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SUMMARY 

 

Water-quality studies were conducted in Manihiki lagoon (northern Cook Islands) during the 

period 24-29th November 2000. This followed a request from the Cook Islands Government after 

noting a higher incidence of disease and mortality of the black-lipped oyster in the pearl farms. 

Following a 1996 study of circulation and water quality at Manihiki, comparison of the findings in 

November 2000 could be made to ascertain possible reasons for the sudden increase in 

mortality. Stations from the 1996 survey were re-occupied, with the addition of one ocean site; 

and 40 more sites (27/11/00) in the lagoon to give a complete coverage.  

 

Parameters measured in 1996 were temperature, salinity and density, and dissolved oxygen and 

turbidity were added in this survey. Analysis of the data generally shows a slight decrease in the 

water temperature for this survey, compared to the 1996 survey. Salinity was higher in the 2000 

data set as compared to 1996 measurements. Over the five days of survey the average dissolved 

O2 content in mg/L ranged from 2.0 mg/L on day one to 6.3 mg/l by day five. The rise in O2 levels 

is attributed to a shift in the weather to stormy, squally conditions that occurred during the last two 

days of field measurements. Before this, conditions had been very calm for the preceding 2-3 

months; in fact the population were beginning to experience drought conditions. The 1996 survey 

indicated that stormy weather facilitates the circulation and flushing of the surface waters to about 

20 m depth in lagoon. Therefore it is reasonable to conclude that the change in weather improved 

the O2  levels in the surface waters of the lagoon over the last two days through increased 

flushing and wave activity. The two major factors that seem to have contributed to the high rate of 

mortality are over stocking and the lack of flushing in the lagoon.  

 

On the completion of this project several recommendations were made.  

q Continuous monitoring of the lagoon water quality needs to be implemented to protect the 

industry from a recurrence of this event.  

q A limit on the black-lip pearl-oyster population needs to be determined to safeguard the 

lagoon’s carrying capacity. 

q Regular surveys or the establishment of real-time measuring systems need to be put in 

place. 

q Addition of current meters and drogues could make the survey more informative in relation to 

water movement and current patterns. 
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INTRODUCTION 

 

Manihiki is an atoll located in the Northern Cook Islands at 100 25’ S and 1610 02’ W (magnetic 

variation 110 E). It consists of two main motus, Tauhunu and Te Pae Rao Ngake e Tukao, and 

more than 50 smaller motus of varying sizes. There is only one small boat passage into the 

lagoon, near the Tukao at the northern end of the atoll, and most of the reef flats between the 

motus are less than 1 m deep.  The lagoon is studded with small islands (kaoas) on top of steep 

pinnacle reefs, and is characterised by a raised outer rim, which permits only minor exchanges 

between the lagoon and the surrounding oceans except during significant wave events.   

 

Diving for the shell (mother of pearl) of the standing population of black-lipped oysters in this 

lagoon began in the 1970s, and pearl farming began in the mid-1980s. At the present time, 

approximately one million shells are being farmed (Solomon, 1997).  

 

 

 
Figure 1: Sketch map showing the position of Manihiki atoll. 
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Objectives  

 

q To determine the distribution pattern of temperature, salinity, density, dissolved oxygen and 

turbidity in the lagoon 

q To compare the obtained data to the 1996 datasets 

q To determine if there is a relationship between the physical parameters and the sudden 

depletion in oyster population. 

q To provide recommendations to encourage responsible management and sustainable growth 

of the rapidly expanding pearl aquaculture industry. 

 

 

METHODOLOGY 

 

The CTD probe was deployed from the survey vessel either manually or with the aid of a winch. 

Initially the probe would be held at a depth of 2 to 3 m for a period of 3-5 minutes to allow all 

sensors to stabilise prior to deployment. Data are recorded at a scan rate of 0.5, for a cast rate of 

approximately 1 m/s. A pump ensures a constant flow of water over the sensors. Date and time of 

the cast is recorded on initialisation. The data down-loaded from the instrument are converted to 

an ASCII file that can be read by Excel or other similar programs. All the data reported here have 

been entered in IGODS, an interactive graphical ocean data system, for both archiving and 

interpretation of the datasets. Using IGODS, all measured variables were graphed, producing 3D 

plots to graphically present the variability in the water column for different depths. 3D plots are 

good graphic illustrations of these types of dataset. The simple linear graphs were plotted using 

Excel. 
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The casts were repeated at the positions used in the 1996 survey with the exception of the 

oceanic one (Figure 2). The survey conducted on 27th Nov 2000 had 40 casts, which covered the 

entire lagoon. This gave a better illustration of physical conditions on the surface and down the 

water column.  

 

Figure 2: Sketch map showing CTD cast positions, occupied in 1996 and again in 2000. 
The ocean cast was occupied only in this survey. 

 

 

Figure 3: Sketch map showing the 40 cast positions, at grid nodes covering the entire lagoon 
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ANALYSIS OF RESULTS 

 

The following graphs are comparisons between the 1996 data, the data from this survey and the 

data obtained from outside the lagoon area. Each site is discussed separately (A-J).  

 

Site A 

 

Temperature differences are not very significant; only a slight variation is observed in the 1996 

reading having the maximum difference of 20 C.  Generally, the range is 27-300 C, this range is 

normal for tropical environment. Salinity also doesn’t vary much; all the readings lie in the range 

of 35.2 –36. PSU.  It could be said that there is not much change in these parameters for site A in 

the past 4 years. 
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Site B 

 

 

 

There is a slight variation in temperature in the 2000 data, but this is not particularly significant, 

having changed by only a degree. It could be stated generally, that the temperature distribution at 

this site is uniform. Salinity also shows a uniform trend, with a range of 35-36 psu. Despite the 

time difference of four years between the two sets of readings, there is no dramatic change in 

either temperature or salinity. The waters outside the lagoon also show a similar trend, and the 

values lie in the same range as the lagoon waters. 
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Site C 
 

 
 
The temperature readings for 1996 and oceanic data are uniform; there is no change till the 

maximum depth. The recent data show a slight change of 20 C. A general trend of uniform 

readings is observed. Salinity lies between 35 and 36 PSU. No significant difference is observed 

in the salinity readings. 

 

 

GRAPH OF TEMPERATURE VARIATION 
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Site D 

 
 
 

This site is at the centre of lagoon. There is no significant difference observed, in both the 

temperature or salinity readings. The maximum difference is in the 2000 temperature data 

(~1.50C). 

 

 

 

 

GRAPH OF TEMPERATURE VARIATION
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GRAPH OF SALINITY VARIATION

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

35.200 35.300 35.400 35.500 35.600 35.700 35.800 35.900 36.000 36.100 36.200

Salinity (psu)

SALINITY-1996

SALINITY-2000

SALINITY-oceanic



[13] 
 
 

 
 

[SOPAC Technical Report 331 : Sharma, Smith & Frost] 

 

Site E 

 

 

 
 
 
The data obtained from the three different sources show no major difference in either 

temperature or salinity. The difference between the minimum and maximum values is 20 C and 

1 psu.  
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Site F 

 
 
 
 

 
 
 

Like all the previous mentioned sites, there is no major difference in parameters at this site. All 

the readings are quite uniform, values only differing by decimals.  
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Site G 
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Site H 
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Site I 

 
 
 

 
 
 
 
 
 
 
 
 
 

GRAPH OF TEMPERATURE VARIATION
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Site J 
 
  

 

 

 

 

 

 

 

 

GRAPH OF SALINITY VARIATION
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Temperature Plot  

 

 

 
Salinity Plot 
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Density Plot  

 

The above illustrates the 3D plot obtained from the 40 stations; density is calculated from given 

temperature and salinity values. It is seen that the distribution is uniform along the surface and 

down the water column. The warmer, less-dense waters are in the top layer and colder more 

dense water masses sinks down the column. 

 

MEAN VALUES 24/11/00 25/11/00 27/11/00 28/11/00 29/11/00 

TEMP 29.0 29.0 28.9 28.8 28.8 

SALINITY 36 36 36 36 36 

OXYGEN 2.0 2.8 3.1 6.3 6.3 

TURBIDITY 4.6 4.9 4.9 4.8 4.8 

 

Graph of mean values
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The following plots illustrate the differences in oxygen and turbidity of selected sites on survey 

days, plotted against the oceanic reading. 

 

24/11/00 

 

25/11/00 

 

 

 

 

Oxygen plot for selected sites on 24/11/00 and oceanic one

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0 1 2 3 4

oxygen (mg/L)

OXY -OCEAN

 OXY-A 

OXY-D 

OXY -E

OXY-H 

Selected sites and oceanic oxygen plot

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0 1 2 3 4 5

oxygen (mg/L)

OXY -OCEAN

oxy-E 

oxy-G 

oxy-C 

oxy-A 



[22] 
 
 

 
 

[SOPAC Technical Report 331 : Sharma, Smith & Frost] 

 

 

27/11/00 

 

 

 

 

 

 

 

 

Turbidity Plot 27/11/00
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28/11/00 

 

 

 

Oxygen plot 28/11/00
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29/11/00 

 

 

 

 

Oxygen Plot for 29/11/00
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Figure 4 shows a comparison between the readings at Manihiki (oceanic), Laucala Bay, and 

Suva-Navua and Kiritimati data. A day’s readings were taken and the cast with maximum depth 

was considered. 

Figure 4: Oxygen comparison plot, showing the difference in oxygen values between Laucala Bay, Suva-Navua, 
Kiritimati and Manihiki ocean. 

 
 

Graph of Oxygen Saturation values on different survey days

0

1

2

3

4

5

6

7

depth (m)

Day 1

Day 2

Day 3

Day 4

Day 5

Figure 5: Graph of oxygen saturation on different survey days. 

 

Oxygen comparision plot

-60

-50

-40

-30

-20

-10

0

0.000 1.000 2.000 3.000 4.000 5.000 6.000 7.000

oxygen (mg/L)

LB

SN

X-mas

OXY -OCEAN



[26] 
 
 

 
 

[SOPAC Technical Report 331 : Sharma, Smith & Frost] 

 

Figure 5 shows a clear illustration of dissolved-oxygen values during the survey period. It is seen 

that the last two days of the survey had maximum values. 

 

Figure 6: Section showing dissolved oxygen (mL/L) in the Pacific (Long about 1700W). Source: Wright, 1992. 

 

 

DISCUSSION 

 

Figure 6 shows relatively high concentrations of dissolved oxygen in surface waters in the South 

Pacific. These diminish northwards and with depth, consistent with the sinking of Antarctic 

waters.  

 

Manihiki lies about 10 0 South and 1610 West; the theoretical oxygen range for the surface is 

approximately 6-7 mL/L. Data collected during this survey have a range of 0-3.5 mg/L. These 

results are low when compared to other surveyed regions (i.e. Laucala Bay, Suva Navua and 

Kiritimati) as shown in Figure 4. 

 

Ocean surface waters are consistently supersaturated with oxygen, partly due to liberation of 

oxygen during photosynthesis but mainly as a result of air bubbles formed at the crests of waves 

being forced down into the water column, where part of the gas they contain is driven into 

solution by the increased hydrostatic pressure. At greater depths oxygen continues to be 

consumed in the respiration of both plants and animals and in the microbial decomposition 

(oxidation) of organic detritus. For a healthy aquatic environment a D.O > (or at least) 8.05 mg/L 

is required. 
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No oxygen readings are available for 1996 survey (the CTD was not equipped with oxygen 

sensor); hence a direct comparison cannot be made. However, looking at the general trend as 

compared to other places, it is safe is to say that this lagoon is highly depleted. This low-oxygen 

environment could be a result of over population, and since this lagoon is nearly closed in nature, 

there is not much flushing in the lagoon.  

 

Analysed data of the last two days showed a tremendous increase in the oxygen level, which is 

twice as much as any other data set. The possible reason for this dramatic change in a short 

period, a day, could be the introduction of strong wind, generating higher, oxygen-rich waves, 

which dissipated oxygen bubbles as they broke, increasing the oxygen content of the water 

column. The strong, gale-force winds increased the flow of the water entering the lagoon, thus 

enabling greater flushing and mixing. Considering the theoretical estimations of the 1996 data 

(Solomon, 1997), it could be stated that since there were strong winds and rough sea during the 

time of the recent survey, a significant volume of water entered the lagoon, which would have 

displaced a certain percentage of existing water. There is a slight decrease in the temperature 

reading for these days, correlating with the fact that colder water masses entered the lagoon, 

replacing the warmer waters.  

 

During the swell-induced storm surge that occurred in July 1996, the water level rose 

approximately 1 m in a matter of hours. This volume of water represented 10 times the normal 

tidal volume, and therefore induced currents and involved volumes of water on the order of one 

magnitude larger than one tidal cycle. This meant that approximately 47 x 10 6  m 3  entered the 

lagoon and displaced about 8% of the water in the upper portion of the lagoon in a single episode 

(a single tidal cycle represents about 0.8% of the upper water volume) (Solomon, 1997). These 

theoretical estimations of water flux due to tides were based on measurements of the lagoon 

surface area, the tidal range and the cumulative cross-section area of the reef openings. 
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CONCLUSION 

 

As observed from the graphs, there is no major change in temperature and salinity in any set of 

data, though one could have expected changes since the second survey was conducted after 

approximately four years. Generally, temperature had a range of 27-320 C, with salinity at the 

range 33-36 psu (36 psu being slightly high). Lagoon temperatures were lower in this survey than 

in the 1996 survey, whilst the salinity was found to be higher in this survey than in 1996. It could 

be said, by considering the graphical illustrations, that these two variables do not show much 

fluctuation to cause a major change in the aquatic environment. Therefore the sudden death of 

the oysters could be linked to other factors. Dissolved O2 content was seen to increase from a 

low of 2.0 mg/l on day one of survey, to 6.3 mg/l on day 5, this being attributed to a change in 

weather. The weather appears to be very important for the flushing of the lagoon. Dissolved 

oxygen in the region is very low compared to other Pacific lagoons. Depleted O2 levels and 

reported high stock levels can be considered as two variables that appear to have contributed to 

the increase in pearl-oyster mortality. 

 

 

RECOMMENDATIONS 

 
q Continuous monitoring of the lagoon water quality needs to be implemented to protect the 

industry from a recurrence of this event. 

q Regular surveys or the establishment of real-time measuring systems need to be put in 

place. 

q Addition of current meters and drogues could make the survey more informative in relation to 

water movement and current patterns. 

q Careful monitoring of the population status in relation to the lagoon capacity and physical 

parameters. 

q Possible reduction in the oyster population. 
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