers. The bird A was recorded on 3 May, 1985 at
Togakushi, Nagano, and the bird B was recorded on 28 April, 1982 at Hacchodaira, Kyoto. .
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Fig. 2. Histogram showing the distribution of song repertoire size counted from 55 individually maked

Japanese Bush Warblers.

Parameter  Explanation

CF_Freq Frequency of the CF note(s) 4€ N_Note
FM_Len Length (duration) of the FM part 5(ﬁ FM_Max
FM_Min Minimum frequency of the FM part 7 Shis
FM_Max Maximum frequency of the FM part 3 AN§
FM_Range Frequency range of the FM part 4 N_Infl
N_Note The number of notes in a song
N_Infl The number of frequency inflections 2 FM_Range
1 : 8
CF Freq —> ——srEEEEEEEREEED * 8‘4 FM_Min
< >

Fig. 3. Paramters used for song structure measurement. FM_Len

quency) (P =0.169). Table 2 shows the correlation matrix among these parameters. Again,
all parameters showed high correlation values, while FM_Min showed lower correlation
with others and tended to be rather constant (the coefficient of variation was 0.134 for
type-H and 0.128 for type-L songs).

Fig. 4 shows the relationship between the CF frequency and the parameters related to
FM structure. Among several parameters of FM structure, maximum FM frequency, FM
frequency range and number of FM notes were positively related to CF frequency while
minimum FM frequency tended to be constant over song types. Thus, there was a clear
tendency that song types with higher CF frequency had higher FM frequency, wider fre-
quency range and more complex structure. Fig. 5 shows the relation between the FM
frequency range and the complexity of the song measured as the sum of the number of
notes in a song and the number of frequency inflections in the FM part of the song. As
shown in this figure, the song repertoire of the species forms a gradation of frequency
range and complexity.
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Table 1. Summary of structure measurement on the songs of the Japanese Bush Warbler. See Fig.
3 for the explanation of the measurement parameters. C. V. means the coefficient of variation (C. V.
= S. D. / Average).

CF_Freq FM_Min FM_Max FM_Range FM_Len N_Note N_Infl Complex

“Average 1515 1.136 4251 3116 374 3155 8265 11419

s.D. 321 153 819 a7 079 472 2690 2.89

C. V. 212 134 193 249 211 150 325 253

Type-H N 155 155 155 155 155 155 155 155
Min. 877 191 2561 1.638 183 2 3 5

Max. 2348 1715 579 4.696 597 5 16 21
Average 909 1160  3.052 1.892 187 1991 4144 6.135

S.D. 094 149 685 647 076 640 2088 2542

C.V. 103 128 225 342 406 321 504 414

Type-L 3 111 11 11 111 111 11 11 111
Min. 11 798 1549 632 053 1 0 2

Max. 1296 1494 4854 3.716 397 3 1 14

Table 2. Correlation matrix among the structural parameters of the songs of the Japanese Bush
Warbler. See Fig. 3 for the explanation of the parameters.

CF_Freq FM_Min FM_Max FM_Range FM_Len N_Note N_Infl Complex

CF_Freq 1.000 .181 .642 .629 .694 612 .611 .642
FM_Min 1.000 233 .078 -058 -157 -.031 -.059
FM_Max 1.000 988 .694 518 .665 .668
FM_Range 1.000 721 .556 .687 .694
FM_Len 1.000 .879 .796 .853
NNote 1.000 707 .804
NInfl 1.000 .989
Complex 1.000

Shifting of CF frequency

The CF frequency (the pitch of the CF part of the song) varied each time the bird
uttered its song while FM part remained stable (Fig. 6). Fig. 7 shows the histograms of
the CF frequencies of ten birds. In all birds, each song type had a fixed range of CF
frequency shift, and the ranges showed little or no overlap among song types. Note that
the naming of the song types such as H1, H2, L1, L2 is based on the relative pitches of
corresponding CF notes.

Song type sequence

Song type sequence was analyzed in two captive birds and one wild bird. The results
are shown in Fig. 8 as the matrix of transition probabilities (Bakeman & Gottman 1986).
The probability of self-transition, the repetition of the same song (shown as circle-shaped
arrows), was significantly lower than the transition to different patterns (cell by cell Chi-
square test : P<0.01). Thus, the birds tended to avoid the repetition of the same song
pattern and preferred alternation of different patterns.
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Song interval

The time interval between two successive songs was measured in 4 birds. The results
are shown in Fig. 9. The distribution patterns were nearly the same in all birds. There.was
no clear peak in the distribution and in recording songs in the field, it was always difficult
to predict the precise timing of the onset of the next song. ‘

Sound pressure level ,

The results of sound pressure level (SPL) measurement are shown in Fig.10. The
SPL for the notes from type-L song were lower than type-H songs. Also, within a song
type, SPL of FM notes were always lower than CF notes. '

071115 0.00.30.6
i 1 1 11 1 L1 1 1 1 1 1.1
- 2.0
- CF_Freq -1.5
9 Type-H . -1.0
1575 €. ool T
1.4 g"& FM_Min et x 1 |
) - !“. i i
T £6.0
-y_a.?‘;:{ ~i5as | FM_Max -4.0
pE . : -2.0
0.6 20 ik -
0.4 3gier: | “(ufitive| w8 | Fu i
o.zw' # ﬁ:‘:‘? - -
0.0.‘ - ol " -
T ezn| » e ' -20
R A 3 “ R l.\
. WQ‘.‘ R A 4.2 Complex| 10
1 ] — ln ‘l ll --:‘ LI T T L T 0
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Fig. 4. Relationship between the CF frequency (CF_Freq) and several parameters related to the structure of
the FM_part (FM_Min, FM_Max, FM_Len and Complex) of the Japanese Bush Warbler’s song. See Fig. 3
for the explanation of each paramter.
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Fig. 5. Relationship berween the FM frequency range (FM_Range) and the complexity index (Complex) of
the Japanese Bush Warbler song. See Fig. 3 for explanation of the parameters. :
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Fig. 6. Sonograms of 10 type-H songs sung by a male Japanese Bush Warbler, traced and imposed on each
other. :
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Fig. 7. Histograms showing variations and ranges of the CF frequency (pitch) of the 10 Japanese Bush
Warblers’ song. The data for 3 birds (Bird 1001-1003) were from laboratory recordings and data for 7 birds
(Bird 2-11) were from field recordings.
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Fig. 8. State transition diagrams of the song type sequence from 3 Japanese Bush Warbler song recordings.
The number beside each arrow shows the transitional probability for each song type transition. The number
in the parentheses shows the actual transition frequency (number of cases observed).
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Fig. 9. Histograms showing the time intervals between two successive songs of the 4 Japanese Bush War-
blers. The time interval was measured from the end of one song to the end of next song. The values that were
longer than 50 sec. were totaled and shown as the rightmost column of each histogram. The data for bird
1001, 1002 and 1003 were from laboratory recordings and the data for bird 11 were from field recordings of
a spontaneously singing wild bird.
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and the last 2 notes were from the FM part (FM1 and FM2).

2

Sec.
Fig. 11. An example of Japanese Bush Warbler’s song (type-H) sung in the noisy (windy) environment. '

Discussion

Songs of the Japanese Bush Warbler had several features, which could be the adapta-
tions for long range communication in the bushy environment. The repertoire size was
small (2-5), and songs were low-pitched (1.8 — 5.8 kHz in range) and were made of pure
tones. Each song began with what could be considered as an alerting component (the CF
part) followed by the FM pattern, which was very stable each time and thought to be the
main body of the signal. The frequency range of the typical environmental noise of the
species’ habitat, which was mainly caused by bamboo leaves, was about 3 to 8 kHz (Fig.
11). The frequency range of the Bush Warbler’s song was mostly lower than that (see
background noise and a type-H song in the sonogram shown in Fig. 11).
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However, the songs also had some features that were clearly not effective in the long
range signal transmission. The bird changed the CF frequency each time, changed the
time interval between songs, did not repeat the same pattern and preferred alternation,
which also increased the variation in loudness, frequency range and the structural com-
plexity of the song. As a result of this, the species’ song is a rather unpredictable system
in that a listener cannot foretell which pattern comes next and when, nor can it tune its
hearing mechanism to an anticipated frequency.

The only explanation for these variable song parameters seems to be that they are
anti-habituation mechanisms that reduce ‘Monotony’ of the songs (Hartshorne 1956). In
many bird species, versatility of the song is attained by increasing repertoire size, and one
possible function of the song repertoire is the reduction of habituation which would other-
wise be formed by listeners, in this case ‘floaters’ that are seeking territories to invade in
(Krebs 1976). The results of the playback experiment show that the response to the rep-
etition of the single song type drops more sharply in time than the response to the variable,
normal singing pattern of the species (Momose in prep. a). The song of the Japanese Bush
Warbler is unusual in that the frequency of a component (CF frequency) is shifted while
retaining the time-frequency structure of other components (FM part). This is another
way of increasing song versatility without increasing repertoire size. The variable singing
of the species might be an example to support anti-habituation hypothesis of Krebs (1976)
from a different angle.

The problem that remained unanswered is why the species did not evolve a larger
repertoire size. In view of the song repertoire size, there are two groups of birds; the
versatile and continuous singers with large repertoire size and discontinuous singers which
sing discrete, stereotyped songs with small repertoire size (Ince & Slater 1985). Catch-
pole (1982) argued that a bird species in which male-male competition is strong tends to
have small repertoire sized songs mainly used for territorial defense. Bush warbler is a
typical member of this group. One possible factor that might limit the repertoire size in
this group of birds is the effectiveness of individual recognition between territorial
neighbours. Individual recognition is clearly demonstrated in species with small reper-
toire size and even more clearly in species with a single song (Brooks & Falls 1975), but
in species with larger song repertoire it is not so clearly demonstrated (Kroodsma 1976,
Falls 1982). As the name indicates, Japanese Bush Warblers live in dense vegetation. In
such an environment, the necessity for recognizing neighbours by songs must be strong
since the birds cannot see one another. Indeed, the Bush Warblers recognize neighbours
very clearly by their songs alone (Momose in prep. b). The structure of Bush Warbler’s

" song could be understood as a compromise between two different contexts in male-male
interaction: owner-floater context and owner-neighbour context. In the former context,
song must sound complex but in the latter repertoire size must be small. Way of compro-
mising in this species is an unusual one: the birds do not change the patterns of the signal
but shift them in time and space. This unique style of singing behaviour might have
evolved under the unique environment of the species’ typical habitat, the dense bush.
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Summary : In order to develop a habitat planning method for wetland birds, a case study was done in Michinoku
National Government Park in Miyagi prefecture, northeastern Japan. Actual vegetation map (scale 1/2,000) and point
buffers of 395 recorded bird locations were overlaid ﬁsing GIS. Three groups (guilds) of birds were identified by cluster
analysis, and composition of the vegetation for each guild was classified by discriminant analysis. Then, birds’
potential habitat map (distribution of suitable habitats for each guild) was drawn as grid map based on information of
vegetation composition. Finally, two types of simulated habital maps were drawn based on two vegetation change

scenarios.
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Structure of Planted Floating Islands for Use by Water
Birds

Naomi Kibe, Hiroshi Momose, and Nobuo Fujiwara

Landscape and Ecology Division, Environment Department, Public Works Research Institute, Ministry of
Construction, Japan

Abstract : 17 artificial floating islands in Japan were surveyed to examine the relationship between the structure of island

and the vegetation that grew on them. The purpose of the survey was to evaluate’ their function as habitat for water birds
and to find suitable structures for birds’ nesting or resting. Among the four different structural types of the floating islands,
type-B islands, in which the planting material was submerged mostly under the water surface, tended to be dominated by tall
emerged plants such as reeds and cattails. Many nests of water birds were found on them. Tall emerged plants that
dominated the islands might have offered safe nesting spaces to the birds. On the other hand, type-C islands, which have
mattress-like planting materials with float placed inside them, tended to be dominated by short annual herbs that preferred
moist places. Rather few nesting cases were observed on those islands. This appeared to be because the short vegetation on
these islands offered insufficient cover for nesting by birds. The type-A istands, with box-like structure, tended to have tall
plants that prefer dry placeé. Nesting by spot-biled ducks were observed on these islands. We reported some cases of
structural problems seen in different types of islands and commented on possible future improvements to the structure of the

floating islands.

| . Introduction

In Japan, lowland wetlands, once seen widely in the plains and along the shores of lakes and rivers, have
declined heavily by urbanization and revetment construction. The values and functions of the wetland are
now recognized widely, such as maintaining the local bio-diversity, improvement of water quality and
provision of lovable scenery. In artificial wetlands such as reservoir ponds ahd dam lakes, and also in natural
lakes with heavily modified shores, efforts are being made to create and restore the marsh habitat with rich
h_\'grophyte community that serves as habitat for animals. However,'it is' difficult to create the marsh habitat
along the shores of dam lakes and reservoir ponds mainly because the water level varies widely due to the
water management. This results in the variation in the water condition and also in the shore soil erosion. In

these places, constructing artificial floating islands, which can follow the water level change, can be a useful
measure,

Hoeger( 1985) listed the functions and merits of artificial floating islands as: 1) Bank erosion and shoreline
protection, 2) Wildlife habitat, 3) Landscape design, planning, and management, 4} Water purification and
filtration, 3) Biological disinfection, 6) No water storage loss Actual floating islands are constructed expecting
one ore more of these purposes.

The authors of this paper are more interested in the sccond function of the above list creating habitat for

wildlife, especially {or birds. There are several reports that artificial islands or floating structures are utilized
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by water birds as . their nesting places (Giroux 1981, Getz and Smith 1989, Merrie 1996, Hiraoka 1996), and
we expect that the artificial floating islands could be used in the same way.

To construct a floating island that really functions as habitat for birds, one must consider the environment

requirement of the birds in each life phase such as nesting or foraging. Momose et al.(1998) studied the
water bird use of different artificial floating islands in Japan, and reported that all the floating islands were
used by water birds as resting site but only the islands with certain structural type were used as the nesting
sites, and suggested that the difference was probably due to the difference in the structure of vegetation that

grew on them.

We presume that the difference in the structure of the islands results in the difference in the vegetation
structure, which in turn affects birds’ selection of the islands as the nesting site, The purpose of this paper
is to clarify the relationship between the structure of artificial floating islands and the type of vegetation that

grow on them, and to examine the suitable structure of the floating islands that serve as habitat for birds.

We chose the same 17 artificial floating islands that
Mormose et al. (1998) studied as our study sites. The
characteristics of these islands are shown in Table 1,
and their locations are shown in Fig. 1. The oldest
islands were that of lake Biwa, which were 15 years old,
whereas the newest one was that of Kuki-Shobu park

The Study Sites

pond, which was only 4 months old. The size of the

Fig 1. Locations of Field-Surveyed Floating Islands .

Table 1. Characteristics of the Field-Surveyed Floating Islands

o Type. of Year : ,, |Distance from

No Name of Wetland I'vpe of Wetland|Floating Constructed Area (m') the Shore(m)
Island

1 [Ida Dam Dam Lake A Mar, 1992 111 ?
2 [Senba Lake Natural Lake A 1983 88 ?
3 {Ukima Park Urban Park A 1988 353 45
4 |Yokohama Nature Observation Forest Urban Park A Oct, 1990 4.2x2 20~30
5 |Lake Kasumigaura (Kashiwa-Zaki)l Natural Lake A May, 1994 60 100
6 |Lake Kasumigaura (Kashiwa-Zaki)2 Natural Lake B May, 1994 ? 100
7 |Lake Kasumigaura (Tsuchiura Harbor) Natural Lake B 1992 1000 5
_8 |Lake Biwa Natural Lake B 1981 ~1994{270 ~ 1,458x25 ?
9 |Lake Teganuma Natural Lake B 1994 10x8 4
10 [Watarase Retarding Basin Retarding Basin| B Mar,1994 2.6x6 20~30
11 |Arakawa First Reservoir Pond 1 | Reservoir Pond B Oct,1994 15 20~30
12 |Ofuna-dai Reservoir Pond Reservoir Pond B 1994 1.7x2+4x4 2
13 |Higashi-arakawa Dam Lake Damlake C Nob,1995 64 x 2 10
14 [Arakawa First Reservoir Pond 2 | Reservoir Pond C Oct, 1994 50 20~30
15 |Komoro First ReServoir Pond Reservoir Pond C Jul,1995 238 80
16 | Kuki-Shobu Park Urban Park C Mar,1996 632 120
17 {Arakawa First Reservoir Pond 3 | Reservoir Pond D Oct, 1994 ? 20~30

If two or more types o the floating islands were seen in the same wetland, we distinguished them with a number dfter the wetland rome
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islands also varied from 4.2 to 1,458, and the distance from the shore also varied from 5 to 120 m.
The artificial islands are classified by Momose et al. (1998) into-four types, as illustrated in Fig. 2.
- Type-A (Dry Type): A box structure that contains the planting material (mostly artificial soil.

. Tyf)e—B (Wet Type / Hard Structure Planting material is placed between two nets set inside the hard
frame structure, which also Serves as the floating material. The planting material is mostly under water
Surface.

- Type-C (Semi-Wet Type / Soft Structure Mattress like structure without frames. The float structure is
usually placed inside the mattress. Only the lower part of the unit is under the water surface.

.~ Type-D (Semi-Wet Type / Raft-like structure Several logs are bound together with ropes or wires to form
a raft-like structure. The lower part of the structure sinks beneath the water surface.

TYPE A Planting material TYPEB
Frame stracture
e M. v . =
T Water Surt ATT 113444447 N
Hox Stracture N e - !‘.v‘;:“i!""‘y"t’  Water Sutface
s s S
Floaing Body Planting material

Floating Body

TYPE C TYPED
Planting masenal

(¢ . Mattress made from
coconut filaments)

S S v 4

" Water Surface

¥ Water Sarface

Logs jointed
by wire sope

Floating Body(inside)

Fig 2. Classification of Artificial Floating Islands

Il. Methods

The photographs of the 17 artificial floating islands taken during Juiy and August of 1996 were used to
measure or determine the following items. We also supplemented the data for island type-C by monitoring

one of them (Higashi arakawa dam lake) on November 1998.

1. Vegetation Structure

We determined whether the dominant plant(s) on the islands were hygrophyte or dry habitat species. We
also categorized the height of the vegetation into two layers (Tall and Short) by determining if the vegetation
height was equal to or higher than 1 m, and measured the cover degree of vegetation in each layer using an
index (Vegelation Cover Index: VGI). The VGI was 1 if the cover of vegetation was less than 10 percent of
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the planling material surface, 2 if it was between 10 and 50 percent, and 3 if it was more than 50 percent.

We also categorized the life type of the dominant plants as annual or perennial.

2. The Water Depth of Planting Material Surface

We designated the water depth of planting material surface as plus (+) if is was under the' water surface,
minus (-) if it was above the water surface, and zero (O) if it was the same level as the water surface.

3. Success of Initial Planting

We designated "O" if the initially planted species at the time of floating island construction were still

dominant, " X" if they were not, and "~-" if no plants were planted initially.

IV. Results and Discussion

1. The Relationship between the Floating Island Structure and the Vegetation

The results of field survey are summarized in Table 2. In the type-A islands, in which the surface of the
planting material is usually much higher;than the water surface, the plant species that usually grow in the
dry land were mostly observed. However, in the type-B, C and D islands, species that usually prefer moist
or wet condition tended to be dominant. Type-A islands also had relatively high VCI (2-3) in the tall layer.
Among them, island nol, 4 and 5, in which VCI was 2, had high VCI (3) in the short layer Type-B islands
had relatively high VCI in the tall layer too, Type-C islands tended to have short grass except the island
no.14. Type-D island had only planted willow trees on them (VCI 2-3). Type-A, B and D islands tended to

have perennial herbs and trees, but type-C islands had mostly ‘annual herbs such as Bidens frondosa.

There was a certain relationship between the depth of the planting material of the islands and the vegetation
on them. The islands in which the planﬁng material surfaces were underwate (designated as "+" in Table 2)
tended to have perennial emerged plants and willows. On the other hand, the islands in which the planting
material surface were above the water surface (designated as "-" in Table 2) tended to have either dry land

plants (type-A) or short annual plants (type-C).

In all the type-BB and C islands, emerged plants such as Phragmites communis and Typha latifolia were
planted initially in order to establish tall emergent plant community. Interestingly enough, many type-B
islands did have such vegetation on them, but in many typé—C islands these goals were not reached well.
The reason for this appeared to be that the surface of type-C islands’ planting material - was exposéd above
the water level, which resulted in dry planting material condition. The annual herbs seen on type-C islands
seem to be better adapted than emerged plants to the water condition of those islands in which the planting
materials are usually dry and become occasionuily wet due to spraying by waves. A .lype‘C istand (no.14)

with submerged planting material surface was dominated by tall layer of typha Iatifolia.
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Type B. floating island(No.11) August, 199 Type D. floating island(No.17) August, 199

(1) Follow-up Sdrvey of a Type-C Island

The three type-C islands were only half to one year old at the time of our survey, and we felt it
necessary to continue the monitoring of the vegetation on type-C islands. Therefore, we chose a type-C
island (no. 13: Higashi arakawa dam lake) and did the same survey in 1998 (after two years from the first
survey). The results are also shown in Table 2. In 1998, the cover degrec of the vegetation became higher
than in 1996, but the dominant species were short annual herbs such as Arthraxon hispidus. A tall perennial
plant( Phragmites japonica )was seen only in part of the island. Although this is an only one example, the
vegelation seen on this type-C island after 3 years from the construction was still composed of short annual
herbs that preferred moist or wet condition, which was similar to the tendency of other type-C islands as

shown in Table 2.

2. Structure and Vegetation of The Floating Islands That Function As
Habitat for Birds
(1) Use of Floating Islands by Birds As Resting Site

Resting water birds such as ducks, cormorants, herons and gulls were observed on or near every floating
island that we surveyed. Thus, we could safely say that floating islands in general are very suitable as
resting sites for water birds regardless of their structure and vegetation. Fujiwara et al. (1998) studied duck
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Table2. The Vegetation Structure of Artificial Floating Islands and Use by Water Birds

. Uschy Birds ~{Water Depthf Cover Degrec Dominant Plant Species
Typeoff Nest Building of the | of Vegetation ' opecte Success
No. Name of the Wettand Flotin cro R ] et R PR L of ted Soccs
B Spot- | mon.  Lige Oreat Res "B 1 Tall | Shon | Freferred. , . : Planted Specics
Island | bilted Gallinule. € Gree. Re¢d 118 Materiat Layer | Layey | Water  Lit Type - Species Name Planting
Duck : Wagbler Surface | V%0 YT | Gondition
~- - : .1 iSalix integra (T) e
! bem AL TP Pl i e 5 O ftemerre
2 |Senba Lake- A - Dry | Annual :Phywlacca americana ~  |No Planting
3 [Ukima Park A - Dry . Petennial i()‘w{'e,” biennis - {No Planting
B PPN ISR ST e Attemisia princeps R S
. ‘ . Solidago altissima (T3 - :
4 |Yokohama Nature Cbservation Forest A - Dry | Perennial ;Y.OI""‘KO aliissima (T = JUse of The Sced Bank
B U ST Foaceserp (8) o f o fPTT TR
. T R : ., ‘Cametlio japonics (T} Camellia juponica
$ |Lake Kasumigaura (Kashiwa-Zaki) | A Dry Percnnial Solidago glissima IS) O Ophivpoon iupanicas ctc.
6 [Lake Kasumigaura (Kashiwa-Zaki) 2 Bl O 0 2 1 Wet | Perennial :Typha latifolia o lr,hr;gﬂl":;;omm::w
[NPGRS NSRS SR RN S H H e B - e YOAQ LT[R0 ¢ .
. . s . o (Phragmites communis (T} Phragmizes communis
W : :
7 Ifkc"l.(asumlgnun {Tsuchiura Harbor) B + 3 ! _Ft H Perennial :Bidens frondosa {5} C Tyoha latifolia etc.
8 |Lake Biwa B - + 3 Wet Perennial %thgmilzx Jjuponica QO  |Phragmites japonica
S T, SRR MR S SN R, . : e T
§ I} ( ; I 1"s o
9 |Lake Tegonuma Bl1o ° , e ’ et Petenial G conia taioia Y. |ania taitotia ctc.
10 {Watarase Retarding Basin B 9] O O + 3 Wet  Percnnial | Zhosmites communis O  |Phragmises communis
R s L . cel e RO RN SO SRR NN 1~ - 11X 1/ S | Zizanis latifolia etc.
11 jArakaws First Reservoir Pond 1 B O O + 2 Wet | Perennial o g';?::::t:r:::n:;
T I T A : S ST e N R ey ST ot feha ..
1y : nd 2 . b4
12 |Ofuna-dai Reserveir Poad B & O + - Wet Perennial Juncus effusus var, decipiens (5)) ' iris pseadoacorus_gte,
Higashi-arakawa Dam Lake O - : Wet | Annual Bidens frondosa X Phragmites commanis
13 c N S E A S T . . et )
. . —~ N Annual Phregmites japonica (T) Phragmites japonice cic.
- " ¢ L. : i H .
Higashi-arakawa Dam Lake(19%6) ‘ P23 Wl perennial Uethrason hispidus (8) | X
13 }Arakawa First Reservoir Pond 2 c C O + 2 Wet | Perennial Typaa sp. o {IT;ZE’::,M communis
e B e T s e e PR TPRTANTS & T -
13 jKomoro First Resetvoir Pond c O 1 3 Wet A:_mu:?l Pmm".m ‘Iapaliu/nllua '5) x |Dphalutifoda
I .. . . - . Rerennial {Phragmites comaunis (Ty {7 \Phragmites communis cic,
16 {Kuki-Shobu Park C O - 1 Wet Annual Bidens frondosa % lfhragmufs communis
: Ivpha lat) alu_:
17 jArakawa First Reservoir Pond 3 D C D 0 2 Wel Pesennial Sakix sp. O Hmorpha fruticosa

In "Use by Birds”, a citcle means observation of use by birds. A blank column means there was no use by birds . No.8 site was not investigated in the breeding season(Modified from Momose ct al. 1998). In "Water Depth of
the Planting Material Surface”, a minus means the surface of planting material was above water surface, and a plus means under it. Zeto means that the surface of the planting material was the same level with the water
surface. In "Cover Degree of Vegetation”, a blank columa means there was no vegetation. * 1 indicates less than 10% of the planting ground arca, "2" indicates 10~50%. “3" indicates above 50%. "Tali layer™ is above 1m
approximately, "short layer” is below Im. "Species Name”. (T) is tall layer species. (S) is short layer species. In "Success of Planting”. a circle means vegetation was dominated by planted species. A cross means vegetation
was composed mainly by invader species. If two or more types of the floating islands were seen in the same wetland, we distinguished them with a aumber atter the wetland name.
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havior and habitat use in dam lakes, and reported that ducks preferred to rest on the lakeshore when
predators or people did not disturb them. Only when they were disturbed, the ducks moved to the water
surface of the dam lake, and rested there. Floating islands, which offer isolated grounds to the birds, seem to
be better resting habitat than lakeshore because of théir isolation.

(2) Use of Floating Islands by Bird As Nesting Sites
(D Use by Spot-bilied ducks

Spot-billed ducks (Anas poecilorhyncha) nested in type-A and B, but not in type-C and D islands. Type-A
and B islands were both dominated by tall plants and they probably offered suitable nesting space to
spot-billed ducks. In type-A islands, the .nests were found on the ground under the tall plants, and in type-B

islands they were usually -built on the pile of dead grass.

@ Use by Common gallinule, Coots and Little Grebes

Common gallinules (Gallinula chloropus), Coots (Fulica atra) and Little grebes (Tachybaptus ruficollis)
nested on type-B islands, which ware dominated by tall emerged plants. Gallinules and coots tended to nest
among the grass bodies, and little grebes nested in the perimeter, sometimes on the frame structure of the

type-B islands. The grebe nests were also found on type-D islands.

@ Use by Great Reed Warblers

Nesting activities of great reed warblers (Acrocephalus arundinaceus) were observed in only one floating
island (no.7: Lake Kasumigaura-Tsuchiura harbor). Generally, great reed warblers prefer reed beds for nest
building. However, in reed-dominated vegetation of island no. 9 and 10, no nest of great reed warbler was
found. Provably, other conditions such as the existence of foraging sites near the floating island, quality of
the reed bed (height, density, diameter of reed stem etc.), size of the reed bed are important for nest site

selection, and island no.7 might have met the requirements of great reed warblers.

(3) The problems to be solved in the future

During the field survey, we observed some
damaged floating islands. In some cases, the ‘hard
frames of type B islands were broken or units were
separated. These problems seemed to have been
caused by collision of island units. In some type-C
islands, the floating bodies, which are usually hidden
inside the planting materials, were exposed. The
erosion of the planting materials seemed to be the

main cause of this pfoblem, which in turm must have

been caused by mechanical stress by winds and

) . ) A type-C floating island with exposed floating
waves. All types of the floating islands had one materwals. July, 1999

problem in common: sometimes they sank by losing.a balance because of unexpected growth of the plants
and loss of buoyancy of floating bodies. To make a highly durable artificial floating island which are still

useful for water birds is an important challenge to be solved in the future.

During the survey, some common gallinules and ducks were seen to forage near the waterside of artificial

floating islands. However, to be useful as a foraging site for water birds, a floating island should be of
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floating islands. However, to be useful as a foraging site for water birds, a floating island should be of
considerable size. Most of the .floating, islands that' we observed " were éxperimental and small-sized: To

determine the optimal scale of artificial islands is another important task that we must work on in the future.
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R 95 %
amex (Zend R R

#®2 HERUIKEHEYD
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3 Phragmites japonica, I)/\¥F Lythrum anceps @ T jb a// g;t: igz f;
38, PEEMEIVL O Potamogeton distinctus, I IUNF B 30cm 14
’ s : : 2 BEEY e A0 B 2~3K 1 &
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2. 4 BIEHB ELMmFAE
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Fs A REEBE - KEO4BERICEZSHITHESR _
ik i 4h REMEY LK HEY)
=% w3y IYNF Lo FHF/T79E
Hh EEEE HhEEgE W EgrE SAEX 8RR
FiE P{& Fi& PiE Fi# P{@ F{# P Fi# Pf#
2z 2.66* 0048 | 0.63 059 | 0.81 0.488 | 3.40* 0.029 | 0.79 0.511
2318 4.89* 0028 | 24.97*** | <0.001 | 0.68 0.408 | 142.3*** [ <0001 | 82.11*** | <0.001
AR 0.04 0.837 | 37.10*** | <0.001 | 56.90%** | <0.001 | 22.02*** | <0.001 | 3.80 0.060
pIR73 25.02¢** | <0.001 | 0.77 0380 | 22.72*** | <0.001 - — - -
B X g 0.84 0470 | 2.88* 0036 | 021 0.885 | 2.96* . 0.047 {138 0.266
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FEEY elAi D 8 AEK 59 | €| 174 1273 | - | 285} 59 |« | 273 ] 174 | €| 285
kkES | RYF/ 749 s AMEEY | 250 | — | 242 | 113 [ >] 50 [ 250 | »] 113 ]| 242 [ » ]| 5.0

< :p<0.05, € :p<0.01, & p<0.001 (Mann-Whitney ® U RTE)
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HI1TH | 5280 - . o . - N
- 31 it PR ArR i 1 N O N 0 3 - Y O <X 3 O 11233
i R Ry :
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DFRPALICE -1 DM A M 3,192 3,266 | 5,176 765 | 1,137 | 1,366 447'| 3,645 851
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=N - N O .
RRETLL72b 0HER-3 %2 WAREARR TR 1ha 7= 0 ILHE (84 - m? /ha)
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il % R T AL e B PN - 166 73 3| 40 69| 19| 20| 389 231 620
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BIZRT e 227200, BROROPELREHINIE
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ARG BRI L Lice ARG 45 280 293 | 641 | 1,069 900 | 1,158 720 | 639
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LB OBBUITEICSE oo 42| 207| =240| 03| 1,378 | 288 | 438 | 347 | 430
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—ke e Iy 1 T
iff%?”f?u;ﬁf %5 BEMSERIEE (W : ha)
e >y FIEARNm
g kS ) B E2fE -1t s 5 e T 2
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DYPAT %)IIUL}IIV)—JM\ i) )
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CHEHILTELNCHEEME ZEPEFERICE A B c D _
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FTIATEBORRNC & AHEEMIA K & %l (1.5~4.4 g‘é? 1,363 | 337 290 87 0.06
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HEGYS 8 AP AD)] B ERCO itk X DID A L) e s e
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j’iérg‘.‘z 1,041 7.6 147 |. 2,317 19.2 121 2.2 5 ) HMEPET-. Al - FEkid iz & 28k
K | 870 | 5.1 315 2,393 | 38.7 62 2.8 L ) g
T 730 | 3.7 | 273 | 2068 | 19.7 | 110 | 3.0 : fﬂ)): =L f}f Wk, 55-2, pp.118-121,
7N 544 | 3.4 | 133 932 75 | 125 | 1.7 AR Z kil g 23, 1994,
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EFFECTS OF REED-BED FRAGMENTATION ON POLLINATION _AND
SEED SET OF A DISTYLOUS SPECIES, PERSICARIA JAPONICA

Jun Nisummiro, Kyoko Tomose and Izumi WASHITANI
Institute of Biological Sciences, University of Tsukuba
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DR - EEBFER->TV3, LL3 YED
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£:1996), o TRIEVEEELED TV a Y H
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VISR T ON TS 30 EDBRHAL
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DRKEE (REBY 1 X, BAEBEEKT 3) M
BOLTWB,

ZOXSIEEE Y A MWD B &, HERR
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1996 ; Groom 1998 ; Morgan 1999) < fth=R d
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BH?2

BB EWRTOMETH Y, fLEEL B LT
EHREAR I E 7S 5,

vanNFH 7 5y FOEKESmMm EED AR
DIEE, TR SR AR T CEE - b
FE 1996), RN 13 25 Blo ki o —i T4
S, EREY (L OBARRHR) 2FM L«
7 a— vEOLKHC X 2 {iEE TS L&D
BIGERITEE LTl iz EZEZohTwd (&
2 1992), FRTERE I 13 T RIIERME & = RITERE
HEEMH B, voFH s 5 FIETRIERE
TH5 (BHE 2), —RIbH: R O B4 AT
213, EEERASE VAL, BAMRORLE I 5 B &AL
B o— &, %n¢5¢ota@u T FE
BHE#E ORI s o— v hky, Thb
WBkZT 1l 10kBTETNG, HTHHD:
HITFRIEBIEMD 7 0 — v ip 5 OFER 252k S
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BUENHD, vanFHs55FThH, BHEZ
BRI ET 2ty o — v 2 5 DEZH T,
BEALRTHEREISNEVWI EMlEIDONT
\v% (Nishihiro & Washitani 1998a),
“RIIEE R T AR OB oMk & L
REHTIRE T W oo, RETEREMELA O B A
A% & o hEY (EHATEN QA O AR ¢4k 3 28
FHITE80185) LT, (AR O 5NW « )
VAbic & 2 BRI~ DADEEEZFE N &
BT&En 3 (Levin 1975; Wyatt & Hellwig
1979; Agren 1996 ; Nishihiro & Washitani
1998b),

HERIINT I VROSE{LOXE

marific, G (GE» SHE) KEng
S D3 vEMBEREL TV B, BAilitiE o R
N S/ANE RIS 24 T D 25 km OFEFH
i d 5 25 0 3 VB CAEBIMICligE L3 v
BEEs—ooa vFELE) IZBWVWT, 222
BT Bvanr47 55 Ficong, EERcx
1% 3 VIEDWAL OB E < 5 Th - HEE
1995 4E & 1996 4E12fT - 12 (M 1),

B3 v LET%/DA%#7797@
BT &, il C 5 IEB¥mnE /T4 i % i
ﬁﬁ%%ﬁﬁ&é&%i%hétb,@#ﬁé%
DyasFy 5y FRED A 7, ThE
ho 3 YFUCHEE S 2 IREI R AT Y 5
5EEZOND, CITR—DavHIREEH
Zyvondy 735y FORFEERE—~>D 4
K] & K3

H:E B D 3 v okt (120~17,935 m*) ©
yanNFH 5870 0—- v (1~5370—
V) BREEC L KESRAY, 3 Yok
LV o— YOI REELTIEOMHMMIED S h
t- (n=25r =043, P < 0.05), % fz Z{EH:H




STI3 STIS

= I

Bt WAMRELI25DvONFH7 55 F
MEATE. Wl EIC Y - 7249 25 km OHi[H I
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oNFH 758 FEFREOMRE L. B
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BE3H 1998 & b D).

so-vRERHEER 7 o- Y HORY %
IL=SI/(L+S) & L TR aNBHEHFICL-T
FMEL 72 (L REIEHE Y o — v ¥, S 3EIEE
Byo—vHERYT) 25, fiE#Ebticbns
o— yHEMRRORL O & DI 3FEER
HOMBEMA SNt (n=25r= —045 P<
10.05),

WAt & L BAR T, BAE 21 FE, W
WE 26 i, BAE 108, W#EE 1 EoRhiod)
AR S Wi, FCHBICIHTENRD S v -
iz, ~"+77 (BE3), b ANSFHVFNF,
BLUIFYF U NITH o1z, BEDOTICE,
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DIHTESHER S Ntz _

FERRIEAIEES 120 OFEFERE LTIEEF L

BHEH3 vonNt4 2758 FIKHilELicnt77.
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e O AERIN L, BBYoXFH 2 54
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ikd 7o b O THREIC—BT 5, .

HEOFER, MIAER D 720 OFIFEERIZ 0 H»
526%F TRELLED L, MEKESFHT/hE W
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53 0.5 LLE) AR T3, JAEAME L THREER
B IRV E WA RS A SN (K2), £/
KEEH 120 DFERERE, B0 70— VLD
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r=054,P < 001), {EHOFEY LR 3HE
LR OB A St (1995 4FICidn = 23,7 =
—0.64, P < 0.001, 1996 4Fic i3 n = 25, r =
—0.70, P < 0.001),
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Woods Restoration by Plantmg Faces of Slopes

Faces of slopes are excavated for publlc
construction projects, like roads, dams and parks. To
prevent erosion of their surface layer, slopes are planted
with seeds of herbaceous plants. Recently, demand has
arisen to quickly revegetate denuded slopes with nursery
native trees for nature conservation and landscape
improvement. We introduce a new method of planting
nursery trees-and shotcrete spraying of artificial soil,
developed inour laboratory, and briefly examine
techmques for planting faces of slopes.

Techniques for Planting Faces of Slopes and
Associated Issues

There are two major techniques to plant trees on
faces of slopes, seeding works and planting works of
nursery trees.Seeding works is an efficient type of
mechanized revegetation that mixes the seeds of trees with
shotcrete soil. While fast-growing grass species are used
to stabilize the faces of slopes,they sometimes hinder the
succession to woody plants. Therefore, root taking was

covered by
thick laye

thick layer
root hall

depression

natural ground

natural ground

Fig. 1-1 Planting in a natural depression

thick layer

Fig.1-2 Planting on the cleaved cover mesh

observed in some species, like pioneer plants, vigorous
bush clover etc. Nursery tree planting works is a practical
way to improve planting position to match the purpose of
revegetation. More species can be used than with the .
seeding works technique. However, it is more difficult
than seeding works because it is necessary to establish a
foundation of planting works by fence structure for
excavating planting holes.

Planting Works of Nursery Trees and Shotcrete
Spraying of Artificial Soil

Nurscry trees are directly planted on the faces of
slopes using artificial soil which is thickly sprayed around
the roots. Artificial soil is high in erosion resistance; for
example it is used in rock mass revegetation works. The
construction cost is approximately 35 % less than planting
works by fence structure for excavating planting holes.
Three methods of planting nursery trees are shown in Figs.
1-1, 1-2 and 1-3. Fig. 1-1 illustrates a way of planting in
depressions in natural ground, Fig. 1-2 indicates a way of

steel mesh

root ball

cleave cover mesh unchor pin

thick layer
natural ground

Fig.1-3 Anchor work
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planting a nursery tree on the cleaved cover mesh of a
slope, and Fig. 1-3 shows anchor work, in which roots of
nursery plants are planted in natural ground by driving in
piles. Practical studies were conducted from 1991 to
August 1998 at Sanuki Manno National Park, Kagawa
Prefecture. One hundred thirty five Japanese Privents
(Lingustrum Japonicum Thumb, 50 cm in height) and five
hundred ten Japanese Hawthorns (Rhaphiolepis umbellata
Makino, 30 cm in height) were planted on the cleaved
cover mesh of a slope. A high percentage of root taking

was observed in both species, 95% in Japanese Privents and
88 % in Japanese Hawthoms (Table 1). Height growth was
230 cm for the Japanese Privents (4.6 times) and 115 cm for
the Japanese Hawthorns (3.8 times),as shown in Fig. 2.
Full-grown roots stabilized the slope as shown in Fig. 3.
This success indicated that nursery tree planting works and
shotcrete spraying of artificial soil was practical in Sanuki
Manno. In the future, many experiments will be conducted

"using different environmental conditions and species.
pe

(Landscape and Ecology Division)

Table 1 Chauge of root taking

Species [azmuth of face of slopel n [ 3months. >§11year and 7months 3% [2year and 8months 3% |7year and Smonths %

21 21 20 20

south 21 100.0 100.0 952 952
. 112 110 09 109

Japanese Privent north 114 982 965 955 958
i3 131 129 129

sub total 135 985 97.0 956 958
194 191 190 188

south 209 92.8 914 909 90.0
291 250 288 264

Japanese Hawthom north 3ot 96.7 963 ) 957 877
385 481 378 352

sub south 510 95.1 943 937 : 86.6
) : T_618 | 12 607 581

. total 1645 955 94.9 941 90.1

300

—&— Japanese Privent in south slops
250 ~—8— Japanese Hawthorn in south siope
«+ @ - - Japanesas Privent in north slope
«+ Q + - Japanese Hawthorn in north siope

200 /

oy
w
o

height(cm)

Py
(=3
o

o
(=]

o
-

3 5 7

year

Fig.2 Height growth during study period

3% upper number is the number of plants, lower number is the percentage of root taking

~ ; . 0 A ‘7{

; ; W ;
Fig.3 Root taking of Japanese Privent in Sanuki Manno National Park
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