3 - 3 - 4 Vegetaiion distribution survey

(1) Survey method

Vegetation distribution survey was executed at the same time of stream sediment survey.
Vegetation of the survey area is very thick because the area belongs to tropical rain forest.

Based on existing vegetation map, vegetation distribution changes largely from east side to
west side of the east of Sigatoka River. In this survey, a vegetation distribution map was made
based on ASTER satellite image before ground truth survey (Appendix14).

(2) Image analysis

Optical sensor (VNIR) of ASTER (Advanced Spaceborne Thermal Emission and Reflection
Radiometer) was used for the satellite image analysis to make the vegetation distribution map.
In order to divide the vegetation distribution, 3 types of images; Natural Color Image (BGR=
321),  False Color Image (BGR= 123) and Pseudo Color Image of band 2 were made
(Fig.II-3-5-(1)-(3)).

A part of ASTER image were not acquired, therefore JERS- 1 /OPS data made up for this zone
to make mosaic patching. Granule ID of ASTER images and Path/Row of JERS- 1 /OPS are
indicated in Table I1-3-8. '

Table I1-3-8 Satellite images for interpretation

Sensor Granule ID Level " Acquisition Date
ASTER ASTIL1A 00110722434200112303048 Level 1B 2000.11.07
ASTER ASTLIA 0101102242300101210621B Level 1B 2001.01.10
ASTER ASTL1A_0011072243510011230305B Level 1B 2000.11.07
ASTER ASTL1A_0101102242380101210622B Level 1B | 2001.01.10
JERS-1/0PS Path632/ Row330 Level 2 - 1998.11.19
JERS-1/0P8 Path632/ Row330 Level 2 1993.11.19

(3) Picture decipherment of vegetation distribution

ASTER band 2 can observe spectrum wave length ranging 0.634m - 0.69 4 m. This wave
length band is known to reflects difference of vegetation distribution well. Therefore, digital
value of band 2 data (0 - 255) were level sliced and expressed by pseudo color image

Fig.I1-3-5-(3). _
~ Based on the pseudo color image, the vegetation ditribution of the area are classified to 5
territories such as (URed purple, @Red purple-dark blue, @Blue, @Yellow-green and §White.
Estimated vegetation distribution of each territory is shown in Table II-3-9.
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Fig.H-3-5-(1) Natural color image of the survey area (ASTER image by BGR=231). Scale 1:500,000
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Table I1-3-9 Interpretation of vegetation based on satellite image

Area Remarks

Red purple High concentration tropical forest
Red purple -Dark blue Middle — low concentration forest
Blue Flat plain

Yeliow -Green Flat plain along river

White Cloud

Red-Purple territory was presumed to correspond to high mountain zone that distributes
Upland rain forest and Cloud forest or part of Tropical rain forest. Red-Purple - Dark blue
territory was presumed to correspond to mountain hillside zone that distributes Lowland rain
forest. Blue territory was presumed to correspond to topographically gentle land that distributes
part of Grassland vegetation. Green-Yellow territory presumed to correspond to glassy plain
along rivers and swamp where distributes part of Grassland vegetation and Freshwater wetland
vegetation. White territory was presumed to correspond to cloud.

(4) Result

Location of the ground truth survey is shown in Fig.I1-3-5. The result of the vegetation
distribution survey is shown in TableIl-3-10. Photographs of the ground truth survey are shown
in PH- 4.

Table 11-3-10 Result of vegetation ground truth survey
Locatio

n X(Easting;{Y(Ncrthfn)
1942643

Aster image(pseudo) retation | Humidi Soil or pealoay Memo J

Flat. plain along  river, low grass and somj

3888761 waoods, and farm
Aleng a road, low grass and trapical rzin
forest beside Wainikatama Camp
From a rpad along a river, low grass and
riverside bush
Aleng Namosi Road, low grass and tropical
i} raim forest

2002/10/8 laterite

z002/12/8

blue, yellow~green
red, blue thick

1937387 | 3881807 laterite

1932631 | 3900343 | 2002/30/4

P04 1844990 | 3872515 | 2002/12/6 blue middle wel
P05 1924700 _'-1:3875215 12002/10/22 dark red I thick middle

v Y pees A

Hue {yelow~ green) middle middle

\aterite

reclaimed area, tropical rain forest

faterite

P0g 1924300 | 3876070 | 2002/10/22 thick middle laterite Tropical reain forest along a road

Farm inside a village, farm plants and low
yellow-brown seil grass and dried soil

‘Emai\ Woous beside a village, withaut short
yellow—brown sail

Fo7 1884773 | 39071693 | 2002/11/18

PQg 1894376_| 3901772 | 2002/11/18 middle

55
Grass land., dried soil is exposed in sames

POS 1894408 3902764 12002/11/18 few dry yeilow-brown soll places
B0 1934511 | 3910748 ZGGZIBIZLL red ! thick wet i ? Tropigal reain forest along a road

As a result of the ground truth survey, the estimation of vegetation distribution, which is
based on the pseudo color image of the ASTER optical sensor, was well concordant with the
result of ground truth survey. Therefore the vegetation distribution based on the pseudo color
image reflects real vegetation distribution.

3 - 4 discussions

Fauna and flora survey consists of fauna survey, samphng and chemical analysis of fishes &
benthos, flora survey and vegetation distribution survey.
As for inland Vertebrate, Birds are most abundant, approximately 150 species, and Reptiles,
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and Amphibians follow after the Birds. Fauna in the South East Viti Levu that represents the
survey area coverd by tropical rain forest consists of total 84 species including introduced species.
Birds have 51 species, Mammals have 11 species, Reptiles have 19 species and Amphibians have
3 species. During the field survey in the tropical rain forest, 34 species of birds were recognized
including Pink-billed parrotfinch which is worldwide rare species. The area is not disturbed as to
biodiversity of birds. As for Reptiles, Kmoia mokosariniveikau, which is a kind of Skink that was
detected only in Vanua Levu Island, was discovered in the field suvey.

As for the sampling and chemical analysis of fishes & benthos, 26 samples were collected
(corbicula: 21, eel: 5) and chemically analyzed (28 elements). The feature of each element
concentrafion in fishes and shellfishes shows almost same tendency, but fishes tend to
concentrate Ca, Mg, Na, K and as trace eclements B and Sr, the other hand, shellfishes
concentrate As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Ti and V. Among the trace elements, As (arsenic)
value of the fishes, As (arsenic) and Cd (cadmium) values of the shellfish are relatively high.

Flora of the survey area is classified characteristically to 8 ecosystems according to the
topography & the climate. The most widely distributed ecosystem is Lowland rain forest (tropical
rain forest). Upland rain forest and Cloud forest wich should be protected are distributed in the
inland ravine area. Coastal vegetation is widely distributed along the coastal line and Grassland
vegetation is widely distributed in Sigatoka area.

As for vascular bundle plant, approximately 1028 genus and approximately 2530 species are
recorded. These species consist of 301 species of Ferns (Pteridophyte) and 2225 species of Seed
plants (Spermatophyte). Total 81 of rare and endangered species of vascular bundle plant are
distributed in the Viti Levu South Area that hosts the tropical rain forest. In the field survey of
the tropical rain forest, almost 100% (173 species) of the plants are native species and 60%
among them {104 species) are endemic species. The ratio of endemic species is high. 9 rare and
endangered species such as Agathis macrophylla - dakua or epiphytic orchid are distributed in
the area. The area is rich in the biodiversity of plants.

The vegetation distribution map based on the pseudo color image that acquired from the
optical sensor of ASTER was well concordant with the vegetation distribution confirmed in the
field survey. The vegetation distribution of the survey area is classified largely to 5 vegetation
territories from the image interpretation. Red-Purple territory corresponds to high mountain
zone that distributes Upland rain forest and Cloud forest or part of Tropical rain forest.
Red-Purple - Dark blue territory corresponds to mountain hillside zone that distributes Lowland
rain forest, Blue territory corresponds to topographically gentle land that distributes part of
Grassland vegetation. Green-Yellow territory corresponds to glassy plain along rivers and
swamp where distributes part of Grassland vegetation and Freshwater wetland vegetation.
White territory corresponds to cloud.

Outline about fauna, flora and vegetation distribution of the Viti Levu South area were
grasped through this survey. Modeling this field survey, Environmental Impact Assessment (F'S)
will be necessary to the area that is expected to be developed in the future. At that time, aquatic
animal survey must be added. Periodical survey is necessary for plant considering seasonal
variance.
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Chapter 4 Soil bacteria survey

4 - 1 Objectives

In order to examine the possibility that applicable microbes which can be used for the bacteria
leaching and the biological mine wastewater {reatment in the survey area where a new metal
mining development is expected, 5 soil samples were collected from Namosi region. These
samples were screened primarily for the detection of useful microbes.

4 - 2 Survey methods

4 - 2 - 1 Sampling location

The sampling location is shown in Fig.11-4-1. Characteristic condition of the soil samples is
indicated in TableIl-4-1.

" Table II-4-1 Characteristics of the soil samples for bacteria

Sampling . .
) Characteristics of seil Note
point
A Brown gray silt-clay (wet) Waisoi-Wainitotoyeuyeu river junction
B Light brown silt-clay (dry) Waisoi-Wainitotoyeuyen river junction
2] |
C Brown gray silt-clay (wet) Waivaka-Wainavuga river junction
D Brown gray silt-clay (wet) Near Wainavuga drilling site (in water)
E Brown silt-clay (dry) Near Wainavuga drilling site

Remark: Colors of the seil surfaces were changed into red-brown in sample A, C, D.

4 - 2 - 2 Target microbes

{1) Bacteria leaching applicable microbe

« Tron oxidative bacteria (Thiobacillus ferroxidans)
* Sulfur oxidative bacteria (Thiobacillus thicoxidans)

(2) Mine wastewater freatment applicable microbe

* Iron oxidative bacteria - Sulfate-reductive bacteria
* Heavy-metal tolerant filamentous fungi + Heavy-metal tolerant yeast

4 - 2 - 3 Microbial sampling and culture methods

Type of screening culture medium is shown in Table II-4-2,
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Fig.ll-4-1 Location of the soil bacteria survey
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Table [I-4-2 Types of the culture mediums for screening
Name of the

. . Culture Culture
Target microbes culture medium for ]
] medium temp, ()
screening
(DSuifate-reductive bacteria B High agar 20
@Bulfur-oxidative bacteria Wakaman-Starkey
(BTron-oxidative bacteria 9K
@Heavy metal tolerant
_ Czapek-Dox
flamentousfungi =~~~ | I |
(BHeavy-metal tolerant yeast Czapek-Dox

agar

Furthermore, in order to examine pH and heavy-metal tolerance of microbe, primary screening
was done under the culture medium condition shown in TableII-4-3.

Table IT-4-3 Condition of the culture mediums

Conditioin of pH
Ttems Number Total
and added heavy-metal
Culture of number
pH 20 5.0 6.0 7.0
condition - — - - - sampling | of test
Heavy-metal - - - - Cu | Pb .
= : —| points samples
Content of metal {mg/) - - - - 1.0 | L0
(DSulfate-reductive bacteria O o Q Q 1 20
@Bulfur-oxidative bacteria | O O 5 10
@Iron-oxidative bacteria O O 3 10
Target 1_
. @Heavy-metal tolerant
microbe O O O @] 5 20
filamentous fungi
BHeavy-metal tolerant :
O O O @] 5 20
yeast

Remark?: “-“ in the table means without adding heavy-metal .
Remark2: Cu and Pb were added up to 1mg/l in discussion of background content.
Remark3: Screening were executed only under the condition of “O” in the table.
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4 - 3 Results

4 - 3 - 1 Sulfate-reductive bacteria

. Table I1-4-4 Result of screening sulfate-reductive bacteria

Conditi
No. of
on of Samplin Results of
culture ] ) Note
culture ) g point screening
. mediums
mediums
1 A
2 B -
pH5 3 C
4 D
5 E -
7 A
8 B
pH7 9 C
10 13]
11 E
13 A
14 B -
Add Cu
15 C
(pH?
16 D
17 E
19 A
20 B
Add Pb
21 C
eHTD
22 D
23 E -

Remarks: “-* in the table means no detected multiplication of sulfate-reductive bacteria.
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4 - 3 - 2 Sulfur oxidative bacteria

Table II-4-5 Result of screening sulfur-oxidative bacteria

Conditi
No. of Results of
on of Samplin .
culture . screening Note
culture ] g point )
_ mediums (unit: cell/m]) *
mediums
25 A 1.70 x 10¢
26 B 1.91 x 108
pH2Z 27 C 1.27 x 108
28 D 3.19x 107
29 N E 2.10x 105 |
31 A 4.20 x 10°
32 B 1.70 x 108
pH6 33 C 8.00 x 10#
34 D 6.00 x 108
35 E 2.30x 105

*Remarks: The number of microbes multiplied in 1ml liquid culture mediums.

4 - 3 - 3 Iron oxidative bacteria

Table II-4-6 Result of screening iron-oxidative bacteria

Condi
. Results of
tion of No. of .
Sampli | screening Color of the culture mediums
culture | culture . .
ng point (unit: cellmi} (precipitation, (m1)
medium | mediums .
1
8
37 A 2.00 x 104 Weak yellowish-brown (0.1}
38 B No change (0.2)
PH2 39 C 4.00 x 10* Light yellowish-brown (0.5)
40 D 8.00 x 10¢ Light yellowish-brown (0.6)
41 B Weak yellowish-brown (0.2}
43 A Strong yellowish-brown {1.2)
44 B _ Strong yellowish-brown (0.9
PHs 45 C Strong vellowish-brown (1.4
46 D Strong yellowish-brown (1.3)
47 E Strong yellowish-brown (1.3)

Remark*1: The number of microbes identified in 1ml liquid culture mediums.

Remark 2:  “-“in the table means no detected microbe cells.
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4 - 3 - 4 pH and heavy-metal tolerant filamentous fungi

Tablell-4-7 Result of screening heavy-metal -tolerant filamentous fungi

Conditi T
No, of

on of Sampling Resulis of
culture Note
culture point screening
mediums

mediums

51
52
pHZ 53
54
55
a7
58
pHs 59
60
61
63
64

Add Cu
65
(pHT)
|f66

67

4+

+ Many bacteria mixing

-

—

ola|lw|rig|lgd|la|w|s|m glaw(es|goaolw|e
+

++ Many bacteria mixing

AddPh
N 71
(pH7)

73 E ++ Many bacteria mixing

Remarkl: +  : Few hyphas of filamentous fugi
++ : Some hyphas of filamentous fugi
+++ : Many hyphas of filamentous fugi
Remark?: ““in the table means no detected filamentous fungi.
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Tablell-4-8 Result of sereening heavy-metal -tolerant yeast

4 - 3 - 5 pH and heavy-metal tolerant yeasts

Conditio
n of culture

mediums

No. of
culture

mediams

Sampling

point

Results of
screening
(unit:

cells/mD*1

Note

pH2

Y51

Y52

Y53

Y54

Y55

1.34x 107

pHG

Y57

4.00 x 104

Y58

Y59

Y60

Y61

Add Cu
(O

Y63

Y64

Y65

4.00 x 10¢

Y66

Y67

Add Pb
(pHD

Y69

Y70

Y71

Y72
e —

Y73

Jio|w|r|HIgow||lHIQ Q|E|=iBITOIQR ]

E

2.00 x 10

Remark*1;

The number of cells multiplied in Sml semi-fluid high culture mediums.
Remark?: “-*inthe table means no detected yeast cells.
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4 - 4 Discussions

4 - 4 - 1 Microbe applicable to bacteria leaching

In the culture medium which discriminately cultivates sulfur oxidative bacteria, microbe cells
were recognized from all samples. In addition, culture medium with pH2 has a tendency where
more microbes were observed than that of pHE. Especially, the sample from point D indicated 10
times microbe as that of other points. '

Usual bacteria leaching technology utilizes the microbe that produces sulfate ion with its
propagation and can live under low pH condition (pH2) similarly to sulfur oxidative bacteria.
The microbes that have above function were detected by primary screening from soil samples of
the survey area. Therefore, there are possibilities of bacteria leaching using the microbes of the
survey area.

4 - 4 - 2 Microbe applicable to mine wastewater treatment

(1) Possibility of the mine wastewater treatment which uses chemosynthesis bacterium

On one hand, propagation of sulfate-reductive bacteria was not recognized from the samples of
this survey. :

On the other hand, as a result of primary screening for iron oxidative bacteria, 2~8 x 104 of
microbe cells per 1 ml culture medium were recognized in the samples of point A, C and D under
the condition of pH2. In addition, these culture media indicated color changing to yellow-brown.
This yellow-brown color suggests iron hydroxide owing to propagation of iron oxidative bacteria.
The microbes that have the same function as ron oxidative bacteria were detected by primary
screening from soil samples of the survey area. Therefore, there are possibilities of mine
wastewater treatment using the microbes of the survey area.

(2) Possibility of the mine wastewater treatment which uses metal adsorption type microbe

Propagation of filamentous fungi and yeasts were detected in the culture media with Cu and
Pb. The metal adsorption abilities of these microbes are not clarified. However, it is certain that
heavy metal tolerant microbes inhabit the survey area.

It is not uncertain whether these microbes can be used for actual bacteria leaching or mine
wastewater treatment without detailed examination concerning pH tolerance, heavy-metal
tolerance, heavy-metal absorbability and propagation ability under the low nutritional condition.
However, there is potential of microbes applicable to these technologies in the survey area.
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Chapter 5 Archaeological survey

5 - 1 Objectives

The objectives of archaeological survey are to obtain data concerning existence and condition
of cultural assets by collecting existing literatures concerning the historical relics or cultural
assets in the survey area. In addition, another objective is to acquire information relating to its
legal regulation.

5 - 2 Survey methods

In regard to the historic relics or cultural assets in the survey area, literatures, databases and
oral histories, which are retained in the archaeoclogical department of FIJI museum, were
referred to compile data such as name, location, type and presént condition of known cultural
assete. A Scholar of the archaeclogical department of FIJI museum was entrusted with the
survey.

5 — 3 Results

There are settlement relics so-called early Lapita (earliest human settlement relics before
approximately 3000 years) and fortress and village relics of late prehistorical age (before
approximately 1000 years) and late historical age in the survey area.

As for the legal regulation concerning designation, survey and protection of the cultural assets,
2 laws exist in Fiji.

Preservation of Objectives of Archaeological and Palaecontological Interest Act
National Trust for Fiji Act and Amendment Act

Fiji Museum is engaging in survey, protection and management as to archaeology which is
based on "Preservation of Objectives of Archaeological and Palaeontological Interest Act "

Ag a result of the archaeological survey, it has been clarified that 213 cases of historical relics
or cultural assets are distributed in the survey area. Location of historical relics or cultural
assets is shown in Fig.IT-5-1. List of historical relics or cultural assets is indicated in Appendix
12. Photographs and illustrations of typical historic relics are shown in PH- 5.

As for historic relics and cultural assets, 12 types are recognized based on its features. The
principal relics are ring structure and fortress relics that are called Ring dintch and Hill fort and
village and settlement relics that are called Koromakawa, Naga and Yavu. Relics whose details
are unclear are many. Including Unknown, The number of types are 13.

stratified site (stratified relics distributed in sandy beach and dune along coast)
stone flaking floor site (house floor relics which utilizes flint pieces from mine mark)
grave

lapita (human settlement relics before approximately 3000 years)
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naga (stone wall formation or enclosure)
yavu (old house mound)
+ cave/rock shelter
- agricultural (agricultural relics)
koromakawa (old Fijian village relics)
+ complex (compound relics of rock shelters and other relics)
hill fort {(fortification common in mountainous or hilly ridges)
+ ring ditch (fortification built in low lying areas using a ring formation. This is particularly
prevalent in damp, marshy areas.)
unknown (unclear relics as for details)

Table I1-5-1 indicates the number of historical relics and cultural assets classified by type in 7
areas of Sigatoka, Korolevu, Navua, Suva, Keiyasi, Namosi and Nausori (1/50,000 topographic

maps).

Table 11-5-1 Summary of Archaeological Sites

Sigatok| Korolev
‘Site Type a u Navua Suva | Keiyasi{ Nameosi| Nausorij total
stratified site 1 1
stone flaking floor site 1 1
grave 1 1
lapita 2 2
naga 4 4
yavu 3 2 1 6
cavefrock shelter 3 2 1 1 1 8
agricultural 1 5 2 8
koromakawa 3 3 5 11
complex 3 8 16
hild fort 3 2 4 17
ring ditch 2 5 3 11 5 23 52
unknown 4 4 10 7 20 25 16 86
total 19 14 19 25 46 41 49 213
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Feature of the archaeological cultural historic site of each area is as follows.

(1) Sigatoka

Sigatoka has a range of physical features from river valleys to flat areas to rugged areas.
Sigatoka's record show prolonged occupation by humans. They are prehistorical lapita in-
Sigatoka dune, hill fort and ring ditch (fortification) on hills. In the areas where limestones are
distributed, many cave/rock shelters exist. Many earthenwares and shellfishes have been
unearthed from caves.

(2) Korolevu

Cultural sites on Korolevu are found both on the coastal lands and the higher mountain ranges.
The data analysis of Korolevu shows 3 koromakawa, 1 hillfort, 5 ring ditchws, 1 grave site and 4
unknown sites.

(3) Navua

Navua comprises of flat areas and rugged tervain. The known cultural sites in the Navua area
are concentrated mainly on the flat areas and near the water sources (rivers). The sites are
mainly ring ditch fortifications. The recorded sites from Navua include 2 cave/rock shelters, 3
hill forts, 3 ring ditches, 1 stratified site and 10 unknown sites.

(4) Suva

The Suva area is a range of flat and hﬂly. coastal area. In this area, there 1s a large
concentration of ring ditches and World War II sites. The recorded. sites include 11 ring ditches, 1
cavelrock shelter, 3 complex sites, 3 house mounds (yavu) and 7 unknown sites.

(5) Keiyasi

Keiyasi is a mostly mountainous area with mainly prehistoric sites. This area is near the
headwater of the Sigatoka River. The recorded sites include 4 naga sites, 3 hill forts, 5 ring
ditches, 5 old village sites (koromakawa), 8 complex sites, 1 stone flaking floor site and 20
unknown sites.

(6) Namosi

Nameosi is an area that has extremely rugged terrain with very steep mountain ranges and is
covered by tropical forest. There is dense vegetation cover and this makes it difficult to traverse
the site or locate sites. Recorded sites include 1 cavefrockshelter, 2 hill forts, 3 ring ditches, 3
complex sites, 2 yavu, 5 agricultural sites and 25 unknown sites.

(7) Nausori

Nausori is a mixture of flat and hilly areas. Within the flat areas of Nausori, there is a high
concentration of ring ditches. Recorded sites include 1 cave/rockshelter, 4 hill forts, 23 ring
ditches, 2 complex sites, 2 agricultural sites, 1 yavu and 16 unknown sites.
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5 - 4 Discussions

213 cases of historical relics or cultural assets are distributed in the survey area. These are the
settlement relics that are so-called early Lapita (earliest human settlement relics before
approximately 3000 years), the late prehistorical sites (before approximately 1000 years) and the
late historical sites. The principal relics are ring structure and fortress relics that are called Ring
dintch and Hill fort and village and settlement relics that are called Koromakawa, Naga and
Yavu. Many of the relics are distributed in the plains, the valleys and the adjacent hills such as
Sigatoka, Keivasi, Suva and Nausori.

Information about the existences of principal known historical relics and cultural assets could
be collected. However in this survey, survey and appraisal in regard to archaeological cultural
assets were not sufficient. Therefore, if a field survey is done, based on oral histories concerning
movements and historical events of ancient people, meke (traditional chant), history about
handicraft and yaqona ceremony, there is a possibility that historic relics and cultural assets will

increase.
In addition, there are many historical relics and cultural assets whose details are unclear.

Surveys concerning archaeological cultural assets are not sufficient. Therefore, Archaeological
Impact Assessment: AIA) is necessary in every future industrial development.
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Part 11

Conclusion and Proposal for the Future Exploration



Part ITT Conclusion and Proposal

Chapter 1 Conclusion

This survey, which is a lst phase of the environmaental baseline survey, consists of
hydrological survey, stream sediment survey, fauna and flora suvey, soil bacteria survey and
archaeological survey in the Viti Levu South area of the Republic of the Fiji Islands. The climate
of the survey area is oceanic tropical elimate under the inflence of south-east trade winds, and is
divided to 2 seasons; dry season from May to October and rainy season from November to April.
The 1st phase survey was executed from September - November 2002 (dry season). As for the
hydrological survey, the field suvey was executed from January to February 2003 (rainy season)
to get data of rainy season.

As for hydrological survey, field measurement of water flow, ficld measurement of water
quality and water quality analysis were executed at the 80 points (88 samples) from 4 drainage
systems: Rewa River, Navua River, Sigatoka River and the Coastal Rivers. The summarized
featute of the river water quality is as follows. All 4 rivers drainage systems are characterized by
dominant HCOs ion. Navua River drainage system and Sigatoka River drainage system arve
characterized by dominant Ca ion. Sigatoka River drainage system is characterized by high
values in Ca and HCOs3 ion concentration, pH and electric conductivity in comparison with Rewa
River drainage system. The cause, by which the water of Sigatoka River drainage system shows
high concentration of Ca and HCOs ion, is due to influence of sedimentary rocks such as
limestones, which exist inside this drainage system..

Although some component concentrations and component ratios somewhat differ inside the
survey area, the general character of the river water of the survey area shows neutral pH, Ca as
principal cation and FICOs as principal anion. The water, which has the quality of this kind of
alkaline earths carbonate, is thought to he circulating free groundwater. Because Fiji Islands
belongs to the climate of tropical rain forest, the air temperature is high and the precipitation is
much, the peculiar characteristic condition had heen expected. However the chemical component
and concentration of the river water of the survey area showed the almost similar quality to the
average river water of the world. .

One weather station was set up inside the Namosi village elementary school to establish the
weather observation system. In addition, meteorological data of the past 4 years, which had been
observed at 6 points inside the survey area, were acquired from Fiji Meteorological Service, Nadi.
This data are used as a database for the future hydrological survey.

In the stream sediment survey, total 905 samples (822 points + 83 duplicate samples) were
chemically analyzed. As for geochemical characteristic of the stream sediments of each drainage
system, Rewa River drainage system is the most strongly influenced by hydrothermal deposits
and Cu, Zn, As, Cd, Sb and Au show anomalies. Navua River drainage system is also influenced
by hydrothermal deposits after Rewa River drainage system and Zn, Cd, Sb and Au show
anomailies. Sigatoka River drainage system is influenced by sedimentary rocks such as
limestones and Ca and Mg show higher values than those of other drainage systems, though
they are the crustal average levels. In Sigatoka River drainage system, Cd and Sb also show high
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values similarly to other drainage systems. As for Coastal rivers system, Mg, F, K, Ni, Sr and Ba
show lower values than those of other drainage systems.

In all drainage systems, S,Ti,V,Cr,Mn,Fe,Zn,As,Cd,Shb and Au show higher compare with
crustal average. The samples included magnetite of high concentration was found much. This
reason can be considerd that the existences of V, Zn ,Mn and Cd in high concentration are due to
high magnetite concentration in order that V,Zn,Mn and Cd are easy to coexist in magnetite.

Cd, Sb and Au show especially high values in comparison with the crustal average. The
anomalies of Cd and Sb are scattered in all the survey area, therefore it is suggested that the
background value itselfis high and also the contents of these elements in igneous rocks nearby is
high. On the other hand, Au shows more limited distribution of anomalies, such as Namosi
region - upper stream of Waimanu river in Rewa River drainage system and Wainikovu River in
Navua River drainage system, where exist influence of hydrothermal deposits. As (arsenic)
anomly distribution is similar to that of Au. In all drainage systems, Be, Na, Al, P, K, Ni, Sr, Ba,
Hg and Pb show lower values than the crustal average, especially P, K, Ni, Sr and Ba are low.

Fauna and flora survey consists of fauna survey, sampling and chemical analysis of fishes &
benthos, flora survey and vegetation distribution survey. Fauna of the survey area consists of
total 84 species of animals, which are mainiy comosed of Birds. In the field survey of the tropical
rain forest, 34 species of birds including Pink-billed parrotfinch were recognized, which is
worldwide rare species. The area is almost not disturbed as to biodiversity of birds. As for Reptile,
FEmoia mokosariniveikau that is a family of Skink, which had been detected only in Vanua Levu
Island, was recognized.

Flora of the survey area is divided characteristically to 8 ecosystems according to the
topography & the climate. The most widely distributed ecosystem is Lowland rain forest (tropical
. rain forest). Upland rain forest and Cloud forest wich should be protected are distributed in the
inland ravine area. Coastal vegetation is widely distributed along the coastal line and Grassland
vegetation is widely distributed in Sigatoka area.

Total 81 of rare and endangered species of vascular bundle plant are distributed in the Viti
Levu South Area that hosts the tropical rain forest. In the field survey of the tropical rain forest,
almost 100% (173 species) of the plants are native species and 60% among them {104 species) are
endemic species. The ratio of endemic species is high. 9 rare and endangered species such as
Agathis macrophylia - dakua or epiphytic orchid are distributed in the area. The area is rich in
the biodiversity of plants. S

The vegetation distribution, which is based on the pseudo color image of the ASTER optical
sensor, is well concordant with the floras, which are verified in the ground truth survey. From
interpretation of the ASTER images, it has been found out that the flora in the survey area is
divided largely to 5 floras.

As for the survey regarding fishes & benthos, 26 samples of the typical eel and shellfishes
{corbicula) were sampled and chemically analysed. Among the trace elements, As (arsenic) value
of the fishes, As (arsenic) and Cd (cadmium) values of the shellfish are relatively high.

In the soil bacteria survey, 5 soil samples were collected from Namosi region. These samples
were screened primarily for the detection of useful microbes. Microbes, which may possess the
function similar to sulpbur oxidative bacteria, iron oxidative bacteria, heavy-metal tolerant
filamentous fungi and yeast, were detected in the sample of this suvey. This suggests the
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potential of microbes applicable to bacteria leaching and mine wastewater treatment.

As a resuit of archaeological survey, it has been clarified that 213 cases of historical relics or
cultural assets are distributed in the survey avea. These are the seftlement ruins that are
so-called early Lapita (earlist human settlement ruins before approximately 3000 years), the late
prehistorical sites (before approximately 1000 years) and the late historical sites. The principal
ruins are ring structure and fortress ruins that are called Ring dintch and Hill fort and village
and settlement ruins that are called Koromakawa, Naga and Yavu. Many of the ruins are
distributed in the plains, the vaileys and the adjacent hills such as Sigatoka, Keiyasi, Suva and
Nausori.

The central to south side of the Viti Levu South area breeds the well-developed tropical rain
forest and the biodiversified Birds. Croplands and pastures are distributed along the Queens
Road, the plain along Rewa River between Suva - Nausori - Vunidawa and relatively cultivated
hill and plain along Sigatoka to Keiyasi. Village and urban district are developing in these areas.
In the meanwhile, the environment locad, for example the deforestation accompanied with
inhabitant life improvement, the household wastewater and the wastes of chemical substances
such as battery etc, is estimated to increase along each river draingae system where human
activities widely influences. It is important to collect and arrange the environmental basic data
in the early stage because the legal regulation as to the environment of the Republic of the Fiji
Islands has just been prepared recently. A great deal of data, which were acquired from this
survey, are concluded to be useful for the environmental assessment for the future industrial
developments.
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Chapter 2 Propsal for the 2nd phase survey

The following items of 2nd phase survey are proposed based on the results of 1st phase survey.
The objective of the survey is to collect and integrate the background data concerning the
natural environment fields and to make the report of Environmental Baseline Study that will
serve the basic data for the future industrial development.

(1) Stream sediment survey

The stream sediment survey in the same way as the 1st phase is proposed for 2nd phase in the
upper stream of each drainage system, especially in the upperstream of Rewa River such as Sovi
Bagin, Waidina River and Waimanu River and the upperstream of Navua River where the Ist
phase survey has missed. In addition, various types of rocks, which represent geological
basements, should be chemically analyzed for comparison and examination with the analysis
data of the stream sediment samples.

{2) Synthetical analysis

It is desired to samle and to ansalyze the river water, the stream sediment, the soil, the rock
and the animal at the same point in order to analyze synthetically the data of the Ist phase
survey (water quality analysis, stream sediment analysis, fishes and shelifishes analysis). The
verification of mutual comparison and examination and reappearance of the analysis data is
necessary. .

As for hydrological survey of the 1st phase, analysis of the data is based only on the data of dry
season. In addition, synthetical analysis of the river water that considers seasonal variation is
desired in addition to the annual meteorological data.
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Appendix 1

Field data and chemical composition of the surface water
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