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1. INTRODUCTION 
 



The present consultant has been commissioned by the Pollution Control Co-ordinating 

Unit of the Environmental Protection Department to conduct a site-specific and 

surveillance monitoring programme of marine environmental quality off St. Paul’s Bay, 

in connection with the tuna penning farm owned by Azzopardi Fisheries Ltd.. 

 

The aim of this monitoring programme is to assess whether this tuna penning farm is 

leading to a deterioration in the environmental quality of the water column or of the 

marine sediments, which are directly exposed to the operations within the floating 

cages themselves. The activities of the support ship or of any other craft which 

support the tuna penning farm, are not being assessed. 

 

The monitoring programme was initiated in June 2001, when the tuna penning farm 

consisted of four cages.  Five marine water quality surveys were undertaken since 

then. During September 2001, the farm was extended to include up to 8 to 9 cages. 

By January 2002, the tuna pens were empty of any fish. 

 

Sediment quality was also monitored during September 2001 and January 2002.   

 

A number of parameters of environmental quality of the water and of bottom 

sediments beneath the cages were monitored and these are  summarised in Table 1. 

 

Organic contaminants generated from left-over fish feeds as well as fish excreta may 

potentially lead to enhanced nutrient levels in the area,  increased biochemical 

oxygen 

demands of the water column (as well as within sediments), as well as increased 

sedimentation rates of organic particulates. The water column may be potentially 

exposed to increased nutrient levels as well as reduced water transparencies as a result 

of release of dissolved and particulate wastes from fish excretion and excess fish feeds. 
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Table 1: Environmental Parameter        Reason for being monitored 

Water Temperature / Salinity at various 

depths 

To assess the degree of water stratification 

which would affect the dispersal of 

pollutants 

Water Transparency To evaluate whether suspended matter 

released from the tuna penning farm is 

affecting the water column 

Dissolved Oxygen, Chlorophyll a;  

Nitrates and Phosphates levels in water 

To assess whether the generation of soluble 

wastes by fish and by their feeding, is 

leading to increased primary productivity 

and to local eutrophication.  

Level of dissolved oxygen To assess whether there is a general 

increase in eutrophication as indicated by 

reduced oxygen levels. 

Surface and sub-surface sea currents  To help in the interpretation of the data 

being monitored 

Organic carbon content of superficial 

sediments beneath cages 

To assess whether particulate wastes 

(uneaten food and fish faeces) are reaching 

the bottom and leading to excessive loading 

of sediments by organic carbon. 

Redox potential profile of sediments  To assess whether any increased organic 

content is leading to a reduction in oxygen 

availability in sediments 

Granulometric (sediment particle sizes) 

measurements 

To assess changes in sediment quality 

which may affect bottom life. 

 

 
 

Water transparency was measured by the classical Secchi disk, as well as by the use of 

an in situ transmissometer. 
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Levels of nutrients (nitrates and phosphates)  and chlorophyll a were monitored as 

indices of eutrophication.  Eutrophication is a phenomenon of poor water quality  

usually associated with elevated nutrient levels. This condition may lead to uncontrolled 

growth of microscopic plants (some of which may be directly toxic to humans and to 

marine life), with the  colour of water becoming abnormal and turbid. There is usually a 

reduction in oxygen levels which may lead to mortalities in marine life. 

 

Excessive organic wastes reaching the bottom, may lead to increased organic carbon 

content. This itself will lead to abnormally high bacterial activities which may 

potentially in turn reduce the availability of oxygen within the sediments and to anoxic 

conditions. Under such reducing conditions, sulphides and ammonium nitrogen may be 

released leading to a deterioration in sediment quality  as indicated by the colour change 

and foul smell.  

 

In order to assist in the interpretation of the data on water quality being monitored, other 

physico-chemical and hydrodynamic parameters were monitored which are:  

 

 Temperature and salinities at surface as well as throughout the water column; 

 Sea currents speed and direction at surface and subsurface. 

 

The monitoring of water temperatures and salinities will help identify any water 

stratification which could in turn influence the dispersal of any released suspended 

solids and other potential contaminants.  Surface and subsurface sea currents  were 

measured to further assist in the interpretation of the monitored water quality, and in 

particular to help identify the sources of any degradation in water quality. 
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2. WATER MONITORING: METHODOLOGY 

 

2.1 Monitoring Stations 

 

Any monitoring programme has to be flexible enough so as to achieve its original 

aim. In this case, the location of monitoring stations had to be changed from one 

survey to another, to take into account the information gain from previous surveys as 

well as the conditions at sea and the time and resources constraints of the 

programme. 

 

Water parameters were therefore  monitored at stations as indicated below. The location 

of stations was confirmed by bearings taken with a Global Positioning System . The 

location of stations were chosen on the basis of the prevailing direction of sea currents 

as measured during the survey. Stations were generally located in the immediate 

proximity of the cages, upstream, mid-stream and downstream with respect to the 

surface and sub-surface sea currents. Furthermore reference stations were used in the 

second and third water quality surveys. For the July survey, a reference station was 

chosen which was approximately 160m upstream  from the nearest cage. The resultant 

data suggested that this might be not sufficiently removed from the potential impact of 

the tuna penning farm. Subsequently a different sampling strategy was adopted in the 

surveys undertaken from September 2001 till January 2002. whereby fewer stations 

were monitored which lay along a transect cutting through the tuna farm. Two reference 

stations were located at both ends of this transect line, at approximately 1.8 to 1.3 km 

away from the tuna farm. 

 

All water quality surveys were undertaken from 09.30 hours till noon. 
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2.2 Sea Currents  

 

Sea current velocities and directions in the area were monitored using the Lagrange 

method.  Two drogues were used: one with submerged vanes at 30cm depth, and the 

other with vanes at 5m depth. These two drogues were released from one location and 

their position was monitored by GPS (Global Positioning System) for a maximum 

period of 60 minutes after release.   

 

 

2.3 Water Quality Parameters 

 

Temperature, salinity, chlorophyll a, and water transparency were measured in situ by 

means of electronic probes as described below: 

 

 Temperature:  Eil Type M.C.5 Induction Meter 
 Salinity:  Eil Type M.C.5 Induction Meter 
 Chlorophyll a:  Submersible Spectrofluorimeter (Minitracka) 
 Water Visibility: Secchi disk 
 Suspended solids  Submersible Transmissometer, 660nm (Alphatracka) 
     

      

All electronic probes were immediately calibrated prior use. The temperature/salinity 

meter was calibrated against standard seawater at room temperature. The 

spectrofluorimeter was calibrated against standard concentrations of chlorophyll a 

dissolved in acetone (Sigma).  

  

The transmissometer used in this survey measures beam attenuation at 660 nm. It has an 

optical path of 25cm.  Its calibration involves the measuring of its voltage output at 

100% transmission, at 91.3% transmission (pure distilled water), and then at 0% 
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transmission (blocked beam). The water transparency is then measured in terms of a 

beam attenuation coefficient.  

 

For nutrient analysis, water samples were collected by a 3-litre Van Dorn all-plastic 

water sampler. Samples were stored in polycarbonate bottles and transported to the 

laboratory within a maximum period of 4 hours. They were then stored at -22o  C  for a 

maximum period of 5 days.  Dissolved nitrates (and nitrite)  and  phosphate levels  were 

measured according to Parsons et al. (1984). 

 

 

2.4 Sediment Quality Parameters 

 

Samples of superficial sediments were collected from the area under investigation by 

divers in  September 2001, when the tuna farm was in full operation, and then in January 

2002, when the tuna farm was not in operation. In each case, four samples were 

collected from immediately beneath the cages, while one reference sample was collected 

approximately 1.2 km away from the nearest cage.  All stations were located at depths 

ranging from 48 to 52 m. 

 

In each case, core sediment samples were collected using a PVC pipe, 70 mm wide and 

500 mm long. Sediments were collected by  pushing the uncapped core tube gently into 

the sediment to a maximum depth of 25 cm.  Tubes were closed and brought to the 

surface in a vertical position. 

 

Redox potential measurements were carried out in the laboratory by a platinum 

electrode coupled to a pH/Redox meter (AMEL). The electrode was inserted vertically 

in the sediment column and  the redox potential (Eh) measured at 10mm depth intervals. 

Readings were taken after the electrode was allowed to stabilize for 5 minutes in each 

case.  
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The visual appearance of core sediment samples was also observed and recorded by a 

digital camera. 

 

Organic carbon content of superficial sediments (top 20mm) was measured using dry 

combustion at 500oC in a muffle furnace for 4 h. The organic carbon content was then 

measured in terms of loss of weight on ignition.  Wet oxidation methods for the 

measurement of organic carbon was also being used. However such methods using 

chromic acid were deemed unsuitable due to their  health hazards as carcinogens, and 

were therefore  kept to a minimum. 
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3. RESULTS 

 

3.1 Water Quality 

 

Results for all water parameters as monitored at all the stations  during the five surveys  

are presented in  Tables 2 to 6.   

 

The location of the monitoring stations as well as the tracks taken by drogues and the 

resultant current velocities, for each survey are presented in Figures 1 to 5. 
 

 

3.1.1  Temperature and Salinity 

 

Surface temperature and salinity recorded at the various stations over the period of 

monitoring, were typical of local inshore waters. Evidence of significant water 

stratification was reported during July 2001, when temperature of surface waters was 

70C above those at the bottom. This sharp thermocline was located below a depth of 

15m . Such water stratification disappeared by September. 

 

 

3.1.2  Water Transparency 

 

Water transparency in this monitoring programme is reported in terms of beam 

attenuation coefficients (BAC) at 660nm.  This is a more accurate and informative 

index than that previously used which was based on the use of a Secchi disc.  

However since until recently, water transparency in local coastal waters used to be 

reported in Secchi depths, these are also being reported here whenever this was 

possible. In fact, in most stations Secchi depths could not be reported since these 
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exceeded 20m. At such depths, the accurate recording of this parameter becomes 

problematic and time consuming.   

  

Clear offshore waters usually have beam attenuation coefficients below 0.18 m-1 

while turbid waters under the influence of land-based discharges tend to have values 

above 1 m-1.  

 

Water transparency as measured in beam attenuation coefficients in the area under 

review, was always within expected ranges (0.13 to 0.23 m-1) for offshore waters, 

and there was no evidence of significant reduction in such transparencies or in 

suspended solids at any stations, included those located downstream. 

 

Water transparencies where generally, but not always  better at sub-surface levels. 

No reduced water transparencies could be detected at the bottom. 

 

Over the period when the tuna farm was in operation (July-October 2001), there was 

no statistically significant difference between the mean recorded beam attenuation 

coefficients at the farm area and at the reference sites, as estimated by ANOVA 

(F=1.049; P=0.317). 

 

  

3.1.3  Chlorophyll a  

 

When considered together with other environmental parameters, chlorophyll a 

content (phytoplankton productivity) is one measure of poor water quality and of 

eutrophic conditions in inshore waters. However this parameter is expected to show 

significant seasonal fluctuations and as such a single set of data from one particular 

area does not suffice as baseline information of water quality.  Local coastal waters 
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which are relatively clean rarely have chlorophyll a levels which exceed 5 µg L-1. 

Moderately eutrophic waters usually have levels generally exceeding 10 µg  L-1 .  

 

The levels of chlorophyll as monitored at all stations never  exceeded 4.5 µg L-1, 

indicating typical oligotrophic (low productivity) conditions within the water 

column. Furthermore, downstream stations did not show any chlorophyll levels 

higher than those upstream or at reference sites. 

 

Over the period when the tuna farm was in operation (July-October 2001), there was 

no statistically significant difference between the mean recorded chlorophyll a levels 

at the farm area and at the reference sites, as estimated by ANOVA (F=1.181; 

P=0.286). 

 

 

3.1.4  Nutrient Levels 

 

Levels of nitrates and phosphates are also indicative of eutrophic conditions. Clean 

reference areas show seasonal fluctuations in such levels but rarely exceed 20 µg-at 

N L-1  for nitrates and 0.6 µg-at P L-1 for phosphates. 

 

The present study shows that the levels nutrients at most stations were generally low, 

except on some occasions. The highest level for nitrates (plus nitrites) was 82.5 µg-at 

N L-1  and  was recorded at a depth of approximately 45 m  at station 10 in July 2001. 

This station was approximately 160m from the periphery of the tuna farm. Elevated 

levels of nitrates (i.e. in excess of 10 µg-at N L-1 ), were found in downstream 

stations in July 2001.  However, the present data indicate that this parameter 

occasionally exhibited anomalously high levels both within the farm area as well as 

in the reference stations. Nonetheless, ANOVA on mean values for dissolved nitrates 
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within the farm area, showed no significant difference from the mean reference 

values (F=0.457, P= 0.5). 

 

With respect to dissolved phosphate, levels were very low and always below 0.07 µg-at 

P L-1. This level was exceeded only once at Station 1 (downstream station) in July. 

Again over the period when the tuna farm was in operation (July-October 2001), 

there was no statistically significant difference between the mean recorded dissolved 

phosphate values at the farm area and at the reference sites, as estimated by ANOVA 

(F=0.802; P=0.385). 

 

 

3.2 Sediment Quality 

 

Samples of superficial sediments were collected from the area under investigation by 

divers in  September 2001, when the tuna farm was in full operation, and then in January 

2002, when the tuna farm was not in operation. The location of sediment sampling 

stations is indicated in Figure 6.  

 

 

3.2.1 Visual Observations at Bottom 

 

The divers who were responsible for the collection of sediment samples made a 

number of visual observations on both surveys.  

 

For September 2001, when the tuna farm was in full operation, the visibility of water 

was very clear at all sampling stations (in excess of 15m), i.e. even immediately 

beneath the tuna cages. The bottom under the cages was found to be covered with 

remains of dead fish, whole squids and shrimps. The benthic fauna appeared to be 

unusually abundant and included large numbers of sea slugs, amphipods and other 
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species. Abnormally large amounts of amphipods could also be detected along the 

water column. 

 

The control or reference site consisted of bare sand with scattered Caulerpa 

racemosa.  The benthic fauna was much less abundant, with some sponges and a sea 

slug being identified during the sampling period. 

 

For January 2002, when the tuna farm was not in operation, the visibility was always 

good under all the cages and the control site. There was no presence of feeding fish 

under the cages but fish bones under the middle of cage number 2, 3, and 4, could be 

observed.  There was a rich biodiversity under all the cages.  Sting ray, various other 

fish, two species of sea urchins (Spatangus purpureus and Sphaerechinus granularis) 

and a species of brittle stars were observed. Spatangus and brittle stars were quite 

abundant especially on the periphery of all the cages.  Some Caulerpa racemosa was 

also observed.  During decompression various species of fish were observed close to 

the surface (Belone belone (Msella), Balistes carolinensis [Hmar] and Seriola 

dumerili [Accola]) and an agrication of jellyfish  (probably Thalia demoratica).  It 

was also observed that the wet suits were covered with various species of 

amphipods. 

 

 

3.2.2 Visual observations of sediment samples 

 
A photographic record of  some of the sediment core samples is presented in Figure 

7.  

 

This evidently show that sediment samples beneath the cages were in anoxic 

conditions and that a marked redox potential discontinuity existed at various levels 

but generally at 20mm depth. This is indicated by the darker layer of sediments at the 

top of samples 1,3 and 4 in Figure 7. The anoxic conditions were also evident from 
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the foul smell emitted by all the sediment samples which were collected from 

beneath the cages. Dead fish inclusions within the top 5mm of the sediments, were 

also evident. These consisted mostly of skeletal features of fish fin rays. 

 

More detailed observations are included below: 

 

Sediments collected in September 2001 

 

Sample 1: Minimal foul smell. Dark layer on top is approximately  13 to 15 mm 

thick. There are few fish inclusions. 

 

Sample 2: Minimal foul smell. Dark layer on top is approximately  5 mm thick. 

 

Sample 3: Significant foul smell. Dark layer on top is approximately  20 mm 

thick. Only few fish bone remains are found embedded in the top 5mm of sediment. 

 

Sample 4:  Very strong foul smell   Dark layer on top is approximately  15 mm to 

20 mm thick. Considerable amounts of fish fin skeletal remains are present  

embedded within the top 15 mm layer. 

 

Reference Sample: No foul smell. No evident darker layer on top. 

 
 
Sediments collected in January 2002 
 
 

Sample 1: No foul smell. Slightly darker layer approx 20 mm beneath a surface 

layer of normal colour. There are few fish inclusions. 

 

Sample 2: No foul smell. No abnormal dark layer. No fish inclusions. 
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Sample 3: Slight  foul smell.  Two dark layers separated by a  layer of normal 

colour (see Figure 7). The first dark layer located on the surface was approx. 44 mm 

wide, while the second dark and deeper layer was approx 30mm wide.  No fish 

inclusions 

 

Sample 4:  Slight  foul smell.. Dark layer on top is approximately  15 mm to 20 

mm thick.  

 

Reference Sample: No foul smell. No evident darker layer on top. 

 

 

3.2.4 Redox Potential Profiles 

 

Figure 8 shows the redox potential profiles of sediment samples collected during 

September 2001 and January 2002.  

 

It is evident from this data that the redox potential (Eh) was much more negative along 

the sediment profile for samples 1,3, and 4, when compared to the reference sample 

during September.  These redox profiles, confirm the visual appearance and foul smell 

emitted by these samples. All such observations indicate that sediments beneath the tuna 

penning cages have been significantly altered relative to the normal clean conditions 

(i.e. reference sample) so that excessive detrital loadings from the surface must be 

leading to the reduced and anoxic conditions within the superficial sediments.  

 

Furthermore, Figure 8 shows evidence that while the situation of sediment quality in 

January 2002, was quite complex, the general reduced conditions were still evident in 

sediments collected within the tuna farm periphery, while at the same time, the sediment 
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quality at the reference station was essentially identical to that reported in September 

2001. 

 

3.2.5 Organic Carbon Content. 

 

Figure 9 includes a graphical presentation of the percentage organic carbon content on a 

dry weight basis, present in the superficial (top 20 mm) sediments collected in 

September 2001 and January 2002.   

 

It is evident from this data that for September 2001, one out of the four sediments 

collected from beneath the tuna cages has excessive organic content loading, when 

compared with the reference site. Samples 1,2 and 3 contained organic carbon content 

similar to the reference site.  

  

For January 2002, there was a general drop in the organic carbon content of most 

sediment samples within the farm periphery, as compared to the levels in September 

2001. 
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4. CONCLUSIONS 

 

This report presented monitoring data on the quality of water and sediments under the 

direct influence  of the tuna penning farm, over the period June 2001 to January 2002. 

 

With respect to water quality, the data presented in this report indicate that the effect of 

the tuna penning operations within the farm periphery has not led to any significant 

effect, both at surface and at sub-surface levels. It is however pertinent to note that no 

monitoring was carried out to assess the effects of the discharge of fish residues 

resulting from fish packing operations from the service ship.  

 

However, with respect to sediment quality, it is evident that the tuna penning farm is 

exerting a significant effect on the benthic environment beneath the cages.  Excessive 

organic material is reaching these sediments, and is leading to acute anoxic conditions. 

This is reducing the quality of these sediments as well as altering the benthic fauna and 

flora of the area.  It is most likely that this excessive organic loading is a direct result of 

the feeding operations being undertaken at the cages.  

 

It is evident that the present practice of releasing frozen bait-fish is not being successful 

in avoiding or at least in minimizing the risks of excessive deposition of organic 

material beneath the cages. While most of the left-over fish food which is currently 

being deposited beneath the cages, is most likely being taken up by natural scavengers 

and other opportunistic species (as evidenced from the increase benthic life activities 

beneath the cages), this is still leading to undesirable anoxic conditions being developed 

within the superficial sediments. In other words, the feeding methods being currently 

adopted at the tuna cages are insufficient to ensure minimal  benthic impact. Feeding is 

not being stopped when the tuna fish are satiated and the feeding operations are not 

being properly supervised. 

 

Tuna Penning:  Water and Sediment Quality Monitoring  June- 2001- January 2002 16 



Furthermore, by January 2002, when the tuna farm was not in operation, while the 

carbon loading of sediments beneath the cages was on the decrease, there was little or 

no recovery in the reducing conditions (i.e. in the availability of oxygen). 

 

 

5. RECOMMENDATIONS 

 

a) There is an urgent need to improve the supervision of the feeding operations 

at the tuna pens, or alternatively, to devise new feeding methods, since the 

present method of feeding  is causing significant negative impact on the 

sediment quality beneath the cages.  

 

b) It is worthwhile to point out that the present monitoring programme does not 

cover the operations of the service ship and of other water crafts supporting 

the tuna penning farm.  A short-term monitoring programme should be 

undertaken when the service vessel is discharging offals and net washing 

waters.   

 

c) Furthermore, there is a need to set environmental quality objectives and 

environmental standards and thresholds against which future surveillance 

monitoring for this project must be compared. Such environmental 

thresholds should be set, beyond which any environmental change would 

be unacceptable. There is as yet no evidence to suggest that  

environmental quality objectives or standards and thresholds are 

available. These are indispensable tools for any sensible management of 

environmental quality for such a project. 
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Figure 1:  Tuna Penning Farm Monitoring Programme: Location of  
monitoring stations (shown as squares) on the26th June 2001. 
Circles show the official coordinates for the site as provided 
by the PA. Tracks taken by drogues released at surface and at 
5 m are also shown, together with the respective velocity of 
sea current. 
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Figure 2:  Tuna Penning Farm Monitoring Programme: Location of  
monitoring stations (shown as squares) on the 31st July  2001. 
Circles show the official coordinates for the site as provided 
by the PA. Tracks taken by drogues released at surface and at 
5 m are also shown, together with the respective velocity of 
sea current. 
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Figure 3:  Tuna Penning Farm Monitoring Programme: Location of  

monitoring stations (shown as squares) on the 19th 
September 2001. Circles show the official coordinates 
for the site as provided by the PA. Tracks taken by 
drogues released at surface and at 5 m are also shown, 
together with the respective velocity of sea current. 
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Figure 4:  Tuna Penning Farm Monitoring Programme: Location of  

monitoring stations (shown as squares) on the 17th 
October  2001. Circles show the official coordinates 
for the site as provided by the PA. Tracks taken by 
drogues released at surface and at 5 m are also shown, 
together with the respective velocity of sea current. 
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Figure 5:  Tuna Penning Farm Monitoring Programme: Location of  

monitoring stations (shown as squares) on the 22 
January 2002. Circles show the  coordinates for the 
periphery of the tuna farm as marked by buoys. Track 
taken by drogue released at surface is also shown, 
together with the respective velocity of sea current. 
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Figure 6:  Tuna Penning Farm Monitoring Programme: Location of  

monitoring stations for sediment quality monitoring. 
Black squares show sampled stations in September 2001, 
while red circles show sampled stations in January 
2002. Open black circles show the official coordinates 
for the site as provided by the PA. 

 
 
 
 

Tuna Penning:  Water and Sediment Quality Monitoring  June- 2001- January 2002 23 



 
 
 
Figure 7:  Tuna Penning Monitoring Programme: Photographs of core 
sediment samples collected in September 2001and in January 2002.  
See Fig. 6 for location of  stations for collection of sediment 
samples. 
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Table 2:  Tuna Penning Farm Monitoring Programme.  Waterparameters as measured on the 
26th June 2001.     

      
          
 

Location of stations are shown in Figure 
1. 
 

        
Station 
No.         

Parameter Units 1 2 3 4 5 6 7 8 9 
Temperature             0m Deg Celsius 24.4 24.4 24.4 24.5 24.5 24.5 24.5 24.9 24.3 
Temperature            5m   23.4 22.4 23 22.8 23 23 23 23.7 23.4 

Temperature           15m   22                 

Salinity                        0m ppt     36.10 
36.0
0 

36.1
0 

36.2
0 

36.1
0 

36.3
0 36.50 36.50 36.50

Salinity                       5m   36.30 
36.5
0   36.50   

36.5
0     36.50 

Salinity                      bottom   36.30                 

Secchi Depth m >20 >20 >20 >20 >20 >20 >20 >20 >20 

Dissolved Oxygen 2m ppm 6.00 5.20 7.90 8.00 7.80 8.00 7.70 8.00 8.10 

Water transparency    0m Beam     0.148 
0.15
1 

0.16
7 

0.14
2 

0.16
8 

0.22
1 0.183 0.145 0.159

Water transparency 5m attenuation      0.131
0.13
3 

0.13
8 

0.14
0 

0.13
4 

0.14
0 0.137 0.139 0.138

Water Transparency  15m coefficient (m-1)    0.135
0.14
5 

0.14
5 

0.14
5 

0.14
6 

0.14
7   0.145 0.146

Chlorophyll a               0m υg/l 2.113 2.313 2.250 2.313 2.338 2.263 2.050 2.238 2.425 
Chlorophyll a              5m   2.125 2.225 2.088 2.225 2.225 2.025 2.200 2.250 2.225 

Chlorophyll a         15 m   2.088 2.225 2.200 1.988 2.288 2.163   2.425 2.275 

Nitrates                         0m ug-at N/l 3.32         2.42 3.82 1.91 3.09 2.41 2.44 3.76 4.96
Nitrates                        5m   2.41 3.26               

Nitrates                   bottom                     

Phosphates                0m ug-at P/l 0.034 0.031 0.065 0.025 0.017 0.037 0.020 0.045 0.059 
Phosphates               5m   0.023 0.011               

Phosphates          bottom                     
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pH   0 m    8.02 8.13 8.30       8.07 8.10 8.10 8.17 8.14 8.06

pH  5m   8.12 7.98               

 
 

Table 3:  Tuna Penning Farm Monitoring Programme.  Waterparameters as measured on 
the 31 July 2001.      

 
       

           

         
Station 

 
Location of stations are shown
in Figure 2. 

 

   No.         

Parameter Units      1 2 3 4 5 6 7 8 9 10 
Temperature             0m Deg Celsius 8  26.  26.8 27.2 27.3 27.2 27.2 27.2 27.6 27 27 
Temperature            5m   6    26.  26.8 26.2       23.7 26.3 26.8 
Temperature           15m   4     25.  25.2 25         25 25.7 

Temperature           b/40m         18.8          19.6 19.6 

Salinity                        0m ppt   36.50 36.50 36.55 36.55 36.30 36.25 36.40 36.20 36.45 36.60 
Salinity                       5m       36.50 36.50 36.50        36.50 36.55 

Salinity                      bottom      36.35 36.45 36.35         36.10 36.35 

Secchi Depth m 0   >2  >20 >20 >20 >20 >20 >20 >20 >20 >20 

Dissolved Oxygen 0m ppm 9      6.  6.8 6.7 6.6 6.5 6.3 6.7 6.7 6.2 

Dissolved Oxygen 4m   7     7 6.6  6.6 6.6 6.5 6.6 6.8 6.5 

Water transparency    0m Beam 4 6  7   0.154 0.17  0.19 na 0.19 0.173 0.167 0.168 0.192 0.202
Water transparency 5m attenuation 7 3  2   0.153 0.18  0.20  0.19 0.205 0.183 0.177 0.198 0.181
Water transparency 15m   7 1   8   0.167 0.17  0.18  0.17 0.181 0.181 0.183 0.191 0.172

Water Transparency b/40m coefficient (m-1)   9     0.193 0.172 0.16         

Water Transparency bottom                   0.178803   

Chlorophyll a               0m υg/l 6 9 a 4    2.051 2.39  2.45 n 2.23 2.228 2.212 2.221 2.278 2.386
Chlorophyll a              5m   0 0   1    2.265 2.66  2.74 2.84 2.855 2.305 2.288 2.540 2.205
Chlorophyll a              15m   4 9   4    2.522 2.41  2.41 2.34 2.359 2.346 2.351 2.441 2.200
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Chlorophyll a         b/40m     2         2.36     2.474 2.280 

Chlorophyll a bottom                    2.318  

Nitrates                         0m ug-at N/l 3 8 4 3      75.00 25.8  18.6  1.2  45.4 4.02 17.16 0.45 35.63 
Nitrates                        5m           0   82.5   61.88  0.47  
Nitrates                       15m   5   0      20.9 3.3 1.72 6.06  6.88 1.68 

Nitrates                   bottom     4  8   0.9  3.0       1.14 82.50 

Phosphates                0m ug-at P/l 8   0 8 0    0.27  0.00  0.06  0.00 0.150 0.004 0.054 0.086 0.057
Phosphates               5m           1   0.06   0.000  0.082  
Phosphates               15m   7   1      0.05 0.11 0.057 0.068  0.082 0.046 

Phosphates          bottom     0    0.079 0.071 0.05          

na= not available            
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Table 4:  Tuna Penning Farm Monitoring Programme.  Water parameters as measured on the 19 September 2001.  
Location of stations are shown in Figure 

 3.     

       

     

  

    Station No.     

Parameter pth s   de  Unit 1 2 3 4 5 6 
Temperature 0 s      Deg Celsiu 25.0 25.0 25.0 25.0 25.0 25.0
  5       24.9 25.0 25.0 25.0 25.0 25.0
  15       24.9 24.9 24.9 24.9 25.0 24.9

  bottom       24.8 24.0 24.0 24.0 24.6 24.5

Salinity 0 t    pp 36.60 36.75 36.60 36.70 36.77 36.70
  5     36.70 36.75 36.70 36.70 36.70 36.70 
  15     36.75 36.65 36.65 36.68 36.70 36.74 

  bottom      36.50 36.30 36.50 36.40 36.50 36.40

Secchi Depth   m      b na na na na na

Dissolved Oxygen 0m 0 m     pp 7.8 7.6 6.8 6.9 6.8 6.7

Water Transparency 0 m    Bea 0.135 0.161 0.143 0.120 0.227 0.123
  5 n    attenuatio 0.128 0.121 0.122 0.119 0.119 0.124
  10      0.128 0.122     0.123 

  15 )      coefficient (m-1 0.128 0.121  0.121 0.119 0.122

  30        0.146 0.136    0.128 0.141

Chlorophyll a               0m   l    υg/ 2.225 2.454 1.784 3.352 2.435 2.273
Chlorophyll a              5m          2.849 2.498 2.430 2.366 2.415
Chlorophyll a              15m       2.164  2.493     2.416 
Chlorophyll a         b/40m            2.185 2.538 2.512 2.484 2.500

Chlorophyll a bottom        2.525 3.156   2.565 3.529 
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Nitrates                         0m   l     ug-at N/ 0.79 0.84 0.71 0.76 1.25 1.30
Nitrates                        5m           0.84 0.81 0.96 1.05 0.86

Nitrates                   bottom         0.69 0.79 0.77 1.20     

Phosphates                0m   l    ug-at P/ 0.000 0.012 0.012 0.000 0.000 0.048
Phosphates               5m          0.012 0.012 0.012 0.000 0.000

Phosphates          bottom         0.000 0.012 0.024 0.000     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tuna Penning:  Water and Sediment Quality Monitoring  June- 2001- January 2002 29 



 
 
 
Table 5:  Tuna Penning Farm Monitoring Programme.  Water parameters as measured on the 
17 October 2001. Location of stations are shown in Figure 4  

 .    
        

        Station No.    

Parameter th  dep Units 1 2 3 4 5 
Temperature 0       Deg Celsius 26 26 25.9 26 25.8
  5        26 26 25.9 25.5 25
  15        25.8 25 25 25 25

  bottom        25 25.8 25 25 25

Salinity 0       ppt 36.859 36.9 36.85  36.85

Secchi Depth        m b na na na na

Dissolved Oxygen 0m 0      ppm 7.1 7 6.9 6.9 6.9

Water Transparency 0       Beam 0.162 0.170 0.145 0.147 0.151
  5       attenuation 0.163 0.159 0.132 0.150 0.153
  10    0.162        

  15        coefficient (m-1) 0.167 0.154 0.160 0.156

  30         0.167 0.157 0.161 0.162

Chlorophyll a       0 l      υg/ 4.149 1.296 2.968 2.242 2.249
  5         2.564 1.624 2.606 2.271
  15    3.059        
  40         2.860 2.396 2.487 2.525

  45/bottom         3.184 2.664 2.781 3.117
Nitrates           0 ug-at N/l  5.586 2.581 3.172 7.930 39.357 

  bottom    21.292  1.633 11.723 4.620 
Phosphates                0 ug-at P/l  0.036 0.024 0.012 0.049 0.049 

Tuna Penning:  Water and Sediment Quality Monitoring  June- 2001- January 2002 30 



  bottom    0.024  0.085 0.049 0.036 

 
 
Table 6:  Tuna Penning Farm Monitoring Programme.  Water parameters as measured on the 
22 January 2002. 
 Location of stations are shown in Figure 5. 
       

   

  

  Station     

Parameter Units  1 2 3   

Temperature             0m Deg Celsius 8    16. 16.6 16.8 

Temperature           b/40m   6    16. 16.6 16.6 

Salinity                        0m ppt 5    36. 36.7 36.7 
Salinity                       5m    36.50 36.50 36.50   

Salinity                      bottom   6    36. 36.85 36.8 

Secchi Depth m 20 17  20   

Dissolved Oxygen 0m ppm    6.9 6.8 6.7   

Dissolved Oxygen 4m    6.7 6.8 7   

Water transparency    0m Beam 9    0.17 0.197 0.174 

Water Transparency bottom att.coef. 9    0.18 0.179 0.179 

Chlorophyll a               0m υ  g/l 7    2.79 2.796 2.544 

Chlorophyll a bottom   3    2.61 3.248 3.175 

Nitrates                         0m ug-at N/l 5    6.76 7.985 7.990 

Nitrates                   bottom   9    8.73 18.081 1.633 

Phosphates                0m ug-at P/l 6    0.05 0.035 0.050 

Phosphates          bottom   4    0.04 0.029 0.035 
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Figure 8 
 

Tuna Penning Monitoring Programme Sep 2001: 
 Redox depth profiles of superficial sediments 

-8

-7

-6

-5

-4

-3

-2

-1

0

-400 -300 -200 -100 0

Eh (mV)

D
ep

th
 (

cm
)

sample 1

Sample 2

Sample 3

sample 4

Reference

Tuna Penning Monitoring Programme Jan 2002: 
 Redox depth profiles of superficial sediments 
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Figure 9: Tuna Penning Monitoring Programme. Percentage organic carbon content 

in sediments.
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