






























































































































































































































































Itis also essential to collect microbiological data including faecal coliform and total bacteria counts on
samples from the lagoon in order to accurately assess the biological quality of water in the lagoon.

TABLE 6.3 : Analytical results for Fanga’uta Lagoon water samples

Site Date  pH Temp. DO Salinty NO, NO, NH, PO, Clar
°C mg/L  ppt mg/lL mglL mgl gL {m)
1 14.487 8.0 28 nd 28 6.6 nd 11 055 >25
1 16.488 7.6 28 9.0 30 88 0.08 17 060 >25
1 285.88 nd - - - . R - )
2 14487 76 28 nd 28 48 nd 11 020 >15
2 16488 7.6 28 8.0 30 88 008 >3 060 >1.0
2 28588 78 27 7.0 27 53 005 nd 024 10
3 14487 80 28 - 29 6.6 - 1.0 080 32
3 16.4.88 8.5 29 7.9 30 66 006 18 <20 32
3 28588 7.9 27 7.2 28 44 003 - 0.24 <32
4 14487 77 28 - 30 6.6 - 1.1 020 32
4 16488 75 29 9.1 31 128 006 18 <20 >32
4 28.5.88 8.0 26 7.2 31 44  0.03 - 024 >3.2
5 14.488 8.0 28 - 26 48 - 11 055 >15
5 = 16.4.88 7.5 29 8.0 34 88 007 17 030 >15
5 28588 - - - - - - - 20 <15
6 14487 78 28 - 31 6.2 - 1.0 018 >28
6 16.4.88 79 27 8.0 32 20 0.02 1.1 20 >28
6 28488 7.7 27 7.4 33 5.3 - - 33 28
7 14487 78 28 - 31 6.2 - 1.0 0.18 6.0
7 16.4.88 8.0 27 9.0 34 75 007 15 050 6.0
7 28588 - - - - - - - - -
8 14487 78 28 - 32 5.7 - 1.1 12 >6.0
8 16.4.88 6.0 26 7.0 35 75 003 18 >2  >6.0
8 28588 7.8 27 7.0 32  0.03 - - 0.62 6.0
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TABLE 6.4 : Analytical data for Gafrarium Tumidum

from Fanga’uta Lagoon (on Fresh Weight Basis)

Site Date Hg Cu Cr Cd Pb

mg/kg mg/kg mg/kg mg/kg mg/kg
1 Apr 1987 0.037 4.80 0.16 <0.05 <0.50
1 Jul 1987 0.043 2.53 <0.05 <0.05 <0.50
1 Sep 1987 0.068 2.20 0.17 0.13 <0.50
1 Dec 1987 0.055 3.45 0.17 0.13 <0.50
1 Feb 1988 0.022 7.15 0.23 0.07 <0.50
2 Apr 1987 0.024 1.76 0.10 <0.05 <0.50
2 Jul 1987 0.081 0.68 0.17 0.22 <0.50
2 Sep 1987 0.090 0.60 0.52 <0.05 <0.50
2 Dec 1987 0.063 1.07 <0.05 0.06 <0.50
2 Feb 1988 0.022 7.85 0.23 0.07 <0.50
3 Apr 1987 0.025 0.24 0.10 <0.05 <0.50
3 Jul 1987 0.081 1.92 0.35 <0.05 <0.50
3 Sep 1987 0.047 1.38 0.10 <0.05 <0.50
3 Dec 1987 0.191 2.17 0.68 0.19 <0.50
3 Feb 1988 0.034 5.37 0.10 0.07 <0.50

TABLE 6.5 : Nutrient Analyses* for Fanga’uta Lagoon Water Samples

Site Date NO, NO, NH® PO,
ug/L ug/L ug/L ug/L

1 27/12/88-17/2/89 221 <10 <10 243

2 " 114 <10 <10 96

3 " 65 <10 <10 138

4 " 83 <10 <10 147

6 " 112 <10 <10 219

*These are an average of 6-12 analyses.

‘Nitrate determination using cadmium reduction column technique
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7. MAROVO LAGOON, WESTERN PROVINCE, SOLOMON ISLANDS

7.1  INTRODUCTION AND BACKGROUND

Marovo Lagoon encompasses the coasts of three large volcanic islands in the Western Province of
the Solomon Islands : New Georgia to the north, Vangunu and Gatokae to the south (see Figure 7.1). It
covers an extensive area totalling some 700 sq. km. (Stoddart, 1969) and one of the most striking features
of the lagoon is the host of small islands that are scattered throughout its length. There is also a great number
of patch and fringing reefs, the outer boundary of the lagoon being, of course, the barrier reef.

The width of the lagoon varies on going from north to south. It has been estimated that distances from
the mainland to the barrier reef in the narrow northern New Georgia portion seldom exceed 2.5 km, whereas
in the widest portion of the lagoon, off northern and eastern Vangunu, distances to the barrier reef can be as
much as 8 km. There is also a great variation in water depth, from less than 10 m in the northern section to
depths of more than 25 m in the main lagoon (Hviding, 1988).

The New Georgia group is made up of young andesitic volcanoes and their derivatives. New Georgia
is the largest island in the group and consists of several volcanic centres. There are extensive reef - lagoon
complexes surrounding the island. Vangunu, the other large island in the group comprises a young, high
volcanic centre in the south and an older, less distinct centre in the north-east (Stanton and Bell, 1969).

A striking feature of the larger islands is that land use is concentrated around the coast and there is
virtually no cultivation inland. Vegetation on the large islands is mainly tropical rainforest. Along the coasts
of these larger islands and on the smaller islands, there are large areas of mangroves, sago palm and coconut
trees. The rainforest is still largely intact with scattered patches cleared for gardening purposes, but some
logging activity has commenced in New Georgia. Small areas of mangrove have also been cleared as the
wood is used for construction of homes and for firewood. These cleared patches, however, constitute a
relatively small area.

There are several rivers that run through the larger volcanic islands and it is at the mouths of these
rivers that the largest and thickest stands of mangrove are found, mainly of the genera Rhizophora and

Bruguiera.
The lagoon is host to a great diversity of species and its ecological complexity merits further study.

Climate

The climate in Marovo for the most part is hot, with south-easterly trade winds prevailing during the
period April-October and the NW monsoons occurring during the November-March period.

The New Georgia group receives a substantial amount of rainfall annually as summarised in Table
7.1.

Temperatures show a high degree of uniformity and the variation of mean monthly screen temperature
is about 1°C between the extreme monthly means of about 25°C and 27°C. There is only a slight seasonal
variation. Temperatures on clear days range from about 22°C in the early morning to about 29°C in the middle
of day.

TABLE 7.1 : Average Monthly Rainfall (in mm) for Munda,
New Georgia (Ash et al., 1974)

J F M A M J J A S O N D Total

450 302 409 275 272 254 410 292 263 253 233 276 3689
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‘Figure 7:1: Locations of Sampling Sites in Marovo Lagoon
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7.2

north to Batuna in the south. Various factors were taken into consi
to human settlements, areas of freshwater run-off and areas

WORK PROGRAMME

A team from INR spent one week working in the lagoon during November 1988, and were based at
the Fisheries Training Centre in Seghe. A total of twelve sites were selected, ranging from Ravete Bay in the

operations are being actively carried out (see Table 7.2).

and the local tr
sites required about 6 hours
of 10 m (where appropriate)

deration when selecting the sites; proximity
where mineral prospecting and logging

Clarity, dissolved oxygen, salinity, temperature and pH were measured on site. As the lagoon is large

ansport available was a fibre

results of the analyses are given in Tables 7.3, 7.4 and 7.5.

glass canoe powered by a 12 hp outboard motor, travelling to the
per day. At each site water samples were collected at the surface and at a depth
for laboratory analysis. Due to the non-arrival (by ship) of concentrated acids,
only ammonia analyses could be completed at Seghe. Arrangements were th
of samples to Honiara where the analyses for nitrate, phosphate and faecal col
members. In this way samples from sites 4, 5 and 8 (the most accessible 1

refore made for the airfreighting
iforms were completed by team
0 Seghe) were analysed. The

TABLE 7.2 : Location of Study/Sampling Sites on Marovo Lagoon

No. Name Map position Description Reason for choice
1 Ravete Bay 157°43.7' E At a point formed by a As a ‘control’ since
8°10.6'S line drawn from Loloma there was no ongoing
Passage to Vilo Point activities. Considered
and another at right relatively unpolluted.
angle to this from
Malavari Island.
2 Seseri Bay 157° 475 E About 300 m away from Mouth of a large river
8°17.7' S mouth of Piongo Lavata with a large sediment
River. load during heavy
rainfall.
3 Kolo Bay 157°56.6’ E Directly opposite mouth Mineral prospecting has
8°273' S of smaller river rather begun in surrounding
than Kolo River and hilis thus baseline
about 60 m away. data of physical parameters
needed now to monitor
potential impact of mining
(and later the actual impact)
4 North Patutiva 157° 56’ E Right in the cenire Considered to be a true-
8°324' S about mid-way between lagoonal site far from
Chuchulu and Patutiva rivers and villages and
villages. relatively unpolluted.
5 South Seghe 157°548' E Mid-way between Noki Is. Considered relatively

. 8°38.1'S

(2nd small island near
Vangunu) and Moluana Is.
(to the N.E.)

unpolluted. Sites 4

and 5 were also
recommended by Graham
Baines as he felt that
there was inadequate
mixing because of the
narrow Njae Passage



TABLE 7.2 (cont'd)

10

11

12

Batuna

Kasere Bay
(Ring dove)

Njae Passage

Kaolo

Tamaneke

Karikana ls.

North Lolou

158° 034 E
8°34.3 S

158°02.3' E
8°343 S

157°56.5' E
8°35' S

157° 46.9' E
8°147 S

157°52.1' E
8°21.0'S

157°59.9' E
8°26.7 S

158° 09’ E
8°276 S

On northern side of
Batuna, directly
opposite school on
west and shop on the
south.

Directly opposite the
middle river and about
100 m out in the
estuary.

About mid-way between
the jetty at Patutiva
village on the east

and the Fisheries
Centre on the west.

In a stream inland
about mid-way at
Mbarumbaruku Point.

Mid-way between Tamaneke
and Ngurengure River

and opposite the end

of the bay on

Kotukuriana Island.

About 150 m from
Karikana Is. along a
line almost perpen-
dicular from this
island to Levichi Is.

About 300 m from the
barrier reet along a
line joining Lolou

and Tambaka Islands.
Almost opposite Cheke
village on Vangunu
Island.

joining the two sites.
These sites were also
thought to be relatively
far from human waste
sources.

To monitor any impact of
the existing small saw
mill plant.

To monitor impact of mining
operation proposed in the
hills between this bay and
Kele Bay.

Very close to human settle-
ment and to provide
comparison with data

from sites 4 and 5
especially with regards

to faecal coliform

content.

For future monitoring of
an Anadara population

To see the effect of
mixing in this
narrowest part of
lagoon with numerous
streams in the
adjacent mainland.

To see the effect of
a fringing land mass
on mixing of water.

To see the effect of
barrier reef on mixing
of water in comparison
with that of Site 11.

of the sediment content of the water.

One of the main purposes of this activity was to initiate a baseline study of the Marovo lagoon. It was,
therefore, considered worthwhile establishing permanent reef transects for future monitoring. One such site
was a patch reef in Kolo Bay, the reason being that it is subjected to sediment-laden water in times of heavy
rainfall. A quick survey revealed numerous colonies of Porites and Montipora species. The coral diversity
was, as expected, rather limited. The water clarity at this particular site did not exceed 1.5 m, an indication




Patch reefs around site 5 displayed a greater diversity of species. A fringing reef adjacent to
Karuhahe Island was surveyed and the species diversity was markedly greater than the reef in Kolo Bay. This
was expected since there was no freshwater runoff nearby and water clarity was at least ten times greater than
at the former site. Corals belonging to the genera Porites, Montipora, Fungia, Favites, Galaxea and Acropora
were in abundance along with the other reef-associated invertebrates such as holothurians, sea stars and
urchins, in addition to the large numbers of reef fish. The Karuhahe reef could serve as a ‘control’ site.

There was a number of patch reefs scattered throughout the length of the lagoon and several of these
would appear worthy of future monitoring to provide biological indicators of lagoon quality.

7.3 RESULTS AND DISCUSSION

Physical parameters such as salinity, temperature and water clarity assess the changes that may take
place in well-defined environmental characteristics, as a result of the addition of potential pollutants. On the
other hand, chemical parameters such as pH, dissolved oxygen and nutrients may be used to assess the
impact of potential pollutants (Olson & Burgess, 1967).

As expected the water clarity in the Marovo lagoon was seen to be lowest in estuarine areas due to
sediment input via rivers (see Table 7.3).

TABLE 7.3 : Physical Parameters for Selected Sites in
Marovo Lagoon (14-18 November, 1988)

Temperature (°C) Salinity (ppt) Water clarity
Site Om 1i0m Om 10m (m)
1 26.0 250 32 36 (5m) 5
2 250 247 24 36 105
3 253 24.8 (4m) 34 - 15
4 240 238 35 36 9
5 247 245 37 37 12
6 244 244 34 36 105
7 255 250 37 37 45
8 246. 243 35 36 12
9 263 - 22 - -
10 254 204 26 36 4
11 248 245 34 35 8
12 260 250 34 36 9

The salinity was found to be slightly higher at10 m depth than at the surface, except for two sites (5
and 7) where values were the same. Sites 2 and 10 showed the largest differences of 12 and 10 ppt
respectively between the surface and at 10 m depth. This may be explained in terms of mixing of water in
this part of the lagoon. These results tend to indicate that there is inadequate mixing of freshwater from the
numerous streams on the adjacent mainiand of New Georgia with seawater coming in from the ocean and thus
the denser salt water is at the bottom while the fresher water floats on top. Those sites (5 and 7) with equal
salinity at the surface and at 10 m depth may very weli be experiencing thorough mixing. These salinity trends
are generally confirmed by the conductivity data (Table 7.4).

Dissolved oxygen (DO) concentration is one of the most important chemical analyses in determining
water quality. It can be a reflection of organic loading, nutrient input and biological activity (Ruivo, 1972).
Oxygen content was higher in surface samples than in those from 10 m depth (see Table 7.4). This is
expected as there is a greater chance of equilibrium with atmospheric oxygen for surface waters. Sites 1, 2
and 12 had relatively higher DO values at the surface, compared with the rest of the sites. This is expected
for unpolluted areas as there is little organic material introduced. Site 9 which had the lowest DO reading of
4.6 mg/L is in a stream inland with a dense mangrove area on either side of the stream. Dissolved oxygen
would tend to be low as it is being utilised by the plants and in the decomposition of plant litter.



The primary source of nitrates and phosphates are rivers which transport run-off from the land into
the marine environment. Unfortunately those sites situated near river mouths, namely sites 2, 3 and 7, were
not analysed for nitrate and phosphate content due to their relative inaccessibility from Seghe. For those sites
from which samples were analysed, site 8 exhibited the highest phosphate concentration (see Table 7.4). This
is almost certainly due to wastes from the village nearby. The nitrate results have not been tabulated due to
blatant discrepancies in the results. For some unknown reason, the ‘blank’ solutions gave higher readings
than the actual samples. The distilled water was suspected to have been contaminated since it was
essentially rain water which was collected in a holding tank located on the roof of the Chemistry laboratory
at King George VI School in Honiara. There also appeared to be inconsistencies in the values for ammonia
(see Table 7.4). One would expect high values of ammonia in estuarine areas where organic matter is being
actively broken down by the bacteria that abound in such places (Zottoli, 1973). Sites 2, 3 and 7 which could
be described as estuarine areas do not show any consistent trend. Sites 2 and 7 had high NH, concentration
but a relatively low NH, concentration was recorded at site 3.

TABLE 7.4 : Chemical Parameters for Selected Site in Marovo Lagoon

Dissolved Oxygen (mg/L) Conductivity (mS) NH, (ug/L) PO, (ug/L)

Site pH 0Om 1Cm 0m 10m Om 10m 0m

1 780 98 7.4 11757 13270 (5m) 5 77 n.d

2 8.10 88 8.1 9610 13411 90 11 n.d.

3 815 6.7 5.9 (4m) 6480 7520 (4m) 21 21 (4m) nd.
4 805 63 6.2 7480 7620 13 28 15

5 800 7.0 6.2 7520 7600 8 28 15

6 740 6.3 5.9 7560 7840 45 32 nd.
7 730 63 3.6 6140 7780 , 52 77 n.d.

8 750 59 55 7560 7720 69 54 90

9 810 46 - 5140 - 13 - n.d.
10 765 57 55 6020 7860 10 nd. n.d.
11 8.22 6.1 5.8 8420 8520 nd. nd. n.d.
12 8.18 9.2 6.2 8220 8240 nd. nd n.d.

Site 8 also showed a high NH, concentration although it is not considered estuarine. This could be
due to human waste disposal from the nearby villages. Ammonia concentrations in unpolluted sea and ocean
waters usually do not exceed 50 ug/L; however, this may vary with season and location. The concentration
may be as high as 300 ug/L in sewage polluted coastal waters (Goldberg, 1972). Figures for 5 of the 10 sites
for which data was obtained indicate a relatively unpolluted state.

Coliform numbers were ascertained for only three sites for reasons already stated (see Table 7.5).
Sites 4 and 5 are situated at either end of the passage running through Seghe, well away from any human
settlement. Coliform numbers were thus expected to be negligible.

Site 8 on the other hand, is in the middle of the passage and is located between the village of Patutiva
and the Fisheries Training Centre. It was observed that in most of the villages, small huts were constructed
on the water’'s edge to serve as toilets. It was therefore reasonable to expect faecal coliform numbers to be
considerably greater in waters close to the villages and the result for site 8 confirmed this.
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TABLE 7.5 : Coliform Results for Three Sites in Marovo Lagoon

Site Faecal Coliforms/100 mL Water
4 0

5 0

8 150

Sediment samples were collected (grab samples) at each site and analysed for cadmium, chromium,
copper and lead. The samples were not sieved before analysis. The results are summarised in Table 7.6
which also includes data for NBS Estuarine Sediment Reference Sample Number SRM 1646 and some
literature data.

TABLE 7.6 Trace Metal Analyses of Marovo Lagoon Sediment Samples (mg/kg dry weight)

Site Cu Cr Cd Pb
1 8.4 8.1 1.7 53.1
2 81.2 75.0 1.0 375
3 494 78.7 0.8 34.3
4 11.2 61.2 1.6 53.1
5 16.5 29.3 1.1 56.2
6 6.2 1.1 2.6 79.5
7 163.7 18.7 0.8 18.7
8 294 86.2 1.1 53.1
9 10.6 8.1 1.7 66.5

10 48.4 20.6 1.1 43.7
11 75 16.2 2.0 65.5
12 9.4 15.0 2.2 75.0

NBS Ref Sample’ 16.9 70 0.37 34

No SRM 1646 (18+3) (76+3) (0.36+0.07) (28.2+1.8)

Soils (mean value)* 258 84 0.62 29.2

Sediments (range)* 10-700 10-200 0.2-2.0 10-200

{ ) = Reference value
* Data from Ure and Berrow (1982)
* Data from Johnston (1976)

The data in Table 7.6 show that the sediment samples collected at Marovo generally contained low
amounts of trace metals. The exception was the sample from site 7 which gave.a copper value considerably
above all the other samples. This may be related to the copper/gold ore deposit in the area, which was being
explored at the time of the study. Other relatively high copper values (sites 2, 3, 10) correspond to areas
where major riverine sediment deposition occurs. Several cadmium values were above the range normally
found for marine sediments, but only marginally so. There was a wide range of chromium contents (1.1-86.2
mg/kg) but no pattern could be discerned. There was no pattern relating lead contents to site characteristics,
but an inverse relationship between lead and copper contents was observed;

Pb = -0.323 Cu + 64.9 (r = 0.85)



7.4 CONCLUSIONS AND RECOMMENDATIONS

The reconnaissance survey has highlighted the severe logistics problems of carrying out water quality
work at an isolated Pacific island location like Marovo. The lack of any local laboratory facilities, reliable
transport of incoming materials, reliance on relatively slow canoe transport make it difficult to carry out the
same programme of work as at the other study areas. The size of the lagoon itself means that routine
sampling is not easily completed.

Despite the difficulties, some initial monitoring of the water quality in Marovo lagoon has been
completed. Twelve monitoring sites that represent the range of coastal environments found in the lagoon have
been selected for continuing study.

No firm conclusions can be drawn from the results of one visit, particularly when the data obtained
is limited, but the initial results indicate that, as expected, Marovo lagoon is relatively unpolluted except for
locations close to villages having significant populations. In order to confirm these indications it is
recommended that another sampling/analysis visit be made to Marovo as soon as possible. In the long-term,
it is recommended that a regular monitoring programme be established at Marovo.

The reasons for this are as follows:

(a) Certain Marovo sites are free from pollution and are likely to remain so for the foreseeable future.
Data obtained could therefore be used to monitor long-term changes in the marine environment in this
part of the Pacific. :

{b) The impact of increasing population (in certain areas) on the surrounding environment can be
monitored to ensure that pollution does not occur to the extent where it impacts on local health
standards, i.e., monitoring will indicate when action has to be taken to reduce pollutant levels.

(€) The impact of changes in land use locally (e.g., logging, intensification of agriculture, mining) can be
more effectively predicted if a good baseline statement on the quality of the lagoon is available.

Two possible systems for carrying out future monitoring are available:

(a) Scientists travel to Marovo, establish the sampling programme and return to Honiara to carry out the
analyses, with the samples being air-freighted daily from Seghe to Honiara. The analyses could be
carried out at King George V1 High School, or the Solomon Islands College of Higher Education or
at the Laboratories of the Ministry of Natural Resources (Geological Survey Fisheries) and Ministry -
of Agriculture and Lands (Dodo Creek Research Station).

(b) That facilities at Marovo be upgraded so that all the elementary analyses (nutrients, coliforms, etc.)
can be carried out on site, with samples for trace metals or pesticides only, being sent away.

The latter is recommended as being the more appropriate long-term procedure. In order to achieve
the establishment of a locally-based monitoring programme at Marovo a number of requirements will have to
be met.

(i) The Fisheries Training Centre could be turned into a permanent base for the Marovo monitoring
programme. It is ideally located near the centre of the lagoon and at present has sufficient space that
is not being utilized.

(ii) Some simple equipment is required including a dissolved oxygen meter, a refractometer for salinity
measurements and a robust colorimeter for nutrient (N and P) analyses, a field kit for microbiological
assessment of water and shellfish. Also some basic laboratory glassware and sampling facilities (e.g.,
bottles, anchor rope).

(iii) Some training of locally based people in sampling and analysis techniques.
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