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Table 1. Bulls maintained harems in
two consecutive seasons.
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Summary

Socio-ecological studies of northern fur seals, sea otters, and kuril seals
yere carried at North-west rookery, Bering Island in Commander Islands. During
breeding sezson, territory bulls showed site tenacity on rookery, and their
copulatory frequency changed in successive years because of fewer female
concentration. Feeding trip of females o sea was shorter than that of Pribilov
Islands. Probably this differemce results from shorter distance between rookéry
and feeding area and snaller popuiation size of this islands. Females used
different places for parturition and nurcing place. From such results, harem
maintenance was done not only by males hut also by females. Pup groupings were
changed with his development, and the belongings to group will decide his
longevity. Based our research results, we intend to contribute tfo arrange
definite proposal for marine mammal management.
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Summary .

A survey on food habits of the Japanese black bear, Selenarctos thibétamus
jabonicus in relation to the availability of food plant biomass was carried out
in the Shirakawa Villsge, where natural regenerated forests were much maintained,
from 1990 to 1994. Food habits were examined by the analysis of fecal and
stomach contents. Food habits to some extent depended on beechnut crop in the
spring andthe fall respectively, of each year. The vears of 1990 and 1983 had
good crops of beechnut whereas the years of 1881, 1992 and 1994 had poor crops
of that. Beechnut were mainly eaten in the  fall of the good crop vear of
In the
spring, male flowers of beech were eaten in the good crop vears of beechnut, and
the years following good crop vears of beechnuts the bear mainly ate beechnuts
produced in each previcus fall. And in 188Z that followed a poor beech crop year,

beechnut, while acorns and chestnuts were eaten in the poor crop vear.

herbs were mainly eaten. Biomass of beechnuts and male flowers were very high in



the good crop year but there were little in the poor crop year. In the years of
following good crop vear, available amount of beechnuts was small in the spring,
whereas it was nearly zero in the other years. On the other hand supply of
acorns in the fall and in the following spring and herbs in the spring were
uniformly low of every vear. ¥e conclude that Japanese black bears, which live
in the habitats where food supply is greately fluctuating year-to-year, selects
the most abundant food at a given tide.
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Summary

The ecxpansion of the distribution of Japanese macaques indicates sone

characteristics. Then features of the

themselves through they recently

area where Japanese macaques do not sift

extended their distribution in a large scale



was studied. (1)In the past many forests were excessively exploited and becane
in adequate for monkeys to live. The forest which have not been recovered may
not be used by Japanesc macaques. (2)Japanese macaques generally utilize the
arca along the river systems. They rarely extend their distribution over the
watershed and tend to succeed its expansion to the sane direction. Accordingly
the area in the opposite side nay remain unoccupied, (3) There are many arcas
where Japanese macaques have been exterminated by hunting, Increasing traffic
systens nay inhibit the expansion of distribution of the species.
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Table I. Number of Sula leucogaster observed in Minami-jima duriang the fall-spring
season in 1993~1994,
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Table 2 Reproductive status of Sula leucogaster in Winami-jima during summer

nesting season in 1984,
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Summary ,
- Minami-jima(34ha), a small island in the Ogasawara Islands, is formed by

limesicne and iis unique

landscape attracts many tourists,

The island is an

important rookery for the southern species of oceanic birds, espgcially for Sula

leucogaster. ¥e conducted nine surveys from October 1993 through September 1894

to investigate the reproductive status of Sula leucogaster in Minami-jima. The

number of eggs, birds and nests were counted, and their locations yere spotied
on the map to analyze the spatial distribution. The number of breeding pairs

increased to maximum 446

in  June 1994, but subsequently decreased io 121 in

September when the eldest chicks did not start to leave the nest for fly. Based

on  those pair numbers, the breeding success rate of the 1994 season was



calculated as 27%. In addition to the survey, We banded [10 chicks that walked
out from the nests, and recovered five previously marked adults. All birds were
released from Minami-jima. Currently Mipami-jima is protected as National Park,
however any effective management plan has not been implemented to conserve a
ecosystem on this island. A new integrated managemenf plan, including educaticnal
activities and tourisis comtrol, is eagerly needed.
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. Summary ,
The HOTARUDASU survey project has been conducted from 1989 to re-evaluate
the -freshwater environment through the observation of habitats of aquatic

fireflies around Lake Biwa watershed,

It revealed that two species of. aquatic

fireflies-are still now common in the most places in-Shiga Prefecture.
The changes in the fireflies’ populations and habitats from 1989 to (993

were questioned in the survey of '1993.

The participants to this survey reported.

the artificial changes (embankment, felling, constructing houses and buidling

ete), and alse the natural changes such as accumulation of sand on riverbed or

growth of riverine vegetation. Firefiles, however,

have been living ~in- such

- changing environmeni. On the contrary, some kinds of human impact to environment .

are possible to help the maintenance of fireflies’ . populations.

Additional

survey in 1894 on freshwater fish in the past will support this possibility,

i.e., human creates a part of suitable enviromments for familiar organisms,
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Summary

Convention on Biological Diversity has entered into force in December, 1993.
¥While economic aspects of genetic resources arc laid due emphasis, protection
measures are seemed to be not well organized. It is then necessary that
protection measures arc taken in implementation process, both international and
domestic level. National laws and regulations in Japan arc not enough to
implement the Convention, especially in protection of biological diversity as
well as in ensuring sustainable development. An environmental impact assessment
should be carried out from the cariiest possible stage with active participation
of local people. Although some laws and regulations of Japan on nature
conservation have been revised they should be further improved in order to
incorporate conservation of biological diversity.
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Summary
Correlations between growth of floodplain plant-communities and evolution
of river-bed landforms were studied in the bottom of the Kamikochi Valley,
Nagano Prefecture, central Japan, with special reference to the development of
Chosenia arbutifolia communities. Unstable habitats such as bare floodplain,
which are frequently altered by flood, are necessary for the settle and growth
of the C. arbutifolia communities. On the other hand, mature C. arbutifolia



trees in the floodplain forests are indispensable for the effective seed
dispersion. The continuous existence of mature C, arbutifolia trees is
sustained by a periodic forest-destruction due to shift of the river course,
because the mature (. arbutifolia trees are succeeded by another species of
a period of several decades under the stable forest condition. A natural
ficodplain condition with the changeable river course is the most important
factor to maintain the floodplain vegetation in the Kamikochi Valley. The river
improvement and sediment control works being constructed at present will surely
lead to complete damage of C, arbutifolic communities,
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Summary
In Mikura-jima island, one of the Izu islands, natural vegetation dominated

by Castanobsis cuspidata var, sieboldii still exists in a extensive

amount., To

obtain the fundamental data for the ecclogical management of vegetation, various
data such as stand structure, vertical distribution of vegetation, distributions

of rare and cool
{(Calonectris

temperate flora,

burrows density of streaked shearwater
Levcomelas) and climatological data were collected in 1993-1804,

The vegetation below 500m a.s.l. is the Castanocbsis forest, and above 500m is
the mixed shrub of Buxus microphylle wvar. japomica and Trochodendron aralicides

etc, We found ten RDB listed

izuinsularis etc. Kira's warmth index

species,

Elaphoglossum voshinagae, Calanthe

in the top of th island was 86,1 degree-

month. The burrows density of streaked shearwater was high in the Castanopsis

forest between 200m ~ 350m a.s. 1.
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Drunella kohonoge
Drunella trisping
Cincticostella nigra
Cincticosteila okumai
Ephemerella denticula
Ethemerella setigera
Ephemerella sb. A
Serratella rufa

- Caenis sh.

Potamanthodes kamonis
Ephemera jabonica
fphenera strigata

Seobura longa
Taeniopterygidae sp.
Nemoura sp.
Anphinemyra sp.
Protonemura sp.

Capnia japonica
Bucapnopsis stigmatica
Yoraperla jabonica
Crypioperla japonica
Pseudomegarcys joponicum
Isoperla aizuana
Isoperla asakawae
Isoperla nibbonice
Ostrovus mitsubonis
Megarcys ochracea
Tadamus kohnonis
Tadamus scriptus
Stavsolus japonicus
Paragneting tinctipennis
Kamimuria tibialis
Togoperle sb.

Neperla sp.

Ovania pibba
Acroneuria joklii
Acroneuria stigmatica
Gikesia sp.
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82, y7vHivhEr?
83, AHuFHVREFT
84, y29HiVEESS
85, pOFTHHVEETS
86, b7 AN 4THIVIEST
BT, YUFhHIVEEYS
88, FHVIEFS B (RC)
88, HivhEFTRE (RC )
94, HivhErsE (RK)
01, IYhETIE
92, YeRERI R
93, BILALERIE
94, thEAVETI R
95, LAMETT S
96. $1HIMEST
97, WHAbEST
98, TIAREFT
99. K5HERENT
100, 4574397 REFS
101 WAL LERI /8 (BA)

Caroberla bacifica
Sweltsa nikkoensis

Stenopsyche narmorata
Diplectrona sb. DB
Diplectrona sp.DC
Parapsyche maculata
Arctopsyche sb. AA
Arctopsyche sp. AD

Cheunatopsyche brevilineata

Hvdropsychidae sb. A
Absilochorema sutshanun
Himalopsyche japonica
Rhyacobhila bilobata
Rhyacophila brevicephala

Rhyacophila
Rhyacobhila
Rhyacophila
Rhyacobhile
Rhyacophila
Ehyacophila
Rhyacobhila
Rhyacophila
Rhyacophila
Rhyacophila
Rhyacophila
Rhyacophila
Rhyacophila

clemens
impar
bowanurae
Risoensis
buramana
nigrocephala
shikotsuensis
towadensis
transquille
yamanakensis
sb. RC

sh. RC

8b.RK

Agapetus sp.

Flossosona sp.

Stactobia sp.
(Orthotrichia sp.
fydroptila sp.
Limnocentropus insolitus
Phryganopsyche latipennis
Migotricha fluvipes
Eubasilissa regina
Semblis phalaenoides

Brachycentrus sb.BA
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250
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T
44

26

46
61
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18
34
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662
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107, Zv%39bEr3 8 (GB)
168, TYRLY METT
109. #JhhERS R (NA)
110, #9h MR (NB)
111, 324 bEHr5 B
112. ¥abvss

113, Joyy ¥4y

114, AAR VI HERS
115, appyvhehs

116, JREFAY ¥ bERS
117, JhETHY Y b ErS
118, bk bers
119. Jefbeh3

120, Ceraclea&
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Hrrpsk

fyue

@HEHF EhM
AEPE

SHERM R

AR
fifirk

73

121, JEF+e
122, 3%z¥y=
123, =%~

L E
124.AEpAR

AL

125, nah¥t

126, SAREAN iR
127, AER A EE R
128, BAY EARE YRR
129, AV EAAR AR
1360, §i7 8%

131, #anrih

132, ¥eb73h

133, Miyebrid

134, 3¥T¥ThTiY
135, LAT A

Micraseme quadrilobe
Micrasema sp. MA
Hicrasema sp. MB
Hicrasema sp NC
(oera japonica
Goera sb. B
Neobhylax sb
Nothobsyche sb. NA
Nothopsvche sp, NB
Abatania sp.

Limnebhilus fuscovittatus

Uenoca tokunogat

Neosevernia crassicornis

Goerodes jabonicus
Goerodes complicatus
Goerodes nukabiraensis
Goerodes saici

(rumaga okinowaensis
Geraclea sp.

Dovidius nanus
Sieboldivs albardae
Anotogaster sieboldii

Protohermes grandis

Nymphomyiidae sb.
Antochinae sp.
Pedicinae sp.
Limnophilinae sh.
Eriopterinae sp.
Tipulinge sp.

Anika infuscate infuscata

Bibiocebhala japonica

Bibiocephala longisping
Bibiocephala montane montana

Philorus sp.
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19
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136, ¥33 20973 Parablepharocera shirakii 15

137247730 Blebharocera japonica 19
TintF% 138, zwRy73ihtrd Deuterophlebic nipponica 1
F 130, %08 Dixa sb. 3
71 140, 72%4 Simuliidae sh. 5479
IANA 141, 23008 Chironomidae sp. 21959
Firh 142, AhhFHA Ceratopogonidae sp. A 43
143, 388 Ceratopogonidae sp.B 4
144. ApHELC Ceratopogonidae sh.C 45
145. 3AAFLD Ceratopogonidae sp.D
77 146. 778 Tabanidae sp. 8
v/ 47, 3veHivT7 Atherix basilica 13
148. ne 7 HiVTT Atherix ibis 29
149, JoEsHiLTT Suragina coerulescens i
3IX77 150, Buparyphus/E& (EA) Euparyphus sb. EA

@iiwrd EBEdfd nE :
IR 151. 348F Agriotypbus gracilis

SEEBYM Rof 1avE
NVEL Y 152, FR796Y Abhelocheirus vittatus 3

SmEEYr R H4H

¥ydng 153, Ay In0 @ Agabus sb. 4

154, Fvdavksd Dytiscidae st. 4

Ay 155, UAvvEt Gyrinidae sh. -1

1574 158, wikfiLy livdrocassis lacustris i

) 157, F¥vnt ) 3R cyphon sb. 1

158, whnt) 34 Helodidae sb. L2

b3sFoky 150, vk Naby B Eubrianax sb. 7

160, FEEFHIN I UE Ectotris sb. 1

kARDAY 161. EAFAVEE Elpidae sp. 130
@ EHYMY PR HiE

313¥ 162, 31k Gammarys nipponensis 1
STEEFT FRgE SHE

Ay : 163, $4AY Asellus hilgendorfii 568
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175%

Geothlhuse dehaanii
Eriocheir japonicus

Glossiphonia sp.

Erbodella lineata

Branchiura sp
Tubificidae sp.

QOligochaeta

Semisulcosbira sp.
Physa acurg
Planorbiidae sp.

Gordius sp

Planariidae sp.
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The Society for the Study on‘the Environment of the
Lake Baikal

Albert Beim*

Abstract

In this paper we study the dynamics and consequences of Lake Baikal bottom
sediments polliuted by suspended solids containing in pulp mill waste water. This study
has been carried out three per year during 1993-1994., It is the main object of the
study to establish criteria evaluations of the polluted bottom sediments quality and the
strategy for the regulation of suspended sclids contents in treated waste water.

The ecological-chemical monitoring for the bottiom sediments quality discharged by
the Baikalsk Pulp and Paper Mill {BPPM) was done im two zomes near the discharge point
of waste water. The first zone : this area is the poilute zone with the square of 2.3~
3. 2kd where the sediment thickness is ranged from 0.5 to 5.0cm depending on the hottom
relief and suspended solids are accumlated.

In the central part of this zone (0.07-0.3ké) significant changes of biota were
ohserved, for example we could observe some phenomena that the macrozoobenthos bioaass
was reduced in 10 times, mollusks and cligo chaets societies. were changed to the
gammaridae society and the heterotrophic bacteria showed high level in the upper layer
of bottom sediments.

The second zone: this area is the intensive selfpurification zone with the first
square of approximate 20kd. In this zone high concentrations of lignihumic substances,
hidrolyzéd carbohydrates and chlorineorganic compounds are detected. The self
purifification process and the substances rotation Intensification are going on owing
to the microorganisms activity which leads to zoobenthos biomassincrease.

Results of our monitoring are effective fo the base for the regulation of suspended
solids contents in treated waste water and their concentration decrease. For example,
in 1867 suspended solids concentrations were 10mg/1, in 1975 were Tmg/l, in 1988 were
5mg/1 and nowadays are about 2,0-3.0mg/1 (A.Beim & S.Timofeeva 1933). We consider that
the waste water treatmenf system having biochemical, chemical and mechanical stages is
aeffective to improvement of poliuted waste water provided by pulp mills. Baikalsk Pulp
and Paper Mill (BPPM) has this three stages waste water treatement system and we have
continued to estimate the pollution level dischanged by BPPM to Lake Baikal.

* The society for_the stadg on the environment of the Lake Baikal
(34 A1 MR R BT A&
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1. Introduction

Suspended solids are discharged and led te the bottom sediments enrichment with
organic substances. Oxidation reduction conditions are changing. All that process
promote the bottom sediments modification and the pollution, As a result, bottom
sediments can become a source of the secondary water pollution.

It is possible to prevent many ecological problems caused by waste waiers
discharged into water bodies, if thev can answer for following queStions. (I)¥here will
be accumulated the polliution containing in waste water 7 (2)What chemical processes
will take place in water bodies after waste water discharging 7 (3)When will be formed
the equilibrium in the water bottom sediments system 7

At present, despite serious investigations, the transformation and there removal of
different substances from botttom sediments is not clear. Exciting methodological
appreaches. in different countries for reguration of water bodies and the botionm
sediments quality are very significant, :

In this study we investigated the dynamism of the suspenéed solids accumlaticn and
the transformation.of pulp mill waste wateres in hottos sediments of Lake Baikal and we
could obtain some date of the specific waste water pollutant which influenced on the
content of upper layer of bottom sediments.

The study gave an opporfunity to obtain criteria estimations of the bottom
sediments quarity and the regulation of suspended solids concentration in treated waste
waters.

2, Materials and methods ‘ :

Sampling of the upper laver of bottom sediments was done using special tube. During
tube sampling the thicknress of lavers of different types of sediments was determined,
The main preparation for the microbiological investigation was practiced on the boat.
Sediments with prebottom water and sliudge water were put into polyethylene bottles and
then they were fransmitted -to-the laboratory.

- Corrected samples were brought to. the laboratory, and microbiological and
hydrobiological studies were done, PH and EH were detected, the oxigen content in the
water was determined, and the water and salt extracts for detection of pollutant
substances were prepared. A part of sediments was dried in a thermostat (temperature up
to 50°C) till becoming to the constant weight.

Bottom sediments samples were examined for the content of pollutant which were
considered. to be prior in the waste water of the bleached pulp industry. The content of
pollutant: were composed by total organic substances content, total lignohumic acids
(LHA) content, hydrocarbon compounds of different origins, organoichlorine substances,
sulphurorganic substances (a-group.of methylsulphurous compounds), some mineral
substances and trace elements. e

Fet samples of bottom sediments were handied twice with ethanol .and. henzol mixture



for the detection of hydrocarbon compounds were divided into three groups: acids, phenol
and neutral substances. Humic acids were educed by the extract of 0.5m alkaline
solution {with temperature 80°C) and precipitation from extract with-PE I-2. Nonorganic
chiorides were eliminated from extracted humic acids by reprecipitation and washing in
acidified distillated water. All groups of compounds were examined for the organic
combined chiorine content using the ‘A0K-analyser’ device (IDC, Germany) according to
the international standard ISO $569: 1989(E). Sulphur organic compounds were detected
using the gasliguid chromatography method :trace elements (mainly heavy nmetals) were
detected by the method of neufron-activation analysis. -

3. Results and discussion
3.1. € organisms and LHA - .

The lignin and cellulose fiber are the main substances forming suspended materials
in the pulp mills waste water. The lignin accumulation in bottom sedimenis leads not
only the increase of organic carbon -contents in the upper layer but also the increase
of the concentration of extracted lignohumic acids. The strongest pellution of bottom
sediments was observed nearby the east area of the discharge point with the square of 0.
3kf in zone 1.

The Qetection of C organisms and LHA shows an interesting result, as the main
conclusion of which is the absence of noticeable increase of organic substaces contents
in modified bottom sediments. Furthermore, in comparison with other sampling stations,
higher concentrations of  organisms were frequently detected in. the upper laver of
unpoliuted bottor sediments, ; ‘

The supposed accunuiation of polluted bottom sediments along the bottom canyons
spreading into the lake was not observed. -The organic substances distribution in bottom
sediments of the discharge point of wasie waters is sufficiently heterogeneous and
correlates with a high ¢ organisms contents.

The comparison of data with C organisms and LHA contents shows that LHA are forming
the small part of bottom sediments organic substances., The elementa! analysis of LEA
shows that carbom quantity is the normal level for soil humic acids and typical bottom
sediments.

The most interesting data are about nitrogen contents in LHA (2.5-4.0%) including
those extracted from modified bottom sediments. Such concentrations are characteristic
phenomena for LHA in other areas of Lake.Baikal, but fhey are not typical for the
lignin substances contaiﬁing in pulp mill waste waters.

Uliravielet spectfums of LHA from tﬁe discharge area of mill waste waters are qual
to those of soll humic acids and bottom sediments in other regions of Lake Baikal, but
they do nroi coincide with UV-spectrums of sulfate 1ignin. After investigations, we can
obtain a conclusion which the specific bottom sediments in the place of waste water
discharge area are practically equal on chemical contents to bottom sediments collected
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from other parts of the lake.

Thus, in the discharge area of pulp mill waste waters it was observed that
sediments containg highly modified lignin substances were similer to natural lignohumic
compounds.

3.2. Organic compounds

The next study on bottom sediments which is aimed the detection of organic
compounds content shows some accumulation of organochlorine substances including
chlorinated phenolic and acidic substances. The. percentages of the content of total
organic chlorine (TOCI} in LHA is the most representative parameter used for the
assessment of bottom sediments pollution by chlorolignin substances. It is detected that
treated waste waters contain 8% of TOCL as low molecular organochlorine compeunds and
029 of TOCL as high molecular chlorolignin substances.

It is established that TOCL content of LHA in southern Baikal usually is 0. 02-
0.05% and in the discharge area of pulp mill waste waters is 0,05-0.17%. The zone
of polluted bottem sediments with organochlorine substances coincides in the lake with
the direction of water currency forming about 20% ki. This is the zone 2. The
pollution by organochlorine substances correiates with higher content of organic
substances in bottom sediments (2,4, 55,

Sulphuorganic substances content, methyimercaptane, dimethylsufide and
dimethyldisulfide contented typically in the mill waste water were detected in water and
salt extracts, {btained results showed that in extiracts of sediments from the discharge
area (with up to 0.3kf) only trace amounts of dimethyisulfide and dimethvldisulfide
were found and it was impossible to detect any other changes in the bottom sediments
content.,

The hydrocarbons content of boitom sediments from the discharge area is uniform and
is increased slightly in modified sediments especially from zone 1 reported in the
Tabie 1.

Tabie 1. Contents of organic compourids in the sediments of Lake
Baikal, South part:l-zone 1 and 2, 2?-back ground.  ( )-SD

Sampling place Concentration
C org.. % Ligno-humic ~  TOCI,
acids, mg/g of mg/kg of
dry weight dry weight
1 L4-7.1(20)  5.0-37.0014)  4.0-45.0010)

1.1-3.0027)  3.0-13.3C2D) 2.3~ 4.0(14)

A
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3.3. Trace element’ s composition

Data on neutronic activation analysis of bottom sediments of Lake Baikal collected
in the discharge area of pulp mill waste waters and on the sampling stations situated on
the east and the west direction of the discharge point are reperted in the Table 2. On
the base of obtained data it was impossible to fiad out some accumulaticen of heavy
metals in bottom sediments from discharge area in comparison with natural backgrounds.

In the long term hydrobiological monitoring (1961-1993) for the aguatic ecosystem
in the discharge area of the pulp mill we have included study points on phytoplakton,
zooplankton, macrophytes,_mezobenthos, macrozoobenthos, protistoplankton, water and
ground microflora and primary produciions(3).

.Table 2. Trace element’s composition of the lake Baikal sediments
south part. Average resuits of the 19B8-1993, ( )~-Sb. 1-
zone 1, Z-zone 2, 3-to the west of discharge, background

Concentration, mg/kg -1(dry weight)

Eiement
1 2 3

Hg 0.2-0.7005  0,4-0.6(21)  0.3-1.2 (1D
cd 0.5-0.7(i%  0.5-0.9(1T)  0.6-1.0 (16
Pb 17-31(21) 19-47(18) 25-44 (T
V 83-105( 5)  95-120( T  85-110 ( 9
Fe* 37-56(11) 38-60(12) 28.0-63 ( 8
Mn* 0.45-2.74(8) 0.90-3.15(7) 0. 77-2.90(10)
Ba 450-620(16)  320-540(22)  250-600¢25)
n 40-100(15)  60-120(17) 86-150(19)
Rb 100-130(5) 50-110(8) 50-140(4)
Cs 1.8-2.5(8)  1.4-2.7(6) 1.8-2. 5(9)
Br 11-16¢15) 10-21(9) 8-14(13)
Cr 60-110C10)  70-146(8)  110-167(12)
Yo < 50 57-68 < 50

Se 11-14(3) 10~18(6) 13-20(2)
Co 14-31(5) 15-27(4) 10-24 (D)
Au 0. 03 0. 03 0. 03

Ag < 1.5 < L5 < 2.5

U 8-12¢14) 6-11(12) 4-13(19)
Th 6-11 (B) 8-12 (8) T-11(13)
i 3.5-4.3(17) 2.7-3.9¢9)  3.3-5.1(6)
Tr(<200) < 350 < 270 < 200
Eu 1 2-1.6(3) 1.5-2.1(5)  1.3-1.8(&)

Note: * concentration as g *kg - 1
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The littoral ecosystems in the mixing area of pulp mill waste waters during the
whole period of observation have not any significant changes in comparison with their
average natural norms. The biota in littoral areas having the depth of 5-Tm is also
remained as the previous situation.

Analysis of the spatial structure of boitom societies allow to mark out two . main
zones which differ from natural states of botiom sediments.

Zone i: it-is the zone of biological radical reconstruction where.the content if
highest taxonomic units is changed and their total biomass is strongly decreased, This
is a zone or a spot of poilution. The main part of suspended solid incoming with waste
waters is accumulated here. ' ‘ .

In 1966, when pulp mill began to discharge waste waters in this zone, the
macrozoobenthos biomass in the depth of 6-20m was reduced in 10 times, in the depth of
20-50m it was reduced in 3 times and in the depth of 50~100m it was reduced in 5 times
in comparison with data in the period 1961-1966 when the mill was not comsiructed. In
the depth of 6-20m the exciting society, where mollusks and oligohaets were prevailed
by their biomass, was changed to the gammaridae society. But this zone occupies merely
the square of 0. 3kd,

Zone 2:this zone has the square of approximate 20kd named as an intensive
selfpurification zone. In this zone, despite high concentrations of substances,
selfpurification. The intensification of substances rotation is going on owing to the
microorganisms activity which leads to zoobenthos biomass increase.

4, Conclusion . ‘

Resulis of complex_ecologicalwchemiCai monitoring were the base for the regulation
of the suspented solids content in treated waste waters and their stage -by- stage
concentration decrease. In 1074 the suépendeé solids concentration in the pulp mill
waste water was 10mg/1, in 1875 was Tmg/l and in 1988 was 5mg/l. At preseat, the
permissible suspended solids content is approximate 2-3mg/l. At present, the permissible
suspended solids content is approximate 2-3mg/l including 45% }ignin substances(l).

¥e consider that it is possible to improve the sediments quality discharged by pulp
and paper millis employing three-stages treatment system of waste waters as like as the
BPPM system, which is composed by biclogical stage, physical-chemical stage and
mechanical stage.in aeration péndsﬂ
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PTOREOWLNERT VG DO
DB TE L, ,

B2V~ COEBE. NMEET S,
BENBECHMEEKBRTS S, 2OV - riztbBL
Tk, V7= EEBRYE OB VIR ks

EE Nl BRI E U ERER R E SR A
nTW3, oELBERCHERROB D,
WAy b 2N S RO K E SN, BT
DRI RE L THETLTLS,

BADE2F Y IR, BOKPOEER
BMOREBOEBRPETNOOBEOFEDIC &
ST, BYTH B, mEAE, 196 I3
BREMIO R L. 10ng/LTH D, 19738 T
mg/L. 198B4EICIE 5 mg/LTH - 1Y, HETR
2. 0~3. Omg /LD LAULIZ » T B,

Pk i, HEACEE, LERETE U BHRA BR A
55 BEKIMEE Y AR5 AW, T IS A D i
ANAFEREKOBBIYNRETHEEELT
Wh, AL AY RIESAVT LR, COREB
DAL 257 LEFLTED, Beld, &
OTHD S S A VB S h BB RIEO
FihE. BELHBERTH L,
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(1) FXv bEUF—Ou LRI MEATEIRICOWT

REIRSE T BT

<) A BOBERO MATIIEO PR, B0 BRIZCHESWCibhTwd, F
Ny b E & —ORINBSATEO 12, EREFIC B 5P, b O TEIR 408
198546 A0 & 1993(ED 9 4ERNCH I > THH . 19MEDTIR T — < 1. DD BHATETIIE
A S IRHEIO BUAREED C & THH- 1,

— WROGH, X%

ﬁmmmM£ﬁﬁQMSLbojmm01’\
H118° 1) IChLiE 5, I @B i i 1860m
ﬁ%%f&éam&dﬂx%W?\MMﬁ@m\
18, SR, Bk S ->THE LWL S
1E55200-400m A7 11 = Ak, 400-600m HYH ¢
IRIERIAR, 600-1200m AVH £ 35 TR 38 4 6k
1200-1500m AS7&E BEILTER AR 1T00m L LA TF
BREN D, F Xy T U4 —13600mEL o]y
Wiz B LTwa,

s R L i 2 1080 —2 Th 5,
Hhbhid T OEEN A 19854E 0 o KM L 72,
19854~ 19914 DIk, —FEOBIZ NN 3 ~
4 s HThb. zollZdEA, i by
13 Y 10~15kg% —F 4 [mlicpid CH A1
19924E ~ 1994 D NS MAETZE D 23, 15 H i
fHit %Lt

— FhoEEREie

19854, Z DBFN OB {5 & e T
Uy A iTEh I 2 DHEE L 7okt M4k
HH2IHTDH - 7oH, 19944E IS 4081z L
1o 1985~1994ﬂ3®l")(1988ﬁi& 1993’1’-)&%’:‘& IN

o 10- 10.4

FhoMEBAET &L Tw 5 (Table
1) o SIS, 08 (0.64~1.39) THH.
O YOEHII L 1L.01TH B,

= E - JETH

1) e

FX oy bEF— OB A R RET
WA LTOVBEMN, T~12/113ZROHIEHNEL .
B~9JINE—=s&li-TWVWS, 12J]LIER,
ROHIEIZ ML, 3 ~4 A 4fEN % b
K<, 5~6 HICADEHERBUOML LI
CHs (Fig. 1) .
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Table 1

Population changes of the study troop.

Baby 1-2yrs 3-4yrs 5Syrs and Total Grand Rate of
over total increas

1985 &' 2 | 1 7 11

3 2 0 7 12 23
1986 & 2 3 2 12

23 4 l 15 27 1,17
1987 & 3 | 1 8 16

% 6 2 1 17 33 1,22
1988 & 1 1 2 5 9

22 3 3 4 12 21 0. 64
1989 o' 2 3 1 12

21 3 4 13 25 1. 19
1990 " 1 3 1 7 12

24 5 3 6 16 28 1. 12
1991 & 0 5 7 10 20

23 7 3 8 19 39 1.39
1992 &' 4 1 q 12 21

? 2 7 3 9 21 42 1.08
1993 & 2 4 1 14 21

20 | 1 9 17 38 0.83
1994 &' 5 2 4 12 23

$ 0 4 13 17 40 1.05
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15.¢
S 3.6

8 2,% 2.3
Jan Feb Ma r l\;)r' Mz'ay Jun
Fig.2 Dates of birth

MR L NS 6 A TT. 3~4 ANE
=715 (Fig. 2) o 7o/, 19854ED S 1992
EOHPER BRI L L. HiIFEIE 1 ~4 )] CHh
B, 199UEIFENIA S . 6 JICIE TV S,

CO-HERIC, BERTIES0UIO IEEN S - 12,
BER A R DAESE HFEER 1367, 196 (33.3~100%)
THH. 7HHREFEET6. 1% (33~100%)A%
FLERUS—F FMA Tl (Table 2) . A AD
YIPEAREME . T 4%MN 5T, 28.6%H56 4T
H D, WA ZDGC6% LT 1 T2,
4% TAERIT LD E 4, AFAD TN
BEEMICE > TRIED . THLIFO 4 R
1575 T, THLLEISES6. 35 HTH B,

2) B
AN . 288K L /e (Table 3) . %

DI, 1988EDILT AR A Y b S < o BRER,
WA R OFULI6ERICTE D, SHD T A v
FIHEOR T & BTV L, 1988ED K
KA COFARN, BEh O WAL 4081E L 72
ML BRI ASOEAT, 5% I Uco 1S O
NIZAHTH 5, 19900 L fo ik 4 22
HAEDIATH B, 19926F1C | BHO A A A
Rl EE DIGZ D 72T U 12, 1992-19944E 0 1
THOTAVRE (A2, AAH) MIEHEA X
INHOINTHLC U, COFELI21992F
MO DI U, 19944510 F6E D 5B A ES <
ot WBODINETHVEDS B A 2T
1. 4% & 5,

M {ARORENHTSE)

[19854E~ 19944F 112, REIES 28N A S 188
DA A (BEL5T, THAREL 3 8D MEEhICA-
foo WA, —4RICHERA IS ] ~ 2 A NS
ADH 19914EIC 1R, 6 BHOREA = & 3 Bl
Mk A 2 AR I BENIC A - 72 (Table 4)

AERIIC . 208D H LA S L 12,
ZDWNTIMERMRE, kP ALERLE LD
A RPEFHD, BAUC A - Fo, 1993HCiE. 5
oYL (KA X2, BKBEA 2 2, dlRER £
A1) E#HNHOSRZ L. Bt -3

Table 2 Dates of birth in study troop.
Year  Adult female No. of birth Birth rate(¥) Survival rate(¥)
1985 1 5 71.4 100
1986 1 5 71.4 100
1987 1 ] 7l.4 40
1988 8 6 87.5 50
1989 5 ) 60. 0 100
1990 7 5 71,4 100
1991 8 3 37.5 100
1992 9 6 66. 7 83
1993 9 3 33.3 33
1994 9 9 100. 0 55
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ICH A (T> T WA, 19MEDEEKICE  hoMEEE BIENRSd S, 9abb. fho

5T ZORZMEA QLT BN 2HIMA RO E BET KR bE L, rHE

TTHICED, 4~6 Aoy 3E, &Hito DOHETIE. r=0.6. t=2.652, p<0.05, #ih

WEPEIC A D . |~ 2 BRI CEEN T, D A E B HE 4 2 AR O BT IRAHIRIR (A
i, BEHAOBIHT AN ME 20O H D,

Table 3 Dates of death in the study troop.

Year Adult malc Adult female Male Female Baby Total
(1-3 yrs)(1-3 yrs) . F
1985 0 0 0 0 0 0
1986 0 0 0 0 ¢ 0
1987 0 0 0 0 0 0 0
1988 4 | 5 3 2 1 19
1989 0 0 0 0 0 0 0
1990 0 | 0 0 0 0 1
1991 0 0 0 0 0 0 0
1992 1 0 0 0 0 1 2
1993 0 0 0 0 0 2 2
1994 0 0 0 0 2 2 4

Table 4 Dates of immigration and emigration in the study troop.

Year Immigrated Emigrated
Adult 1-4 yrs Adult 1-4 yrs
g ¢ g ¥ g ¢ g 9P
1985 0 0 0 0 00 0 0
1986 0 0 0 0 1 0 0 0
1987 2 0 0 0 2 0 0 0
1988 1 0 0 0 0 0 00
1989 2 0 0 0 1 0 0 0
1990 0 0 0 0 1 0 0 0
1991 6 0 3 0 1 0 0 0
1992 2 0 0 0 4 0 1 0
1993 1 0 00 2 2 0 1
1994 1 0 0 0 0 0 0
Total 15 0 3 0 16 2 1 1
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AW SO Fbeo—F 77 FIIEBRGHE (1995)

WREpE < 21 T D4 - AR TG TE

(2) FEHHICHBIAF a7 hyr¥i
ALE> O fERdE e AREH

HEMORE & EbIcBWT, 204 BBBIOREDHHEZIRVWHO RV, BE
OEMATIR. ZOEFREORANIC & 5 BNMTGEIR & BB NRIB O LRI &
WA LS. AMOAREESNEHARBEICH 12 0 TN L DIELNCT - S H T, 4
ot BBREICE L TUIRT 52 L BIEDTHETH S,

ABERCEZEEHO DT, 7AXPFLVRSHERREIIHGL., MLz b K
EILKBHEO—D2TH D, 2K LT, Bk Uicd v v a D o4 EDHIIRNTL
e LT, hEHEORT., AmAilike 3", SLOHFKBIEICAERL TWE Z &R

hbiFfonsd,
— LB ) )

1) ELMNT 4_ 4

fthoBEHC L 5 &, BULRPE I /“
RPN TH 2 EMALHICH 2 BT hic+ o cokm N
Y 3 DILEARE S N FRIRYE, 1989) f !

M. e hhOHE G-, & 2AM B mWAMw{\

SO P o0 & BN TR A 72 B oL TS o Sy .
RO BD Mz < h A EOLENR T TR Rhesus monkey : 3
DT, BHILIRIC< A A OGN B - fo EHEM

T& 5,

ORI &L - T, L (1616~1911 , >
) Ao EERE (1912~ 19494E) OEIER Fo D “a
ity F 2 v 3 DRI O KV 12 53 4 A\ i sl N
L. 7479 VRIS Bk o i ’

HichER L, F2va0 X0 T AFY LD R o
HBOFH L DIEM - 72 (Table 1. Fig. 1) . "'"ﬁa\}

2) RIEOST & BREL Fig 1. Histrical distribution of golden

F vy aydBAEICRESUAROEMN &6 monkey and rhesus monkey based on county
e HEMMXicAH LT WS, ZOHMIZH gazettes in Shaanxi, China
LRSS R,

LT C N
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Table 1.

Historical distribution of golden monkey and rhesus monkey based on

county gazettes in Shaanxi province.
Place name Nane of rhesus Nane of golden Country gazeltes
nonkey recorded Monkey recorded
Now Ancient ‘. |\Book name Publishing tine
Qinting “Hou™ “You”, “Rong”, Annals of Shaanxi Qing dynasty. Yongzheng
Longshan “Wei” Il years (1885)
Zhouzhi “Hou™ “Rong” Annals of Zhouzhi Minguo 14 years(1925)
country
Huxian “Hou™ Annals of Huxian Minguo 22 years(1933)
country
Xi’an {i" anfu “Mihou” Annals of Xi'anfu Qing dynasty. Tianlong
44 years(1779)
Longxian| Longzhou | “Hou™ “Rong” Annals of Longzhou Qing dynasty. Kangxi
52 years(1713)
Fufeng “Hov” Annals of Fufeng on | Qing dynasty. Guangxu
hone village 32 years
Foping “Hou Annals of Foping Minguo 18 years
country
Liuba Liubating { “Hou” Annals of Liubating | Qing dynasty, Daoguang
22 years(1842)
Xixiang “Yuan” “Rong” Annals of Xixiang Qing dynasty. Daoguang
country
Pingli “Hou” Annals of continuous | Qing dynasty. Guangxu
revision 22 years(1896)
Ankang Xinganfu | “Hou” Annals of Xinganfu Qing dynasty. Tianlong
53 years
Baihe “Mihou” Annals of Baihe Qing dynasty. Guangxu
country 19 years (1893)
Shiquan “Hou” “Rong” Annals of Shiquan Qing dynasty. Guangxu
country 29 years (1903)
liyang “Hou” Annals of Ziyang Qing dynasty
country
Ningqiang Ning- “Dihou™ Annals of Qing dynasty. Guangxu
qiangzhou Ninggiangzhou 14 years(1888)
Qingling “Rong” Learn to read from Tang dynasty
“Bencao”Chen C, editor
Baoji “Rong” “Gujin Tushu Jicheng”| Qing dynasty
Jiang Q. editor
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Fig. 2 Current distribution of golden
monkey and rhesus monkey in Shaanxi,
China

LTWaF a3 30f, #¥38008iTH 5
(Fig. 2) . DhbhidBsulifkodtfilicns
Frraoohoii, Wk, k—-4LL oY
B O BRI > WO TR AR G AR % 4T O L Sddked
ORGII 14T, F915401H39 41 L. A BEE 1L
2. 835i/knd T, MFED A — AL v VOHKIZT
Y516, 8kt (9,09-29.65kd) HH ., Fvvaw
DORGDIRTH B & EW S/ LT (Table
2. Fig. 3) .

7 7Y BT R O Bl a3 L
KEWLOALH &Rl i B L TW 5,

Daond Gy

Fig., 3

troops in Qinling mountains, Shaanxi.

Niephas Coonty

Distribution of Golden monkey

Table 2. Troop, secasonal home range size and density of Sichuan golden monkey in

the north slope of Qinling mountains, Zhouzhi country,

Troop name No. of individuals Altitude Home range Densty
(calculation) (m) size(kif) (No. /ki)

Longdonggou troop 100 1600-2500  15. 65 6. 39
Diaogou troop 150 1700-2300 29.65 5.05
Yuyangou troop 50 1500-2450 22,92 2.18
Erlingzi troop 100 1700-2450 18,19 5. 49
Baogudi troop 80 1500-2200  16. 60 4.82
Tielianggou troop 120 1400-2300 18.10 6. 63
Taipingheshangyou 150 1600-2500  12. 46 12.03
troop

Lianzigou troop 100 1500-2500 19.28 5.18
Qingshuihe troop 150 1400-2350 19, 69 7.61
Xigou troop 120 1500-2400  13. 60 8. 82
Donglinggou troop 100 1400-2350 12.64 7.91
Donggou troop 110 1600-2450 15,42 7.13
Yuhuangniao Dongliang

troop 120 1600-2500 9.09 13. 19
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ZFOHEIITHELR105 31 -110° 12" db$31° 42
-33° 15" T, AP, MR, SUL. R SUE

FROSNENILDONAIEE L L THW 5D, hic
PaIE. AR O U Z A —Hi & O KIXIR T
1O SR VR, SR ZULE YD 0N X
KA oeNnTWS, 2R oD Hihe 74 5y
VAR 26TF. $9659~8828(Table 3)H D, 2D
LR 24715k ©, PO QT IL0, 0267
~0, 03563 /kni TdH %,

Frravw &7 Ay PIVEBIE T, HE
DGR IR A BERE Grilg, il K. 40
E) Ndb b,

2 HBihEftd
1) #va9

F 2oy O RSO R ENLNK D E D i
WK S T E OO RIRNIRTH 5, RIHIM
SOEEKTE . SO ONHOREREIZ L -

Table 3  Current distribution of rhesus monkey in Shaanxi province,

Country District llabitat Altitude No.of troop Troop size Active
range (k)

Ninggiang Shandaohe Nianziping 800-1000 1 20-30 7-10

Gaozhaizi Dapingliang 850-1100 1 4- 6 3-5

Manzheng  Fucheng Lengjiahe  600- 800 1 35-45 3-6

Linbingyan 600- 850 1 24-30 2- 4

Banfanggou 650- 900 | 50-60 7-10

Shierwar 650- 950 1 20-30 3-5

Xixiang Dahe Xinfangzi  900-1200 1 30-40 7- 9

Yujiaying 1000-1300 | 30-35 7-10

Nanping 1100-1400 1 40-50 10-15

Loufang Tiejiayan  800-1000 2 50-60 8-14

Bishihe 600~ 900 ] 40-50 6- 8

Fenghuangshan ~ 900-1200 1 20-30 1- 6

Chendongzi  600- 800 1 10-20 2- 4

llexi Xiaoxicun 1000-1300 1 20-30 1-10

Honghuacun  900-1450 1 30-40 8-11

llexicun 900-1450 1 30-40 7- 9

Maliu Yinsihe 800-1000 1 40-50 10-12

Zuoxi Zhaojiagou T00- 900 1 17-20 5- 17

Xinzhai 800-1100 1 30-40 8-10

Gaojiachi Mashihe 900-1100 1 15-20 7-10

Yujiahe 900-1100 1 30-40 -1

Zhenba Renhe Baitiahe  1000-1400 1 40-50 9-11

Nanxihe  1000-1400 1 10-20 5- 6

Pingli Liulin Tugou 600- 800 1 4- 6 2- 3

Zhenping Niutoudian Qingcaoping 1000-1300 | 20-30 6- 9

(Data from ZHENG Shengwu et al.,
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tetcd ORI IEEEC L LIRS E NG & b, FEROAEEREH GE51000~2000m) | £
BTHDH, (IEBRL (. midWL, 2Ol 58« JRERESEAW (E&2000~2600m) |
OXALE3TTMTH D, Fryavoqfill Stk (BE2600~3200m) Th 5 (Fig. 4),
DZHAE, BN E @R UBIEIR T, & —ERT, F Uy a NG SITOISIrd K IR
FEC TR, ZRE TE Ll v, EPHRIR FEET. ZOXIEHE  IREEERCHTH
136, 5~12CT ARFBWIRNE150~230 13 EH DL D, SHEBM TR > iR iR o hid v, 8

AR B £ T00~900mnC 85 5 . IO, F vy 30 O—EROEHMINIL.
RO ZS ORI 52 EAT  HEIEGEBCRI223 11, BHE « IKHERLERA
. CHI35H SHERIKT T BIEETH B & &S

montane shrub-grass "d, FOiGEE I;H%?%1400~2500m DT,
- 3200 9917 MEBIRIZE LA R oL, Frva9(d
coniferous forest coniferous broad- . . -

leaved mixed KO ETHIELTOEN, [Mchshiig

T ‘%600 broad- f t = .
Golden 6ived Mot (arest ores G Wl TRIFBE bbb, Eis.

2000
fecidyous broad- AP AHTICHEE LA DT DI EBd B,
1500

2000
deciduous broad-
leaved forest

nonkey

Gens {araland-shrub- MTKRERGOIFERERIEREN,
ﬁg_éa”d nonkei Iaﬂr?l(;andl ?ic?ude FryaY Ol A EMESTHED 5. N
Rinling Vt. Bashan Nt. n asl) FUL. AR5 (94 1% % L0 5B) | W
1’ig.tz%OHV%I;ILdic(?Oll((jléﬁLE(i)ll)llll(tegpx}llﬁlf ﬁlﬁgsltl; fitith 3 HiXi(5.3%) TH b, FMiTEicicias
monkey in the Qinling and Bashan LD Z DA IZRIT O 2 TLI6D

mountains, Shaanxi. =
MO EA Shic (Table 4, Table 5) o

Table 4. Scasonal food change of Sichuan golden monkey in Qinling mountains.

Spring Summer Autumn Winter
(ﬁar.-May.) (June, -Aug.) (Sep. -nov. ) (Dec. -Feb. )
Species
Parts [Peeding Parts Feeding Parts Feeding Parts Feeding
eaten frequency | eaten frequency | eaten frequency | caten frequency
Pinaceae
Pinus armandii sd tt sd tHH
Salicaceae
Populus purdomii bd, br  t+4, ++t If P+ If,br  H4, Hit br, bk 44+, i
P.davidiana bd, br tt, 1f tt 1f,br  Hi, +4 br, bk 4, +t
Pterocarya insignis bd H 1f it
Betulaceae
Corylus chinensis 1f +44 fr tt
C. heterophylla 1f ti+ fr tt
Betula albo-sinensis bd, 1{  H44, i 1f +4
B. utilis bd, If i+, +t If H
Carpinus turczaninowii | If tt 1f tt bk tt
Fagaceae
Quercus aliena var, bd bt sd +1 sd tti sd ttt
acuteserrata
Q. liaotungensis bd bht sd bHi sd +t
Q. variabilis bd bt sd Fit sd t++
Q. baronii br t sd 11 sd tt
Castanea seguinii 1{ tHt sd ttt sd it
C. mollissima br, If +4, 4+t sd HHe sd Ht
Trochodendraceae
Euptelea pleiosperna bd, br 4, +t
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Spring Summer Autumn Winter
(Mar. -May.) (June. -Aug.) (Sep. -nov. ) (Dec. -Feb,)
Species -
Parts Feeding Parts Feeding Parts [Feeding Parts Feeding
caten frequency j eaten frequency | eaten frequency | eaten frequency
Magnoliaceae
Magnolia biondii bd tit bd Ht
Schisandraceae
Schisandra sphenanthera fry 1f +H, H fr tit
Lauraceae
Lindera obtusiloba fr +
L. glauca fr tt 1 tt
Litsea tsinlingensis fr 4 If, fr tt, HH
llamame ]l idaceae
Sinowilsonia henryi 1 f t4 1 f H
Rosaceae
Sorbus koehneana 1f it fr tit
S. hupehensis If H fr H
Halus sieboldii fr it fr ttt
Staphyleaceae
Tapiscia sinensts br, bd 4, tt fr tHt
Staphylea bunalda br, bk 14, +
S. holocavpa br, bk 4,
Celastraceae
Euonyrus nyriantha br tHt fr 444 fr tt
E. sanguinea br tt fr 1+t fr bt
Celastrus gennatus bk HH
Aceraceae
Acer maxinowiczii bd, If 4, +t bk H
A. davidii bd, If 44, +t bk t
A. franchetii If bt 1f ttt fr tit
A. nono br, I H, 1f +HHt fr tH
Hippocastanaceae bk tt
Aesculus chinensis fr tt
Rhamnaceae
Hovenia dulcis fr tt sd +
Actinidiaceae
Actinidia koloniktla fr 1+ br, bd tH1, +++
A. callosa fr tHt br,bd 144, +44
A, tetramera fr t+ br tt
Elaeagnaceae
Elaeaguns bockii fr t+
E. unbellata fr t++
Cornaceae
Helwingia japonica br ttt If tHt I f tt br tHt
H. chinensis br t44 If HHt Hf H br (223
Cornus nacrophylla fr tHt
Dendrobenthania
japonica fr +H4
Bothrocaryur
controversun fr tH
Alangiaceae
Alangium chinensis 1{ ++ If + fr tt bk t+
Oleaceae
Fraxinus relusa br + bk, br 4+, ¢
F. paxiana br } bk, br +, ¢
F. inopinata br + bk, br  ++, t4
Caprifoliaceae
Sarbucus williarsii br, 1T+, t bk, br +,t
Viburnun dilatatun br [ br + fr } bk +
V. betulifoliun br } br + fr t bk t
Usnae longissima tH ++ +4 t
Kostac sp, (Algae) tHi HH
Bryophyrta sp. t t

br:tender branch; |f:tender leaf; bd:bud including folding flower; sd:seed

bk:bark; fr:fruit

t+i:very oftent tt:frequently; t:rarely
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Table 5.

Number of kinds and parts eaten of food of Sichuan golden monkey summarized

Spring Summer  Autumn  Winter ¥hole season

Species of food 36 21 31 32 57
(evergreen) Q)] QD) 3 n €))
Trees 26 14 18 20 34
Shrubs T 11 18 10 20
Lower plants 2 1 2 3
Parts caten 47 28 40 42 116
Tender branch 17 2 2 13 23
Tender leaf 14 15 6 0 24
Bud including folding

flower 13 0 0 3 15
Bark 0 0 0 16 16
Fruit 0 8 24 0 217
Seed 0 1 7 8 8
whole body(lLower plants) 3 2 ] 2 3

2 Thir¥i

T 5 VO A B T A &
BEUIDIRIEERU L b2 <. B bk
DNEHBATH B, T ICREIIE291Tm T
B, LML, ZHAYFYLOSAIRIE. (LA L
< @mfﬂ‘ﬂ’(mmmmwlﬂﬁ{ﬂf
b b HRMOG I, WG SEN &
DOMORIBBEET. K3, E@g<
W, EEHSEZI~I8C O WTH B, it
FERE250~270 11 C AER%K BE X TO0~ 1000mm
Ths,

H QLD > DRI AT B 2 &R T
X5, Zcd 20 (500-800m) . AN — K
KA — BN (800-1500m) | 7% B HEASHAK
(1500-2000m)Tdh b, 7 11 ¥ IL£600-1500
m®Dil, 97 B U — 8K - Rk R UPEIEIA
ERO T ey 5, 204 RUIE A
DIFEXIRIEL . AHD S M AT
FEAE S &R AR TE C Dyl ($950%)
BRI (Pig 4) o

T h AR L I TOIECH B
PRRIE . FEHERIYIAO6REXT (86.8%) T. kR

mNEDET,

AN 100N (13.2%) TH b, THIHOLE
WMHERY 5, FIICE - T, i 2140
FMI& MALASEIE 0 (2 HET 1045861 & % (Table
6. Table 7) ,

3 —HEOYLOLE

F Ay ORI A5THIEIO KO h TR,
EIHFEN L DILLTHIXCAT. 3% % 5, &
CERLN DO 24HTC42. 1%, D121t
ARIZWD 3 6 MKIT10.5% % L 5, STHIKO
h€ 8 M~ hRXTWS, RARLOL
L IERILTH 5,

BREBEETOMWHET, ZhZFhoR
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XL Ty &I AR & 21813, 8% £ 12.9%
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Table 6.

Secasonal food change of rhesus menkey in Shaanxi province

Spring Summer Autumn Winter
(Mar, -May.) (June, -Auvg.) (Sep, -Nov,) (Dec. -Feb, )
Species
Parts Feeding Parts Feeding Parts Feeding Parts Feeding
eaten frequency | eaten frequency | eaten frequency | eaten frequency
Pinaceae
Pinus errandii sd t sd 4
Taxaceae
Torreya fargesii sd tH sd +4
Salicaceae
Populus davidiana bd tt br tt
Betulaceae
Corylus chinensis fr +Ht
Juglandaceae
Juglans regia fr tit
Juglans cathyensis fr }
Fagaceae
Castanea seguinii fr tt fr Ht
Castanea nollissina fr tH fr [X%
Quercus aliena var,
acuteserrvala br +4 fr + fr t44
Q. liaotungensis br tH fr +H fr 4
Q. acutissra fr tHt fr it
Q. baronii br t fr t+ br, fr +t, +1
Q. spathulata br + fr t br, fr 4,
Q. oxyphylla br t fr tH br,fr +, ¢
Cyclobalanopsis
mnyrsinaefolia br + fr t fr HHt
Urticaceae
Debregeasia abulis br tt fr t44
Moraccae
Broussonetia papyrifera fr tHt
Saxifragaceae
Ribes glaciale fr }
Lardizabataceae
Akebia trifoliata fr,sd ttt, ttt
Trochodendraceac
Euptelea pleiosperna bd, If ++, ¢
Lauraceace
Litsea tsinlingensis br, If t+, ¢+ fr it
L. noupinensis br, If 44, + fr tHt
Lindera floribunda br, If ittt 4 fr t+t
Sassafra tzumu br, If  +4, 4
Schisandraceae
Schisandra sphenanthera fr it
Rosaceae
Prunus armeniaca fr t+t )
P. davidiana fr 144
P, tomentosa fr ttt
P. glandulosa fr it
Pyrus calleryana fr ttt
P. pyrifolia fr 4
Rubus coreanus fr tt1
R. niveus fr 14
R. lanmbertianus fr ttdt
Pyracantha fortuneana fr H fr tHHt
Sorbus folgneri fr t
Papilionaceac
Glycine max sd tit
Cornaceae
Helwingia japonica br, If tt, ++ 1 f t
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Spring Summer Autumn Winter
(Mar. -May,) (June, -Aug, ) (Sep. -Nov.) (Dec. -Feb.)
Species

Parts Feeding Parts Feeding Parts Feeding Parts Feeding
eaten frequency | eaten frequency | eaten frequency | eaten frequency

H. chinensis br, If 44, ++ 1f +

Dendrobenthania

japonica var.chinensis | br + fr tt

Celastraceae

Euonynus subsessilis fr tt

E. sanguinea fr tHt

E, oblongifolia fr tt

Celastrus gemratus br + bk +

Anacardiaceae

Toxicodendron

vernicifluan fr t ir Ptt

Rhus chinensis br tt

R. potaninii br tt

R, pbunjabensis br H

Pistacia chinensis br t

Aceraceae

Acer raximowiczii fr t fr +Ht

A, laevigatun fr 1 fr +t

Rhamnaccae

Berchenia sinca fr t fr tt

Actinidiaceae

Actinidia chinensis fr tHt

Actinidia kolorikta fr it br tH

A. callosa br H fr H

Elaeagnaceae

Elaeagnus lanceolata fr 4

E. unbellata fr 1

Alangiaceae

Alangiun platanifoliun fr [

Stachyuraceae

Stachyurus chinensis fr +4

Solanaceae

Soltanum tuberosum st ttt st tt st Ht

Bricaceae

Rhododendroz narisii bd tt bd tt bd +H

R. stamninean br, 1f +4, 4

Coriariaceae

Coriaria nepalensis fr 14

Caprifoliaceae

Lonicera elisae fr t fr tH

L. acuninata fr tH fr +H

Viburnur betulifoliun fr it

V. ditatatun fr t+

V. dricur fr ++

Sambucus williansii br,bk 4,4 fr +

Liliaceae

Liliun davidi st 128 st HH

L. brownii wvar.

colchesteri st H st +t

Gramineae

Triticum aestivur sd i

Avena sativa sd HHt

Zea nays st + sd tH4

br:tender branch; 1f:tender leaf; bd:bud including folding flower; st:stem
bk:bark; fr:fruit; sd:seed
ttt:very often; +t:frequentiy; t:rarely

—133—~



Table 7. Number of kinds and parts eaten

of food of rhesus monkey summarized

Spring Sumner Autumn ¥inter | ¥hole season
Species of food 29 17 52 23 76
(evergreen) 3 ) €)) @ (10)
Trees 16 4 28 15 37
Shrubs 11 9 21 5 32
Grasses 2 4 3 3 7
Parts eaten 38 17 53 20 104
Tender branch 22 0 5 24
Tender leaf 8 0 0 8
Bud including
folding flower 3 1 0 1 3
Bark ] 0 0 2 2
Fruit 2 10 417 13 56
Seed 0 5 17
Stem 2 1 4
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Table 1 Age and sex compotion of study troop.
Age 0-1 yrs 1-2 yrs 2-3 yrs 4 yrs over
Sex g ¥ I ¥ IS F IS9P
Total 29 28 20 35 12 21 17 31
Grand 57 55 33 48 193
total (29.5%) (28.5%) (17.1%) (24.9%) (100%)
Table 2 Population change of study troop
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
Birth 3 6 8 12 15 18 21 34 29 28
Immigrated 2 2 1
Dead 1 2 3 | 1 2
Total of
individuals 26 32 42 52 64 83 103 136 165 193
Rate of
increase 1.23 1.31 L.24 1.23 1.29 1.24 1.32 1.21 1.17
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Fig. 1 llistorical distribution of rhesus
monkey based on counly gazettes and
recorded before 1980 in Shaanxi, China

s
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i :Areas of rhesus monkey distribution

Fig., 2 Current distribution of rhesus
monkey in Shaanxi, China
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Table 1. Historical distribution of rhesus monkey based on country gazettes in Shaanxi

province
Place name Name of rhesus Country gazettes
Now Ancient monkey recorded Book name Publishing time
Zhouzhi “Hou” (monkey) Annals of Zhouzhi countryl Minguo 14 years
(1925)
Huxian “Hou” Annals of Huxian country Minguo 22 years
(1933)
Xi’an Xi’ anfu “Nihou” Annals of Xi'anfu Qing dynasty.
(rhesus monkey) Tianlong 44
years(1779)
Longxian | Longzhou “Hou” Annals of Longzhou Qing dynasty.
Kangxi 52 years
ans
Fufeng “Hou” Annals of Fufeng on home Qing dynasty.
village Guangxu 32 Years
(1906)
Foping “Hou” Annals of Foping country Minguo 18 years
(1929)
Liuba Liubating | “Hou” Annals of Liubating Qing dynasty.
Daoguang 22
Years(1842)
Xixiang “Yuan” Annals of Xixiang countryl Qing dynasty
Daoguang
Pingli “Hou” Annals of continuous Qing dynasty.
revision of Pingli Guangxu 22 years
country (1896)
Ankang Xinganfu “liou” Annals of Xinganfu Qing dynasty.
Tianlong 53
years (1788)
Baihe “Nihou” Annals of Baihe country Qing dynasty.
Guangxu 19 years
(1893)
Shiquan “Hou” Annals of Shiquan country  Qing dynasty
Guangxu 29 years
(1903)
Ziyang “Hou” Annals of Ziyang country Qing dynasty.
Ningqian% Ninggiang{ “Mihou” Annals of Ninggqiang zhou Qing dynasty.
zhou Guangxu 14 years
(1988)
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Table 2. Distribution of rhesus monkey once reported before 1980 in Shaanxi

province
Country District Distributional place Year
Ningqiang Nanping Baiyanhe Before liberation
Pingxihe Pingxihegou Before 1970
Shuitianping Guazishan Before 1980

Shanjiayan

L.ashuidong

. Before 1980

Nanzheng llui junba Qingshiguan Before 1958
Xihe Tiapinghe Before 1968
Baiyu Hongyan Before 1980
Mayuan Yanshong Before 1980
Xixiang Luozhen Bazhouying Before 1958
Zhongjiagou Shibanhe Before 1970
Luojiaba Yijiayan Before 1970
Zhenba Dachu Majiaoyan Beforc 1975
Yongle Houziyan Before 1980
Bashan Heishuihe Before 1958

Langao

Between Pingli
and Langao country

Beforc 1980

(Data from ZHENG Shengwu et al., 1993)
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Table 3. Current distribution of rhesus monkey in

Shaanxi province

Country District Habitat Altitude | No.of troop Troop Active
size range (ki)

Ningqiang | Shandaohe | Nianziping 800-1000 | 20~-30 7-10
Gaozhaizi | Dapingliang 850-1100 | 4- 6 3- 5

Manzheng I'ucheng Lengjiahe 600- 800 | 35-45 3- 6
Linbingyan 600- 850 | 24-30 2- 4

Banfanggou 650- 900 | 50-60 7-10

Shierwar 650- 950 | 20-30 3-5

Xixiang Dahe Xinfangzi 900-1200 1 30-40 -9
Yujiaying 1000-1300 | 30-35 7-10

Nanping 1100-1400 ] 40-50 10-15

Loufang Tiejiayan 800-1000 2 50-60 8-14

Bishihe 600- 900 | 40-50 6- 8

Fenghuangshan 900-1200 | 20-30 4- 6

Chendongzi 600~ 800 1 10-20 2- 4

liexi Xiaoxicun 1000-1300 1 20-30 7-10

Honghuacun 900-1450 1 30-40 8-11

llexicun 9060-1450 1 30-40 -9

Maliu Yinsihe 800-1000 ] 40-50 10-12

Zuoxi Zhaojiagou 700~ 900 1 17-20 5- 1

Xinzhai 800-1100 | 30-40 8-10

Gaojiachi | Mashihe 900-1100 ] 15-20 T7-10

Yujiahe 900-1100 ] 30-40 5- 1

Zhenba Renhe Baitiahe 1000-1400 1 40-50 9-11
Manxihe 1000-1400 ] 40-50 5- 6

Pingli Liulin Tugou 600- 800 ] 4- 6 2- 3
Zhenping Niutoudian | Qingcaoping 1000-1300 1 20-30 6- 9

(Data from ZHENG Shengwu et al.,

1993,

some parts
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Table 4. Comparison of population and farmland in the distributive area of

rhesus monkey of Yixiang county betwcen 1984 and 1994

District Maliu Zuoxi  Gaojiachi llexi  Loufang Dahe
Population | 1984 1919 5303 2121 1493 2850 2307
(indiv.)

1994 1731 4994 2025 1297 2754 2209
Farmland 1984 3655 6914 4742 5640 8072 7189
(mu)

1944 3665 5814 4742 4662 7436 5882

¥ 1 mu=0. 067 hectare
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Role of Multi-purpose Trees for Forest Cbnsefvation and

Rural Community Development

Dr. 1LEro*, Dr. A.LB.Igboanugo*

Summary

1. Objectives

The operation was aimed at (a) Encouraging the villagers to diversity and maximise
their economy by optlmxzmg their output per farm holding, employing agroforestry
technologies. (b) Informally teach them basic tree planting and management technigues, through
direct participation and therefore sensitize them towards the need for growing more
multipurpose woody perennials (MPT) in their farm holdings. (c) Indirectly conserving more
tree species in their environment for protecting their soil and other land resources.

2. Targets and Achivement. o

(a) Targets: These were (i)Plant up selected farm holdings using fruit trees; vegetable
and other perennial MPTs in agreement with the community and the land owner (ii) Fence
these fields to prevent livestock from entering them. (iii) Plant suitable living fence species
that require minimal maintenance along the inner edge of the fence. (iv) Teach the farmers
methods of vegetatively propagating some of the tree crops, including seedling production
technigues.
Since cassava is one of their major staples, which they grow twice in the year, it was planned to
teach them methods of grafting Mannihot glaziovii on their traditional or improved cassava
cultivares to improve their yields. (v) Extend to them improved farming methods and also
introduce high vielding, pest and disease resistant crop varieties. (vi) Study the agronomy of
the undomesticated tree species in use, like Tarmarindus indica, Vitellaria paradoxa, Parkia biglobosa,
Pterocarpus osun, etc. and the tree species - arable crop interface.

(b) Achievements: (i) A diagnostic survey /rural appraisal was cazried out in two classes
of men and this revealed their preferences to different tree species showing also that there is
the need to extend to them improved farming techniques. (ii) A total of approximately 5 ha in
three fields were planted up with about 900 plants, made up of 12 species. (iii) The fields were
fenced round, fire-traced and all herbage collected and burnt outside the plantations. (iv) The
rooting zone of these plants were drenched with “Dieldrex” to prevent termite attack. (v) The

* Acting ] Director/Forestry Research institute of Nigeria(FRIN;
F A4 Y2 ) T HEHTERT (FRIN)
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plants were watered weekly through the last dry season. (vi) The seedlings survival rates
were assessed once. (vii) A total of 7,421 seedlings of various species were produced in the
ADP, Bida, nursery. .

3. Constraints:

(i) The village stream almost dried up during the dry season, hence the weekly watering
activities were slowed, because water had to be fetched from the village well. (i) The community
proved unreliable and sometimes, planned against the progress of the work through impossible
financial demands and inability to honour agreements.

4. Recommendations:

Based on the findings during rural appraisal and field wotk, there is the need to
encourage on-farm agroforestry trials, as the immense potentials of combining appropriate
MPTs with arable crop production are grossly under harnessed and many extensionists are ag
ignorant as the peasant farmers. When dealing with any rural community, there should be a
memorandum of understanding and if possible, it should be documented.

5. Lesson learned:

 When leaving responsibilities to field extension agents, the scale of the job to be covered
should be as minimal as possible. The peasants’ viewpoints and preferences should form the
focal points in piarming and preferences should form the focal points in planning and execution.

6. Suggestions:
If funds permit, the trial should be followed to a more concrete level, where useful data
on tree agronomic requirements and tree-food crop interface, etc. would be generated.

Part A: General

1. Initial State of Sites: _

Most parts of the three fields have been under fallow for up to one year. However, the
upper quarter of site II on the Bida approach and the upper left wing of site [l on Bussu road
have not been farmed in recent years, hence, these are covered with thickets. Since there was
no time for site preparation before planting started in September, 1994 weeds were amajor problem.

2. General State of Seedlings Supplied:

Most of the seedlirigs transported from Ibadan had undergone major stress. Beside the
long distance, some of the pots were broken while some had lost their potting mixtures. As far
as possible, these were transplanted into the fields to adhere to the directives that efforts should
be made to transplant all seedlings supplied before the cessation of the rains.
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3. Field Marking and Planting Points:

Field markings and plantings were accomplished in September 1994 when the rains
started being less frequent than in the proceeding months. Before the operétibns however, the
Fadama field which was overgrown with grasses was done in order to mark out the fields and
planting points. Cutting of thickets and grasses at the other sites was also carried out.

4, Precautionary Measures:

To forestall the deleterious effects of the impending dry season drought on seedling
survival and establishment, it was ensured that the planting holes were large enough to take
haif a headpan of well rotted cowdung. These were throughly mixed with the soil before
planting. Each seedling was further fortified against drought by mulching with herbage cut
from the fields. _

The root zones of the seedlings were thereafter drenched with “Dieldrex” to prevent
termite attack. To further erisure that these seedling pull through to the next rainy season,
watering was planned to start in December (see Budget II item D), but during the November
activities, a lot of seedlings at site [l which were established late, were already showing signs
of wilting, so, watering had to be started immediately on the 12th of November, 1994 and
continued weekly till the end of April 1995 when the rains started.

5. Rural Appraisal: ,

Two sets of interviews were conducted first, on married men whose ages ranged between
20 and 29 years and later, on the eiderly of 50 year and above. The interviews sought information
on preferential ratings of the different tree species as related to their levels of utility'and market
values, their cropping mixtures and sequence, livestock types and herds owend per household
and mode of rearing them, avenueés for procuring farm inputs and timeliness of obtaining them.
(a) Parkia and Sheabutter tree (Vitellaria paradoxa) are very highly valued. The sheanut sells at
about N20/104s measure, while Parkiz sells as much as N4000/100 kg measure.

Tamarindus however, is only used for preparing a drink called “Kunu Tsamiya”, which
is rarely prepared by households, but the trees are sometimes intentionally leit on farmlands
at owners’s discretion. They are therefore unwilling to raise them in plantation. However,
values do change with time. In Burkina Faso, Tamarindus is used in manufacturing a highly
cherished soft drink which competes highly with Coca Kola. Farmers make lots of money
thréugh marketing of the commodity. The agronomy of the species should therefore be studied.

Kolanut, Garcina kola and Irvingia gabonensis are highly cherished. The two groups
interviewed observed withnostalgia that Irvingia used to occur naturally in their area, but
were indiscretely cut down over the years when the market value was low, but with the current
excellent their wish to have whole plantations of the species and the kolas, if supported.

The usefulness of Pterocarpus sp. and Chrysophyllum sp. raised in the plantations were
also outlined to them. These are new to the area. Those among them who have travelled widely
through the Southern parts of the country and had eaten Pterocarpus leaves and Chrysophyllum

- 143 -



fruits, came in handy to explain in details to others what they taste like, likening the taste of
Pterocarpus leaves to those of Adansonia sp., stressing that the new leaves flush heavily during
the dry season when most other vegetables are in short supply. The two species were accepted
for their food values and likely yield of revenue. Aubrevillin kestingii was totally rejected as it
grows in the area where it is only used for fashioning tool handles and utensils. Those who
have travelled widely also asked for Dacryodes edulis, oil palm and coconut (improved varieties),
at least to be established in their homestead gardens. They also would like Faidherbia albida
and Sesbania sesban in view of their soil enrichment properties.

Leucaena sp. was unknown to them, but its use as fodder was highlighted, with a
cautionary note that its fodder must be mixed with other fodder species, otherwise, when
ruminants feed on them alone in large quantities they develop enlarged thyroid glands
accompanied with high fever and total loss of appetite and then death. This is because some
strains of bacteria in the rumen convert mimosine contained in Leuenena leaves into 3-dihydroxy,
4 (1H) pyridone which causes these copplications. In view of this, the species was recieved
with mixed feelings. '

Citrus (sweet orange and tangelo shotstocks on rough lemon rootstocks and sweet orange
alone), Mangoes (Julie shootstock on Peter rootstock and Peter variety alone) and Cashew
used in the plantations are highly valued for their ready markets but Guavas (sweet white and
others), fetch little money around the zone. They are therefore not keen on raising guavas.
(b) Rice (Mars variety) and cassava are planted in the Fadamas. Cassava, when planted in
November/December in the Fadama can be harvested in May, June or July. This is followed
immediately with rice. In the upland, cassava stays for a whole year before being harvested.

‘In the upland, melon is the first crop of the season, followed by late millet (harvested

after 8-9 months}or guinea corn or early millet followed by late millet. On fertile soils, maize is
usually grown with guinea corn, but maize usually comes first. White maize varieties are
preferred to yellow or red varieties. Red and white guinea corn are commonly grown and
produce flour of goed quaiity. The high yielding “short kaura” guinea corn is not well recieved
as the “fufu” has been observed to loose its stickiness after long storage of the grains. Cowpea
is usually grown as a sole crop. The crops are usually spaced without reference to any
recommended standards.
(c} Single super phosphate is applied to cassava and groundnut. Urea is mixed with NPK for
rice, maize, guinea corn, millet etc. Farmyard manure is used extensively with mineral fertilizers
as suppleéments. The mineral fertilizers are rather costly. The community has no standard
measure for application of fertilizers and are not aware of recommended fertilizer doses to
different crops. They simply use their discreation, making sure that each crop recieves its due
share of any quantity of fertilizer they can afford. ' o

The commonest crop protection chemicals are Cymbush, Karat and Decis applied with
knapsac sprayers. The two knapsac sprayers owned by them communually are grossly
inadequate. Often, when they are hard pressed for sprayets, some of them dispense their
chemicals on the crops with breoms or tree leaves.
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(d) Most homes keep more goats than sheep. It is common to find 10 goats/family and about
3-4 sheep/family. These are stallfed and restricted during the cropping season, but released to
free range after crop harvest. Some households also keep poultry, ducks and domestic guinea
fowls, while the youths sometimes rear pigeons. They have no access to veterinary services.

Some men and boys are part time hunters and trappers. Commonest catches are rabbit, -
cane rats, hunters sometimes kill antelopes, deers, bush pigs and guinea fowls.

These findings underscore the need to carefully integrate and strengthen the crop and
tree species most desired by the community into their farming systems and also extend to them
the proven farming techriques so as to make the expected impacts by improving their WeH—bemg
and protect their environment. '

6. Community Attitude to Work: .

Generally, their enthusiasms get easily dampened at sight of large volume of work.
Apparently, they are not used to long hours of daily manual labour as they are purely subsistent
farmers. Daily outputs and quality of work diminishes terribly if kept continuocusly on their
toes as we have been since September 1994, With careful management and patience however,
we were able to meet our targets. It was observed that the villagers pulled down the fence line
facing the Bida approach in site 2 to get into the farm without bothering to use the gates made.

7. Month!y Operations Carried OQut:

- (a) September 1994: Marking, pitting, mixture of manure and pia.ntmg of the three sites
and fencing of the fadama and erection of a signboard therein were accomplished. Also, Balanifes
aegyptiaca, live fence material available, was planted along the inner edge of the outer length
of the fence at the fadama site. Weeding about 1 m radius around each seedling at the fadama
was also accomplished.

(b) October 1994: Cutting of fencing poies peeling them and pamtmg them with
solignum, digging the fencing holes (2 feet deep) at 4 m apart and fencing of the two upland
fields were completed. Also, three signboards were mounted, one, in each of the turn off to
Gadza along the Federal Polythecnic road, Bida. Weeding 1 m radius around each seedling
was also carried out in the two upland sites.

The owner of the fadama field, Alhaji Etsu Madu was approached to cul’uvate the field
with cassava as ealier agreed, but he complained of his hands being too full with other farming
activities (weeding of his rice field, tending of beans farm, harvesting of corn, millet, etc.).

In view of the findings during rural appraisal, {section 5} beating up was only carried
out with the horticultural crops. Cola nitida, Vitellaria paradoxa and Garcina kola which were
directly seeded but could not germinate would be beaten up with appropriate seedlings durmg
the next rainy season. This is in accord with the principles of forest tree management which
specifies that seedlings can be beaten up within two years of establishing a plantation,
depending on fastness of growth of the spécies (FAQ, 1965).

Also, in view of the findings that Twmarindus indica and Aubrevillia sp. were not of any
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direct benefits to the farmers, the gaps created by dead plants of these species in the site I field
would be beaten up next rainy season with Vitellaria, Faidherbia albida, Garcina kola and Cola nitida.

In view of the worrying amount of grasses in the fields, it was agreed with the community
that as their own contirbution to the project, the entire fields would be weeded by them, since
we had no time to prepare the fields before hand by the time we commenced planting. It was
also agreed that after fire tracing, the plantations would be further protected by burning the
entire bushes sorrounding them with the community effort. Fire tracing was cartied out while
the burning was earmarked for December 1994, since the grasses and other plants were still
fresh, \

Alhaji Etsu Madu finally made attempts to cultivate his fadama field - the upper inner

part of the field was cultivated with mounds and planted up with cassava {local variety).
(d) December 1994. Most grasses and other herbage were still fresh by the first week of December
1994 during inspection, besides, some farmers whose fields border the plantatioﬁs had still
not finished harvesting their crops, hence, the scheduled burning of the surrounding fields
was delayed. Thereafter, the fields were fuly fire traced to about B m and above, raked all
through and the fuel load burnt at the edge of the surrounding bushes,

Unfortunately, the community unfulfilled their earlier promise of weeding the fields as
their own contribution to the progress of the work, but rather demanded to be paid before
they could do the work. Dialogues between us and the elders could not help matters as majority
of them had concertedly dissociated themselves from such an agreement, mainly due to the
fact that only the owners of the fields would benefit at the end. It was therefore decided to tidy
up the operations by having the fields thoroughly weeded, raked and the rubbish burnt outside
the plantations along with the surrounding bushes with hired labour. This was accomplished
in january 1995. This made watering operations easier as the labourers found it too difficult to
wade through the bushes during their watering runs. Any visitots could easily walk through
the plantations to have a first hand view of how the plants were performing. Similarly, that
made enumeration and future operations lot easier.

Futile attempts were made in December to collect samples from and identify the tree
species tagged by Dr. Masuda at the Lemu forest reserve. However, collections were made
later, although fire had gutted the reserve by then and most of the stricking morphological
characters were lost while one of the species had lost its tag. They were identified in collaboration
with the herbarium officer at the Department of Biological Sciences, A.B.U., Zaria. These are
presented in Table 1.

WATHRING: As ealier indicated, it was started on the 12th of November 1994, Each seedling received one watering-
can full of water per week. However, by December 19%4 ending, additional 5 men were engaged since the job was too
tasking for the tank first in the stream before moving from site to water. ‘

Additional funding was provided in December 1994 which carried the operation to the
end of April 1995 at site. Fortunately also, the rains came before the end of April. However, the
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Table 1: Some tree species tagged in Lemu Forest Reserve

Tag Number Species
5 Features not clear

11 Combretum africanum
108 Kigelia species
167 Features not clear
207 Crossopteryx febrifuga
123 Strychnos innocua
126 Features not clear
171 Tag burnt off by bush fire
229 Fegatures not clear

14 Anogeisus lefocarpus
130 Features not clear
234 - Monotes kerstingii

stream almost dried up as a result of daming and over-use up stream by other villages which
it serves. Water therefore had to be fetched mainly from the village well.

8. ASSESSMENTS .

It was observed that some shoots of Plerocarpus, Parkia and Tamarindus which looked
dry, sprouted again from the lower internodes. Most of those recorded as looking dead were
those that had not resprouted, but when given slight pulls, showed firm root resistance, thus
suggesting that they were still alive. With the continuous watering, percentage survival would
be expexted to rise with time in those species.

Apart from the directly seeded species which did not sprout viz: - Cola nitida, Garcina
kola, and Vitellaria paradoxa, the poorest percentage surival (16.7%) was recorded for Aubrevillia
kerstingii, which as ealier indicated, is of little value to the farmers. Irvingia, Adansonia and
Chrysophylium had shed their leaves in the dry season but were still alive. Few plants were lost
through carelessness of the labourers during mulching.

The result of the assessments carried out in December 1994 showed excellent survival
rates (Table 2). Thus, confirming the efficacy of the cultural treatments given ahead of time to
curtail the effects of the long dry season. Subsequent assessment was to be carried out at 6-
monthly intervals. '

9. SEED COLLECTION AND SEEDLING PRODUCTION

This was budgetted for and presented for approval in February 1995. Fruits of the
following species which were in season were scouted for, collected and processed for seeds
between February and March 1995 viz: - Acacia senegal, A, ataxachanta, A. mellifera, Prosopis
juliflora, Parkinsonia acculiata, Ziziphus mauritiana, Faidherbia albida, Dichrostachys cineria, Balanites
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Table 2: Percentage Survival of different species at the three sites

Species Fadama (Site I) Bida approach (Site I} Bussu approach (Site 1}
Number of | Numberlock-| % Numberof | Numberlook- | % Number of | Number fook- | %
plants ing dead Survival | plants | ingdead Survival | planis ing dead Survival

1. Citrus species 22 4 8l.8 18 2 88.9 - - -
2. Mangifera indica 16 0 100.0 8 0 160.0 - - -
3. Psidivm guajava 14 1 92.9 15 3 80.0 . - -
4. Anacardium species 12 2 83.3 15 4 73.3 - - -
5. Kolanitida 5{direct
seediing) 5 0.0 - - - - - -
6. Garcinia kola - - - 14 {direct
seedling) 0.9 0.0 - - -
7. Chrysopheylum albidom = - . 12 1 91.7 23 5 78.3
8. Leucaena leacocephaly - - - [ 1 £3.3 32 3 90.6
9. Parkia biglobosa - - - it 3 0.9 323 47 85.5%
10. Tanarindus indica - - - 8 2 0 IS - 22 93.2%
11. Prerocarpus species - - - 4 "0 100.0 14 28 - 91,8*
12, Adansonia digitate . - - 4 0 160. 0 0. 0.9 1006
13,7 Aubrevillia kerstingti - - - = - = - 25.68 16,7 |
" 14, Trvingla gabonensis 2 1 50. 0 = . - - . =
15, Viteliaria paradoxa - - < | 8{direct - 0.0 - -
’ seedling)
71 13 - 122 18 - 899 130 -

* Percentage survival expected 10 increase as those looking dead resproutfurther with time.

aegyptiaca and Parkia biglobosa.

The ADP officer was mandated to arrange for the supply of organic manure and fine
sand, arrange for labour for weeding the space selected at the ADP nursery and fill at least
10,000 polypots provided.

Since, there was need to formally apply for the nursery space, an application to the ADP
Authorities was made in March 1995. The permission letter dated 27th March 1995 was recieved
on 5th April 1995, when the ADP officer reported that he had made necessary arrangements.
Since we were hard pressed for time, the seeds were pretreated and sown immediately. A total
of about 5,500 seeds were sown in two days. The remaining 4,500 pots were to be completed
later by the site officer(ADP). Under ideal situation, a tipper load of fine sand and cow dung
when mixed, fills more than 12,000 polypots in the nursery. It was observed that only few of
the 5,500 seeds sown in the old pots had germinated. It was hoped that since they were watered
regulary, other would come up later, since a pilot germination test carried out in Zaria after
the pre-treatments gave over 90% results for each species.

Howeves, inspection carried out on the 27th of July, showed that the nursery stock was
coming out well and the remaining polypots supplied had been filled with fresh potting mixture
and the remaining seeds sown. ' ‘

The seedlings produced to date are shown in Table 3, although, about 2,000 of them were
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not more than two weeks old. A total number of 7,421 seedlings have now been produced, but F
albida and Cassia spectabilis seeds had not done well due to sub-optimal conditions. The ADP
officer also reported that he had in good faith gone ahead in June - July 1995 to beat up the plants
lost in the two upland plots to ensure that they made adequate use of the rains before dry season sets in.

Table 3: Number of seedlings produced (July, 1995)

Species Number

1. Acacia mellifera 1,086
2. Acaciasenegal 240
3. Balanites aegyptiaca 3,206
4. Dichrostachys cineria 1,965
5. Faidherbia albida 0
6. Parkia biglobosa 620
7. Parkinsonia aculeata 104
8. Prosopis julifiora 95
9. Sesbania sesbun 44
10. Ziziphus mauritiana 23
11. Casia spectabilis ¢

Total 7,421

- 149 -



WA+ b o—F 77 2 PRI 11(1995)

Rehabilitation Program of Mangrove Forest in Thailand

Dr.Jitt Kongsangchai', MNr.Sopon Havanon®, Mr.Sonjai Havanond"’
Mr. Paisarn Thanapermpool, Mr.Tanuwong Sangtigean'’,
Dr. Pipat Patanaponpaiboon?®’
Dr. Akira Komiyama®’, Dr.Mutsuki Higo
Chief advisor: Prof.Dr.Kazuhiko Ogino®’

Research periods and objects:
JFY 1993-1994

Ve engaged in the following studies:
1. Plantation experiment using the hypocotyl cuttig method
2.Plantation experiment in the abandoned area after tin-minings
3.Dispersion process of mangrove propagules

The details of each study are written in the following sheets:

1. Plantation Experiment Using the Hypocoty! Cutting Method
INTRODUCT | ON

In 1985 the experiment on cut seedling of Rhizophora apiculata was conducted in
Ranong Mangrove Forest Research Center, Thailand (MFRC, 1985). All cut hypocotyls from
top part germinated after 6 months with the average hecight at about 10.39cm. The
seedings from middle part showed a germination rate of 76% with the average height at
5.54cm. The seedlings from bottom part showed the average hight at 8.09cm and
germination rate at 77%. Chareonscubsakul (1988) applicd a similar methods and he
enriched root fertilizer (15:30:15) cvery month. He reported that after 7 months the
survival seedlings of all experiments remainted only 5%.

Sangtican (1993) reported that cut seedings of Rhizophora apiculata, dipped in 4
synthetic auxin solutions before transplanting showed the higher survival percentage
and height than the control set which without any auxin solutions dipping. After 6
months, scedlings from top and bottom parts had the highest germination percentages of

" Forest Research Office, Royal Forest Department
2 Chulalongkorn University

* Gifu University Japan

‘" Ehime University Japan
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96. 67 and 68.33 in 1, 000ppm IAA solution treatment, while middle part had the highest
percentage of 63.33 in 2,000ppm 1AA solution experiment, The highest height of the top
part was 15.2cm in 2, 000ppm [AA solution experiment. The highest height of the top part
was 19, 2cm in 2,000ppm IAN solution treatment, the middle and bottom parts showed the
height of 8.24 and 7.0cm in 500 and 1,000 TAA solution set. Among control treatments
the bottom, middle and top had germination and height at 25%, 3.03cm; 23.33%, 4.03
cm; and 73.33%, 12.28cm; respectivery,

In this cxperiment, hypocotyls of Rhizophora apiculata and R.nmucronata were cut
into three parts. The seedlings gained from different parts were studied the survival
and growth rate after planted in designed nursery as well as in ficeld conditions. We
expected that the cut scedlings could grow with a high survival percentage and able to

be the healthy seedlings in the future,

STUDY SITES AND METHODS

The experiment on plantation of mangroves by using the cut hypocotyls was carried
out at the Mangrove Seed Production Center, Trad province. Two thousand of hypocoptylus
of R.apiculata and 2,000 of R.mucronata were selected., They were cut into three parts,
namely top, middle, and bottom, Each part has a same lenght of approximately 10 and 20cm
for R.apiculata and R.mucronata respectivery. The cut hypocotyls were planted in
plastic bags. They were separated into two groups. First group was kept at the center’s
terrestrial nursery and daily watering with fresh water., Second group was laid at
mangrove nursery where the seedlings were covered with seca water about 20 days a month,

At onc year, the survival percentages of cut hypocotyls were recorded. After that
all seedlings were transplanted at the study site near Bang Phracabal. The planting
plot was muddy flat basin and regularly inundated by scawater appoximately 15 days a
month. The scedlings were planted with two spacing, namely 1.9 by 1.5m and 0.5 by 0. 5m.
There were 100 and 225 scedlings from each parts of cach species those planted in the
spacing of 1.5 by 1.5m and 0.5 by 0.5m respectively. Threc days after the sclected
seedlings were planted, their heights and diameters were measured. Their heights were
remeasured again three months later.

RESULTS
1.Survival of hypocotyls

Table 1.1 shows survival percentage of the cut hypocotyls after | year of
experiment., The survival percentage of R.apiculata scedlings from top part kept in
mangrove nursery was 19. 8% remarkable lower than those daily watered with fresh water
(60.82%). Survival percentages of scedlings from middle and bottom parts showed a
slight difference. For R.mucronata, survival percentage of scedling from top part
treated by sca water and fresh water were 79.4% respectively, The scedlings fron

middle and bottom parts show lower survival percentages, especially for the bottom parts
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which were 38.4% under sca water condition and 1.1% under fresh water treatments.

Table 1.1 Survival percentages of the cut hypocotyls after 1 year

Species Parts of Vatering with Inudation with
hypocotyl fresh water sca water

R.apiculata top 60. 8% 19. 8%
middle 52. 3% 73. 9%
bottom 42, 4% 58. 9%

R.mucronata top 4. 1% 19, 4%
middle 6. 3% 52.2%
bottom 1. 1% 38. 4%

2. Growth performance after 3 days of transplanting

Table 1.2-1.3 show growth performance of the scedlings after 3 days of
transplanting. The height of R.apiculata seedlings from the top part (4.29em) was
noticecably lower than the others (12.33 and 13.9cm), however, their diameters were
slightly differrent ranging from 4.24 to 4.57mm. Experiments of R.mucronata scedlings
from the middle part had the lowest average height and diameter as 5.62cm and 5.05mm,
while the higest hight was observed with the seedlings from the bottom part (7.59cm)
and the biggest diamcter was found with the scedlings from the top part (5.6dma).
Markedly, the variation in height of the middle part of both species, R.apiculata and R.
mucronata werc very high., This means that therc were significant differences height
among seedlings.

Table 1.2 Growth performance of the seedlings (with spacing of 0.5 by 0.5m)

Species Parts of lleight Diameter

hypocoty]| (cm) (mm)

R.apiculata top 4.29 4,50
middle 12. 33 4,517

hotton 13.79 4, 24

R. nucronata top 6. 84 5. 64
middle 5. 62 5. 05

bottom 1.59 5. 33

Average height of R.apiculata scedlings from the top part was the lowest number.
(3.98cm) when compared to the middle part (8.93em) and the bottom part same number
(4.33mm) while that of scedlings from the middle part was slightly higher (4.45mm). For

R.mucronata, the highest and diameter from the top part were 8.32cm and 5. 82mm
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followed by secedlings from the middle part (7.70 cm and 5.57mm) and the bottom part (7
23cm and 4. 74mm), respectively.

Table 1.3 Growth performance of the seedlings (with spacing 1.5 by 1.5m)

Species Parts of Height Diameter

hypocotyl (em) (mm)

R.apiculala top 3.98 4.33
middle 8.93 3.45

bottom 11.57 4. 33

R.mucronata top 8. 32 5. 82
middle 7.10 5.57

bot tom 1.23 4,74

3. Survival percentage and height growth after 3 months of transplanting

Table 1.4-1.5 show survival percentage and height growth of the seedlings after 3
months of transplanting. The seedling of R.apiculata from the top part showed the
lowest average height (5. 1cem), R.mucronata scedlings from the same part had the
highest number (10.4em). In addition, the heights of the middle part seedlings fronm
experiments were quite the samc as those from bottom parts for each species. However,
the cut scedlings showed the satisfying survival percentage which was higher than 91%.

Table 1.4 Survival percentage and height growth of the seedlings (with
spacing of 0.5 by 0.5m)

Species Parts of hypocotyl Survival(%) Height(cm)
R.apiculatla top 93.8 5. 1
middle 93.8 12, 8
bottom 91.0 13.5
R. mucronata top 97.4 10, 4
middle 98.7 8.1
bot tom 99. 2 1.3

Survival percentage and average height of R.apiculata scedlings from the shoot part
werc 83.0 and 4.67cm. Those were the lowest number when compared to the other
experiments. The highest average height and survival percentage were from the bottom-
part set which were 12.0cm and 95%. R.nmucronata scedlings from every part presented
the big number of height., They were 9.54, 8.43 and 9. 56cm for the top, middle and
bottom parts, respectively. And their average survival percentages were around 98%.
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Table 1.5 Survival percentage and height growth of the seedlings (with
spacing of 0.5 by 0.5m)

Species Parts of hypocotyl Survival (%) Height (em)
R.apiculata top 83 4. 617
middle 817 9. 46
bottom 95 12.0
R.mucronata top Y 9.53
middle 99 8. 43
bottom 99 9. 56
DISCUSSION

As scen from tha tables, R.apiculata seedlings had the lowest height, This may be
caused by the small size of hypocotyls in Trad province. When the progagule was cut,
the top part had only little nutrition left. Morcover, its root germinated slowly
because there were root initial area.

Alternatively, R.mucronata scedlings from the top part showed the best survival
percentage and growth because the shoot were ready to grow and there were sufficiently
accumulated food in the propagules.

For the seedlings from the middle and the bottom parts of both species, the
germination time were very long; because shoot buds were not available and there were
insufficient auxin,

The other problems that caused death of scedlings were from insect pests. They
destroyed the shoots of Rhizophora scedlings and whole the stems. Moreover, some
seedling stems were bit by crabs, and a lot of seedling were pressed by the floating
branches.

In summary, the experinent on using of cut hypocotyl showed that this method can be
applied and used in mangrove plantation, particularly R.mucronata. It was found that
the cut scedlings grew well with satisfactorily survival percentages. In addition, this
method is really one of the efficient ways to solve the lack of Rhizophora propagules.

However, futher development on shoot and root induction should be studied.

1. Plantation Experiment in the Abandoned Area After Tin-minings

In this study, we focussed the study object to establish the rehabilitation
techniques of mangrove forest in the heavily used area by man. We have started this
study since 1989. Background of this study in detail was written in the sheets
attached to this section (this also worked by the supports of PRO NATURA FUND).

¥e established a 40X 25sqm sized plot in Ranong, southern Thailand. The 3, 950
hypocotyls of Rhizophora apiculata were planted in the spacing of 50x%50sqm. Each year
until 1993, the mortality of planted seedlings was checked, From this the mortality of
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planted seedlings in the very dclicate manner. The difference of land elevation in the
plot was generated by the tin-mining activities. Total difference of the clevation was
merely 35cm in the plot, but the mortality was very remakable both in the lower and
higher elevations, Such small difference of elevation resulted the patchy death of the
seedlings possibly because of the change of some soil properties.

In 1994, we studied some soil properties in the study site established in Ranong
southern Thailand. In the rainy season of August, soil properties of pll, EC (electric
conductivity), Eh (redox potential), and particle size were studicd in various level of
land clevations. The results were listed in tables 2.1~2. 3.

To summarize briefly the results, the difference of soil property, according to the
land clevation, was found in particle size, and Eh. These properties might affect to
the mortality of seedlings. But, pll and EC were not differed possibly because of heavy

rain, In futher studies, we should measure these soil propertics in dry season too.

Table 2.1. Soil properties in the high density plantation of Rhizophora abpicu-
lata in Ranong. pH,EC, and soil temperature were measured at the base
of each 79 seedlings along No. 15 line and also these were measured at
the base of 12 seedlings in Site-A, 5 seedlings in Site-B.

No. pHl EC(mS/cm) Eh(m¥) Temp(°C) Ar-T(CC)
1 7.13 1. 882 132 27.0
2 6. 71 2. 050 162 27.3
3 7.03 1. 889 139 27.2
4 6. 86 2.110 141 27.0
5 6. 86 1. 970 145 27.0
6 6. 70 2.092 136 27. 3
7 6. 77 2. 154 139 27.0
8 6. 71 2.230 94 27.4
9 6. 57 2. 360 180 27.2
10 6. 93 1. 971 =21 27.0
11 7.02 1. 920 65 27.1
12 6. 70 2. 460 82 27.0

13 6. 96 2. 160 108 27. 1
14 6. 96 2.070 116 27.1
15 5. 98 2. 190 124 21.2
16 6. 65 2.010 135 29.1
17 6. 36 1.819 127 26.9
18 6.12 1. 923 34 26.9

19 6. 33 2.470 92 27.0

20 6. 90 1. 789 68 27.0

21 6. 83 2.220 -18 27.0




No. pH EC{mS/cm) Eh(mV) Temp(°C) Air-1(°C)
22 7.08 1. 765 -19 21.0
23 6.89 1. 903 -55 27,0
24 6.43 2.430 -28 26. 8
25 6,76 1. 983 39 26.7
26 6. 54 2. 169 28 26.7
27 6.85 2. 450 6 26.9
28 6. 62 2. 150 60 26. 8
29 1.29 2. 460 81 26. 8
30 7.06 2. 440 70 26,7
31 6. 75 3. 220 73 26.7 28.7(15:09)
32 6. 85 2. 440 50 27.0
33 6. 87 2. 740 47 27.0
34 6.48 2. 690 38 26.7
35 6. 98 1. 963 22 26. 6
36 6. 87 2.270 46 26. 6
37 6. 70 2. 740 61 26,17
38 6. 90 3. 020 -23 26. 8
39 6. 98 3. 180 -19 26. 6
40 6. 91 3. 110 ) 26.6
41 6. 91 2. 840 ~-34 26.5
42 7.01 2.510 1 26. 4
43 6. 85 3. 060 54 26.3
44 6. 60 2.710 19 26. 4
45 6. 83 3. 040 -32 26.9
46 6. 87 2. 990 46 26.5
AT 6. 55 3. 410 20 26.5
48 6. 89 3.150 30 26.5
49 6. 88 2. 350 34 26. 6
50 6. 74 3.310 5 206. 4
51 6. 71 3. 160 23 26. 6
52 6. 70 3. 220 2 26.5
53 6.73 3. 560 41 26.5
54 6.78 2. 640 56 26. 4
55 6. 72 3. 360 35 26.6
56 6. 68 2. 550 -25 26.5
57 6.10 3. 050 57 26,7
58 6. 57 3,390 -49 26.5
99 6. 74 2. 840 2 26,5
60 6. 86 3. 140 =21 26. 4
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No. pH EC(nS/cm) Eh(mV) Temp(°C) Air-T(C)
61 6. 76 3. 500 -80 26,4
62 6. 80 3. 290 -73 26,5
63 6. 83 3. 320 25 26.5
64 6.179 3. 680 -14 26.7
65 6. 64 2. 620 -40 26,7
66 6. 76 3.250 -29 26. 6
67 6. 68 3. 340 -4 26. 6
68 6. 81 2. 500 13 26. 4
69 6. 72 2. 9170 11 26.5
70 6. 58 2.910 45 26.5
71 6. 65 3.070 15 26. 5
12 6. 90 2. 620 12 26.7
13 6. 99 2. 820 53 26.5
74 6. 90 3. 180 42 26, 6
15 6. 64 2. 990 46 26,7
76 6. 68 3. 280 6 26,4
11 6. 82 3. 580 -21 26. 6
78 6. 83 4.030 -67 26.4
79 6. 68 3. 870 -29 26.5 27.4(15:35)
A

50-59 6. 87 3. 040 54

50-60 7. 06 2. 960 -17

50-61 6. 76 2. 350 6

50-62 6. 76 3.000 -2

50-63 6. 99 3.030 -18

50-64 6. 77 3. 150 -43

50~65 6. 97 3.110 -50

50-66 6. 71 2.670 -30

50-67 6. 83 2. 890 -13

50-68 6. 82 3.010 -66

50-69 6. 70 3.170 -45

50-70 6. 84 2.710 =70

B

1-45 6.78 3. 020 18

1-46 7.09 3.120 49

1-47 6.72 3. 680 50

1-48 6. 82 3.350 27

1-49 6. 56 2. 830 60
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Table 2.2. pH and EC of the sea water, the mangrove forest and the rain fall

Site pll EC(nS/cm)
Sea water 1. 11 9. 54

Forest 6. 60 3. 31
Rainfall 6. 71 7.61 12S/cm

Table 2.3. Eh of the sea water

No. Eh(mV)
14-10 48
28-30 41
14-20 55
20-20 58
30-20 68
40-20 67
40-50 T2
30-50 65
1-79 68

Method

Sampling Aug.5 1994

Analysis 1-10, Aug.5 1994
10-, Aug.6 1994

Yaterials; Mixture of soil(80g) and distilled water(133. 5cc).
Both pH and Eh were measured by Model HPH-110(DKK CO., L.TD), Nodel PC-9400
(SATO KEIRYOKI MFG.CO.,LTD.), respectively

Survival and Growth of Rhizophora apiculata Seedlings Planted in an Abondoned Tin-mining
Areas (preliminary report).

INTRODUCT ION
Recently, mangrove forests of south-east Asia were sceriously damaged by human
impacts (e.g. Komiyama et al.,1992). Among thesec impacts, tin-minings and shrimp
cultures are the prevailing forces which destroy and convert mangrove arca for other
economic purposes. Changes of cconomic state in the future might bring the situation in
which mangrove forests should be rehabilitated in those abandoned and trec-less areas.
For mangrove reforestations, selected commercial species such as Rhizophora or

Bruguiera species are used in most cases. The ecophysiology of mangroves including these
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species was fully reviewed by Ball (1988). Many authors clucidated, the distribution of
mangrove species was affected by soil properties such as Eh, pl, salinity, ectc. (Lopez-
Portillo & Ezcurra, 1989, Mckee, 1993; Nickerson & Thibodeau, 1985; Ogino, 1992; Tonma,
1992). Thaiutsa & Rungruangsilp (1990) studied the impacts of tin-minings to the
chemical and physical properties of mangrove soils, Therefore, the human disturbances
on the soil environment should be taken into account to develop the mangrove
rehabilitation technics after the tin-mining area.

In this study, the land elevation, the soil hardness, and the soil partlicle size
were investigated in an abandoned area after the tin-mining., The effects of these

environmental factors to survivals of planted seedings was discussed.

STUDY SITE AND METHODS

A study plot was established in the river mouth of Khlong Ngao near Banlang village
(9° 58N, 98° 38 E), Ranong province, southern Thailand. The annual precipitation and
mean temperature in Ranong city were 4, 320mm and 26.5°C, respectively.

The size of the plot was 25X 40 sqm, situated on a newly sedimentated area caused
by tin-mining activities of the last decade. Inundations occurred two times per day at
high-tides. At least for several hours a day, the whole area of the plot was covered by
water. The present vegetation was occupied by Avicennia alba and Sonneratia alba of c.
5m tall, mixed with some small trees of R.apiculata and R.mucronata.

In August, 1989, the 3,950 hypocotyls of R.ahiculata»were planted in spacing of
0.5m, according to 50 rows and 79 lines. The mean diamcter, length, and fresh weight of
the planted 50 hypocotyls were 1.2lcm, and 14, 5g, respectively. Remecasurements were
conducted in November 1990, August 1992, and August 1993. Length and basal diameter of
seedlings planted in 1989 were measured.

In August, 1993, the micro-topography was investigated at low tides., Using an
automatic level machine (NIKON AE-5%), the elevations of soil surface were surveyed by
2m by 2m spacing, At the same spacing points, the hardness of soil was checked by
dropping of an iron pole (diamecter 9 mm, length 60.5cm, weight 302g, top flat) from Im
high. The lengths of the pole buried in the soil were measured. In August, 1994, 5

soil samples were collected for the study of particle size.

RESULTS
| .Land elevation and soil hardness in the plot

The micro-topography in the plot was illustrated by a contour map in Figure 1
(left). The point A shown in the figure, Located ncarby the plot, was the lowest place
and the land elevation in the plot was not large, it varied from 7Tem to 35cm.
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Figure 1.Micro-topography expressed by contour map (left) and patterns of
soil hardness (right) in the study plot. Each figure on contour map
shows the elevation in cm. From hard to soft soil, patterns are
expressed; Class 1:unshaded, Class 2:dots, Class 3:lines, Class 4:
closed circles, Class §:shaded.

In the plot, there was a convex mound. Around the point C on the figure, a wide
area covered the area of higher clevations than 30cm, THe highest place was 35cm in
elevation. The elevation became lower as one going to either sea-word or inland-word
from this peak, In the area of lower elevations a small valley existed at the point B.
In order place, the elevation became gradually lower. We use the elevation classes
defined as Class | (the land elevation<l0cm), Class 2 (10-14cm), Class 3 (15-19cm),
Class 4 (20-24cm), Class 5 (25-29cm), and Class 6 (>30cm). The distribution of soil
hardness in the plot was illustrated in Figure 1 (right). Each pattern shown on the
figurc shows the soil hardness class, defined as the buried depth of iron pole, the soil
tended to become softer as on going to inland-word. Around the peak point C, the soil
was the hardest (Class 5). In this class, muds/sands came to the ankle depth when a
reseacher stood there. On the slope inland-word from the peak C, the wide area was
covered by intermediate hardness classes of Class 3 and 4. Very soft soils (Class 1 and
2) were mainly located near the point A and D on the figure. In these classes, muds came
to the knee depth.

In each soil hardness class, the soil particle size was checked, The weight
percentage of sands (particle size>75 micro meters) to total soil were 1.5%, 2.9%,
4,9%, 19.1%, and 42,8%, respectively for the soil hardness class 1 to 5.

The distribution of soil hardness in the plot showed some correspondence with
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the elevation class. There was a tendency, the higher the elevation, the harder the soil
became, For example, the distribution of the arca in high elevation Class 5 and 6
corresponded well to the distribution of the hard soil Class 4 and 5 (Figure 1).

2. Stand structure and growth

In Figure 2, the frequency distributions of diameter and height of survived
seedlings were illustrated. The number of seedlings decrease from 3,955 individuals
planted in 1989, to 2,781 individuals in 1990, to 2,170 individuals in 1990, and to
2,100 individuals in 1993, to 1993. Both diameter and height showed the uni-modal
distribution in cach year, and the mode became larger from 1990 to 1993.
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Figure 2. Frequency distribution of diameter (above) and height (below) of
survived seedlings in each year.

In Figure 3 (above), the mean growth increment during 1990-1993 was illustrated in
relation to the clevation class. The smallest mean growth increments of diameter and
height were 0.31em*yr™' and 13.2cm*yr™' in Class 6. As the elevation became lower,
the mean values increased, Those reached to the maximum value, 0,45cm*yr™' and 19, 8cm

* -1

yr~', in class 3. Slightly smaller increments werc observed in Class 1.

In Figure 3 (below), the mean growth increment during 1990-1993 was illustrated in
relation to the soil hardness class. The smallest mean growth increments of diameter and
height were 0.26em*yr~' and 11, 0cm*yr~' in Class 5. As the soil became softer, the

mean values increased. Those reached the maximum values. 0.46 to 0.40 em*yr™' and 15.3
em*yr~' respectively.
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Figure 3. Mean growth increment of diameter (open circle) and height

(closed circle) of survived seedlimgs during 1990-1993 related to

the elevation class (above) and the soil hardness class (below).

3. Mortality patterns of planted hypocotyls
The survival rate of 3,950 hypocotyls planted in 1989 decreased to 70.4% in 1990
54.9% in 1992, and 53,2% in 1993, lorizontal distributions of the dead and the
survived scedlings in 1993 were illustrated in Figurce 4. As clearly seen in the plot,
the dead scedlings showed a contagious distribution. Patches of the dead were observed
especially around the points A, B, and C shown in Figure I.
In Figure 5 (above), the survival rate of scedlings were illustreted in relation to
the elevation class. The survival rate in 1990 was between 0.615 of Class 5 and 6
conparing to other classes, The survival rate in 1992 showed an uni-modal pattern, i.c
it was lower in Class 1 and 3 intermediate elevation).
1y FAAIRIENADY

T

Figure 4. Horizontal distributions of survived seedlings (open circle) and
the dead seedlings (closed circle) at the study plot in 1993.
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During 1992-1993. The dead were a few in all the classes.

In Figure 5 (below), the survival rate of seedlings were illustrated in relation to
the soil hardness class. The rate in 1990 showed morc or less similar values between
0. 659-0. 730. buring 1990-1992, higher mortality was obscrved in hard soil Class 4 and 5

comparcing to other classes. During 1992-1993, the dead werc few in all the classes.
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Figure 5. Survival rate of seedlings related to the elevation class (above) and
the soil hardness class (below). Open circles with line : the rate in
1989-1992. Squares with dot line: the rate in 1989-1993.

DISCUSSION

From the present study results of the reforestation experiment in an abandoned area
after the tin-mining, it was clucidated that the survival rate of R.abiculata seedlings
planted sharply decreased in the first 3 years to 54.9%, and it become 53.2% in the
first 4 years, These survival rates were much lower comparing to the rate, 88-95% of 1-
4 year-old R.apiculata plantations studied in typical mangrove mud flats elsewhere in
Thailand (¥Wechakit, 1990), The difference of survival rates between the two sites was
considered to be mainly come from the soil properties.

Poor growths of seedlings were also recoginized in the present study site,
Wechakit(1990) reported that the necan heights of R.apiculata seedlings were 45 cm and
236em, respectively for the | year-and the 4 year-old stands, the mean height obtained
in the present study was merely a half of Wechakit's result.

The scedlings were planted uniformly over the present study plot in 1989, although,
the distribution of dead trees in 1993 showed a clear patchness. Therecfore, the key
mortality factor of them was considered to be environmental rather than the density
effects. In the plot, low survival rates of scedlings were observed at higher

elevations (0,374 in Class 6 and 0.493 in Class 5) and also low at the lowest elevation

—164—



(0. 486 in Class 1). Thus, the survival rate of scedlings had some relationship to the
micro-topography expressed in the 1 and elevation of the plot.

In the present study plot, there was a convex shaped mound where the soil was
harder (Figure 1). It was considered, this mound was formed by the activities of
foregone tin-minings. The place where disposed soils were thrown hecame the mound, Hard
soils on the mound contained mortesands (42,8% in the soil hardness Class), In
contrast, soft soils in lower land elevations contained much less sands (1.5% in
Class 1). it was considered, the fine grained muds on the mound gradually eroded out by
the water current and the soil became more sandy and therefore harder.

In a mangrove area of southern Thailand, Thaiutsa & Rungruangsilp (1990) studied
the impacts of tin-minings on the soil properties., After tin-minings, the texture of the
soil changed to the sandy loam, in which sand particles occupied more than 602 of
total: They also mentioned, the soil became acid and correspondingly poor in macro-
nutrients at least for 10 years after tin-minings

Tabuchi et al. (personal communication) studied the mortality of Bruguiera
gymnorrhiza scedlings planted in an abandoned arca after shrimp cultures, in Bali,
Indonesia. They found the survival rate of seedlings was merely at a few percent in the
place where the water incompletely ebbed at low tides. A similar phenomenon as Tabuchi
et al. recognized was observed in the lowest elevation Class 1, where the survival rate
of scedlings was lower possibly because of the poor drainage.

In the present study, lower survival rates were observed in the scedlings planted
over the place of higher elevation too. Although the period of tidal inundations was
more or less shorter at the place of higher elevations, it would not affect very
seriously to the mortality of seedlings, becausce net difference of land elevation in
the plot was only 35em. lowever, in neap tides of the driest and the hottest season,
some planted scedlings might die by high temperature and drought. This should be checked
in the future study,

From results. of the present study, it was considered that lower survival rates of
seedlings planted in higher clevations would have some relation to the corresponded soil
hardness. Along the soil hardness gradient, both diameter hardness. Along the soil
hardness gradient, both diameter and height growth increments decreased, i,e, those
increments changed to be smaller in hard soils (Figure 3). This suggested that seedlings
planted in hard soils were killed partly because of poor nutrient in the sandy soil.

Kyuma (1986) mentioned of the pyrite oxidation process for the acidification of the
mangrove soil. After tin-mining activities, the mangrove soil of the present study site
was disturbed, exposed direetly to sun light, and the sand particles increased in higher
elevations. In such conditions, the pyrite oxidation process might happen. If the
acidification are promoted, the nutrient status in the soil will become poor.

In condition, the tin-mining activities created the uneven micro-topography in the

mangrove areas, and altered the soil properties such as the particle site. The outcome
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of reforestation was much affected by its alteration at the initial stage, It is
notewarthy, the total difference of this small difference in land elevation brought
significant influencess in the scedling mortality. Prudent cares should be paid on the
microtopography when we reforestate the mangrove forest in abandoned areas afler tin-
minings.

3. Dispersion Process of Mangrove Propagules

The Rhizophora species has viviparous propagules, which are dispersed by water
currents. This characteristics of hydrochory may act a great role to the geographical
distribution, as well as to the establishment pattierns of local populations of the
mangrove species. So, it is very important to study how mangrove propagul after
detaching from the mother trees. In this study, the movement of propagules in a small
river basin was studied for onc month by a releasc-recapture method to clarify the
dispersal patterns of R,mucronata.

Study site was selected in a mangrove area near Hatsaikhao village, Ranong(9° 58N,
98° 38'E), southern Thailand, where the Mangrove Forest Rescarch Center, Royal Forest
Department of Thailand controlled the forests for rescarch.

The basin of small river, Khlong Tam Ngong (sce Figure) was selected for this study
Khlong Tam Ngong is a branch of Ngao river and flows into the Andaman sca. The
length of it is 2,700 m betwecen the point A and C on, In this area, there are two
times of full-tide in a day. The water flows from A to C near full tide, and fron C to
A near low tide. The 500 propagules of Rhizophora mucronata were tapes of pink color.
The diameter and length of them were measured.

Andaman sea
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Study site in Ranong Province, southern Thailand. A propagule of Rhizophora

A-C: study site, B: base point where propagules rucronata
were released.
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On August 7, (11:00), 1994, 500 samples were rcleased in the river stream at the
point B. Spring tide was at Aug. 5. The observation of samples was followed on Aug. 8 (1
day after the release), Aug. 17 (10 days after). Aug 27 (20 days after), Sept.6 in 1992
(30 days a after, all disappeared), and Oct. 6 (60 days after).

These observations were mainly conducted in lower tide. Two or three researchers
walked along the river bank of main stream of Khlong Tam Ngong. The location and the
sample number was recorded, when they discovered and captured them, After this, the
samples were released again,

The number of hypocotyl caught at | day, 10 days, 20 days, 30 days, and 60 days
after were 318, 71, 21, 8, 0, samples disappearcd in the 2 mouths. The causes of the
disappecarance were considered to be flow-out from study area, invading inside forest,
monkey damage, and decomposition, especially monkey damage was serious. The detail of
analysis for hypocotyl movement will be conducted using these data.
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