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‘Summary

Reproductive and management studies were carried out on Eriocaulon
heleocharioides Satake. _

It has different reproductive system between E.heleocharioides and
E.robustius. Length of Flower stalk of E.heleocharioides are water level to elongation,
but one of E.robustius are not elongation. Flower stalk of E. heleocharicides elongete
to November and adapt to change of water levels up to August.
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hypergeometric distribution with
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Univ.Calif.Publ.5tat., 1:131-160

Seber,G.A.F(1973) “ The Estimation of Animal
Abundance and Related Parameters”
Griffin, London

Summary
The purpose of this study is to clarify the present distribution of Blakiston's Fish
Owls and their environments of food and nesting habitats, Especially, their food
environments are evaluated by the fish density and biomass of rivers where the
Fish Owls habitate in natural conditions, and by human feeding conditions by using

the Electric Fishing method.

The recent distribution of Blakiston's Fish Owls is limited to Eastern Hokkaido,
where are about 25 breeding pairs, and 77 adults. The results of the measurement
revealed that in natural conditions the fish densities are about 30-150/1001m", while
in artificiallyfeedihg conditiond, they are about 0-35/1G0 m Their nesting habitats
are measured at 8 sites. All of the nest trees are broadleaved tree and their DBH is
more than 90cm . The majority of nest trees are situated near the river, with distance

of less than 100 m .
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Summary
In the Mikura-jima island, one of the Izu Islands, natural vegetation still exists in

an extensive area. To obtain fundamental data for management of the island’s

ecosystem, some ecological surveys were carried out. The altitudinal distribution of
vegetation in this island was primary determinated by air temperature. On the high

altitudinal zone, it was also determinated by such factors as cloud fog and heavy

wind. Nesting of Streaked shearwater caused some floristic changes to forest

vegetation. Human impacts on vegetation in this island were assesed by the
phtosociological survey. In primary forests, many epipytes and orchids were found,

but in secondary forests formed by cutting, the amount of these species were
significantly decreased. The road construction gave a chance for exotic plants species

to invade into the wilderness area along roadside. Moreover, it cause unusual

distribution along an altitudinal gradient to some indigenous plants such as
Crysanthemum pacificurm and Evphrasia hachijoensis, which originally restricted to the
coast and the top of the mountain respectively. Further problems concerning nature

conservation and management of the island's ecosystem were also discussed.
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Summary
The greatest Akkeshio (Salicornia europese 1.} lies scattered in lake Notoro. Lake .
Notoro is at the northwest of Abashiri city, and is the remain of the sea of Okhotsk.
The key industries, there are fishing and agriculture composed of farming and dairy.



(1) Our purpose is researching Akkeshiso '(Sal'icomia species) composition and
dynamics of vegetation and finding the way to keep Salicornia sp. We classified the
salt marsh vegetation to seven groups. Today, Salicornia sp. is distributing every
area of around the lake Notoro. (2) Salicornia sp. grows in dominat community
only where the under ground water evel was low areas. We recognized that extremely
high concentration of chemical fertilizer dose not flow from the crop filed and dairy
farm into lake Notoro. (3} Ubarunai sightseeing association plans friendship
between the inhabitant and visitors through the Akkeshiso Festival that also promotes
their own local community.
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Summary

Although treaties are concluded between governments, environmental treaties

encourage active participation of local peoples or NGOs.

For instance, the Ramsar Convention and the World Heritage Convention, which

require to formulate and operate a management plan for each of registered cite,

encourage an active involvement of local residents or NGOs in a development process

of the plan. Many local communities and NGOs are actively participated in these

processes and contribute to the effective implementation of those Conventions.

The Criteria and Indicators for the Conservation and Sustainable Management of

Temperate and Boreal Forests adopted in 1995 by the Montreal Process also provides



participation of local people in preparation of management plan.

An Environmental Impact Assessment (EIA) is indispensable for ensuring wise
use or sustainable development. In the EIA process, participation of local people
and NGOs should be also encouraged. The EIA should be carried out as early,
broadly, intensively, understandably and comprehensibly as possible.
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Summary

Ecological impacts of introduced vertebrates {deer, feral cat and frogs) on the
insular food webs were surveyed on the two volcanic islands, Nii-jima andKozu-
shima, the Izu Islands. Vertebrate components of indigenous food webs were
essentially the same between ﬁthe two islands. They consist of several species ofraptors
as top predators, two vertebrate eating snakes, ca. 20 insectivorous birds, few
granivorous and flugivorous birds, small rodent and shrew and two insectivorous
lizards. Large maminalian herbivore (deer) and carnivore (cat) and frogs formerly
absent from both islands were now introduced on Niiima. Population census made"
over the whole islands revealed that the Japanese deer (Cervus nippon), feral cat
(Felis domesticus), winkled frog (Rana -rygasa) and Japanese toad (Bufo japonicus .
formosus) have already established br@edﬁlg poputations. Distribution ranges within
Nii-jima differ among the species. ' '
Deers normally live in deeply forested area but occasionally appeared in the
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cultivation fields to feed on vegetables. Other three species were found mainly in
the area of human settlements. Ecological impacts of these introduced animalson
indigenous biclogical communities are strongly suspected, but much works on the
quantitative assessments are left in the future.
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D3hUNRE Betula platyphyfa var. japorwa N +
EXFPIRE Quetcus crispuls +
EEAY) Polygonum cuspidstum .
2¥avyy Sass npponkca . +
E¥ ¢ Phea hamaoi ? .
P a4 Cynanchum caudatum 4 2
yI¥0 Senecio rikoensis .
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Summary

The effects of grazing by sika-deer (Cervus nippon ) on the vegetation was
studied on August 1994 and 1995 in the Oku-Nikko, Tochigi, central Japan, for
management of the deer-forest ecosystem. The index to grazing intensity was
obtained form the numbers of sika-deer on each study field by block-count method
on August 1995. Grazing by sika-deer significantly decreased the preferred plan
species and increased the avoided plant in the high density plots. Before the time of
sika-deer population was increased, Sasa bamboo (Sasa palmata) was dominate
species in this study area. However, Sasa bamboo was completely disappeared in
the high density plots. We suggest that the course of disappear of Sasa bamboo
could be an environmental stress on the Sasa bamboo by the high grazing pressure of
sika deer.
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of nitrogen and fiber concentrations in rumen

Summary

Effects of supplementary feeding on a semi-wild Sika deer(Cervus nippon) population
were studied on Kinkazan Island (959ha), northern Japan. A deer census was carried
out on March 17, 1995, and total deer number was estimated as 413. This was thought
as to be close to the carrying capacity of the island. The deer were concentrated to the
northwestem part. There is a shrine, and the deer living around it were supplementary
fed. This population ("the shrine population”) was compared with the population ("the
grassland population”) living on the Zoysia japonica grassland adjacent to the shrine.
There developed the Zoysia japonica community, a lawn grass community. The deer
number of the shrine population was consistant at around 150 through the year round,
while that of the grassland population showed a clear seasonal change: great in summer
and small in winter. Fecal compositions were microscopically examined. The compositions
of both the populations showed a similar pattern; Zoyséa japoniar was dominant in the dietary
compositions in summer while it abruptly decreased in winter. This clear seasonal change
was a characteristic of the Zoysia japonica community as a food for the deer. In spite of the
similarity in the botanical compositions, the protein concentrations in the feces were
significantly higher in the shrine population thanin the grassland population. This difference
would affect deer mortality and reproductivity. Supplementary feeding would increase the
deer number, which would in tum result in impedence of forest regeneration on the island.
This study pointed out the ecological significance of supplementary feeding.
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Summary

Distributions and habitats of six Japanese turtles were investigated by

questionnaire, collection of the local literature, and field observation. Mauremys mulica

kami was naturally distributed in Yonagunijima, Iriomotejima, and Ishigakijima,

Cuora flavomarginata evelynae in Iriomotejima and Ishigakijima, and Geoemyda japonica

in northern Okinawajima, Tokashikijima, and Kumejima. Both Mauremys japonica

and Chinemys reevesii were distributed in Honshu, Shikoku, and Kyushu Islands of

Japan. They were observed more in southwestern part of Japan than in northeastern

part. Some researchers described that M. japonica and C. reevesii in northern Honshu

might be artificially introduced. Pelodiscus sinensis was distributed from Yaeyama

Islands to northern Honshu. Reduction ordeterioration of the habitats, declines of

the populations, and the genetic disturbance caused by other species or other

populations artificially introduced were pointed out in all of Japanese turtles.
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Biodiversity and Conservation of Littoral Fish Communities

in Lake Tanganyika (Part II )

Gashagaza Masta Mukwaya*

I. Introduction

In Lake Tanganyika, about 65% of cichlids inhabiting in the littoral zone are restricted to
sandy and rocky habitats (Brichard, 1989; Hori at all. 1993).

During the last decade, the rapid deforestation in the watershed surrounding the northern
portion of the lake had as a consequence an exponential increase in erosion rates and sediments
discharged into the lake (Bizimana and Duchafour, 1991).

In our previous study, we hypothesized that increasing sedimentation rates in the littoral
habitats impacted structures of biotic communities, with a prediction of how the reduction in
habitat complexity will reduce diversity of species belonging to different trophic guilds. We
concluded that, in general, lower faunal fish diversity was associated with the high level of
sedimentation. In the present study, we aimed to conduct a comparison of fish species diversity
levels in three near shore pristine sites with different topographic features and habitat
conditions. Furthermore, in relation to the study of speciation, biodiversity and conservation
of lake Tanganyika ichthyofauna, taxonomical research is of a great interest to provide a reliable
scientific information necessary for these studies.

Here we describe geographical variations in morphological characters within populations
of the same species and give note on fish specimens of umbiguous identity, from taxonomical point of
view, collected both in the northern (Pemba) and southem (Nkumbula Istand) parts of lake Tanganyika.

I. Study sites and general methods
Three pristine areas located in the northwestern part of lake Tanganyika

(1) Mboko Island (S: 3'45'59", E:29'7'23");

(2)Kiriza (S:4'920" [129'12'128") and Katenga (S: 4'18'40", E:2995") in Burton bay (Fig. 1) were investigated
in 1995. The topographic features of Mboko island is as follows : an isolated rocky island in a sandy
beach, with a rocky bottom with large boulders and rocks sloping from O to 13m depth. Relatively flat
sandy areas with many rock outcrops on rocky substratum covered by a thick layers of sand followed
from 13 meters. Kiriza was a rocky area composed of relatively large stones and rocks. In some places,
flat sandy bottom occured at the depths of about seven to ten meters, which were followed by steep
sandy slopes down to at least 30 meters.

* Centre de recherche_tn Science naturelles, Station d'Uvira (CRSN/Uvira), ZAIRE
A = VELRLERTRAI R L & — - P Y S RTRBT
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Katenga was located in the innermost part of Burton bay. Water grasses were found in a very
shallow areas near the shores. A shallow flat soft sandy bottom was found at the depths between 1 to at
least 13 meters. Many emply gastropod shells, Neothauma tanganicense, scathered on the bottom.
Lake water was very clear, and we did not encounter strong wave actions during our stay. The field
census of cichlid fishes was conducted in February 1995 with the aid of SCUBA. After observations, fish
specimens were collected at different depths using gill- nets. At Katenga site, shells accommodating
fishes were sampled intensively by hand, and schooling and / or solitary fishes were caught using gill-
nets. During our visit to the southern part of the lake, the Nkumbula Island specimens were compared
with specimens of L amprologus omatipinis collected from Katenga in the Burton bay. For morphological
studies of all fish specimens, counts and measurements followed Hubbs and Lagler (1958), except for
those of unpaired fins, the last ray being counted as two independent elements following Trewavas(1933).
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Fig.1 Map of Lake Tanganyika and surrounding countries
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. Results

3.1. Distribution patterns of fish species.

Eighty two percent of fish species found at Mboko island were also reconded at Kinza (Table 1).
They were mostly composed of species of rocky areas foraging between rocks, and predators
species hovering in midwater searching prey. Atthe rocky-sandy transitional areas, some species
such as Neolamprologus mondabu, N. modestus, N. tretocephalus, Lepidiolamprologus attenuatus,
Limnotilapia dardennii, Gnathochromis pfefferi etc.., were widely distributed. Sand sifters such as
Xenotilapia species and Gramatotria lemairei were found in sandy areas. In the two sites, vertical
distribution of fish species was limited in shallow zones, between 0 and 13m depth at Mboko
island and 0 to 6m depth at Kiriza. At the latter site, only one species, Laniprologus kunguensis
was recorded from 10 m to deeper areas.

Among ten species found at Katenga site, only two, Lepidiolamprologus elongatus and
Xenotilapinﬂnvipi;mr's were recorded at the other two sites, while four other species of Katenga

site were found at Kiriza (Table 1).

3.2. Local differences in fish species composition among the study sites.

A high species diversity of cichlid fishes was found at Kiriza, which included almost all
species found in the other sites. (Appendix 1 to 3). But some species were found distributed
locally. For example Neolamprologus niondabu was found at Mboko island, while its related
species, N. modestus, was recorded only from Kiriza. It is likely that the Burton bay constituted
a geographical barrier of the distribution of N. mondabu and N. modestus.

From our previous report, we found that N. mondabu was distributed from Uvira to
Baraka, while N. modestus occurred from the Ubwari peninsula to at least Yungu region. Other
species such as Neolamprologus leleupi melas, N. niger, Tylochromis polylepis and two Trematocara
species were recorded only at Kiriza, while Simochromis loocki, Cyprichromis microlepidotus and
Paracyprichroniis brieni were found only at Mboko island. Three obligate shell brooders,
Lamprologus ocellatus, L. ornatipinnis and Neolamprologus brevis and a hole brooder on muddy
bottoms, Lamprologus signatus were recorded only at Katenga, while Lamprologus kunguensis,
another mud hole brooder, was found at Kiriza. Katenga site had a specific fish community
which reflected the habit of these species of utilizing empty gastropod shells available only in
this site.

From these results, it is suggested that during their evolutional stages, fish species
adapted to the specific micro-habitats which offered better opportunities of feeding themselves
and rearing their broods. Rocky habitats harbored a highly diverse cichlid fauna because they
offered various favorable niches for feeding and shelters for fish reproduction, compared to
purely sand flats. The differences in fish species compositions found among localities contrasted
with the earlier assumption that the majority of cichlids are present in all suitable biotopes of the lake(
Poll 1950, 1956). The nature of the substrates played animportant role in the colonisation and maintenance

of fish diversity as well as their stability in the different habitats of the lake.
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Table 1. Geographical disttributions of cichlid specles censused in the study sites

Species Study sites
1 2 3

Altolamprologus compressiceps eeses cssne

Asprotlapia leptura seeee

Aulopocranus dewindti conen

Bathybates graveri vesee

Bﬂh)'b:\ltﬂ sp. esese

Benthochromis tricotl I
Rowlengerochromis  microlepis seree
Chalinochromis brichardi wesese

Ctenochrornis horei sanae sesese
Cyathopharynx furcifer Reess

Cyphotlapia frontosa Wbl

Cyprichromis microlepidotus soeee

Enanthiopus melanogenys sseae seene
Eretmodus cyanogﬁcus sesse sesse

Gnathochromis pfefteri Tesses

Grammatotnia lemairei “ssee PR
Haplotaxedon microlepis sesee eeses

Juhdochromis regani cesee PR

Lamprologic callipteris seere seses

Lamprologus kmguensis soese

Lamprologus lernairei seese ssees

Lamprologus ocellahs ssene
Lamprologus omatipinnis T
lL.amprologus signatiis e
Lepidiolamprologus  attenuatus teane seese
Lepidiclamprologus  cunningtoni sesne weese
Lepidiolamprologus  elongatus verae voeas wasas
Lepidiolamprologus  profundicola senee vevan

Lestradea persipicax TTTY]

Limnochtomis suritus IYTIT]

Limnohlapia dardennsi sseee YT

Lobochilotes lIabiatus ) ssnes
Neolamprologus brichardi senee cenns
Neolamprologus brevis ssees seres
Neolamprologus fasciatus seeee sense
Neolamprologus furcifer ey
Neolamprologus leleupi melas seses
Neolamprologus modestus ceone I
Neolamprologus mondabu it
Neolamprologus niger weses sevan
Neolamprologus pleuromaculatus weeee sseee
Neolamptologus savoryi sesee esne
Neolamprologus tetracanthus essee sraes
Neolamprologus toas seeee TS

Neol amp«rokygus uﬁocephﬂus ss000 senee
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Ophtalmotlapis heterodontus

Ophtalmotilapia natuta seeee
Oreochromis tanganicas Ty
Paracyprichromis briend seese
Penissodus microlepis sxese sdise
Petrochromis famula ssene
Petrochromis orthognatus essue
Petrochromis polyodon seren CRYY
Petrochromis trewavacas ssess
Flecodus ctraclery senee
Peeudosimachgomis  cumifions b
Simaoachromis bahanth sevse
Simachromis dngnmma sesee essae
Simochrornis toochy vesse
Smochromis marginitus seese ssese
Tanganicadue ireacas ssane
Telmatochromis hifrenatus reses ceane
Telmatochromic dhorh semse
Tetmat ochrom:s temporahs sanne csens
Trematocara unirraculatum srase
= Trematocara <« seese
Tropheus moon cesse PP
Tylochromuis pohylepic esnee
Xmm!a”‘ n“’mnnl‘ |esse asnee [XERR]
NXenoblapia ochrogenys seene

3.3. Taxonomy of cichlid fishes collected at Pemba and Nkumbula Island.

1. Lamprologus specimens from Nkumbula Island (KA specimens).

The genus Lamprologus Schilthuis, 1891 is not endemic to Lake Tanganyika and includes
thirteen species: 5 species in Zaire watershed and 8 inhabiting in lake Tanganyika. Among the
species from Lake Tanganyika, the closest related species to KA specimens from Nkumbuila
Island is Lamprologus ornatipinnis (Poll, 1949). Comparison of counts and measurements of KA
specimens with those of L. ornatipinnis from Katenga (Table 2) showed strong coincidence,
except for number of spines on the dorsal fin. The number of spines were XVII - XV in KA
specimens, but the specimens of L. ornatipinnis had XVI spines. Morphologically, there were
minor differences between KA specimens and those of L. ornatipinnis.

The longest dorsal and anal spines were slightly longer in L. ornatipinnis than in KA
specimens. The ground body color was greyish in all KA specimens, but light brown
in L. ornatipinnis. The dorsal and caudal fins finely edged with black bands in L. ernatipinnis,
but the bands were missing in KA specimens. The caudal finin L. ernatipinnis slightly pointed,
but completely rounded in KA specimens.

Morphological characters comparison showed that Lamprologus specimens (KA
specimens) from Nkumbula were identical with Lamprologits ornatipinnis. The minor differences
noticed from this comparative study might be related to the geographical variation in
morphological characters between populations of the same species. Some of these small
differences might be dissipated after enough materials will be thoroughly examined.
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Table 2. Counts measurements of KA specimens from Nkumbula and L.ornatipinnis

Morph.  characters KA specimens L omatipinnis
n=53 n=2
Standard length (SLmm) 340- 39 WBR-S512
Counts
Dorsal spinec XVH-XVIlI XVl
Dorsa] softray« 7.9 R.9
Anal spines VIV V1- VI
Anal coftrays 6-7 7-R
Pectoral fin rays 14 14
Pehvic fin rays LS LS
Candal fin rays _ .
Longitudinal ine scales 4.36 KERRA)
Upper lateral line scales 20N 21-2
Lowet latera] hne scales 4-9 "]
Scales below lateral kne 12-13 11
Gill rakers s S
Canine teeth (uppes jaw) 6-R 6
Canine teeth (lower jaw) 6-8 8

Meaarements (%5 SL)

Bady depth 257-292 275286
Head kength 335376 323.388
Snout length 111.132 124-13 4
Interortital kergth 1864 5867

Eye damneter 11.7-12.4 116-126
Subcrtatal width $3-57 $4-56

Upper jaw length 118129 125134
Longest dotsal spine 157194 212:216
Longe<t dorsal softray 17.5-19.4 17.7-:20R
Longest anal spine 162-182 1R8-203
Longest anal softray i180-191 19.2:200
Longest pectoral  ray 212-232 HR221
Longest pehic ray 222-240 216226
Dorsal fin base length 500-533 $37-542
Anal fin hate Jength 241-27R 283201
Caudal peduncle length 195-213 191.203
Candal peduncle depth 125-13.7 123136

*‘Number in puentheses ace type data from Poll (1955)

2. Neolamprologus sp. specimens from Nkumbula Island (KB specimens).

The genus Neolamprologus is the largest among lake Tanganyika cichlids and includes
42 species presently known from the lake (Buscher 19924, 1992b, 1993; Merechal and Poll,
1991). The genus is characterised by 30 - 35 longitudinal ctenoid scales on the body, the 1st soft
ray of pelvic fin being longest, 17-20 dorsal fin spines, 5-7 anal fin spines, 6-8 canine teeth on
the upper jaw, and conical inner teeth on both jaws (’oll, 1986).

During his field research at Nkumbula Island in the southern part of lake, Dr Haruki
Ochi collected two specimens of a species which I hereby give the brief description.

Counts and measurements are given in Table 3. Body moderately elongated, depth
slightly less than head length. Dorsal profile of head almost straight, snout short, length slightly
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Table 3. Counts and measurements of Neolamprologus sp. from Nkumbula Lake Tanganyika

Characters Holotype Paratype
CRHU 0069 CRHU 0070
Standard length (S.L. in mm) 683 66.4
Counte
Dorsal fin rays XIX .8 XiX. 8
Anal fin rays Vil L6 Vil 6
Pectoral fin rays 14 14
Pelvic fin rays 1.s |
Longitudinal ccalzs k3l 34
Uppet lateral line scalzs 28 27
Lower lateral ine  scales 17 I8
Scales below lateral line 12 12
Gl rakers 7 6
Canine teeth (upper jaw) 10 7
Canine teeth (lower  jaw) 6 R
Vertebrae
Measurement<( percent S.L)
Body depth 06 RIBY
Head length 64 368
Snout  length 129 121
Interortital width 79 16
Fye diameter 108 113
Suborbital width S8 6
Upper jaw length 1o 143
Longest doreal spine 184 182
Longest doss3l softray 21 R 192
Longest anal spine 180 19.7
Longest anal softray 13 20.6
longest pectors] ray 29 na
Longest pelvic ray 246 248
Dorsal fin base length 60 8.1
Anal fin bace length 246 25.1
Caudal peduncle length 163 179
Caudal preduncle depth 12.7 132

longer than eye diameter. Interorbital region narrow and slightly concaved. Mouth slightly
rounded, upper jaw extending beyond level of anterior margin of eye. Eye large and rounded.
Suborbital narrow, width much less than eye diameter. Dorsal fin long, dorsal spines increased
in length to the last. Anal fin spines longer posteriorly, 3rd soft ray extending to the base of
caudal fin. Pectoral fin short, the longest soft ray reaching the level of anus. First pelvic soft
ray longest just reaching the anal fin origin. Caudal fin rounded. The number of canine teeth
on the upper and lower jaws varied respectively from 7 to 10 and 6 to 8 teeth, inner teeth small,
conical, in many rows. Scales on the body were ctenoid, larger and well arranged. Cheek, nape
and thorax region naked. Occiput with many embeded small scales. Soft dorsal fin, posterior
part of spinous dorsal fin and anal fin scaled at bases. The 3/4 of caudal fin scaled. Gill rakers
short and in small number (6 to 7) on the first part of anterior arch.

Coloration in alive specimens: Ground body color grey-brown, paler or whitish beneath.
Four or five inconspicious dark brown vertical bands reaching the base of dorsal fin. Head

darker, snout region marked with dark spots. Anal, caudal and soft dorsal fin with bright
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brown spots. Head, cheek and unpair fins finely covered or edged with a yellowish bands.
Paired fins whitish, spines and first softrays of pelvic fins slightly darker. A blue band was
observed between eye and upper jaw.

Remarks; The present fish specimens conformed well to the definition of Neolamprologus given by Poll.(1986), except
for the absence of scales on nape and thorax region and outnumber of canine teeth on the upper jaw. However, the
teeth are more variable within the genus and this difference in number of canine teeth is not important for generic
assigment. Furthennore, ’oll(1986) spexified that there was no correlation between the absence of scales on nape, cheek,
thorax or abdomen and the longest aspact of 1st, 2nd or 3rd soft rays of pelvic fins. The absence, reduction or presence
of scales on these body parts were susceptible to variation within the genus. We need detailed comparative data with
not only the closely related species, but also with other fish specimens representing the same morphological features

in order to confirmv whether it is really a new species or a hybrid.

3. Neolamprologus sp. specimen collected at Pemba (PA specimen).

During a scientific expedition in February 1995, Dr Haruki Ochi collected a specimen of
unknown species hovering in water column near the substratum. I hereby give the preliminary
description.

Counts and measuremments are shown in Table 4. Body compressed, and its depth
nearly equals head length. Dorsal profile of head almost straight, slightly concave between
eyes on the interorbital region. Snout short, its length larger than eye diameter. Interorbital
region large and broadly rounded. Mouth small, upper and lower jaws on the same level,
upper jaw not reaching level of anterior margin of eye. Eye relatively small. Suborbital large,
width equals eye diameter.

Dorsal fin long and larger posteriorly, 1st dorsal spine short. Spine length progressively
increasing posteriorly, 4th softray extending to the 1/4 of caudal fin. Anal fin spines
longer posteriorly, 3rd softray extending to the base of caudal fin. Pectoral fin slightly
extending beyond anal, origin to 3rd anal fin spine base. Caudal fin slightly forked
with short filaments. Six canine teeth present anteriorly on upper and lower jaws.
Scales larger and weakly ctenoid on body. Cheek naked, few embeded scales on
opercle. Occipit with many small embeded scales. Thoracic region scaled at pectoral
and pelvic bases. Bases of soft dorsal fin and anal fin scaled. Caudal fin heavly scaled
nearly to posterior margin of the fin. Eight short gill rakers.

Coloration in alive specimens:

Underwater observation revealed that the ground body color was uniform greyish, rather
lighter beneath, with 5 indistinct vertical dark brown bands, three under the dorsal fin, one
predorsal band prolonged by a large black spot on the opercle and a short band on the caudal
peduncle. Head and mouth region slightly darker. Soft dorsal fin, anal and caudal fins with
bright-brown spots. Pair fins whitish.



Table 4. Counts and measurements of Neolamprologus sp. from Pemba, Lake Tanganyika

Chasacters Holotype
CRHU 0068
Standard length (S L, in mm) 79.4
Counte
Dorsa] fin rays XIX R
Anal fin rays V1 6
Pectoral fnrays 14
Pelvic fin 1ays 1,3
Lonantudmal  ccr'ex as
Upper 1ateral hnz <calss k)|
Lower lateral ine <cales 11
Scalkes below lateral ine 12
Gill rabers 3
Canins teeth (upper jaw) [
Canina teeth Qow=r jaw) 6
Vertebras
Meacurements (percent S L)
oty depth R
Head length as3
Snout length 12.7
Interorbital width 107
Eye diameter 18
Subostital width 15
Upper jaw length 122
Longest dorsal spine 15
Lengest dorsal «oftray 23R
Longest anal spine 16.4
lLongest anal softray 1R
Longest pectoral ray 264
Longest pelvic ray 252
Dorsal fin base kength K7
Anal fin bace length 204
Caudal peduncle length 185
Cauvdal peduncle depth 138

Remarks: The present fish specimen coincided well to the definition of Neolamprologus given by Poll(19386). All counts
and some measurements; high body depth and color pattern of this fish specimen seemed to approach it closely to
Neolamprologus tretoceplulus. However this Neolamprologus specimen could be easily distinguished from N. tretocephalus
by its small eye diameter comprised 4.52 times to head length (2.9-3.8 in N. tretocephalus); broader interorbital which
is 3.29 times in head length (4.8-6.1); its head width 2.69 times in head length (1.95- 2.1); length of caudal peduncle
higher than width (eual) and lower jaw length shorter, 3.11 times to head length (2.4-2.65). Furthermore, this specimen
had a slightly forked cavdal fin having upper and lower principal rays slightly elongated with short filaments, while
N. tretocephalus has a rounded caudal fin.

We nead more specimens for a comparative study with not only related species, but also with other cichlids

having the same morphological features in order to confirm whether or notitis a really new or a hyvrid. Unfortunately,
our effort to find new specimens was until now fruitless.
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Summary

Sandy and rocky habitats in the littoral zone of Lake Tanganyika are inhabited by many
cichlid fishes, most of which are endemic to the lake. Cichlid fishes are the most dominant
among the littoral fish fauna, while showing species-specific preference for habitats to spawn
and feed at. They are most important components of the littoral ecosystem, and their ecological
and taxonomical studies are essential and indispensable for conservation of biodiversity of
the lake.

In the present study, we conducted faunal survey atthree near shore sites (Mboko Isrand,
Kiriza, and Katenga) in the northwestern part of the lake. The three sites were characterized by
respectively unique topographical features and habitat conditions. The result of the survey
showed that faunal composition was greatly different from site to site with the highest diversity
at the locality dominated by rocky areas. The present data suggest that a geographical barrier
is present even between adjacent localities and that the nature of substrates plays an important
role in colonisation and maintenance of fish diversity.

As a part of the present study, taxonomical analyses were conducted for three cichlids
that are probably undescribed species. Two of them were collected at Nkumbula Island near
the southern end of the lake; one(KA) resembled to Lamiprologus ocellatus whereas the other(KB)
was a completely unknown species and supposed to belong to the lage genus Neolamprologus.
The third fish(PA) was collected at Pemba near the northern end of the lake, showing several
similarities to Neolamprologus tretocephalus. In order to confirm validity of species or possibility

of hybridization for this fish, new specimens are necessary.
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Appendix 1. List of Cichlid species censused at Mboko Island in 1995.

Tribe Cyprichromini
Cyprichromis microlepidotus
Paracyprichromis brieni

Tribe Ectodini
Asprotilapia leplura
Ophtalmotilapia heterodontus
Xenotilapia flavipinnis

Tribe Eretmodini
Eretmodus cyanosticus

Tribe Haplochromini
Ctenochromis benthicola
Ctenochromis horei

Tribe Lamprologini

Altolamprologus compressiceps

Julidochromis regani
Lamprologus callipterus
Lamprologus lemairei

Lepidiolamprologus attenuatus
Lepidiolamprologus cunningtoni

Lepidiolamprologus elongatus

Lepidiolamprologus profundicola

Neolamprologus brichardi
Neolamprologus fasciatus
Neolamprologus furcifer
Neolamprologus mondabu
Neolamprologus savoryi
Neolamprologus toae
Neolamprologus tretocephalus
Telmatochromis bifrenatus
Telmatochromis temiporalis
Tribe Perissodini
Haplotaxodon microlepis
Perissodus niicrolepis
Tribe Tropheini
Lobochilotes labiatus
Limnotilapia dardennii
Simochromis diagramma
Simochromis loocki
Simochromis marginatus
Petrochromis polyodon
‘Tropheus moorii

Appendix 2. List of cichlid species censused at Kiriza site in 1995.

Tribe Bathybatini
Bathybates graneri
Bathybates sp.

Tribe Ectodini
Aulonocranus dewindti
Cyathopharynx furcifer
Enautiopus melanogenys
Grammatotria lemairei
Lestradea persipicax
Ophtalmotilapia heterodontus
Ophatahnotilapia nasuta
Xenotilapia flavipinnis
Xenotilapia ochrogenys

Tribe Eretmodini
Eretmodus cyanosticus
Tanganicodus irsacae

Tribe Haplochromini
Ctenochromis horei

Tribe Lamprologini
Altolamprologus compressiceps
Chalinochromis brichardi
Julidochromis regani
Lamprologus callipterus
Lamprologus kunguensis
Lamprologus lemairei

Lepidiolamprologus attenuatus
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Lepidiolamprologus cunningtoni Perissodus microlepis

Lepidiolamprologus elongatus Plecodus straeleni
Lepidiolamprologus profundicola Tribe Tilapiini
Neolamprologus brevis Boulengerochromis microlepis
Neolamprologus brichardi Oreochromis tanganicae
Neolamprologus fasciatus Tribe Trematocarini
Neolamprologus furcifer Trematocara unimaculatum
Neolamprologus leleupi melas Trematocara sp.
Neolamprologus modestus Tribe Tropheini
Neolamprologus niger Cyphotilapia frontosa
Neolamprologus pleuromaculatus Lobochilotes labiatus
Neolamprologus tetracanthus Limnotilapia dardennii
Neolamprologus toae Petrochromis famula
Neolamprologus tretocephalus Petrochromis orthognatus
Neolamprologus savoryi Petrochromis polyodon
Telmatochromis bifrenatus Petrochromis trewavasae
Telmatochromis dhonti Pseundosimochromis curvifrons
Telmatochromis temporalis Simochromis babaulti

Tribe Limnochromini Simochromis diagramma
Benthochromis tricoti Simochromis marginatus
Gnathochromis pfefferi Tropheus moorii
Limnochromis auritus Tribe Tylochromini

Tribe Perissodini Tylochromis polylepis

Haplotaxocdon microlepis

Appendix 3. List of cichlid species censused at Katenga site in 1995.

Tribe Ectodini
Enantiopus melanogenys
Grammatotria lemairei
Xenotilapia flavipinnis

Tribe Lamprologini
Lamprologus ocellatus
Lamprologus ornatipinnis
Lamprologus signatus
Lepidiolamprologus elongatus
Neolamprologus brevis
Neolamprologus pleuromaculatus
Neolamprologus tetracanthus
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Ecological-Chemical Monitoring the Environment of the
Lake Baikal,the Selenga River and Its Delta on

the standpoint of Conservation of biota.

Susumu Hayashi", Albert M. Beim?

Abstract
In this paper we present the results of a monitoring of the dynamics nad consequences
of the pollution of bottom sediments by suspended solids contained in waste water discharged
frorn the Baikalsk Pulp and Paper Mill (BPPM) located on the southern shore of Lake Bikal in
the East Siberia Region of Russia (Fig.1). Monitoring of water and sediment quality for the
discharged waste water has been carried out since 1967, to provide monitions for the BPPM
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Fig.1 Location of the research area

V' Faculty of Agriculture of Gifu University, Japan
2i [nstitute for Ecological Toxicology, Baikalsk, Irkutsk Rgion, Russia

- 115 -



to improve the treatment system of effluents in order to conseve the environment of Lake
Baikal(1). In addition to this, the main objective of the present study is to establish criteria for
evaluating the quality of polluted bottom sediments as well as to develop a strategy for
regulating the contents of suspended solids in treated waste water.

The eco-chemical monitoring of the bottom sediments was done in two zones near the BPPM
waste water discharge point (Fig. 2). The first zone consists of a 2.3-3.2 knf polluted arca where the
thickness of sediments ranges from 0.5 to 5.0 cm depending on the bottom relief and the amount of
suspended solids are accumulated. In the central part of this zone (0.07-0.3 km ) sighificant changes of
biota were observed, e.g. the biomass of macro-zoobenthos has been reduced to 1/10 insome places,
while mollusc and oligohaet communities had changed to gammaridae communities. Moreover,

heterotrophic bacteria were observed in high concentration in the upper layer of the bottom sediments.

Big

Qainorka
River

Fig.2 Location of the zone 1 and 2

The second zone, which covers and approximate area of 20 kg?is an intensive, selfpurification
zone where there are high concentrations of lignohumic substances, hydrolyzed carbohydrates and
chloroorganic compounds. The selfpurification process and the intense rotation and mixing of the
sediments are the results of high microbial activity which leads to anvincrease in the biomass of zoobenthos.

The results of our monitoring show that the regulation of suspended solids in treated waste
water is effective and that the concentration decreases. In 1967 for instance, the concentration of suspended
solids was 10 mg/l and was down to 7mg/1in 1975. In 1988 it was 5 mg/1. Presently it remains as low
as 2.0-3.0mg/1 (Beim and Timofeeva 1993). We consider that effluent disposal is a big problemin the
BPPM and the improvement of its treatment system is essential for the environmental conservation of
Lake Baikal which is the cleanest lake in the world. The BPIPM has an effluent treatment systeny consisting
of three stages of biological, chemical and mechanical processes(fig.3). This system has been improved
year after year based on the results of our monitoring and monitions. Thus we beleive that this system
is effective enough at present to reduce the concentration of suspended solids in water in the vicinity of
the waste water outfall.
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Fig.3 The schme of Baikalsk PPM effluents treatment

I-Baikalsk PPM; II-Reserve effluent ponds; I1l-Aerotanks (biological
treatment); [V- Activated sludge settling ponds; V-Chamber for reagent admixture
(chemical treatment); VI-Lignin-sludge setiling ponds; VII-Settling ponds (a, b) and
aeration pond (c); H- Pump stations; 1- Chlorine containing effluents; 2- “Black”
stream; 3- “White” stream; 4- Activated sludge recycling; 5- Chemical sludge
removing; 6- Depth dispersion of treted dffluents.

1. Introduction

It is common knowledge that Lake Baikal is the decpest and the cleanest lake in the world. It,
containing 20% of the fresh water on the earth’s surface and 80% of the USSR's fresh water, has as
much water as the Baltic Sea or the five Great Lakes of North America (2).

The ecological balance which has been developed and conserved during millions of years
determines the unique qualities of the lake’s water and special features of its biota. Mankind inadvertently
upsets this delicate balance by his constant intrusions(3).

In 1966 the Baikalsk Pulp and Paper Mill (BPPM) was constructed on the shore of the southem
part of the lake. Presently the mill is under operation throughout the year except a ten-day period for
the inspection and maintenance of the plant. The mill has a unique effluent treatment system
called the ‘three-stage treatment systeny’. At first the effluents are diverted into two streams: the black
and the white, according to the levels of principal organic compouds and color(Table 1). After biological
and chemical treatment the effluents are led to the final stage that includes one aeration pond and two
sedimentation ponds. Then the treated waters are discharged into the lake through two tubes at
35m and 40m depths, diluted 1:20 with natural water.

2. Materials and methods

The upper layer of the bottom sediments was sampled using special tubes. In the
laboratory portions of the samples were dried in a drier maintaining a maximum temperature
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Table 1. Main hydrochemical parameters of effluents from the BPPM

Parameter Units  Muni- Before biol. Before chem. After chem. Treated

cipal  treatment treatment  treatment  effluents
sewage “white”“black” discharge

BOD mg OY/1 32 80 160 4.2 1.3 1.3

CcoD mg QY1 79 340 600 140 40 38

Suspended mg/l 60 71 90 240 1 30

solids

Mineral mg/l 82 400 370 - - 148

salts

Colour o/cps* - - 1090 59 42 41

pH 6.8 71 7.7 63 62 68

*Note: Units of Chromo-plantinate scale

of 50 C until the weight became constant. The dried samples were then tested to detect the
pollutants which are considered as contained in the waste water from the mlacached pulp
mill prior to treatment. These pollutants were composed of total organic substances, total
lignohuic acids(LLHA), hydrocarbon compounds of different origin, organochlorine substances,
sulfurorganic substances and trace elements.

Wet samples were treated with an ethanol and benzol mixture for the detection of
hydrocarbon compounds. Extracted organic compounds were divided into three groups of
acids, phenols and neutral substances. Humic acids were reduces by the extract of a 0.5m
alkaline solution kept at 80 C and the precipitation from this extract shows a pti of 1-2.
Nonorganic chlorides were eliminated from extracted humic acids by reprecipitation and
washing in acidified, distilled water. All groups of compouds were examined for the organic
combined chlorine content using an AOX-analyser (IDC, Germany). Sulfur oganic compounds
were detected by the gas-liquid chromatography and trace elements, mainly heavy metals,
were detected by the neutron-activation analysis method.

3. Results and discussion

3.1 C organisms and LHA

Lignin and cellulose are the principal constituents of suspended solids in elluents from
pulp mills. Especially, the accumulation of lignin in the bottom sedeiments promotes not only
the increase of organic carbon content, but also the concentration of extracted lignohumic
acids on the upper layer. The most polluted bottom sediments were observed to occur in the
eastern part of the zone 1 that occupies an area of 0.3km2 close to the waste water outfall.

The detection of C organisms and LHAwas striking, as it indecates the absence of a
noticeable increase of organic substances in the modified bottom sediments. Furthermore,
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when compared with unpolluted sampling points, higher concentrations of C organisms were
frequently observed in the upper layer of the bottom sediments.

The organic substances in the bottom sediments at the outfall show a fairly heterogenous
distribution and are correlated with high C organisms.

By comparing the data of C organisms and LHA contents, we can conclude that LHA
constitutes only a small proportion of the organic substances in the bottom sediments. As the
results of the elemental analysis shwo the carbon content comprises 42-60% of LHA and this is
similar to the level of humic acids found in normal soils. According to ultraviolet spectra the
level of LHA near the outfall of the BPPM does not differ from that in other parts of lake
Baikal. Further investigations may allow us to establish that the levels of chemicals in the

areas aroud the outfall are similar to those in samples collected from other parts of the lake.

3.2 Organic compounds

Organic con1p6unds were screened to extract the accumulating organochlorines
including chlorinated phenolic and acidic compounds. The total organic chlorine(TOCI) in
LHA is the best parameter for the assessment of the pollution level of bottom sediments. We
discovered waste water with an 8% TOCI concentration in LHA, that falls into the ‘low
molecular organochlorine compounds’ and contrasts with a discovered 92% TOCI
concentrarion, the latter being one of the ‘high molecular organic compounds’ . In southern
Baikal the measured normal level of TOCI in LHA ranged 0.02-0.05%, but in the area near the
waste water outfall of the BPPM the observed level ranged 0.05-0.17%. The approximate area
of the zone where the bottom sediments are polluted with organochlorines was 20km2. This
zone is disturbed by the direction of movement of the currents in the lake and we named this
zone as zone 2 (Fig.2). In the bottom sediments we could observe that p;ollution by
organochlorines correlates with the high concentration of organic substances (4,5,6).

Sulfuroorganicsubstances, methylmercaptane, dimethylsulfide and dimethyldisulfide
which are typical constituents in effluents from pulp and paper mills were detected in water
and salt extracts. After all the analyses our results show only trace amounts of dimethylsulfide
and dimethyldisulfide in extracts of the sediments drawn from the 0.3km?2 are (Zone 1, Fig.2)
close to the outfall. The results of the extract of hydrocarbon contents are presented in Table 2.

Table 2. Contents of organic compounds of the sediment in the southem part of Lake Baikal.
1zoneland 2, 2background

Sampling Point Concentration B
Corg.,% Ligno-humic TOCIL
acids, mg. g-1 mg. kg-1
of dry weight of dry weight
1 1471 5.0-37.0 445
2 1.1-3.0 3.0-13.3 2.3-4.0
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Table 3 Trace elements composition of the sediment in the southemn part of Lake Baikal.
1- zone 1, 2-zone 2, 3- background

Concentration,mg.kg-1(dry weight)

Element 1 2 3

Hg 0.2-0.7 (15) 0.1-0.6 (21) 0.3-1.2 (11)
Cd 0.5-0.7 (19) 0.5-0.9 (17) 0.6-1.0 (16)
Pb 17- 31 (21) 19- 47 (16) 25- 44 (7)
\Y 83-105 (5) 95-120 (7) 85-110 (9)
Fe* 37- 56 (11) 38- 60 (12) 28- 63 (8)
Mn* 0.45-2.74 (6) 0.90-3.15 (7) 0.77-2.90(10)
Ba 450-620 (16) 320-540 (22) 250-600 (25)
Zn 40-100 (15) 60-120 (17) 80-150 (25)
Rb 100-130 (5) 50-110 (8) 50-140 (4)
Cs 1.8-2.5 (6) 1.4-2.7 (6) 18-25 (9)
Br 11- 16 (15) 10- 21 (9) 8- 14(13)
Cr 60-110 (10) 70-146 (6) 110-167 (12)
Mo <50 57- 68 <50

Sc 11-14 10- 18(18) 13- 20 (2)
Co 14- 31 (5) 15- 27 (4) 10- 24 (7)
Au 0.03 0.03 0.03

Ag <1.5 <l.5 <25

8] 8- 12(14) 6- 11 (12) 4- 13(19)
Th 6- 11 (6) 8- 12 (8) 7- 11 (13)
Hf 3.5-4.3 (17) 27-39 9 3.3-5.1 (6)
Zr(<200) <350 <270 <200

Eu 1.2-1.6 (3) 1521 (5) 1.3-1.8 (4)

3.3 Composition of trace elements

The Results of the neutronic activation analysis are presented in Table 3. These show no
more significant accumulaion of heavy metals in bottom sediments in the discharge area than
samples taken from unpolluted areas of the lake.

During the long-term monitoring from 1961 to 1993 of the aquatic ecosystem near the discharge
area, we had viewpoints of the aquatic ecosystem near the discharge area, we had viewpoints of
phytoplankton, zooplankton, macrophytes, mesobenthos, macrozoobenthos, protistoplankton, water
and ground microflora and primary productions (7). Thus, we could observe that no significant changes
took place in the littoral ecosystem in the mixing arca of waste water having a 5-7m depth when
compared with the unpolluted areas.

On the basis of the spatial structure of benthic biota we divided the discharge area into
two zones; zone 1 and zone 2(Fig.2). The zone 1 is the polluted stretch covering merely 0.3km2,
where the suspended solids accumulated. Since the BPPM began to discharge waste water in
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1966 the macrozoobenthic biomass within a depth of 6-20m had been reduced to 1/10 of
what was there from 1961 to 1966. Within a depth of 20-50m it was reduced to 1/3, whereas
within a depth of 50-100m it was reduced to 1/5. We could also observe that mollusk and
oligohaets communities were changed to a gamaridae community within a depth of 6-20m.

The zone 2 is an intensive selfpurification area covering an approximate area of 20km2where the
selfpurification process is going on without any changes in the communities of organisms, despite high
concentration of some pollutants. Here intensive rotation of substances is acheived by microbial activity
accompanied with an increase of zoobenthic biomass.

4. Conclusions

Our eco-chemical monitoring was effective for regulating the suspended solids content in treated
waste water from the BPPM, for inproving the treatment system consisting of three stages for the
stepwise reduction of concentrations. The concentration of suspended solids inwaste water had decreased
from 10mg/1in 1974 to 7mg/1in 1975, and further down to 5mg/1in 1988. According to our observations
the present level of suspended soilds is 2-3mg/l including a 45% content of lignin substances. We
consider this level as a permissible threshold to conseve the aquatic ecosystem of the lake (8).

We consider that it is quite possible to improve the sedeiment quality discharged by
pulp and paper mills by employing a three-stage (i.e. biological, chemical, and mechanical)

treatment system such as the one at the BPPM.
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Investigation of Serpentine Vegetation Around

The Mount Kinabalu Area For Conservation

Datuk Lamri Ali*

Summary

Investigations of serpentine vegetation in and around Mount Kinabalu Park were
conducted with a financial support from the Nature Conservation Society of Japan for one
year from October 1994 to October 1995, Purposes were to study the current status of serpentine
vegetation, that might be fragile to human disturbances, inside and outside Mount Kinabalu
Park. [ also attempted to evaluate the adequacy of the protection status of these serpentine
areas in terms of area and management policy. Mount Kinabalu is known as a center of biological
diversity in southeast Asia. Its Park attracts annually a large number of local and foreign tourists
and results of this project would be used to educate these people in natural history. Results
would also be used to propose better management plans of the Park and to propose new
possible areas for protection around the Park.

Firstly, the analysis of a LANDSAT satellite imagery of the Park was attempted to
elucidate the area covered with serpention vegetation in the Park. Overlaying the satellite
imagery with the earlier vegetation map confirmed some known areas of serpentine vegetation
on the imagery. The vegetation index of these areas indicated some spectra unique to the
serpentine vegetation. Subsequently, an enhancement of these spectra was attemped on the
imagery to infer the accurate arecas of serpentine vegetation. As a result, it was demonstrated
that the actual serpentine areas are slightly larger than those depicted earlier on the vegetation map.

Fieldwork was conducted at various elevations in the serpentine areas which were
identified on the satellite imagery. My intention was to investigate variations of the serpentine
vegetation in the floristics and structure. Several elevations were chosen because serpentine
vegetation was expected to vary largely with elevation. Results indicated that species richness
decreased with elevation. Species composition become more unique (i.e. more distinct from
the surrounding non-serpentine vegetation) with increasing clevation.

I, then, identified general areas of serpentine vegetation in Sabah using various sources
of information. Serpentine areas were clustered in central Sabah from south to north. Each
area was, however, discrete and relatively small. I subsequently chose two areas for investigating
their vegetation and floras (onc on Mount Silam in the southeast of Sabah, and the other in

A AT H N LTS
Sabah Parks
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Morou Porou, the south of Mount Kinabalu). It was suggested that the serpentine vegetation
on Mount Silam was relatively intact, contains some unique flora,but the vegetation type per
se was not unique. By contrast, the serpentine vegetation in Morou Porou was threatened by
human activities, contained rare endangered species and unique in terms of floristics. It is
suggested that an urgent action is needed to protect the Morou Porou area. The area could be
a satellite of Mount Kinabalu Park.

I finally evaluated the general conservation status of serpentine areas in entire Sabah.
The total serpentine area comprises 4.6% of Sabah (3500 sq ki out of 76,115 sq km). Based on
my fieldwork and other published information, it is inferred that these arcas contain unique
floras, many undescribed plant species and endangered rare plants. Despite these facts, a
disproportionately small area of serpentine vegetation is currently protected by the Sabah and
Malaysian governments. I propose that, considering the fragility and floristic endemism of
the serpentine areas, the:most strict protection status be given to wider arecas. I also propose

that sheer scientific surveys be continuously coducted in the least known serpentine areas in Sabah.

Introduction

A total of US $23,883.64 has been granted to me from the Nature Conservation Society
of Japan for a period of one year from October 1994 to October 1995. Dr.Kanehiro Kitayama of
the Japanese Forestry and Forest Products Research Institute was a guardian of my project
and I was recommended by him to the Nature Conservation Society of Japan to materialize
my purpose. My main purposes were to conduct research survey of the conservation status on
serpentine vegetation area inside and around Kinabalu Park. ,

Serpentine vegetation survey of Kinabalu was actually conducted by Rimi Repin(the
research officer of Botany Unit of Sabah Parks), one of my colleagues.Vegetation survey was
conducted at various serpentine areas around Kinabalu Park and several other serpentine
areas in Sabah.

Serpentine vcgctati(;n of Kinabalu Park is poorly known in terms of species composition,
systematics and taxonomic study, ecology, and implications to management. Several visiting
botanists/scientists have conducted research. Examples include ‘An inventory of flora of
Kinabalu’ lead by Prof. John Beaman of Institute of Biodiversity and Ecosystem Conservation
of the University of Malaysia Sarawak, who has compiled two volumes of publication, which
list orchids and ferns around Mt. Kinabalu. It has been noted that the endemism of the orchids
found around Mt.Kinabalu is higher on serpentine area at all elevations than on other substrates.
There are about 4,500 species of vascular plants around Mt.Kinabalu (Beaman & Beaman 1991)
and over 180 families and 950 genera are found in the flora. Some of the most interesting plant
communities are found on serpentine substrates at various elevations which possessed the
highest proportion of endemic taxa (Wood, Beaman & Beaman 1993).

While these carlier workers suggest that vegetation and plant species on serpenrine
substrates may have many unique aspects in contrast to those of other substrates, the status of
serpentine vegetation in the vicinity of Mount Kinabalu park has not actually been well studied.
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With this circumstance, I aimed at investigating the following points in this project.

1. To study the distribution of serpentine vegetation within and outside Kinabalu Park. Most
of the area can be identified through geological maps.

2. To study the current conservation status of serpentine vegetation around Kinabalu, within
or outside the Park.

3. To study the causes of forest destruction around serpentine vegetation.

4. To investigate serpentine flora around Kinabalu.

5. To suggest conservation policies to better protect larger areas of serpentine vegetation.

Justification

In general, the flora of serpentine is distinst from that of the limestones. swamps or
mangroves, not only in its appearance but also in its species composition. Serpentine vegetation
around Mt. Kinabalu is rich in species and contains endemic and rare species. It is particularly
vulnerable to habitat disturbance or destruction. Most of serpentine species tend to have a
long period to recover after disturbance. Thus, the area of serpentine vegetation should have
the highest priority for conservation.

Summary of activities

My activities can be chronologically categorized into the following four activities.

1)November 1994-April 1995

a)Purchased three maps of Sabah. The geological map of Sabah shows the distribution of
various rock intrusions around Sabah. To identify serpentine area on map, we should be
able to know the components or the elements of serpentine rocks. Both ultrabasic/serpentine
and basic intrusions show no difference on the map. According to the map the elements of
serpentine rock are serpentinite, peridotite, dunite and pyroxinite.

b)Traced the serpentine area on tracing paper. The latitudes and the longitudes were:
determined. The data were converted into Geographical Information System (GIS) computer
using ARCINFO programme(Figure 1).

c)ldentified serpentine area using satellite image and converted into GIS (Figure 2). For the
time being it dose not show the serpentine area quite well, the data need to be updated.

d)Created a database to record the plants found around serpentine and to provide the
appropriate data such as locality of endemic species, distribution and so on. The data can
be compiled as plant list of serpentine vegetation.

e)Purchased two geological maps of Kinabalu Park ‘Geological map of Jesselton - Kinabalu
area’ and ‘Geological map of the Gunong Kinabalu Area’ . The map show the distribution
of serpentine around Kinabalu Park (Collenette 1958). The vegetation maps by Kitayama
(1991) also supported the distribution of serpentine area around Kinabalu Park, which is
distinct to that vegetation of various substrates and elevation.
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Fig.1 The distribution of ultramafic (serpentine) intrusions around Sabah.

2)May to June 1995

a)Conducted fieldwork to study species composition on serpentine vegetation at different
elevations inside Mount Kinabalu Park by using the point - centered quarter method. Five
study sites were chosen, namely Hampuan Hill, Pig Hill, Nalumad, Carson Camp (Layang

- Layang) and Helipad.
b)Identified plant species at the Sandakan herbarium for the specimens collected from the

study sites. There were about 420 specimens collected.

3) July to Agust 1995

a)Conducted field surveys to study serpentine vegetation around Mount Kinabalu Park.
Studying the status of serpentine vegetation outside Kinabalu Park was emphasized.

b)Collected plant specimens and recorded species lists of serpentine vegetation.
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Fig.2 Training set image generated by ARCINFO.

4) September 1995

a)Conducted a field survey on serpentine vegetation on Mt.Silam, Lahad Datu (near the
border to Indonesian Kalimantan), to identify the conservation status and to ecologically

compare the vegetation with that of Mt.Kinabalu.
b)Identified plant specimens collected from Mt. Silam at the Sandakan herbarium.

¢) Analysed data.

5) October 1995
a) Prepared a report.

Preliminary results

Serpentine area throughtout Sabah
Our research indicates that serpentine rocks occur in Sabah for at least ¢.3,500km sq. out
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of the total 76,115km sq. of the land arca. According to the ‘Geological map of Gunong
Kinabalu', there are at least 142km sq. of serpentine bodies known around Kinabalu (Collenette,
1958) such as Mt.Tombuyukon, Marai Parai, Kamborongoh, Mankadau river, Pandiruan river,
Meramuk river, Pinosouk Plateau, Lohan river, Pandiruan river, Kg. Tuhan and Morou Porou.
Our research suggests that most of the areas are partly or entirely within the Park boundary
whereas the Morou Porou area is outside the Park.

The distributions of serpentine rock intrusion around Sabah are found continuously in
a range from the northeast of Sabah including Lahad Datu to the south side of Sabah, namely
Kudat, Generally, it can be divided into four main groups of distribution. Arranging from the
Lahad Datu area such as Mt.Silam, Mt.Beeston, Mt.Nicola, Danum valley , Mt. Tambuku,
Tabawan Island and Saker Island followed by the distribution in the Sandakan area, east side
of Sabah which is situated in the Mt.Tawai, Bidu-bidu Hill and Imbak river areas. The other
intrusions are distributed at the south side of Sabah through the Ranau area and to Kudat
district such as Banggi Island and Malawali Island(Figure 1).

Most of the intrusions covered a very small area respectively, even 1 km sq. as such at
Pinosouk Plateau. Yet the uniqueness of serpentine vegetation is easily distinguished from
non-serpentine vegetation. The most important area of serpentine vegetation can be seen at
Mt.Silam, Bidu-Bidu Hill, Mt.Tawai, Morou Porou, Mt.Tombuyukon, Marai Parai etc.

Governmental conservation policies

The term conservation can be referred as ‘preservation, especially of natural environment’,
and conserve as ‘keep from harm, decay or loss, especially with view for later use’. We shall
consider two categories of conservation: the first is one of conservation for posterity, and the
second for long-term posterity.

The establishment of National Parks or equivalent such as wildlife sanctuary, forest reserve
in Sabah conserves about 3.8 % of the land area. This total is still below the total of 10 % of each
country should conserve in accordance to the IUCN Red Book. This is to ensure that the biodiversity
of all plant and animal species in a country would not go extinct as a result of economic activities.
The forest conservation areas in Sabah are managed by the Goverment Department such as the
Sabah Forestry Department, the Sabah Parks Board of Trustees, and Sabah Foundation (Table 1).
Conservation of serpentine vegetation under a forest reserve should be more prioritized than that
of other areas due to the importance of endemic and threatened species that occur on serpentine rocks.

Forest Reserves under the Sabah Forest Department are classified as Class I protection
which is reserved for non-logging activities such as Mt.Tawai and Bidu-Bidu Hill. The Tabawan
Island, Sakar Island, Mt.Beeston, Mt.Tambuku and Inbak River are class VI Forest Reserve
which is reserved for scientific research. Mt. Silam itself belongs to the Sabah Telecommunication
Department which located the radio station of Lahad Datu on that mountain. Another
classification is Class II forest reserve such as Banggi Forest Reserve in Kudat. The Danum
Valley and Mt.Nicola are kept under protection and management of the Sabah Foundation.
Danum Valley is also well known as ‘Danum Valley Research Centre’ which has places for
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Table 1. Conservation status of serpentine vegetation

Serpentine area Conservation status

1. Lahad Datu/Tawau

-Tabawan Island -Tabawan Forest Reserve(Class V1)
-Sakar Island -Sakar lorest Reserve(Class VI)
-Mt. Silam -Telecommunication Department
-Mt. Beeston -Sepagaya Forest Reserve(Class VI)
-Mt. Tambuku -Brantian Forest Reserve(Class V1)
-Mt. Danum & Mt. Nicola -Sabah Foundation

2. Sandakan

-Imbak River -Imbak Forest Reserve(Class VI)
-Mt. Tavai -Tavai Forest Reserve(Class 1)
-Bidu-Bidu Hill -Bidu-Bidu Hill Forest Reserve(Class 1)
3. Ranau -Sabah Parks Board of Trustees

-Mt. Tombuyukon
-Marai Parai
-Pandiruan River

-Komborongon

(Upper Mesilau River, Pig Hill, Bembangan Ridge)

-Hampuan Hill & Kulung Hill - Mamut Copper Mine

-Morou Porou -Logging arca (unprotected)

4. Kudat

-Banggi Island -Banggi Forest Reserve (Class 1I)
Malawali Island -Unprotected

biological research and study and also serves as training grounds for school apd university students.

Serpentine vegetation of Mt. Silam

A vegetation survey was conducted on Mt.Silam which is located 10km from the town of
Lahad Datu, the east coast of Sabah, during a scientific expedition organised by me and Rimi
Repin on 8 - 26 Sept 1995. The expedition was also participated by a number of scientists/lecturers
from the University of Malaysia Sarawak with different interest. The expedition is mainly to
compile scientific data to be published and to propose another possibility of the Mt. Silam area
being gazetted as a protected area by Sabah Parks Board of Trustees. If possible,this area provides
various ecosystems of coastal serpentine vegetation including lower montane forests, mixed

lowland dipterocarp forests, mangroves, islands and coral reefs to be conserved (Plate 1).
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Plate 1. Vegetation of Mt.Silam

The main objective of this survey is to study the species composition of the forests at
different elevations. Mt.Silam ranges from 100m to the highest point at 870m. The forests
surrounded are considered as primary forest. The lower montane forest appears at 450m and above.

At least eight different elevations were chosen along the slope. By using the point-centred
quarter method, eight transects were laid out at the eight clevations and data of trees > 10cm dbh
were recorded. According to the vegetation analysis, the presence of the family Dipterocarpaceae
in general from 100m - 500m shows a different type of forest to those at higher elevations, which
are dominated by the family Myrtaceae. The drastic change of this family group is shown in the
size of the tree diameter (dbh > 10cm) at about 500m and below. The size of tree species ranges
from 10cm to 105.5cm dbh at lower elevations. It appears that the maximum dbh decreases with
elevation. The different size of dbh of Dipterocarpaceae gives the total BA(basal area) largely
different (Table 2). The total of 103.5m?/ha of BA at 100m is higher than 67m?/ha BA at 800m.

Table 2. Area, number of species, total basal area (BA) per ha, tree height and density
per ha for trees > 10 cmDBH at the plots along the transect. Sample areas are
estimated by a square of mean distance.

Alt  Arca  Species number Total BA  Tree height Density

(m)  (m?) (m? ha'') {m) (ha)
100 100.2 12 103.2 50 : 1989
200 91.2 14 106.0 45 2194
300 120.5 14 99.8 45 1660
400 83.8 12 124.0 35 2388
500 76.9 12 95.6 30 2600
600 71.4 13 86.8 30 2799
700 44.2 11 82.7 25 4529
800 51.2 11 63.8 15 3904
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The species composition shows the occurrence of at least 11 - 14 species in plot. The
family dominance is also shown by the tree height of Dipterocarpaceae, which is higher than
the family dominance of Myrtaceae at the higher clevations.

Serpentine vegetation around Kinabalu

According to a vegetation map published by Kitayama(1991), there are at least three

altitudinally recognisable subdivisions of the woody serpentine vegetation:

a) vegetation with Tristania elliptica dominance.

b) vegetation with Leptospermum flavescens-Tristania dominance.

c) vegetation with Leptospermum recurvum-Dacrydiun gibbsiae dominance.

d) The graminoid communities on the summit of Mt. Tombuyukon and at the spur of Marai
Parai are another characteristic of serpentine vegetation.

The last three are found at the elevation of 5,000 ft and above. Beaman & Beaman (1990) indicated

that Casuarina dominated forest with Gyminostoma sumatranum or Centhostoma teminale are

particulary a distinctive marker of lower elevation of serpentine vegetation.

Serpentine rocks are easily located because they are vegetated by forests which are distinctive on
aerial photographs and can be identified easily in the field on account of the reddish soil and abundant
surface boulder. The flora developed on this substrate is distinct, from that found on
surrounding non - serpentine substrates in terms of forest structure as well as species composition
(Brooks 1987). Collenette classified the serpentine forests as stunted or crowned forest. Some species
suchas Phyllocladus hypophyllus, Leptosperminit recurvim and Schitna wallichii ave found both on serpentine
and adjacent non-serpentine . Nepenthes rajah (the largest pitcher plants - Plate 2), N. villosa (Plate 3), N.
Kinabaluensis (Plate 4) and N. edwardsiana (plate 5) are endemic to the serpentine of Mt. Kinabalu.
Several other plants such as Rhododendron meijerii are only found on Mt. Tombuyukon. Most
of the endemic species grow on serpentine, and are only found in a very limited and small

Plate 2. Nepenthes rajah

- 131 -



Plate 5. Nepenthes edwardsiana

Plate 6. Paphiopedilum rothschildianum

distribution. For example, Paphiopedilum rothschilidianum (plate 6) is found only at four sites -
around Mt. Kinabalu.

Among the most rare and endangered orchid species which only found on serpentine
substrates namely Paphiopedilum rothschildianum, P. hookerae, P. vonteanuim (Hookereae var
volon.), P. virens, Coelogyne rupicola, Calanthe tuhanensis and Platanthera kinabaluensis. P.
rothschildianum restrictively grows on serpentine substrate and only found in Sabah (around
Mt. Kinabalu). Renanthera bella which has been described to be found in Sabah also grow on
serpentine outcrops.
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Species composition

A vegetation analysis to compare between two different forests based on its soil substrates
was attempted. In general, the serpentine vegetation in comparison to the sedimentary
vegetation shows different plant density (trees/ha), canopy height (m), total basal area (m*/ha)
and number of species per 100trees (Table 3).

Species number per 100 trees on sedimentary rock is higher than serpentine rock and
both decrease with elevation. Relatively, the total BA (m?/ha) on sedimentary rock increases
with increasing elevation and on serpentine rock basal area decreases with increasing elevation.
The upper canopy height shows no difference at lower elevations. The plant community is
dominated by family Dipterocarpaceae and other families at lower elevations whereas the
community is dominated by Myrtaceae at higher elevations. The tree densities of both
sedimentary and serpentine rocks are relatively high. The density of sedimentary rock sites is
higher with increasing elevation. The density of trees/ha on serpentine rocks is higher at the
elevations of 1400 m to 2700 m.

Conservation status

A satellite image of the Kinabalu Park area shows the different forest within the Park
boundary (protected forest) which is covered by the green forest (undisturbed forest) whereas
the surrounding area shows different colours, which imply disturbed forest (Figure 3). The

Table 3. Vegetation properties investigated in the matrix sites on Mt. Kinabalu. Values
were determined based on 100 trees (>10cm dbh). ‘Sed’ denotes sedimentary rock
sites, and Ult denotes ultrabasic rock sites.

Alt(m) 800 1400 1200 2700 3100

No.sp.per 100 trees

Sed .90 c.60 23* 12 15
Ult 68 42 26 14 2
Total basal area(m?/ha)

Sed 33.4 34.0 59.5* 49.2 55.4
Ult 391 47.5 36.6 31.6 11.7
Upper canopy height(m)

Sed 50 30 20* 20 10
Ult 50 21 22 15 6
Density(trees/ha)

Sed 333 447 778 659 1950
Ult 551 1326 1071 1098 634

* Values are actually from the site located at 2350m.
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satellite image can also be uscd to identify the area that has been disturbed by logging activities,

The forests nearby the Mesilau River was converted into a golf course, a dairy farm,
experimental plantations and vegetable cultivations which completely destroyed the forest.
Clearing land for agriculture contributes towards severe damage such as soil erosion or land
slide and burning forest.

Hampuan Hill and Kulung Hill which belong to the Mamut Copper Mine were partly
destroyed by fire in Sept 1991, after several years degazetted from the Kinabalu Park. There
have been illegal logging activities and forest clearing as a cultivated area ever since. It has
been recorded that Paphiopedilum rothschldianum was found near the slope of Lohan River of
Kulung Hill before the incidents. The habitats of several other rare species were also destroyed.

Fig.3 Satellite image of the Kinabalu Park area generated by ARCINFRO (R. Beaman, unpublished data)
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It is better known that serpentine rock intrusion provides a high value of copper and
other minerals such as gold and chrominum. Mining activities caused the destruction of a
wide area in the Hampuan Hill area (plate 7). Mining activities have destroyed not just the
forest but also the forest ecosystems including the water stream by land slides and soil erosions.
The loss of topsoil resulting an enormous discharge of silt into river. Nowadays, the Hampuan
River is completely polluted and cannot be used as water supply for agriculture or home

usage (Plate 8).

Plate 7(a). Mamut Copper Mine Plate 7(b). Farest destruction caused by
mining activity

Plate 8. Polluted river caused by mining
activity

The areas within the Park boundaries such as Marai Parai, Mt. Tombuyukon, Carson
Camp, Kamborongoh, Panataran Rivers and Nalumad are protected. The important area such
as Mt. Tombuyukon which has not been taxonomically well studied is believed to have high
potential in terms of floristic composition of endemic and rare species of serpentine vegetation.
The main reason perhaps due to that Mt. Tambuyukon is not easily accessible yet it remains
undiscovered.
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Plate 9(a). Forest destruction of Morou  Plate 9(b). Timbers along the route of
Porou caused by logging activity orou Porou

Plate 10. Forest of Morou Porou dominated  Pplate 11. Arachnis sp.
by Gymmnostoma sumatranum and
Podocarpus sp.

The Morou Porou area which is situated at the south side of Ranau is not being protected
by any government agencies. The uncontrolled logging activities are the most important factors
that caused the forest destruction and destroyed the lowland habitat (plate 9). It is quite obvious
that most if not all of the forest destruction in some areas is due to commercial logging. There
have been many routes cleared by logging company to reach the highest point of the mountain.
With the construction of roads, the forests are more accessible by the rural communities or
landless farmers in search for a new cultivation area. ‘

The vegetation at Morou Porou ridge is covered mostly by Gymnostoma sumatranum
and Podocarpus sp. (plate 10). There has never been vegetation survey or floristic study around
this arca. The latest was a flora inventory which collected many plant species including
Paphiopedilum hookerae, whereas a lot of Arachinis sp. (plate 11) and Renanthera bella (plate 12)
were found during our serpentine vegetation field survey.
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Plate 12. Renanthera bella

Morou Porou ridge, Hampuan Hill, Kulung Hill and Mamut area are most potential sites
that can be considered suitable for legislation into National Parks or conservation areas of equivalent
standing. The involvement of government authority to sustain the destructed forest into a recreation
area or reforestation is the most important aspects to contribute toward conservation.

Outlook in serpentine conservation

‘The conservation policy of forest reserve such as mangrove forest reserve, swamyp forest, kerangas
or kerapha forest reserve and limestone forest reserve as a protected forest, are very much peculiar
among society. Whereas Serpentine forest reserves are not popular among us and sometimes considered
being neglected by the government conservation policy. The conservation policy for serpentine areas in
Sabah comparatively protecting a few areas is adequate for several diverse forest ecosystems, plus
smaller preserves for isolated ecosystems and areas of special importance.

Species and ecosystem of serpentine vegetation are facing the most serious threats
because of destruction of the most ecosystems surrounded, such as clearing forests for shifting
agriculture, mining for minerals, logging for timber and other government developments.
Destruction of forest is an irreversible process, if a large area of the forest is removed, most of
the plant and also animal species would disappear each year, many before they are even
described. The extinction of species resulting in vulnerability to desease, climate change, habitat

alteration, inbreeding and many other factors.
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