
~ * 

THE IMPACTS OF HUMAN ACTIVITIES ON TARAWA LAGOON 

m 
R. Johannes 
W. Kimmerer 
R. K i n z i e 
E. Shiroma 
T. Walsh 

March, 19 79 

L I B R A R Y 
^OUTH PACIFIC COMM'^iO 



TABLE OF CONTENTS 

Page 

INTRODUCTION. 1 

PUBLIC HEALTH ASPECTS OF POLLUTION . .. 2 

Water Analysis. • 8 

Shellfish Analysis. ... 13 
Chemical Oxygen Demand..'... 1 16 
Summary and Conclusions 20 

CIRCULATION, WATER CHEMISTRY AND PLANKTON. 23 

Circulation 23 
Water Chemistry.... 38 
Zooplankton .. 51 
Summary and Conclusions ., 51 

MISCELLANEOUS PROBLEMS 55 

Impact of Betio-Bairiki Causeway on Fish Production 55 
Impact of Betio-Bairiki Causeway on Fishing Access 59 
Ciguatera 63 
Problems at Temaiku BighL ......... 64 
Observations on Corals and Reef,'; ot Tarawa Lagoon 66 

SUMMARY OF MAJOR CONCLUS IONS . 69 

, RECOMMENDATIONS FOR FURTHER RESEaaai 70 

ACKNOWLEDGEMENTS. . . . ....... 72 

REFERENCES. CITED. . 73 

APPENDIX - METHODS 76 

Current Measurements 76 
Lagoon Flushing Rates 78 
Fecal Bacteria in Water. 80 
Fecal Bacteria in Shellfish 81 
Chemical Oxygen Demand , . 82 

L I B R A R Y 
*QUTH PACIFIC COMMISSION 



INTRODUCTION 

Over the past several decades Tarawa Hagoon has experienced worrisome 

changes due to human activities. First, rapid urbanization and inadequate 

waste disposal facilities in South Tarawa have resulted in increasing 

deposition in the lagoon of human waste and domestic rubbish. Second, the 

closure of inter-island passages to facilitate road traffic between islands 

has reduced the rate of exchange of lagoon waters with the ocean and 

blocked the passage through these channels of fish and fishing craft. The 

Government of the Gilbert Islands has expressed concern over the impact of 

these alterations on public health, fishing and aquaculture. Sponsored by 

the South Pacific Commission, the authors of this report carried 

out a field study in October, 1978, to determine the character and 

magnitude of these impacts and to advise on reducing the undesirable 

effects of these alterations, as well as those of the Betio-Bairiki 

Causeway presently under construction. 
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PUBLIC HEALTH ASPECTS OF POLLUTION 

Eighty percent of Tarawa's sewage enters the surrounding waters untreated, 

directly and via over-reef privies located on both the lagoon and ocean sides 

of the atoll. Following a major epidemic of cholera in 1977, a program to 

relocate lagoon privies to the oceanside was implemented. However, the population 

is concentrated mainly on the lagoon side and lagoon waters continue to be 

used as toilets by some communities. Large numbers of people were observed 

to be bathing and sometimes defecating there during early morning and late 

afternoon hours. The same general areas are used extensively for recreation 

and shellfish harvesting. 

To estimate the risks to public health posed by the waters of the lagoon, 

a water quality survey of 17 lagoon and 4 ocean sites was conducted from 7 

October 1978. Sampling sites were selected primarily in populated areas near 

privies where a high risk of water-borne disease transmission may exist due to 

excreta disposal. Control sites were selected near causeways and at ocean 

stations where there is minimal influence from human activity. Water samples 

were analyzed for fecal coliforms and fecal streptococci as well as for 

chemical oxygen demand: 

Three species of commonly eaten shellfish were also analyzed for the presence 

of fecal coliforms to evaluate their health risk to consumers. These were 

included Anadara maculosa (te bun), A..;aphia violasoem; (te koikoi) , and 

Gafrar-ium pect'Lnatum (te koumara) . These species were selected on the basis 

of information on consumption provided by villagers. 

Lagoon and ocean sampling yites and shellfish collection areas are shown 

in Figures 1 and 2. Tables 1 arid 2 describe site locations. 
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TABLE 1 . UGOOH SAMPLING SITES 

SITS 
KG, 

1-L 

2-L 

3-L 

k-L 

LOCATION 

Bonriki Causeway 
opposite fish ponds 

Bikenibeu Village 
E« of housing area 

Bikenibeu Village 
at inlet adjacent 
to abandoned privy 

Bikenibeu 
50 in. E## of privy 
across bus stop 

BOTTOM 
CHARACTERISTICS 

Sandy 

Soft mud 

Soft mud, sand 

Sand/mud 

VISUAL 
. APPEARANCE 

Clear 

Moderately 
turbid 

Turbid 

Turbid 

MISCELLANEOUS 

Slight algal growth 
on bottom 

Extensive amounts 
of refuse in water 

Opposite housing 
area 

5-L Bikenibeu Village 
between two privies 
across Air Tungaru 

Mud Turbid Opposite dense 
housing area 

6-L-A 

6-L-D 

7-L 

0-L 

9-L 

10-L 

Hotel Otintai "harbbi 

&'• side of jetty 

Eita, tidal impound
ment 

Taborio, near 
Stewart causeway 

Ambo, outside of 
fisheries 

Banraeba, across 
street from manaeba 

Sand 

Sand 

Sand 

Sand 

Sand 

Turbid 

Slightly 
turbid 

Clear 

Slightly 
turbid 

Slightly 
turbid 

Slightly 
turbid 

Harbor recently dredged 

Near sparse housing 

Few houses 

No houses within sight 

Few houses 
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SITE 

Jliir 

11-L 

12-L 

13-L 

14-1, 

.'.* 

15-L-A 

15-L-JB 

15-L-C 

16-L 

1?-L 

", LOCATION 

Antebuka, W. of 
four privies 

Teaorareke 
across street 
from Mane aba 

Nanikai, opposite 
antennas 

E. Bairiki, 
Anderson causeway 

Bairiki Harbor 

E. side of harbor 
wall 

10 m. upstream of 
harbor wall 

Betio, privy 
near Marine Training 
School 

Betio, adjacent to 
village E. of 
Betio Harbor 

BOTTOM 
CHARACTERISTICS 

r ' » . ' * » • • • ' ' 

Sand 

Sand 

Sand 

Sandy 

Not visible 

Not visible 

Sandy 

Sandy 

Sandy 

^ 

VISUAL 
APPEARANCE MISCELLANEOUS 

Slightly turbid Sparse housing 

Slightly turbid 

Slightly turbid Housing area 

Clear 

Moderately turbid 

Very turbid 

Slightly turbid 

Plume of brown 
detritisj HgS stench 

Slightly turbid Housing area 

Turbid Moderate amount of 
refuse in water 

& 



TABLE 2 . . OCEAN SAMPLING SITES 

• J 

; LOCATION 

Bikenibeu, adjacent 
to privy near road 
construction 

Bikenibeu, Tungaru 
Central Hospital 

Stewart Causeway, 
Scout Island 

Betio, adjacent to 
privy in village 
100 m S. of Marine 
Training School 

BOTTOM 
CHARACTERISTICS 

Sandy/rocky 

Sandy 

Sandy 

Sandy 

VISUAL 
APPEARANCE 

Clear 

Clear 

Slightly 
turbid 

. Turbid 

MISCELLANEOUS 

Green algal growth 
on rocks 

Adjacent to sewage 
outfall 

Floating detiris, 
housing area 
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Water Analysis 

Since pathogenic bacteria, viruses, and protozoans are disseminated into water 

by human excreta, fecal pollution of aquatic systems presents a public health 

concern. The presence of pathogenic enteric bacteria, viruses, and protozoans 

in the wacer environment is normally tested for by the presence of non-disease-

transmitting indicator organisms such as fecal coliforms and fecal streptococci* 

These organisms are found in abundance in warm-blooded animals, including man. 

Their presence in water indictes fecal contamination and their numbers indicate 

the relative risk of disease transmission via pathogenic microorganisms that often 

accompany them. 

Fecal coliform counts for Tarawa L.agoon waters ranged from 0 to 15,400 per 

100 m£, and fecal streptococcus counts ranged from 0 to 12,000 per 100 m$L (Table 

3). These results indicate, not unexpectedly, that fecal pollution is highest 

where population densities ate highest; that is, near IJetio, Bikenibeu and Bairiki 

harbor. (A recent population estimate is presented in Table 4 for purposes of 

comparison with data in Table 3.) Sites near less populated areas such as site 

9-L at Ambo and 1-L, 14-L and 18-L near the causeways were the least contaminated. 

Monitoring stations at different tidal stages generally showed that contami

nation decreased with tidal flushing. Highest contamination at Station 3-L, 4-L, 

and 5-L was detected during receding tides. High fecal bacteria counts were 

often obtained during early morning hours. This seems to be related to the 

increased usage or the lagoon waters for defecation at this time of day. Another 

probable factor involved in the decreasing fecal bacterial numbers found later in 

the day is the bactericidal effect of sunlight. The high ultra-violet light 

levels in the tropics may result in especially high sunlight-related die-offs 

(e.g. Yoshpr—Purer and Shuval 19 72). 
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Table 3 

Bacteriological Results 

Site 
No. 

1-L 

2-L 

3-L 

4-L 

5-L 

J 

6-L-A 

6-L-B 

7-L 

8-L 

9-L 

Date 

10-12 

10-11 

10-12 

10-17 

10-8 

10-11 

10-12 

10-17 

10-17 

10-8 

10-11 

10-15 

10-17 

10-8 

10-11 

10-15 

10-17 

10-9 

10-10 

10-9 

10-9 

10-14 

Tide 

+ 

-

H 

-

-

-

H 

-

-

-

-

+ 

-

-

-

4-

-

L 

+ 

';v:'ff S -

-

H 

Fecal 
Coliform 
#/ 100 m& 

4 

290 

420 

60 

600 

370 

620 

15400 

8600 

1300 

120 

22 

15000 

60 

20 

0 

860 

2 

320 

4 

0 

20 

Fecal 
Streptococci 

#1 100 mil 

1 

82 

120 

1340 

500 

500 

380 

12000 

1900 

620 

400 

0 

9200 

76 

114 

10 

1400 

154 

250 

4 

0 

16 

FC/FS 
Ratio 

4.0 

3.5 

3.5 

0.04 

1.2 

0.7 

1.6 

1.3 

4.5 

2.1 

0.3 

1.6 

0.8 

0.2 

0.6 

0.01 

1.3 

1.0 

1.3 
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Site 
No. 

10-L 

11-L 

12-L 

13-L 

14-L 

15-L-A 

15-L-B 

15-L-C 

16-L 

17-L 

1-0 

2-0 

3-0 

4-0 

Date 

10-9 

10-10 

10-9 

10-9 

10-9 

10-15 

10-15 

10-9 

10-15 

10-9 

10-16 

10-16 

10-11 

10-12 

10-17 

10-11 

10-16 

Tide 

-

+ 

-

-

-

+ 

-

-

H 

-

+ 

+ 

+ 

-

-

H 

+ 

Fecal 
Coliform 
#/ 100 mA 

6 

370 

66 

0 

0 

0 

8400 

1700 

TNTC 

70 

240 

4600 

4 

0 

8200 

0 

TNTC 

Fecal 
Streptococci 
/// 100 mil 

64 

1700 

150 

o 

10 

4 

10000 

1020 

160 

119 

82 

1500 

0 

0 

92 

0 

204 

FC/FS 
Ratio 

0.09 

0.2 

0-4 

0.8 

1.1 

0.6 

2.9 

3.1 

89,1 

+ = Rising tide 
- = Receding tide 
H = High tide 
L = Low tide 

TNTC - Too numerous to count 



Table 4 

1976 Population Estimates for S. Tarawa Villages 

Village Population 

Betio 6381 

Bairiki 1777 

Nanikai 452 

Teaorareke 752 

Antebuka 306 

Banraeba 551 

Taborio 141 

Eita 735 

Abarao 185 

Bikenibeu 2852 

Bonriki 692 

Total 14,824 

Source: Gibson, 1977 
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Bacteria counts also decreased markedly with normal tidal flushing. Off

shore monitoring conducted between Stations 4-L and 5-L in Bikenibeu on one 

occasion revealed low fecal bacteria counts at the reef edge and in nearshore 

waters during the rising tide. Due to boat engine failure, sampling during 

the receding tide could not be completed. However, it appears that tidal 

flushing dilutes and removes much nearshore contamination. It must be stressed 

however that prior to is flushing fecal bacterial levels will be very high in 

some areas for periods of several hours each day. 

At Station 3-0, located adjacent to the Tungaru Central Hospital sewer 

outfall, fecal contamination was detected although the sewage holding tank had 

not been flushed during the outgoing low tide on the particular sampling day. 

This may be attributed to human fecal contamination and to -the conditions of 

waste handling. Sewage from the hospital is stored in a holding tank until it 

is filled. It is then flushed during an outgoing low tide. A daily schedule 

for flushing is not maintained according to the health officer. Fecal coliform 

bacteria may proliferate during such storage since it has been shown that under 

nutrient rich conditions fecal coliform bacteria can multiply in an aquatic 

environment. At Station 4-0 on Betio, severe contamination was detected.. This 

site was located in a densely populated community and floating domestic rubbish 

was noted in the water. 

U. S. Environmental Protection Agency (EPA) criteria for recreational and 

bathing waters (1976) requires a median fecal coliform count not exceeding a log 

mean of 200 per 100 mJl in a minimum of five samples collected over a 30 day 

period with not more than 10% of the samples exceeding 400 fecal coliforms per 

100 mJt during any time of the 30 day period. Based on data obtained during the 

ten day survey period, waters of S. Tarawa lagoon range from slightlyto severely 

contaminated. -
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The Geldreich fecal ^uliform to fecal streptococcus (FC/FS) ratio is used 

to determine whether bacterial contamination is due to human or other warm

blooded animal sources in fresh waters (Geldreich and Kenner. 1969). Although 

its applicability to saline waters has not been confirmed, it can serve as a 

guideline. A FC/FS ratio of 4.0 or greater indicates human contamination and a 

ratio of less than 0.7 indicates probable contamination of waters by warm

blooded animals. The FC/FS ratios obtained for Tarawa lagoon waters (as well 

as near the Tungaru Hospital outfall) indicate contamination predominantly from 

human sources. This can be expected since much of the sampling was done within 

the vicinity of privies. 

From results obtained in the study, waters which may be considered as 

acceptable for natural bathing and recreation include Bonriki (Site 1-L), 

Taborio (Site 8-L), Ambo (Site 9-L), Teaorareke (Site 12-L) and Nanikai (Site 

13-JL), However, since most of our results are based on data from a single 

sampling day, continued monitoring is suggested. 
• • - • . - • * 

Shellfish Analysis 

The problem of contamination in the lagoon is especially critical because 

tide flats in badly polluted areas are used heavily as shellfishing grounds. 

Because shellfish, have the ability to filter and concentrate pathogenic organisms 

present in the environment, water of high quality is desirable. Shellfish 

exposed to water contaminated with human and animal wastes may become agents 

of gastrointestinal diseases, particularly if consumed raw or partially cooked. 

The problem of contamination is further intensified by the normal accumulation 

of water-borne organisms in bottom sediments through the process of sedimentation. 

U,S. EPA criteria for shellfish harvesting waters are a median fecal coliform 
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value of no more than 14 MPN per 100 mil with not more than 10% of the samples 

exceeding 43 MPN/100 ml. 

Fecal coliform counts for Anadara maculosa (te bun) ranged from 0 to 

20,000 per 100 g; 1,000 to 17,000 per 100 g for Asaphis peotinatum (te koikoi), 

and 4,000 to 180,000 per 100 g for Gafrarium violascens (te koumara) (Table 5). 

The U. S. microbiological standards for shellfish meats developed by the 

National Shellfish Sanitation Program (1964) require that the fecal coliform 

count, determined by the most probable number method, does not exceed 230 per 

100 g. 

All species of shellfish analyzed were shown to be highly contaminated 

at Stations 2-S, 3-S, and 4-S located in Bikenibeu. Slight or no contamination 

was found for Anadara obtained from Stations 5-S (Eita), 6-S (Ambo), 7-S 

(Banraeba) and 8-S (Teaorareke). Asaphis and Gafrarium were found to be 

severely contaminated at all stations. 

In waters where fecal coliform and fecal streptococci counts were 

relatively low (Sites 7-L, 9-L, 10-L, and 12-L) Anadara showed slight or no 

contamination. In Bikenibeu, however, poor bacteriological water quality is 

reflected in the large numbers of fecal coliforms present in all species of 

shellfish analyzed. Although low fecal bacteria counts were obtained in the 

water sample from Bonriki (Site 1-L), high numbers of fecal coliforms were 

detected in all shellfish samples. Since the water sample was collected on an 

incoming tide, the assessment of water quality for the particular site may not 

have been representative of average conditions. 

Because Asaphis and Gafrarium were found to be highly contaminated at all 

stations regardless of water quality conditions, additional factors must be 

considered. Anadara is generally harvested near the reef edge while Asaphis 



Table 5 

Shellfish Analysis Results 
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Site 
No. 

1-S 

* - * ' ' . • • • 

2-S 

3-S 

Location 
• • 

Bonriki Causeway 
(Site 1-L) 

Bikenibeu Village 
(Site 3-L) 

Bikenibeu Village 
(Site 4-L) 

Shellfish 
Species 

Anadara maculosa 

Asaphis pectination 

Gafrarium violascens 

Anadara maculosa 

Anadara maculosa 

Fecal 
Coliforms 
#/ 100 g 

1,000 

1,000 

4,000 

7,000 

.;\ . - ..-'£ r\ 
20,000 

4-S 

5-S 

6-S 

7-S 

Bikenibeu 
(Site 5-L) 

Eita 

Ambo 
(Site 9-L) 

Banraeba 
(Site 10-L) 

Asaphis pectinatum 17,000 

Gafrarium violascens 6,000 

Anadara maculosa 5,800 

Gafrarium violascens 180,000 

Anadara maculosa 0 

Gafrarium violascens 13,000 

Anadara maculosa 0 

Anadara maculosa 4 

8-S Teaorareke Anadara maculosa 0 

Gafrarium violascens 24,000 
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* and Gafrarium axe. more abundant in nearshore areas and thus are subject to greater 

influence from human activities. Not surprisingly proximity to the shore thus seems 

related to the extent of shellfish contamination. (It is also known, however, that 

the ability of shellfish to concentrate microorganisms varies with the specis 

[APHA 1976].) 

Using the U. S. microbiological standards for shellfish and the EPA criteria 

for shellfish growing waters as a guideline, only Anadora obtained from Eita, 

Ambo, Banraeba, and Teaorareke would be considered safe for consumption; Asaphis 

and Gafrain^um from all sampling stations should be considered severely contaminated. 

The high prevalence of gastrointestinal diseases in Tarawa (S. Pacific Commission, 

Regional Workshop on Cholera and other Epidemic Diseases in the Pacific, 1978) 

may be directly related to the consumption of shellfish from contaminated areas, 

especially in the case of Anadora which is generally eaten raw. 

Evaluating numbers of human intestinal viruses in seawater involves complicated 

methods inappropriate for a short term field study such as this one. However it 

should be stressed that such viruses may be present in the same areas where fecal 

bacteria are abundant. A number of such viruses are harmful to man. For example, 

hepatitus virus can be taken up by shellfish exposed to sewage-polluted seawater, 

and this virus can withstand freezing as well as cooking by normal methods. 

Chemical Oxygen Demand 

Chemical oxygen demand (COD) is a measure used by public health workers to 

gauge the amount of decomposable organic material in water. COD values ranged 

from 16 to 139 mg/£ (Figure 3 and Table 6). It should be noted that when the 

chloride level in water exceeds 1000 rag/£ (about 5% of seawater salinity) the 

minimum COD value that can be taken as reasonably accurate is 250 mg/t because 

the chloride reduces the sensitivity of the method. 
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Table 6 

Chemical Oxygen Demand Results 

Site 
No. 

A-l 

A-2 

B-l 

B-2 

C-l 

C-2 

REF-1 

D-l 

D~2 

1-A 

106°°m 

10720m 

11280m 

11500m 

13060m 

13200m 

12220m 

151^°m 

151<>0m 

'-. Betio < 

N 

N 

N 

N 

N 

N 

N 

N 

N 

:aus 

Location 

149520m 

149580 

148400m 

149560m 

147120m 

147320m 

14941+0m 

146980m 

1472s0ra 

£ 

E 

£ 

E 

E 

E 

E 

E 

E 

* 

* 

* 

* 

* 

* 

* 

* 

* 

eway construction site 

COD (mg/iO 

57.7 

52.9 

16.0 

50.5 

50.5* 

38.4 

69.7 

B4.1 

43.3 

112.5 
(low tide) 

1-B Betio causeway construction site 112.5 
(high tide) 

2 Midway between Betio and Bairiki 107.9 

3 Bairiki causeway construction site 124.4 

4 Bairiki ocean side 98.4 

5-A Inside Bairiki Harbor 73.0 

5-B Bairiki Pier, harbor entrance 10?.7 

6 West Bairiki 105.6 

7 Mid Bairiki 96.2 

8 East Bairiki 89.3 

9 Ambo, 19900m N 149820in E * 89.3 



Table 6 (cont.) 

Site 
No, Location COD (mg/ft) 

10 Ambo, 18990m N 151680m E * 84.6 

11 Hotel Otintai boat harbor 139.1 

12 Reef edge at Bikenibeu manaeba 52.1 

13 10 m off reef near EKK store 60.7 

*Metric grid locations 
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All values obtained for the samples analyzed fell below 250 mg/il. Such COD 

values are comparable to that of high quality secondary domestic sewage effluent. 

However, the high chloride content of seawater (approximately 18,000 mg/il) 

necessitates the interpretation of the COD results cautiously. For comparison, 

consequently, seawater samples from the Waikiki Aquarium well were analyzed since 

these waters are considered to be pristine. An average COD value of 120.0 mg/il 

from two replicates was obtained. An open ocean sample taken outside the Tarawa 

Lagoon near Bairiki exhibited a similar COD value of 98.4 mg/£. 

Generally COD values were lowest in open lagoon waters between Bairiki and 

Betio. They were highest at the Hotel Otintai boat harbor and the Bairiki 

Harbor entrance. But even here they were low relative to values generally 

accepted as indicative of significant organic pollution. The generally high 

dissolved oxygen levels found throughout the lagoon (see page §*£) support these 

findings. 

SUMMARY AND CONCLUSIONS 

Results of this study show the lagoon waters of South Tarawa to be slightly 

to severely contaminated by human excreta. Areas of severe contamination seem 

to correlate with high population densities, especially in Betio and Bikenibeu. 

At stations which were extensively monitored, severe contamination was detected 

during early morning receding tide conditions but the problem appeared to 

subside with the normal tidal flux. 
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The shellfish analysis showed that in areas where the water quality was 

relatively good, Anadara were found to be acceptable for consumption. Asaphis 

and GafvcLPVum from all sampling stations were found to be severely contaminated 

with fecal coliforms. 

The problem of fecal contamination in Tarawa Lagoon will not be resolved 

until the people are educated in sanitary practices and understand the relation

ship of waste disposal to disease transmission. The ultimate solution to the 

problem, then, requires the installation of adequate sewage disposal facilities 

and keeping the public well-informed. 

The only existing sewer outfall on Tarawa, located at Tungaru Central 

Hospital in Bikenibeu, is an area of concern since high numbers of fecal 

bacteria were detected in nearshore waters. Daily disposal of hospital wastes 

* is recommended to prevent the possible proliferation of pathogenic organisms 

during storage. Due to the nature of these wastes, public use of beach areas 

adjacent to the sewer pipe should be prohibited. The possibility of extending 

the sewer pipe to the reef edge should be studied. 

None of the authors of this report are experts in the area of either 

sewage treatment nor aquaculture. Nonetheless our casual familiarity with 

developments in this area prompts us to add that Tarawa appears to us to offer 

unusually favorable incentives for setting up an agriculture-aquaculture scheme 

in which sewage is put to productive use rather than simply disposed of in the 

ocean. This statement is based on 1) the presence of a sizeable area already 

designed for aquaculture and the existence of local expertise in this area, 2) a 

general lack of fertile land and a need for fertilizer, 3) a demand in excess of 



22 

supply for vegetables and fish, and 4) the high cost of imported food. The 

South Pacific Commission, the University of Hawaii, and the University of the 

South Pacific, among other organizations, possess or would be able to recruit, 

expert advisors for such a scheme. 
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CIRCULATION, WATER CHEMISTRY AND PLANKTON 

This portion of the study was focused on 1) the circulation in Tarawa 

Lagoon with emphasis on the southern portion, 2) water chemistry, includ

ing temperature, salinity, and concentrations of oxygen, nutrients and 

particulate matter, and chlorophyll, and 3) abundances of large zooplankton, 

including fish eggs and larvae. 

Circulation 

The locations of stations at which water samples were taken on October 

4 and 12 are shown in Figure 4*. Stations at which samples were taken on 

other dates are shown in Figure 5. Vertical profiles of temperature and 

salinity revealed no stratification so most samples were taken at the 

surface. 

The approximate contours of surface salinity measurements at the sta~ 

tions in Figures 4 and 5 and at a pair of stations off Ambo are shown in 

Figure 6. Stations close to reefs were excluded because salinities on reef 

flats can be sharply elevated by evaporation over a tidal cycle. 

Salinity variations within the lagoon can be used to estimate resi

dence time, the average time that a given panel of water spends within the 

lagoon. Residence7 times are useful in estimating flushing rates (from the 

lagoon) of dissolved material such as fresh water and sewage by-products. 

Residence times should increase as distance from the source of ocean water 

increases. 

*The dashed line in Figure 4 shows the approximate division between the 
central and southern portions of the lagoon. The area referred to here 
as Bonriki includes that part of the southern lagoon east of Ambo, while 
that referred to as Betio-Bairiki is the area in the southern lagoon 
betwean Betio and Ambo. 

f 
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TARAWA 

10 km 

H-l ... 
o 4 Oct 78 Stations 

H 12 Oct 78 Stations 

1°25'N 

h - 1°20'N 

Bairiki 

Bonriki 

172°55E 173°E 173°05'E 173°10'E 

Figure 4. Map of Tarawa Atoll showing reef boundaries, sampling stations, 
and the approximate boundary between the south and central 
lagoons. 
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Figs 10-12 

Figure 6. Map of Tarawa showing contours of surface salinity and 
locations of other maps. 
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The leeward reef at Tarawa is open to the ocean along most of its length, 

but much of this reef is shallow. While the leeward margin of the reef does 

not emerge at low tide, its shallowness serves to partially isolate lagoon 

water from the open ocean. The only deep section of this reef is centered 

about 3 km north of the ship channel. A plot of salinity vs distance from 

this point (Figure 7) shows that for stations in those parts of the lagoon 

north of the series of line reefs or east of Ambo there is a clear relationship 

between salinity and distance from the presumed course of low salinity water. 

The data points at the far right of the graph fall below the trend because they 

were taken at high tide near a channel north of Bonriki and were diluted somewhat 

by the flow of open ocean water through that channel. 

The stations in the Bairiki-Betio area show a much steeper slope, suggesting 

that the residence times in that area are substantially elevated, and that 

circulation is sluggish. The ambo stations were, as could be expected, inter

mediate between the Betio-Bairiki stations and those to the east. 

The range of residence times, calculated on several different days for 

each sector of the lagoon, plus median residence times, are shown in Table 1. 

Clearly the most rapid circulation is in North Tarawa where the water is 

shallow and much of it exchanges during a single tidal cycle. The residence 

times in the central lagoon and the Bonriki area are similar, while the area 

north of Betio and Bairiki have the longest residence times with a median of 15 

days (significantly greater than at Bonriki as determined by a Mann-Whitney 

U test, p<0.05). 
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Table 7. Residence times in days of Tarawa Lagoon, by sector, including 

estimated mean depth. 

Sector 

Central 

Bonriki 

Betio-Bairiki 

Number of Residence Median 
Depth 

6 

3.6 

5 

Date 

4 

12 

4 

12 

4 

5 

7 

9 

11 

13 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

samples 

1 

5 

4 * 

1 

3 

8 

1 

2 

1 

1 

Time, days 

10 

10 

9.5 

13 

10 

14 

19 

16 

13 

18 

Value 

10 

11 

15 

N°rth 2.5 12 Oct 
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Direct measurements of current speeds were made at various locations 

in order to determine the sources of ocean water being mixed with lagoon 

water and the relative importance of these different sources. In the 

Bonriki area three potential sources of lower salinity water exist: the 

central lagoon, the Betio-Bairiki area through the channel off Ambo, and 

a single channel open to the sea north of Bonriki. 

Current and salinity measurements were made on 14 October at stations 

in the channels off Ambo shown in Figure 8. The currents were clearly tidally 

driven (Figure 9). Vertical profiles of current speed and direction 

showed no evidence of wind driven transport, although winds were blowing 

at about 10 knots from the east. A calculation of inward volume transport 

was made from the net inward motion, as determined from the current meter 

record and drogue vectors, multiplied by the estimated cross-sectional 

' 7 

areas of the two channels. The resultant volume was about 4 x 10 cubic 

meters, which is enough to fill about 40% of the area from Ambo to Bonriki 

>to a high tide depth of 2 meters. The salinity did not change measurably 

over the tidal cycle, so no net transport of salt occurred through 

the Ambo channels. 

Measurements of water motion in the channel north of Bonriki indicated 

that about 2 x JO cubic meters of water flowed inward on a rising tide, 

and that most of this water mixed rapidly with deeper water. For the 

entire Bonriki area a residence time of 15 days would require 9 x 10 cubic 

meters of ocean water per tidal cycle to balance the evaporation rate. Thus 

the north Bonriki channel supplies only about 2% of this water and the rest 

of the exchange must take* place with the central lagoon. 
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Figure 8. Station locations in the Awbo area, 14 October, 
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Similar calculations were tade lor the Betio-Bairiki area. Drogue and 

dye vectors near and over the Betio-Bairiki shoal on 7 and 15 October are shown 

in Figures. 10,11 and 12. On both days winds were northeasterly at 9 

knots. As the tide rises, water begins to cover the shoal, flowing south 

to southeast. When the water level rises to the sill depth a sudden 

influx of ocean water carries a plume of turbid, debris-laden water straight 

inward over the reef. As the tide turns there may initially be some flow 

back out over the shoal but very soon, the water flows parallel to the 

shoal to the northwest, with little motion across the shoal. Currents 

measured in this area were sluggish, rarely exceeding 15 cm/sec (.3 knot). 

On 15 October the leading edge of the plume was mapped by tracking 

two drogues along this edge. This permitted a calculation of volume 

transport inward across the shoal. Assuming an average depth of 1 meter 

and neglecting any outward flow, about 2 x 10 cubic meters of water came 

in over the shoal.* The volume of water needed to balance the salt budget 

is about 9 x 10 cubic meter per tidal cycle. Flow over the shoal thus 

* 

accounts for about 20% of the salt budget and the rest must be made up 

from the leeward side of the atoll. Residence time can therefore be 

expected to increase by about that amount when the causeway is completed, 

although a change of that magnitude would be undetectable without long-

term average data. 

On 10 October currents were measured in the ship channel using both 

drogues and the current meter. Problems with the recorder precluded 

continuous recording but measurements were made on both a rising tide and 

^Because spring tides occurred on the sampling'date the long-term 
average transport over the shoal should be lower, about 1.6 x 10" cubic 
meters. 
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a falling tide. On the rising tide currents as high as 24 cm/sec were 

measured, with no vertical shear in the upper 10 meters. A horizontal 

shear was present, however, with stronger currents toward the center of 

the channel. This suggests the presence of eddies or of a jet as described 

by Gallagher et at. (1971) for Fanning Atoll. Based on the rate of rise 

of tides during the current measurements, and the sill depth along the 

edge of the lagoon, the current speed would be 15 cm/sec if flow were 

uniform across the edge of the reef. This also suggests the presence of 

a jet or eddy in the ship channel. 

Currents on the outgoing tide had a strong vertical shear, with 

surface currents about 50% faster than currents at 1-3 meters. Currents at 

5 meters never exceeded the threshold of the current meter. Average 

currents this time were considerably slower than expected on the basis of 

the rate of fall of tidal height. , Thiii suggests that the shoal just 

inside of the .ship channel was impeding flow, especially below 

1 meter, but this was not determined. 

Water circulation on shallow reef flats was estimated at the Bikenibeu 

Hospital sewage outfall, off Antebuka, off the Stewart causeway, and off 

west Betio near the sewage outfall under construction. Except for the 

Betio location, all currents were sluggish combinations of wind drift and 

tidally driven motion. Because most of the reefs uncover or become very 

shallow at low spring tides, most of the water is exchanged with deep water 

over a tidal cycle. Thus even though water motion is slow, mixing with the 

water off the reef is thorough. 
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Off west Betio, with winds from the south at 8-10 knots and a rising 

tide, currents were strong (up to 50 cm/sec or 1 knot), flowing north around 

the end of the island. This implies that when the sewage outfall is completed 

at North Betio westerly winds and rising tides may cause sewage to wash onto 

the beach. 

Water Chemistry 

There are a number of variables which can serve as indicators of pollution. 

Sources of lagoon nutrients can be deduced by measuring the concentrations in 

various locations of dissolved nitrate, ammonium, and phosphate, nutrients 

utilized by phytoplankton. In a coastal ecosystem, nitrate and phosphate 

are supplied from the ocean and groundwater; ammonium and phosphate and to a 

lesser degree nitrate are produced through recycling by marine organisms and 

by man in the form of sewage discharge. Typical open ocean values in the 

Tarawa region for phosphate and nitrate are .4 and 1.6 pg-at/2- respectively 

(Horibe 1970, by interpolation). 

Particulate organic carbon (POC) and particulate nitrogen (PN) are measures 

of the concentration of organic material including zooplankton, phytoplankton, 

bacteria, and detritus. Chlorophyll concentrations provide an estimate of 

phytoplankton abundance. Particulate inorganic carbon (PIC) is a measure of 

total calcium carbonate, primarily in the form of reef detritus and larval 

mollusk shells. Although not a sign of pollution, PIC can contribute substan

tially to water turbidity and mask gradients in concentrations of particulate 

organic materials. Another indicator of water .pollution is the concentration 

of dissolved oxygen. In a highly nutrient-enriched, poorly-mixed system, 

oxygen may be severely depleted, especially near the bottom. 

* * * * * * * * * * * * * * * * 
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The relationship of salinity to nitrate and phosphate levels for stations 

not over or near reefs is shown in Figures 13 and 14. As discussed earlier, 

salinity can be used as an index of the time the water being sampled has 

been in the lagoon. The higher the salinity the longer the residence time. 

Concentrations of nitrate and phosphate decreased as salinity increased. They 

were highest at the stations in the main channel and lowest in the southeastern 

lagoon near Bonriki. A similar reduction of nutrient levels in lagoon water 

has also been described at Canton Atoll by Smith and Jokiel (1978). These 

observations suggest that the nitrate and phosphate are stripped from the 

water by benthic lagoon organisms. Simultaneously PIC, POC, PON, and DON 

were being produced within the lagoon (Figure 15 and Table 8). 

Ammonia is not significantly related to salinity. The data indicate 

that there is a net production of ammonia throughout the lagoon and at least 

as far outside as the main ship channel. (Ammonia is produced by zooplankton, 

fish, bacteria and benthic organisms.) 
* 

A rough estimate of the net flux of total fixed nitrogen in or out of the 

lagoon can be made by combining data on PN, DON, nitrate and ammonia levels. 

The means of each of these components (plus total nitrogen) are shown in 

Table 9. Again, only those stations well removed from the reefs are included. 

Using the calculations developed by Smith and Jokiel (1978) we can calculate 

net flux rates for total nitrogen in central and south Tarawa Lagoon. For 

the central lagoon there was a net uptake of total nitrogen of 3.4 mg-at/day per 

square meter of lagoon floor, indicating a net accumulation of nitrogen in the 

benthic community. In the southern lagoon the net uptake rate was only 0.2 

mg-at/day/m^. 
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Table 8. Correlation coefficients (r) between several variables and 

salinity, for stations not near reefs. 

Probability of 
greater r^ 

<.0001 

<.0001 

.40 

.0006 

.002 

.0012 

<.0001 

Variable 

Nitrate 

Phosphate 

Ammonium 

PIC 

POC 

PN 

DON 

r 

-.73 

-.89 

-.14 

+.58 

+.53 

+.56 

+.74 
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Table 9. Mean v a l u e s fo r f ixed n i t r o g e n components fo r south and 

c e n t r a l Tarawa Lagoon and for t he jnain s h i p channel 

(incoming t i d e o n l y ) . Concen t ra t ions in y g - a t / 1 . 

Area N i t r a t e Amnionium DON PN T o t a l N 

South .03 .36 5 .6 2 .9 9 .0 

C e n t r a l . 4 .34 3 .8 1*8 6 . 1 

Channel 2 .6 .35 4 .6 1.8 9 .4 



45 

(As a check on the evidence that there is a net removal of fixed nitrogen 

from ocean water entering the lagoon, the flux of total nitrogen into and out 

of the lagoon on October 10 was estimated by taking water samples in the ship 

channel twice each on rising and falling tides. Total nitrogen was significantly 

higher on the incoming than on the outgoing tide [Table 10] - supporting our 

conclusion that there is a net input of fixed nitrogen into the lagoon from the 

ocean.) 

If we assume that the southern lagoon benthic community is taking up 

nitrogen at the same rate as that of the central lagoon, then there must be 

an input from the land (i.e. 'sewage) of 3.2 mg-at/day/nr or a total external 

input of nitrogen about 3.5 x 105 gm-at/day. This is probably an overestimate, 

since the lower coverage of the bottom of the south lagoon than of the central 

lagoon by reef communities suggests that the former community has a lower 

nutrient uptake capacity. (The southern lagoon bottom is mostly sand or sandy 

mud with very few of the algal-coral communities suggestive of high benthic 
* 

nutrient uptake rates.) 

The quantity of nitrogenous waste produced by urban-dwelling Americans is 

about 10 g-at/day (Weibel 1971). This is probably a higher rate than is 

appropriate for Tarawa. But if we accept this value for the sake of calculations, 

and assume that 8,0'00 people use the lagoon side of South Tarawa for waste 

disposal (both directly and via underground seepage from land-based latrines) 

we calculate a nitrogen input into the south lagoon of 8 x 10^ g-at/day. If 

nitrogen stripping were occurring in the south lagoon at the same rate as it 

was in the central lagoon, human input from the land, as calculated in the 

previous paragraph, would have to be four times this rate. Thus it appears 
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Table 10. Total fixed nitrogen and its components on incoming (means of 
4 samples) and outgoing (aAeans of 2 samples) tides at the main 
ship channel (yg-at/L) with net fluxes into the lagoon (mg-at/day) 
per square meter of lagoon areas). Asterisks denote statistical 
significance (p<.05? t test). 

Tide 

Incoming 

Outgoing 

Total Fixed N 

9.4 

6.5 

Nitrate 

2.7 

0.6 

Ammonium 

.34 

.20 

DON 

4.6 

3.9 

PN 

1.8 

1.8 

Flux +8.7* +6.3* +.4 +2.1 0 
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that the south lagoon has a reduced capacity, relative to the central lagoon, 

to assimilate fixed nitrogen. The probable reason for this is the natural 

dearth of benthic algae and coral in the south lagoon. 

The nitrogen-stripping capacity of the south lagoon benthos is still 

significant however. And the most important conclusion to be drawn from these 

data is that, despite the large quantity of nitrogen in human waste being 

released into the south lagoon, the benthic biota is removing from the water 

both this nitrogen and some of the additional nitrogen brought in with incoming 

ocean water. In short, nitrogen from sewage is not swamping the south Tarawa 

Lagoon ecosystem. 

On October 9, 11 and 13, water samples were taken at four pairs-of 

stations near Betio and Bairiki and one control station nearby in the lagoon 

(Figure 5). Each pair of stations consisted of one station over or as close 

as possible to the reef and one station 50 - 100 meters off the reef into the 

lagoon. There was trend toward higher ammonia concentrations over the reefs 

to the east, and higher nitrate and phosphate concentrations over the reefs 

to the west (Table 11). 

The main source of inorganic nitrogen at station A and B was nitrate 

from inflowing ocean water. At station D it was ammonia, and at station C 

it was a combination of nitrate and ammonia. The ammonia probably comes 

from nitrogen-fixing organisms on the reef flat (e.g. Wiebe et al.% 1975) 

and from sewage. That sewage is the minor contributor to elevated nitrogen 

levels here is suggested by the fact that total inorganic nitrogen at each 

of the four reef stations is highest where there is exposure to the ocean, 

and lowest over the Nanikai reef (station D) where high levels would be 

expected if domestic pollution were of major importance. 
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Table 11. Mean values (n = 3) for ammonium, nitrate and phosphate (in 

yg-at/1) for pairs of stations over the reef and off the reef 

in the Betio Bairiki area, plus lagoon control station. 

Qi 
U 

w 
o 

Over 
reef 

Off 
reef 

Offshore 

Over 
reef 

Off. 
reef 

Offshore 

Over 
reef 

Off 
reef 

Offshore 

Location 

A B C D 
(Betio) (Betio-Bairiki) (Bairiki) (Nanikai) 
(west) (west central) (east central) (east) 

• 4 2 

.49 

.68 

.08 . 

• 1 5 

.06 

.45 

.32 

.50 

.04 

.16 

.03 

.27 

.01 

.01 

.54 

.31 

.53 

.28 

.09 

i .07 

.51 

.33 

.16 

.27 

. 0 3 

. 0 3 
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There is a small pocket of visibly polluted water just east of the Bairiki 

harbor jetty; wind-driven surface currents concentrate benthic algal detritus 

in a stagnant corner near the pier. In addition to emitting a foul odor this 

decaying organic matter creates a plume of discolored water which flows across 

the mouth of the harbor to the west. Samples taken in this plume revealed 

extremely high concentrations of POC, PN, chlorophyll, ammonium and nitrate. 

The amount of material being discharged is small, however, and the problem 

should remain localized, even with the completion of the causeway (see p. 33 

Few data are available to compare nutrient levels in Tarawa Lagoon with 

levels in similar environments. Limited data from some comparable areas are 

presented in Table 12. None of these areas, with the possible exception of 

Canton Lagoon, receives major inputs of nutrients from human sources. It can 

be seen that Tarawa Lagoon nutrient levels are not particularly high -

especially since Tarawa is an area oF oceanic towelling and nutrient levels 

in oceanic waters supplying the lagoon are higher than those in oceanic waters 
J ' • • • . . - ; . :••• 

supplying the other lagoons in Table 10. 

On several occasions we sampled from the surface to the bottom for dis

solved oxygen. Even just off the reef at Bikenibeu, where oxygen depletion 

might be expected because #of sluggish circulation and dense human population, 

oxygen concentrations were always near saturation. 

Lagoon water is rather turbid in the south lagoon, but this is mainly 

due to high PIC concentrations. What may appear to a casual observer to be 

polluted water is merely water in which is suspended large quantities of 

small particles of calcium carbonate generated by normal processes. 
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Table 12. Comparisons of mean levels of several chemical variables in 

Tarawa Lagoon with values from other tropical Pacific areas. 

3 
(Chlorophyll a in mg/m , other values in pg-at/1). 

Location Total N Nitrate DON PN POC Chi.a 

Tarawa, south 

Tarawa, central 

Canton Lagoon 

2 
Fanning Lagoon 

3 
Takapoto Lagoon 
(Tuamotus) 

4 
Enewetak Lagoon 

Pacific gyre 

Pacific upwelling 

9.0 

6 . 1 

.03 

.4 

.5 

2 .9 

6 

1 

.07 

0 

4 .5 

5 .6 

3.8 

2 . 3 

2 .9 

1.8 

.25 

4 . 3 

4 . 8 

6 .7 

.30 

.8 

.96 

.46 

. 8 

.55 

.10 

.10 

.06 

Smith and J o k i e l (1978) 

'Gordon (1971) 

^ o u r n i a and Ricard. (1975) 

W b b et at. (19 75) 

Gerber and Marshal l (1974) and Thomas et at. (1971) . 
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Zooplankton 

Zooplankton samples were taken on 12 October throughout the lagoon and on 

7, 15 and 17 October in the Betio-Bairiki area only. The latter samples were 

taken to determine whether fish eggs were being transported into the lagoon 

from the ocean reef. On 15 October samples were taken twice, once on a low 

rising tide before the ocean w#ater had crested the shoal, and again at high 

tide. Table 13 presents the abundances of fish eggs at each station (see 

"Figure 5) along with the tidal height at the time of sampling. The stations 

nearest the shoal have higher concentrations of eggs than the stations further 

into the lagoon, but only near high tide. It appears that fish eggs are brought 

into the lagoon by the tidal circulation there. This may be an important source 

of recruitment to the fish populations within the lagoon. 

Table 14 presents median and mean abundances (count per'cubic meter) for 

the 12 most common taxa of zooplankton and for fish larvae, for the 12 October 

stations. No clear distributional pattern emerged from those data. Abundances 

of the taxa in the samples were of the same order of magnitude as those reported 

for other tropical lagoons. 

SUMMARY AND CONCLUSIONS 

Circulation in Tarawa Lagoon is mainly tidally driven. Currents over the 

nearshore flats in the south lagoon are sluggish, but flushing of these areas 

is thorough because of the substantial tidal range (by Pacific island standards). 

This results in effective dilution and dispersion of wastes and associated 

nutrients. The lack of serious nutrient pollution in South Tarawa Lagoon is 

also undoubtedly due in part to waste sources being widely dispersed. Another 

important factor is the fact that significant quantities of nutrients are 
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Table 13. Fish egg concentrations in ///m at Betio-Bairiki stations, 

with stage of tides at time samples were taken. 

Date 

7 October 

15 October 

15 October 

17 October 

Stations 

A 

-

.71 

4.9 

5.0 

near reef flat 

C 

15.3 

0 

13 

1.8 

D 

-

0 

13 

1.8 

Stations 
of reef 

B 

-

.5 

7.4 

.5 

lagoonward 
flat 

E 

0 

.5 

0 

1.0 

Stage of 
tideŝ  

High, fallin 

Low, rising 

High slack 

Low, falling 
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Table 14• Median and mean abundance and number of occurrences out of 

12 samples, for 12 most abundant plankton taxa plus larval 

fish, for 12 October. 

Taxoa 

Copepoda 

Centropagea orainii 

Aoartia biapinoaa 

Acartia foaaae 

Calanop-La minov 

Chaetognatha 

» 
•Bagitta enflata 

Sagitta negteota 

Larvacea 

O-CkopZeura Zangicauda 

De capo da 

Lucifer chacei 

Crab zoea 

Shrimp larvae 

Foraminifera 

Md # of occurrences 

. 38 

1.2 

.08 

.2 

164 

9 .2 

15.7 

8.7 

10 

11 

7 

6 

.8 

1.3 

65.5 

55.4 

18.6 

136 

9 

8 

12 

1 .8 

2.35 

2 .2 

6 .2 

16.9 

22.6 

16.2 

72.8 

11 

12 

11 

12 

Fish eggs 

Fish la rvae 

8.8 

.72 

20.4 

2.87 

10 

11 
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stripped from the water by benthic biota. Some of these nutrients are probably 

ultimately buried via sedimentation. (We did not investigate this process.) 

This study represents only a "snapshot11 of water chemistry in Tarawa 

Lagoon over a very short period. Our conclusions are relevant to typical 

conditions in the lagoon - easterly winds and dry weather. We cannot say 

what conditions might prevail during strong westerly winds or heavy rainfall. 

But given the greatly increased turbulence that reportedly occurs at such 

times, we suspect that rates of dilution and flushing of nutrients would be 

greater than during more usual weather. 

To the lay reader the absence of significant overenrichment of lagoon 

waters in the presence of serious fecal contamination may seem contradictory. 

But it is not unusual to find one without the other. The explanation is that 

organic substances and nutrients pose an ecological threat only if they 

remain in high concentrations long enough to result in an excessive build-up 

of the organisms which use them. Pathogenic fecal microorganisms, in 

contrast, are a threat to public health the minute they reach the water; 

even transitorily high levels of disease-producing microorganisms are dangerous. 

Dilution and flushing of domestic wastes in Tarawa Lagoon appears to be 

sufficient to head off the threat they might otherwise post to lagoon ecosystems. 

Closing the Betio-Bairiki causeway should not change this appreciably. But 

flushing would have to be virtually instantaneous to cancel the threat to 

humane posed by pathogenic fecal microorganisms. 

A more detailed account of circulation and water cheruxstry based on this 

study is planned for submission to a technical journal. 
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MISCELLANEOUS PROBLEMS 

Impact of Betio-Bairiki Causeway on Fish Production 

Since Pacific island fishermen often possess valuable biological information 

unknown to scientists or fisheries personnel, we arranged to interview fishermen 

of South Tarawa on six occasions using interpreters furnished by the Fisheries 

Division, The fishermen were asked about migrations from lagoon to ocean of 

spawning food fish, as well as about their attitudes toward the Betio-Bairiki 

causeway. Questions about the causeway and information concerning the role of 

the interviewer in evaluating the impact of the causeway were not brought up un

til near the ends of the interviews. This was done so as to minimize the 

possible risk of eliciting exaggerated claims concerning the importance of 

the Betio-Bairiki channel as a spawning migration route. 

Spawning migrations of reef fishes from lagoons to outer reef slopes occur 

throughout the tropics and are characteristic of a wide range of larger food 

fishes including snappers, emperors, bonefish, trevally, gerreids, surgeonfish, 

parrotfish and mullets (Johannes 1968). The migration routes raken by these 

fish are constant from year to year, barring serious disturbances in the area, 

and are well known to some Pacific island fishermen* This knowledge enables 

them to catch large numbers of fish during spawning runs. 

- Generally the fish gather in schools within the lagoon before migrating. 

Upon arriving on the spawning grounds, near or over the outer reef slope, 

the fish form large, often unusually docile, aggregations. These aggregations 
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typically last for 3 to 5 days, often during a parti ular phase of the 

moon - typically new and/or full moons during spring tide periods. Actual 

spawning seems to occur predominantly on outgoing tides at night. The 

routes taken by these fish upon their return to the lagoon are not generally 

known since aggregations typically break up after spawning and most species 

do not reenter the lagoon in large schools. 

The pelagic eggs laid by these fish are generally flushed beyond the 

reef on outgoing spring tides and the larvae hatch out over deep oceanic 

water. The larvae spend some days or weeks in the open ocean before 

migrating back to their shallow inshore adult habitats (Johannes 1979). 

Tarawa fishermen volunteered information on lunar spawning migrations 

of a number of species of lagoon food fish. Of particular relevance to this 

study was their knowledge of the spawning migrations of the bonefish, Alhula 

Vulpes (Ikari), the most popular and by far the most important of Tarawa's 

- lagoon food fishes (Gibson 1^77). Bonefish are said to migrate from the 

lagoon to the outer reef edge through interisland channels for 3 - 5 days 

around the full moon. This corresponds with information provided by 

fishermen on other tropical Pacific islands (Johannes, unpublished). 

Channels through which bonefish migrate to spawn, according to fishermen, 

are those north of Buariki, north of Buota, north of Abatao and between 

Betio and Bairiki. Prior to their blockage in 1963 the channels now spanned 

by Anderson and Stewart causeways and the channel west of Taborio were also 

used by migrating bonefish. 

The leather skin, Cliovinemus tolooparah (.Scomberoides sancti petri) 

(Nari) is said to migrate through the Betio-Bairiki channel to spawn 5 - 7 
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days after the full moon. Similar migrations reportedly occur north of 

Buariki. 

Two species oi mullet identified by Cross (19 77) as Liza macrol^pis 

(Bauauiaran) and Liza vaigiensis (Bauataba) reportedly make spawning 

migrations through reef passes around the full moon, and sometimes around 

the new moon. According to fishermen important runs of these species seem 

to be (and were in the past) restricted largely to channels along the 

windward eastern reef of Tarawa (see also Cross 1977). 

The goatfish, Upeneus arge (Maebo) migrates to the outer reef edge north 

of Buariki and west of Betio to spawn around the new moon for 3 to 6 days. 

Hi is species apparently does not migrate through inter-island channels but 

moves around the ends of the two islands at the opposite ends of Tarawa's 

island chain, Betio and Buariki. Another goatfish, Mulloidiahthys aui'iflamma 

(Tawe) was said to use the channels now blocked by Stewart and Anderson 

causeways for spawning migrations. No information on their possible use of 

Other causeways was obtained. Less detailed information was obtained for a 

variety of other species. 

We cannot predict whether the particular groups of fish that normally 

use the Betio-Bairiki channel will, if it is blocked, seek alternate exits 

from the lagoon. ' The impact of artificial barriers on seaward spawning 

migrations of reef and lagoon fish has unfortunately never been studied. 

Fish behavior tends to be rather stereotyped and inflexible. And it is 

known that certain temperate zone fish such as salmon will not spawn if 

denied access to their customary spawning grounds but will simply resorb 

their eggs. We know nothing about how bonefish or other lagoon fish react 

to such conditions however. 
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It is possible that blocking of the last o^en channel in South Tarawa 

will so restrict the entry of juvenile bonefish and some other species that 

their populations in the lagoon will dwindle as a result. It might be 

argued that the wide, deep western outer edge of Tarawa lagoon would provide 

suitable access for larvae which might otherwise enter via the Betio-

Bairiki causeway. But larval reef fish have very limited swimming ability 

and are largely at the mercy of the current. Thus it cannot be taken for 

granted that the majority of larvae that would otherwise enter the lagoon 

via the Betio-Bairiki channel could make the long trip around- Betio and 

into the lagoon. Reef fish larvae are susceptible to far greater hazards 

and vastly greater mortality than adults even under normal conditions. 

On the other hand it is possible that more than enough juveniles 

spawned along the eastern side of Tarawa presently enter through the 

channels along that side of the atoll to sustain present lagoon fish 

production. Despite very high mortality juvenile reef fish sometimes 

recruit to their adult habitats in much greater numbers than are required 

to sustain their populations, and the excess die due to predation or lack 

of food. 

Because of these uncertainties it would take several years of intensive 

research to determine whether or not closure of the Betio-Bairiki channel 

would seriously reduce lagoon fish production. Such research would, of 

course, require the closure of the channel. One response to this conclusion 

might be to close the channel, investigate the effect on lagoon fish 

production, and reopen the channel by means of a bridge or culverts if the 

effect is seen to be serious. Certainly the results of such an investigation, 



if begun several months before the causeway was closed, and carried out 

by enough well-trained and well-supported people, would provide valuable 

information with implications not just for Tarawa, but for reef fish 

populations throughout the world that are threatened by disruption of 

their migration routes. However it cannot be taken for granted that 

reopening the channel would result in rapid reestablishment of fish popu

lations affected by its closure. Current knowledge of reef fish biology 

is simply too fragmentary to allow us to venture even a cautious prediction 

here. 

Impact of Betio-Bairiki Causeway on Fishing Access 

Whether or not a solid Betio-Bairiki causeway would cause a decrease 

in fish production in Tarawa Lagoon it would almost certainly create 

problems for fishermen. Peak catches of bonefish occur during spawning 

'runs. Gilbertese fishermen make use of their knowledge of these runs just 

as westerners exploit salmon runs. The Betio-Bairiki channel provides the 

last remaining convenient focus for exploiting bonefish in South Tarawa.as 

they migrate towards the sea. 

It is true that gillnets set above the outer reef slope and perpen

dicular to its long axis capture large numbers of bonefish in their 

spawning aggregations after they have passed out of the lagoon. But such 

spawning aggregations can be expected to be greatly reduced or absent from 

South Tarawa after the Betio-Bairiki channel is closed. As discussed 

earlier, bonefish production in Tarawa Lagoon may_ remain high owing to 

spawners and juveniles using channels along eastern Tarawa. But it is 

unlikely that spawning schools leaving the lagoon via channels along the 
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eastern side of Tarawa will migrate all the way around the southeast corner 

of the atoll to the areas of South Tarawa where the great majority of 

Tarawa fishermen are based; most reef and lagoon fish tend to spawn only a 

short distance from where they leave the lagoon. 

The cost in petrol (and time) involved in refocusing fishing efforts 

on east Tarawa spawning aggregations would be quite discouraging for South 

Tarawa fishermen. In the past several years fishing outside the reef in 

Tarawa has already been "greatly reduced" owing to the very high and rising 

cost of petrol (Gibson 1977, p. 2). Shifting the ocean bonefish fishery to 

eastern Tarawa would involve increasing petrol consumption per fishing trip 

several fold. * 

The closing of the Betio-Bairiki channel i»a/ also create problems for 

tuna fishermen who exploit the productive fishing grounds between Tarawa and 

Maiana. In 1976-77 this -fishery accounted for 54% of the total recorded 

, catch and 64% of the commercial catch of South Tarawa fishermen (Gibson 

1977). At present an average of ten fishermen per day use Betio-Bairiki 

channel to get to and from the ocean according to identical independent 

estimates made by two fishermen. If the channel is blocked these fishermen 

will either have to travel all the way around western Betio to reach the 

ocean, increasing their petrol consumption and the time they spend traveling 

to and from fishing grounds both significantly - or they will have to move 

their boats to the ocean side of South Tarawa, whether the latter 

alternative proves a major inconvenience for a fisherman will depend upon 

the size of.his boat, the frequency with which he also uses it for lagoon 

fishing, and his access to suitable storage sites on the ocean side of 
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South Tarawa. Time did not permit investigation of the probable magnitude 

of these problems during our survey, 

7 Reducing the motivation of the Gilbertese to fish takes on added 

significance in light of the following quotations from Gibson (1977, p. 83). 

"If a substantial shortage (of fish) does exist, the indigenous peoples of 

these islands would be susceptible to disease due to the lack of high 

protein foods. As can be seen from the summary of this report, a shortage 

does in fact exist." "The cash spent on (imported canned fish) is quite 

alarming, especially when the phosphate revenues will cease in the next five 

years, and foreign spending must be cut to a minimum." 

The fishermen we interviewed expressed concern over the potential prob

lems discussed above. It might be argued in response that the Gilbertese 

themselves have constructed causeways that blocked water flow in North Tarawa 

and that this does not seem consistent with their present stated concerns. 

But these passages were all very narrow and with minor fish runs. In any 

event the fish resources of North Tarawa greatly exceed the needs of the 

small population living in the area. In addition many passes remain open 

in North Tarawa whereas the Betio-Bairiki causeway is the last unblocked 

pass in South Tarawa; ' 

Fishermen were asked why they had not raised their concerns about the 

Bet:io-Bairiki causeway with the government. They routinely answered that 

the government did things to suit the government and not the Gilbertese 

people and that they would not be listened to. These statements may 

exaggerate the case. But we mention them nonetheless, as a partial explana

tion of why so little resistance to the causeway plan has been put forward. 
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relative to the potential problems for fishermen it poses* In addition some fishe 

men were not even aware that the planned causeway would have no openings. 

In summary, money saved by not Inserting a suitable water passage in the Betj 

Bairiki causeway in order to allow passage of fish and fishing boats must 

be weighed against: 

!• a possible loss of fish production in the lagoon owing to the blocking 

of spawning runs leaving and juveniles entering the lagoon. 

2» a probable major reduction, along the ocean side of South Tarawa, in 

traditionally heavily exploited spawning aggregations of Tarawafs most 

important lagoon fish, the bonefish. 

3. the elimination of traditionally exploited spawning runs of bonefish 

from the Betio-Bairiki channel. 

4. more difficult access to and significantly greater energy costs required 

for the exploitation of the important ocean fisheries south of Tarawa, 

,resulting in a further reduction in the already seriously diminished 

incentives to harvest these resources. 

Hie costs to fishermen, consumers and the economy of not building a 

bridge in the Betio-Bairiki causeway might be comparatively small in any 

one year relative to the cost of building a bridge. But the cost of the 

bridge' would be borne largely during the year in which it was constructed, 

whereas the cumulative costs of not building it would grow steadily and 

indefinitely in its absence. 

If a break in the causeway were provided, migrating fish would funnel 

through this, narrow gap. This would render them extremely susceptible to 

fishermen, who could spread gillnets across the passage and capture entire 
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spawning populations. Fishing in the immediate v i c in i t y of the passageway 

would thus have to be prohibi ted . This would hot prevent fishermen from 

exploi t ing the spawning runs in the Betio-Bair iki channel, but simply 

prevent them from fishing in the small area where the fish were excessively 

vulnerable . If the reason for th i s prohibi t ion were made known to the 

Gilbertese community se l f -po l ic ing of t h i s area might help reduce the need 

for enforcement of th i s law by the government. 

Ciguatera 

The possibility has been raised that dredging for the Betio-Bairiki 

causeway may produce conditions favorable for the development o£ a form of 

fish toxicity known as ciguatera. Ciguatera affects a wide variety of 

reef fishes. When the flesh of affected species is eaten a debilitating 

illness develops within a few hours with death ensuing in extreme cases. 

Ciguatera typically develops in specific limited reef and lagoon areas. It 

frequently affects fish in such, areas for a number of years, then gradually 

diminishes. Such was the case in an area north of Betio around the deep 

passage where, in the 1940fs and 1950*s, a serious ciguatera problem 

developed. By the late 1950's fish from the area were once again considered 

relatively, safe, although a small number of cases of ciguatera poisoning 

occurred into the early 1960's (Cooper 1964). 

It is well known that ciguatera typically develops in areas where major 

disturbances due to dredging, dumping, wrecked ships, etc. have recently 

occurred. However there are far more Cu^cs where ciguatera did not develop 

after such disturbances than cases where it did. In the ten islands in the 

Gilberts where ciguatera has been recorded the affected areas were either 
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on the outer reefs in whole or in part. In no case was toxicity confined 

to lagoon areas (Cooper 1964). It is therefore encouraging that dredging 

for the Betio-Bairiki causeway is restricted entirely to the lagoon. 

We do not rule out the possibility that ciguatera will develop in the 

dredged area, but we believe the likelihood is not high* 

Ciguatera is thought to be caused by microorganisms which, when ingested 

by herbivorous fish pass on their toxins which are subsequently transferred 

to carnivorous fish via the food chain. Two of Tarawa's most important food 

fish - bonefish, Albula vulpes (Ikari), silver biddies, Gerrus argyrus 

(Ninmai) do not feed in this food chain and are not generally found to be 

affected by ciguatera, nor are the tuna of the ocean fishery. 

Problems at Temaiku Bight 

During 1976-1977 one of two main passes between Bonriki and Buota was 

blocked owing to the construction of a causeway. Since then significant 

* 

shoaling has occurred in the nearby Temaiku Bight area according to several 

knowledgeable observers.* It is in this area that the government aquaculture 

project obtains most of the milkfish fry raised for tuna bait, and the 

numbers of fry have diminished significantly in the past two years. Is the 

blockage responsible for this decline? 

Unfortunately we cannot provide a satisfactory answer. It cannot be 

*Some net accumulation of lime mud was apparently occurring prior to the 
closure of the pass however (Weber and Woodhead 1972). (A white coating 
of very fine suspended carbonate muds on mangrove plants in this area has 
led local observers to speculate that a disease is affecting the plants). 
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taken for granted that recent decreases in recruitment in the Temaiku area 

are related to the causeway. Large year to year variations in the recruit

ment of milkfish fry are well known from the Philippines, Taiwan and Palau. 

That the blockage is responsible for shoaling in the area seems reasonably 

likely - but it is not certain whether such shoaling will create any 

serious reduction in the availability of milkfish fry. 

Less than one half of the water flow between Bonriki and Buota has 

been blocked by the causeway. Our measurements of the cross sectional 

areas of blocked and unblocked passages show that reopening the blocked 

passage would increase water flow by less than 50% (the exact figure would 

vary with the height of the tide). In terms of flushing of lagoon waters 

in this area the contribution of these passages is trivial (see page 30 

But if blockage and consequent shoaling are the cause of diminishing 

supplies of milkfish fry then the problem may get even worse in future 

years. Because of the great potential importance of baitfish aquaculture 

'to Tarawa's tuna fishery, and thus to its economy, the government may wish 

to consider reopening the blocked causeway on the chance that it will 

increase the availability of milkfish fry. Raised reef rock along the ; 

sides of the blocked channel provide ready-made foundations for the build

ing of a bridge,;or series of three small bridges, across the channel at 

comparatively low cost. The blocked passage consists of three sub-channels 

divided by raised reef rock. The largest of these sub-channels is only 

66 meters wide. 
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' Observations on Corals and Reefs of Tarawa Lagoon 

Because the main purpose of this study was to evaluate the status of 

the lagoon with particular reference to pollution in the more densely 

populated southern sections, little time was available for general surveys 

of the lagoon. However reefs, with their associated biota, are 

sensitive indicators of certain kinds of disturbances, so some time was 

set aside to survey briefly the reefs and other hard bottom areas of the 

lagoon. 

The lagoon of Tarawa is much shallower than is characteristic of the 

lagoons of atolls in the Marshalls and Carolines. It is likely that the 

entire bottom of the lagoon is in the photic zone. Nevertheless the extent 

of coverage by soft sediments precludes the development pf extensive reef 

areas in much of the lagoon. There are in the southern section numerous 

shoals but our observations indicate that while scattered corals and algae 

" are found here the "reefs" consist for the most part of sand. 

On Oct. 9 and 12 surveys were made in the more northerly portions of 

the lagoon. Coral reefs along the western lagoon margin and in the central 

parts of the northern lagoon were studied. 

These reefs are best characterized as shallow patch reefs and isolated 

deeper reef tracts. The coral growth appears to be subordinate to that of 

thallose macroalgae, most notably Caulerpa spp. Coral genera seen included 

Acropova, Foaillopora* Fovites, Favia* Montipora. A feature of most of the 

deeper reef areas studie. was the large percentage of dead Fooillopora and 

to a lesser extent Aoropora colonies. These dead colonies we^e overgrown 

with red coralline algae in a manner indicating that whatever the cause of 
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the mortality, it occurred at least several months but not more than a few 

years in the past. The dead corals were in place indicating that physical 

displacement was not the cause of the mortality. Two explanations may be 

suggested. First, the deaths of the corals could have been caused by an 

intense though unnoticed invasion of crown-of-thorns starfish, Aaanthaster 

planoi. It seems unlikely, however, that such a large scale event could 

have occurred without some notice being taken by fishermen or government 

personnel. Another possibility is that a period of stormy weather 

particularly from the west (open) side of the lagoon may have caused large 

scale and long term resuspension of the abundant lagoon floor sediments. The 

scouring and smothering action of sediments is known to cause significant 

coral mortality. Further evidence for this, is that many of the living 

colonies of massive corals, i.e. Porites and Favia, exhibited dead tops. 

While this frequently occurs in very shallow situations where low tides 

expose the highest portions of the coral heads giving rise to "microatolls," 
* 
the damaged corals were also seen in deeper water. Such mortalities could 

occur during prolonged rough weather if the rate of deposition of suspended 

sediments was greater than the corals' tolerance. (It is well known that 

many species of corals cannot tolerate high levels of sedimentation [e.g. 

Johannes 1975}.) vIn support of this explanation is the fact that an 

unusually prolonged period of westerly storms created very choppy conditions 

in the lagoon in 1977. 

This evidence is circumstantial and the data from the surveys very 

sparse. But if our hypothesis is correct the extensive coral mortality we 

observed in the north lagoon was natural and in no way related to man's 

activities. 
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In addition to inspecting reefs in the northern lagoon area, we took 

sediment samples for analysis of micro-moHusks and foraminiferans• These 

small but very numerous organisms can serve as useful indicators of 

environmental conditions in the areas where they are deposited. Because 

sorting and analyses take considerable time the results of these sediment 

collections will probably not be ready for some time but the samples are 

currently in the hands of Dr. E. A. Kay, University of Hawaii, Honolulu, 

Hawaii 96822 (micromollusks) and Dr. H. I. Hirshfield, New York University, 

New York 10003 (foraminifera). 



SUMMARY OF MAJOR CONCLUSIONS 

1. The deposition of human wastes in South Tarawa Lagoon was found to 

represent a health hazard, particularly in the vicinities of heavily 

populated areas. Both seawater and edible shellfish contained fecal 

bacteria at levels well beyond those usually considered safe. Shellfish, 

in particular, appear to pose a significant potential threat because of 

their high contamination levels and their popularity in the local diet. 

2. A variety of chemical indices all suggested that ecological damage 

due to the release of sewage and domestic rubbish into the lagoon was 

insignificant (although its localized visual and olfactory impact leave 

something to be desired). 

3. Closure of the Betio-Bairiki channel by a causeway presently under 

construction should not reduce tidal flushing of pollutants substantially* 

However it threatens to interfere with spawning runs and larval migrations 

of important food fish and with fishing activities outside the lagoon. 



RECOMMENDATIONS FOR FURTHER RESEARCH 

Clearly the first research priority in the context of this report is 

to continue to monitor the threat to public health posed by fecal contami

nation of lagoon waters and shellfish and to examine the relationship 

between remedial measures (such as the partial sewage system presently 

under construction) and contamination levels. If suitable equipment and 

expertise are unavailable for microbiological analysis, a useful alterna

tive would be a simple surveillance program wherein the level of use of 

the lagoon for human waste disposal would be routinely monitored visually. 

However, given the magnitude of the problem;we recommend strongly that 

suitable equipment be obtained and an individual be trained in routine 

water quality analysis. 

The necessary supplies and equipment are not very expensive: 

three way manifold - $120 

three filter funnels - $66 

water bath with cover and temperature control - $250 

(The hospital already has the necessary vacuum pump.) 

The cost of enough supplies (filters and media) to monitor ten stations 

five times a month for water analysis - $435 

More than enough media for a year's shellfish analyses using the multiple 

tube fermentation procedure (preferable to the method we had to use 

because of lack of time) - $90 

(the above are in U.. S. dollars, shipping not included) 

Training a reliable individual with a high school education in 

routine procedures tor microbiological monitoring could be accomplished in 



a few weeks. Probably senior hospital personnel could be used to help 

interpret the data without putting undue demands on their time. 

Monitoring should include not only the areas discussed in this report, 

but also the area affected by the future sewer outfall(s). Since the 

freshwater released from the outfall will rise to the surface by virtue of 

its low density, some of it will tend to wash back towards shallow water 

during high tide periods. 

2. If the Bairiki-Betio causeway is completed without provision for 

passage of spawning bonefish then the Fisheries Division should make a 

concerted effort to try to determine the impact on these migrations (do 

the fish migrate elsewhere to spawn, or simply resorb their eggs?) and on 

the fishery. The results of such a study should be submitted for publica

tion in a journal such as Pacific Science, for they would have important 

implications for tropical reef fisheries in developing areas around the 

world. 

3. Finally, it is our subjective impression that the shellfish beds 

in Tarawa Lagoon are exceptionally productive. Very little is known 

about the biology of the species involved. In order to manage these 

resources effectively a two or three year study of growth, recruitment, 

harvesting pressure and general biology of these species would be desirable. 

A research report by Yap (1977 - see references cited for full citation) 

would provide a useful prototype for such a study. 
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APPENDIX 

METHODS 

Current Measurements 

Current measurements were made in the main ship channel, off Ambo, 

off the Betio-Bairiki shoal, and near Bonriki using 1 meter square cruciform 

drogues of PVC pipe and sail cloth with small floats of styrofoam. The 

drogues were tracked visually and their positions determined by using a 

sextant to measure angles between objects whose positions were known* The 

accuracy of the fixes depended on the accuracy of the positions of the 

reference points. Positions of points located on land were determined to 

within a few meters from a series of 1:2500 scale survey charts of South 

Tarawa. Positions of navigational beacons and buoys were less accurately 

fixed, partly because of the large scale of the available navigation 

charts and partly because of an error in latitude and longitude on a 1947 

I Admiralty chart of the southwestern lagoon. The error on this chart, 

determined by comparison of two objects which appeared in both frames of 

reference, was about 65 meters south and 470 meters east. 

Most of the position sightings were done by measuring three angles 

which produced three lines of position. A mean position weighted by the 

sines of the intercept angles was computed; the longest dimension of the 

triangle was usually less than 50 meters and often only a few meters. 

In shallow water currents were measured by tracking patches of dye, 

balloons filled with fresh water, or mangrove seeds. The dye patches 

proved the most reliable estimators of volume transport because they were 

less affected by surface wind drift. 
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In the main ship channel and off Ambo current measurements were also 

made with a Bendix ducted impeller current meter equipped with a recorder 

for speed and direction* The meter was calibrated by comparison of speed 

and direction readings with simultaneous drogue vectors. 

Weather data were provided by Cliff Farr of the Tarawa weather station. 

Tide gauge records from a gauge located at Betio harbor were provided by 

Brent Miyamoto of the University of Hawaii Department of Oceanography. 

Water samples were taken for chemistry measurements by using a small 

battery operated pump and hose or, for surface samples, dipping water from 

just below the surface with the sample bottles. Temperatures were measured 

with a thermometer on water dipped or pumped into a bucket; pumping had no 

effect on water temperature. Water clarity was measured at the deeper 

stations using a Secchi disk. Salinity was measured in'the laboratory 

using a Plessey Model 6230N laboratory salinometer calibrated every ten 

samples against a sub-standard. Samples for chlorophyll, particulate 

material, and nutrients (except for samples taken on 7 October) were first 

strained through a 102 micron gauze. 500-1000 ml was filtered onto a GF/C 

glass fiber filter for chlorophyll determinations and the filter was 

immediately placed in cold acetone and stored in a freezer in the dark. 

200 ml was filtered onto each of two GF/C filters for determination of 

particulate organic and inorganic carbon and particulate nitrogen. The 

filtrate from the chlorophyll samples was put into acid-washed polyethylene 

bottles for nutrient determination. These bottles and the filters for 

carbon determination were also placed in the freezer.* Samples were 

*A11 glassware was acid rinsed each day and pre-rinsed with sample water 
before use. 
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transported to Hawaii in an ice chest and were out of the freezer for about 

10 hours. Chlorophyll was determined by the fluorometric method of Strick

land and Parsons (1968). Particulate concentrations were determined by 

the method of Hirota and Szyper (1975) on a Hewlett-Packard Model 185 CHN 

analyzer after the filters had been dried in a vacuum dessicator for 

several days. Nutrient concentrations were determined using standard 

techniques on a Technicon Autoanalyzer II system, and for*a few samples 

total dissolved nitrogen and phosphorus were determined on the Autoanalyzer 

following UV digestion (Armstrong et al.9 1966). 

Plankton samples were taken by surface tows of 1/2 - f> minutes 

duration depending on densities, using a 1/2-meter diameter net of 333 

micron mesh aperture, equipped with a flow meter. Samples were either 

preserved in formalin immediately or placed on ice and' preserved at the 

end of the day. The latter method resulted in some decomposition but did 

not prevent-identification of the organisms. Samples were processed in 

Hawaii by taking an aliquot with a Folsom plankton splitter or a Stempel 

pipette and then identifying and counting every organism under a dissecting 

microscope. In most samples two or more aliquots were taken so that at 

least for the rarer organisms a total aliquot equivalent to an original 

sample volume of 1 cubic meter was counted, and so that a total of 200-800 

animals was counted. Organisms were identified to as low a taxonomLc level 

as practicable. Most larval forms were identified only to order. 

Lagoon Flushing Rates 

Residence times were calculated using .the method of Smith and Jokiel 
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(1978). The equation for residence time is: 

T * Z rSo-S, 
(r-e) l So J 

where T is residence time in days 

Z is mean water depth in meters 

r is rainfall in meters/day 

e is evaporation in meters/day 

SQ is ocean salinity 

S is lagoon salinity 

Water depth was taken as a rough average from the available charts. Rain

fall during this study was essentially zero. Evaporation was calculated 

from the relationship: 

e - K (Po-Ph) w 

where K is a constant 

Ph is water vapor pressure well above the sea surface 

Po is water vapor pressure at the temperature of the 

sea surface 

W is wind velocity 

Wind velocities were taken as means of the previous five days, except that 

no data were available from 1 October to 3 October. Ph was calculated from 

the wet and dry bulb temperatures, and Po was determined by entering standard 

tables into the mean sea water temperatures. 

The above relationship for residence time ignores the possible effect 

of ground water seepage. (On one occasion a water sample taken just off the 

beach at Antebuka showed a low salinity (35.12 °/oo) as did a single sample 
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taken west of Bairiki (35.055 °/oo}>:. The effects of this groundwater 

seepage are probably mitigated by the enormous amount of evaporation over 

the reef flats. There was no evidence in other samples of reduced salinities 

due to ground water seepage). 

Several other unavoidable potential sources of error are embodied in 

the above equations. The duration over which wind speeds should be averaged 

is difficult to determine, although it should probably be on the same order 

as the residence times. Sea surface temperature should be taken as a long-

term average instead of as the mean of a few observations during the day. 

The estimation of mean depth is made difficult by the age and large scale 

of the available charts and by the irregular bottom topography. 

Fecal Bacteria in Water 

Methods for collection, handling, and isolation of indicator organisms 

in seawater were derived from Standard Methods for the Examination of Water 
J 

i and Wastewater (APHA 1976) and Recommended Procedures for the Examination 

of Sea Water and Shellfish (APHA, 1970). Modifications were made to adapt 

the methods to field conditions. 

Due to limited survival capacities of the indicator organisms, the 

tests require that sampling be conducted in waters within close proximity 

to the pollution source. Therefore, sampling was confined to pearshore 

waters at a distance of approximately 10 m from shore at a depth of one 

foot. Water samples collected from the surface were stored in ice until 

returned to the laboratory. All samples were analyzed within eight hours 

of collection. During the study period when ice was unavailable, samples 

were taken directly to the lab and refrigerated or held temporarily in a 

cooler at ambient seawater temperature. 
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Sample containers and dilution water bottles were sterilized by boiling 

for ten minutes. Distilled water used to prepare media was obtained from 

the Tungaru Central Hospital laboratory. Due to limited use of an auto

clave and the specificity of the media used, dilution water was boiled for 

ten minutes (instead of being autoclaved) and distributed to sterile 

Nalgene bottles. 

Water samples were analyzed using the membrane filter technique. 

0 - 1 -2 
Dilutions of 10 , 10 , and 10 were prepared for each sample and 100 ml 

was filtered through a Millipore filter apparatus using a Gelman GN-6 mem

brane filter with pore diameter of 0.45 yM. FC agar and M-enterococcus 

agar were used for fecal coliforms and fecal streptococci, respectively. 

Fecal streptococci plates were incubated for 48 hours at 35°C; plates for 

fecal coliforms were sealed in plastic bags and immersed in a water bath 

for 24 hours at 44.5°C. At the end of the incubation period, fecal coli

forms (blue colonies) and fecal streptococci (red colonies) were counted . v 

Fecal Bacteria in Shellfish 

Procedures for isolating fecal coliform organisms from shellfish 

were adapted from Recommended Procedures for th& Examination of Sea Water 

and Shellfish (APHA, 1970) and Compendium of Methods for the Analysis of 

Food (APHA, 1976). Most microbiological standards for shellfish are based 

upon the multiple tube fermentation test (MPN method) to determine levels 

of coliform bacteria. However, since time and supplies were limiting, the 

membrane filter technique was used. It should be emphasized that, to date, 

no generally established method for the isolation of fecal coliforms from 



82 

shellfish using the membrane filter technique has been developed. 

Shellfish were collected at five lagoon sites in clean plastic bags* 

All samples were analyzed within 8 hours of collection. Shells were 

scrubbed under running tap water to remove external debris then carefully 

shucked into sterile beakers and weighed. Shellfish meats and liquor were 

diluted with peptone water and homogenized in a blender for one minute. 

Initially 10 ml, 1 ml, and 0.1 ml aliquots were added to dilution 

water and filtered using a Millipore filter apparatus and 0.45 \xH Gelman 

membrane. However, because of the high suspended solids and mucous tissue 

contained in the sample, all dilutions clogged the filter after only a 

portion of the sample was filtered. Therefore, adjustments in calculations 

were made according to the volume of sample that could be filtered 

completely. 

Incubation procedures for the fecal coliform organisms were the same 

* as described for seawater. 

Chemical Oxygen Demand 

The chemical oxygen demand (COD) test is an indirect measure of organic 

matter in water and wastewater. It was used as a substitute for the some-

what more desirable biological oxygen demand test because of time limitations. 

In the analysis of saline waters chlorides must be complexed initially to 

eliminate interference with the COD test. 

The analyses followed the method used for saline waters (chloride level 

greater than 2000 mg/1) in the Kanual of Methods for Chemical Analysis of 

Water and Wastes (EPA, 1974). 
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Samples were collected at the water surface from Tarawa Lagoon sites 

shown in Figure 3 from 12 October to 16 October 1978. Samples were 

acidified to pH 2 with concentrated sulfuric acid and refrigerated for 

preservation.- Samples were analyzed at the Water Resources Research Center 

Laboratory, University of Hawaii. 


