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Introduction: 

 
This report the recommendations by the Nature Foundation to the Government of St. 
Maarten regarding the issues associated with the introduction and massive fish die-offs 
of the introduced Tilapia (Oreochromis mossambicus) and the Blue Tilapia 
(Oreochromis aureus more commonly known as Blue Tilapia or Israeli Tilapia) which 
are the species of Tilapia most introduced into the wetlands of St. Maarten (Great Salt 
Pond, Fresh Pond). 

 
Both types of Tilapia are a species of fish in the Cichlidae family. Native 
to Northern and Western Africa, and the Middle East, through introductions it is now 
also established elsewhere, including parts of the United States and the Caribbean, 
where it has been declared an invasive species and has caused significant 
environmental damage not only through fish die off events but also in harming already 
depleted ecosystems. 
  
The Tilapia is a brackish to freshwater fish with a high tolerance for brackish water. 
Adults are usually 5 to 8 inches (130 to 200 mm) in length and weigh 5 to 6 pounds (2.3 
to 2.7 kg); the largest recorded specimen was more than 21 inches (530 mm) long and 
weighed more than 10 pounds (4.5 kg). Blue Tilapia are mouthbrooders, and broods 
range from 160 to 1600 eggs per female. O. aureus is primarily herbivorous, but will 
occasionally consume zooplankton; the young include small invertebrates in their diet.   
 

 
Figure 6: Blue Tilapia at the Die-off event 
 
 
Oreochromis aureus is native to Northern and Western Africa, and the Middle East, 
from the Senegal, Niger, Benue and lower Nile rivers in Africa to the Jordan River in the 



Middle East. Through introductions the fish can be found in the United States 
in Texas, Alabama, Florida, and Nevada. It has also been established in 
Central and South America, and Southeast Asia. The original stocks of O. aureus in the 
United States were from Israel.  
 

 
Since its introduction into Florida in 1961 the fish has increased its range and frequency 
of occurrence. It is now the most widespread foreign species in Florida, with established 
populations as far north as Lake Alice, in Gainesville, Florida. It is a major management 
problem for the National Park Service due to its predominance in Taylor 
Slough in Everglades National Park, where it has changed the fish community 
structure. The species is also expanding its range in Texas, is responsible for inhibition 
of the population of Largemouth Bass in Lake Trinidad, and is implicated in the unionid 
mussel declines in two bodies of water in Texas. It is also blamed for a severe decline in 
native fish populations in Warm Springs Natural Area. 
 
Anecdotal reports suggests that, although there have been minor reports of Tilapia 
being in the Great Salt Pond since the 1970,s a large introduction of Tilapia was done 
into the Great Salt Pond in 2004 by a pet shop owner (since moved to Great Britain) in 
the Madam Estate Shopping Center. The proprietor of the Pet Shop introduced the 
Tilapia into the Great Salt Pond after the specimens became too large to handle. This 
research is corroborated by the fact that since the initial introduction in 2004, and based 
on the   
 
Because tilapiine cichlids (General Term for Tilapia) are generally large, fast growing, 
breed rapidly, and tolerate a wide variety of water conditions (even marine conditions), 
once introduced into a habitat they generally establish themselves very quickly. In doing 
so they compete with native fish fauna, create turbidity in the water (by digging) thus 
reducing the light available for aquatic plants, and eating certain types of aquatic plants 
causing changes in local aquatic flora. Such problems have been observed in many 
different places, including Australia, Philippines, and the United States. 

 

Water Quality Testing as Part of Die off Events 

 
Water quality tests are out in the Great Salt Pond in order to determine levels of 
pollution associated with the Fish Die offs in order to determine levels of water quality at 
that location. Tests were carried out in order to determine Nitrate, Phosphate, Nitrogen, 
Dissolved Oxygen, Coliform Bacteria, Salinity and pH levels. Tests were carried out 
using both Akton Water Quality Testing Strips and the Lamotte Water Pollution Kit. 
 



 
Figure 1:  One of the testing locations where a large number of Tilapia were found 
 

1 Methods 

 
Samples were collected at the research sites using standard sampling vials. Once 
collected the samples were tested for the various levels within 24 hours using the 
Lamotte Water Pollution testing kit (figure 6) and testing strips. Once levels were 
measured the data was recorded and stored. pH levels and water temperature were 
tested in situ using the Oakton Acorn Series pre-calibrated pH meter. 
 

Sampling 

 
Sampling water was done with great care in order to avoid cross contamination and a 
skewing of results. Sampling vials were rinsed with the to be sampled water at least five 
times to remove any previous contaminants. Water samples were taken right below the 
surface through submersion of the sampling vial. Dissolved oxygen, Salinity, pH, 
turbidity and temperature were tested and other parameters were tested in the Nature 
Foundation Offices. 
 

Dissolved oxygen 

 
Direct reading titration procedure, uses a modified Winkler method. Range 0.2 to 1.0 
ppm (0.2 ppm interval), five reagents. 
 
 
 



Nitrates  

Quartet comparator method uses the modified A.P.H.A. reagent system. Range 0.2 
ppm to 1.0 ppm (0.2 ppm, 0.4 ppm, 0.6 ppm, 1.0 ppm), four reagents. 
 

Phosphate 

Quartet comparator method uses the absorbic acid method to produce a series of blue 
colours. Range 0.2 ppm to 1.0 ppm (values 0.2, 0.4, 0.6, 0.8, 1.0 ppm), four reagents. 
 

PH and Temperature 

Using Pre-calibrated Meter 
 

Salinity 

Using Pre-calibrated Meter 
 

 

Total Coliform 

A five-tube method to detect the presence or absence of Total Coliform Bacteria. 
Results compare favourably to five-tube MPN method. Incubation time in 24 hours, no 
incubation labware required. 
 
 

Environmental Conditions: 

 
The Following Average Environmental Conditions are the mean for previous water 
quality tests during fish kill events. 
 
Air temperature: 28C 
Relative Humidity: 82% 
Precipitation: None 
Wind speed: 18 Kt 
Wind Direction: ENE 
 
 



 
Figure 2:  Lamotte Water quality testing kit 
 

 
Figure3: Water Quality Testing Location 
 



 
Figure 4: Water Quality testing location 

 

2 Results 

 
Follows are the average results gathered from the water quality tests that were 
conducted during fish die off events: 
 

2.1 Nitrates (No) 

Sewage is the main source of nitrates added by humans to wetland areas. Sewage 
enters waterways in inadequately treated wastewater from sewage treatment plants, in 
the effluent (outflow) from illegal sanitary sewer connections, and from poorly 
functioning septic systems. Water containing high nitrate levels can cause a serious 
condition called methemoglobinemia, if it is consumed. This condition prevents an 
infant’s blood from carrying oxygen; hence the nickname "blue baby" syndrome.  
 
Based on research conducted during all fish die off events it was determined that the 
site showed an unusually high level of nitrates considering the norm of less than point 
two parts per million >.2. The level tested showed a level close to 2.7 ppm 
 

Site # 1 

No 2 .7 ppm 

 
 



2.2 Phosphates (Po) 

Phosphorus is usually present in natural water as phosphates (orthophosphates, 
polyphosphates, and organically bound phosphates). Phosphorus is a plant nutrient 
needed for growth and a fundamental element in the metabolic reactions of plants and 
animals (hence its use in fertilizers). Sources of phosphorus include human and animal 
wastes (i.e., sewage), industrial wastes, soil erosion, and fertilizers. Excess phosphorus 
causes extensive algal growth called "blooms," which are a classic symptom of cultural 
eutrophication and lead to decreased oxygen levels in wetlands.  
 
Based on research conducted during all fish die off events it was determined that the 
site showed an unusually high level of phosphates considering the norm of less than 
point two parts per million >.2. The level tested showed a level close to .8 ppm 
 

Site # 1 
Po  .8 ppm 

 
 
 

2.3 Nitrogen (Nh3) 

Ammonia is toxic to fish and aquatic organisms, even in very low concentrations. When 
levels reach 4 ppm fish can suffer gill damage. When levels reach 5 ppm, sensitive fish 
can begin to die. As levels near 7 ppm, even ammonia-tolerant fish can begin to die. 
Ammonia levels greater than approximately 2 ppm usually indicates polluted waters. 
 
The danger ammonia poses for fish depends on the water’s temperature and pH, along 
with the dissolved oxygen and carbon dioxide levels; the higher the pH and the warmer 
the temperature, the more toxic the ammonia. Also, ammonia is much more toxic to fish 
and aquatic life when water contains very little dissolved oxygen and carbon dioxide. 
 
Based on research conducted during all fish die off events it was determined that the 
site showed an unusually high level of nitrogen considering the norm of less than point 
two parts per million >.2. The level tested showed a level close to 8 ppm 
 

Site # 1 
NH3 8  ppm 

 
 

2.4 Dissolved Oxygen (DO) 

Dissolved oxygen analysis measures the amount of gaseous oxygen (O2) dissolved in 
an aqueous solution. Oxygen gets into water by diffusion from the surrounding air, by 
aeration (rapid movement), and as a waste product of photosynthesis.  
Total dissolved gas concentrations in water should not exceed 15 ppm. Concentrations 
above this level can be harmful to aquatic life. Fish in waters containing excessive 
dissolved gases may suffer from "gas bubble disease"; however, this is a very rare 



occurrence. The bubbles or emboli block the flow of blood through blood vessels 
causing death. External bubbles (emphysema) can also occur and be seen on fins, on 
skin and on other tissue. Aquatic invertebrates are also affected by gas bubble disease 
but at levels higher than those lethal to fish. Inversely gas levels should not go below 5 
ppm, which can show a lack of oxygen and can cause fish die-offs and algal blooms. 
 
Based on research conducted during all fish die off events it was determined that the 
site showed an unusually low level of dissolved oxygen considering the norm of 
approximately seven parts per million (7 ppm). The level tested showed a level close to 
1 ppm with a chemical oxygen demand of 700. 
 

  Site #   1 
    O   1 ppm 

 
 
 
 

2.5 Alkalinity (pH) and Temperature 

A range of pH 6.5 to pH 8.2 is optimal for most organisms. Most organisms have 
adapted to life in water of a specific pH and may die if it changes even slightly. The 
toxicity level of ammonia to fish, for example, varies tremendously within a small range 
of pH values. Acidic water can cause heavy metals such as copper and aluminum to be 
released into the water. Copper from worn automobile brake pads is often present in 
runoff. Rapids growing algae remove carbon dioxide from the water during 
photosynthesis, which can result in a significant increase in pH levels.  
 
Based on research conducted during all fish die off events it was determined that the 
site showed an unusually low level pH considering the norm and temperature. The level 
tested showed a level close to 6. 
 
 

  Site #    1 

  pH    6 
Temp   27.5 C 

 



 

              Figure 5:  PH quality index 
 
 
 
 
 

2.6 Coliforms 

Increased levels of fecal coliforms may provide a warning of contamination with 
pathogens due to contact with fecal matter found in sewage run-off which may include 
contact with the fecal material of humans or other animals. Fecal coliform enters the 
Environment mainly through human sewage, either from runoff or direct seepage or 
introduction from sceptic holding tanks.  

Some waterborne pathogenic diseases that may coincide with fecal coliform 
contamination include ear infections, dysentery, typhoid fever, viral and bacterial 
gastroenteritis, and hepatitis A. The presence of fecal coliform tends to affect humans 
more than it does aquatic creatures, though not exclusively and can still be harmful to 
the environment. Aerobic decomposition of this material can reduce dissolved oxygen 
levels if continuously entered into the environment. This may reduce the oxygen level 
enough to kill fish and other aquatic life. The unit of measurement which was used 
during this study was related to a simple Presence/Absence (P/A) scale, with a positive 
test having a P-vale and a negative test an A-value. The tested location showed a 
Presence (P-Value) of Coliform in the tested water. 

Site 
# 

1 

P/A P 

 

 



 

Salinity 

 

Salinity is the saltiness or dissolved salt content of a body of water. It is a general term 
used to describe the levels of different salts such as sodium chloride, magnesium and 
calcium sulphates, and bicarbonates. It is important to understand the level in salinity in 
the various areas of the Great Salt Pond in order to determine mixing, fresh water 
introduction and hyper or hypo-saline environments within the Great Salt Pond. The 
values for salinity are expressed in parts per thousand (ppt) 

  Site #   1 
  ppt   34.7 

 

 
 
 
 
 

 

 



 

Summary of collated testing results: 

Although the testing results show that the Great Salt Pond is indeed faced with poor 
water quality results, the predominant results which stand out are related to a drop in 
oxygen in conjunction with a rise in salinity. This shows that yes, there is an issue with 
water quality in the Great Salt Pond but that the primary reason for the fish die-off is the 
species itself and is not related to the wetland. The Great Salt Pond, as its name 
suggests is a Saline to Hyper Saline Environment and although Tilapia can withstand 
salinity up to a certain ppt, after attaining a certain level the species dies massively. 

 
Fish in freshwater have an internal salt concentration greater than that of the external 
medium and large volumes of fresh water enter the body via osmosis through the gills 
and oral membranes. In order to maintain their salt concentration, they actively absorb 
salts through their gills and also reabsorb salts from their kidneys. Their urine is 
therefore very dilute. 
 
Marine fish have an internal salt concentration less than that of the external medium. 
Water moves out of their body by osmosis and they dehydrate. To compensate for this, 
they drink large amounts of water, which in conjunction with salts is absorbed by the 
gut. Salts (Mg, SO4 & CL) are filtered out of the blood by the kidneys while Na, K & CL 
are excreted by the gills. Their urine is very concentrated. The survival of freshwater fish 
in saline conditions therefore requires them to be able to maintain their correct level of 
internal salt concentration or osmolality. All teleost (bony) fish, both marine and 
freshwater, maintain their internal osmolality at about the same level (7-13g/l TDS). 
 
If a freshwater fish exposed to saline or brackish water do not have the necessary 
biological mechanisms to control internal water and salts, then its osmotic balance will 
be upset and the fish will die as was the case with the Tilapia die-off. 
 
During dissections and microscopic analysis it was determined that cells showed 
injuries consistent with long term exposure to hyper saline waters. Evidence of this was 
also found in the gills of the specimens dissected. 
 



 
 

This highlights the fact the Tilapia are an introduced species since 100% of the fish kills 
involve tilapia and none of  St. Maarten’s other Native Fish such as Tarpon or Mullet, 
which are still recorded in the Great Salt Pond. 

Suggestions for Approaching the Issue 

Once a new pest fish incursion has been identified and investigated, the appropriate 
response actions must be suggested. This can be done by discussing with key 
stakeholders the feasibility of possible management actions. Such actions can fall under 
the headings of eradication, containment, sustained control and environmental control. 
Actions can be rated by considering the: 

• cost and effectiveness of the action based on information about the species’ biology and 
ecology  

• nature of the infestation  

• characteristics of the infested habitat  

• likely impacts  

• Likelihood of the pest spreading.   



 

Based on the research conducted by the Nature Foundation the following information 
describes some of the pest fish management actions currently available, along with 
some of the factors that need to be considered to assess their suitability and feasibility.  

Eradication of pest fish 

Eradication involves the total removal of the species from the Great Salt Pond in 
question. This approach involves many difficulties, is usually too costly and is only 
effective in a very small number of cases. Nevertheless, it should be considered as an 
option when responding to a new pest fish incursion. Apart from hand removal, in the 
case of aquariums and small ponds, the only eradication options currently available are 
draining and poisoning. 

Draining 

Draining and drying of the water body is an eradication option for small areas. In this 
case, the water needs to be drained away from any watercourse onto surrounding land 

at a rate that allows it to be absorbed. This needs to be done in such a way that the 

drained water does not pool somewhere else (to essentially create another dam), as 
fish larvae and eggs could survive and create a new breeding population. In cases 
where the water potentially drains into a watercourse, a screen that prevents pest fish 
from spreading needs to be included. The size of the screen needs to be suitable for the 
species of pest fish (e.g. the screen size for tilapia needs to be 50 µm or smaller to stop 
eggs and larvae from escaping). 

Once the Pond is drained, the Tilapia need to be removed by hand and disposed of 
appropriately (see instructions p. 82). The drained dam needs to be left completely dry 
for a significant length of time (approximately one month) before refilling to ensure any 
remaining pest fish, eggs and larvae have not survived. The Nature Foundation does 
not consider this a very feasible option. 

Poisoning 

In water bodies that cannot be drained, current technology limits options for total 
eradication to the use of the fish poison (piscicide) rotenone. However, rotenone can 
only be considered as an option if the following criteria are met: 

• There is a reasonably high chance of success.  

• The water body is not used directly or indirectly (after treatment) for human 
consumption.  

• There is minimal impact on endangered or rare aquatic species present in the water 
body (these can be removed effectively and held in a safe place until the rotenone is 
neutralized, and then returned to the area).  



• The water body is lowered sufficiently (if possible) to counteract effects of overflow in 
the case of high rainfall events around the time of treatment and to minimize the amount 
of rotenone required.  

• All necessary permits and consents have been obtained.  Rotenone is a plant-derived 

poison that rapidly degrades when exposed to light and moisture and is generally 
considered to have short-term environmental impacts. It is however a non-selective 
poison, which means that native fauna are also affected by its application. Before 
applying rotenone, a thorough investigation into the ecology of the water body is 
therefore required to assess the ability of native fauna to recolonise; this should include 

a review of environmental factors (REF)  and public consultation.   

 

Figure 6.1 Rotenone in powdered form   

 

The use of rotenone to eradicate a pest fish population requires various permissions  

Before granting permits, the authorities will review environmental factors and 

consider each case thoroughly. The process can be very lengthy and exhaustive due to 

the complexity and risks of using rotenone. The use of rotenone is therefore only a 
feasible option for councils and large natural resource management groups with the 
appropriate training, permits and resources in place. 

Health and safety 

As well as being familiar with the permit conditions imposed by the relevant authorities, 



users of rotenone must also be familiar with relevant occupational health and safety 
factors. This may be an option however the Nature Foundation has its reservation in 
using a toxin to control the species and cannot recommend this as such. 

Sustained control 

Sustained control involves continued management actions to reduce and maintain pest 
Tilapia at levels where the damage they cause to the local environment, economy and 
society is minimal. Currently, the commonly used approaches to sustained pest fish 
control are netting, trapping, electro fishing and line fishing or a combination of 
approaches  

Some of these methods target breeding individuals. This can be effective in reducing 

numbers, as removing larger breeding fish increases the period between recruitment 
and retards the pest fish population. There can be considerable pressure on the pest 
fish population if sustained control actions are combined with a healthy population of 
native predatory fish. This method, together with Environmental control is preferred. 

Environmental control 

Environmental control is sometimes used in conjunction with other methods. It involves 
changing the environment to improve the health and survival of native species, thus 
promoting increased competition with pest species, and reducing the pest species’ 
population size. 

Rehabilitation is the key to boosting the diversity and abundance of native fish species 
and reducing the impact of pest fish species. Native fish populations in Queensland and 
New South Wales are being affected by eight key threats, as outlined in the following 
table. 

Key threats to native fish management 

Flow regulation 

Loss of water to other uses, critical low flows, loss of flow variation, loss of flow 
seasonality, loss of low to medium floods, permanent flooding and high water, increased 
periods of no flow. This can be increased by installing pumps and water fountains. 

Lowered water quality 

Increased nutrients, turbidity, sedimentation, salinity, artificial changes in water 
temperature, pesticides, acidity and other contaminants. This can be improved by 
adding pumps and large scale planting of Mangroves. 

Exploitation 

Recreational and commercial fishing pressure on depleted stocks, illegal fishing 

Containment 

The following containment measures should be considered 



1. Draining 
2. Environmental control 
3. Line fishing* 
4. Netting—scoop/hand nets 
5. Netting—seine nets, fyke nets and cast nets 
6. Sustained control 
7. Trapping 
8. Visual observation 

 

Collecting, destroying and disposing of pest fish 

Much consideration should also be given to the collecting and disposal of dead fish 
once a fish kill or controlled measure has been initiated. Pest fish should be collected 
and destroyed using methods that cause the least stress possible.  

The most humane method for euthanizing fish is to follow the ethical euthanasia 
protocols; the most appropriate method is to kill the fish with a sharp blow to the back of 
the head just above the eyes, causing brain destruction. When applied correctly the 
fish’s gill covers should stop moving rhythmically and the eyes should remain still. 

Pest fish should be disposed of as soon as possible in a way that avoids any risk of the 
fish being released back into the waterway (water from the container used to hold the 
fish should also be disposed of away from the waterway to prevent juvenile 
reintroduction). This is usually achieved by burying the fish above the tidal influence and 
at least 50 m from surrounding watercourses, at a minimum depth determined by local 
council guidelines. 

Recommendations and implementing strategy  

• preliminary planning, where the project concept and alternatives are developed, public 
input is invited, and acceptance is encouraged;  

• intermediate planning, incorporating an environmental analysis where the project is 
refined and public acceptance is encouraged;  

• final planning and project implementation, involving management through the 
development of project-specific work plans;  

• performing the treatment 

• prevention of tilapia infestation is feasible if there is cooperation among the various 
stakeholders;  

• sustained tilapia control, would be more realistic than complete eradication 

 



Conclusions and Recommendations 

 
Based on the three fish die offs the Nature Foundation St. Maarten has compiled and 
delivered  a report based on research conducted during the week of the 27th of October 
which outlines the causes, results and possible preventative measures for the increase 
of fish die off events St. Maarten has been experiencing over the last few years. 

The report gives recommendations by the Nature Foundation to the Government/ 
VROMI Ministry of St. Maarten regarding the issues associated with the introduction 
and massive fish die-offs of the introduced Tilapia (Oreochromis mossambicus) and the 
Blue Tilapia (Oreochromis aureus) which are the species of Tilapia most introduced into 
the wetlands of St. Maarten (Great Salt Pond, Fresh Pond). 

 
Both types of Tilapia are a species of fish in the Cichlidae family. Native 
to Northern and Western Africa, and the Middle East, through introductions it is now 
also established elsewhere, including parts of the United States and the Caribbean, 
where it has been declared an invasive species and has caused significant 
environmental damage not only through fish die off events but also in harming already 
depleted ecosystems. The Tilapia invasion in our wetlands can be compared to the Lion 
Fish Invasion on our Coral Reefs. 
  
 
Anecdotal reports suggests that, although there have been minor reports of Tilapia 
being in the Great Salt Pond since the 1970s a large introduction of Tilapia was done 
into the Great Salt Pond in 2004 by a pet shop owner (since moved to Great Britain)who 
had his business in the Madam Estate Shopping Center. The proprietor of the Pet Shop 
introduced the Tilapia into the Great Salt Pond after the specimens became too large to 
handle. This research is corroborated by the fact that since the initial introduction in 
2004 and based on the research none of native St. Maarten fish were found dead 
during the fish die-offs. 
 
Tilapia are fast growing, breed rapidly, and once introduced into a habitat they generally 
establish themselves very quickly. In doing so they compete with native fish fauna, 
reduce the light available for aquatic plants, and eat certain types of aquatic plants 
causing changes in local aquatic flora. Such problems have been observed in many 
different places, including Australia, Philippines, and the United States. 

Although the testing results show that the Great Salt Pond is indeed faced with poor 
water quality, the predominant results which stand out are related to a drop in oxygen in 
conjunction with a rise in salinity or saltiness. This shows that yes, there is an issue with 
water quality in the Great Salt Pond, but that the primary reason for the fish die-off is the 
species itself and is not related to the Pond. The Great Salt Pond, as its name suggests, 
is a Saline to Hyper Saline Environment and although Tilapia can withstand salinity up 
to a certain point, after attaining a certain level the species dies massively. 



 

This highlights the fact the Tilapia are an introduced species since 100% of the fish kills 
involve tilapia and none of  St. Maarten’s other Native Fish such as Tarpon or Mullet, 
which are still recorded in the Great Salt Pond, were found dead. 

The Nature Foundation Suggests that the Government of St. Maarten engages in a 
Tilapia control scheme, something which can be facilitated by the Nature Foundation 
with support of the Ministry VROMI, where not only is the large amount of Tilapia in the 
Great Salt Pond Controlled, but that the immediate issues that face the pond such as 
pollution caused by the landfill, the filling in of the pond, particularly the sand recently 
deposited and not yet removed, extensive mangrove reforestation, rehabilitation of 
native species especially Tarpon (Megalops atlanticus) which prey on the fish are 
addressed. 

The public should also be made aware of the issue, particularly the fact that Tilapia 
have been introduced in St. Maarten and are a non-native, destructive species similar to 
lionfish on the coral reefs. When the Great Salt Pond becomes more saline (or salty) as 
it has always done, even before the days of the landfill and pollution (saline levels 
traditionally increased right before the salt was harvested in the Great Salt Pond). 
Native fish such as tarpon, bass and mullet never experience die-offs and it is always 
Tilapia. 

Granted it is a significantly emotional experience to see thousands of fish die, but the 
public should be informed as to the reason why the fish die. The Nature Foundation will 
do this through providing a public session on the issue. 
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Attachment A 

Principles and Procedure: 

(Source: Texas Parks and Wildlife Department, 4200 Smith School Road, Austin, 
Texas 78744 PWD BR T3200-77 (7/02) 

Rotenone kills fish not by removing oxygen from the water, but by inhibiting oxygen 
transfer and cellular respiration. All fishes are sensitive to rotenone, but some species 
are more easily killed than others. 

a. The volume of water to be treated must first determine. Both the surface area and the 
average depth must be determined. (Note: Surface acreage multiplied by average 
depth, in feet, equals the volume in acre-feet. 

b. If the pond is rectangular in shape, the length in feet would be multiplied by the width 
in feet. The total number of square feet should be divided by the number of square feet 
in one acre (43,560). 

Example: 

Pond length = 408 ft. Pond width = 260 ft. Surface acres = Length (in feet) x Width (in 

feet) 43,560 Surface acres = 408 X 260 = 106,080 = 2.44 43,560 43,560 

c. If the pond is circular, the distance around the shoreline (perimeter or circumference) 
of the pond should be measured in feet. That number should be multiplied by itself and 
then divided by 547,390. 

Example: 

Shoreline distance = 800 ft. Surface acres = Shoreline (ft) x Shoreline (ft) 547,390 

Surface acres = 800 x 800 = 1.17 547,390 

d. If the pond is triangular, the base and the height should be measured. 

Example: 

Base = 300 ft. Height = 500 ft. Surface acres = 1⁄2 (Base x Height) 43,560 Surface 

acres = 1⁄2 x 300 x 500 = 1.72 43,560 

e. Average depth is calculated by making a series of depth soundings throughout the 
pond. Soundings should be made every 15 or 20 feet apart in straight lines across the 
pond. Each row of soundings should begin and end with a zero. The depth 
measurements should be added and then divided by the number of soundings made 
(including zeros) to obtain the average depth. 



f. The amount of rotenone to use depends upon its strength, the type or types of fish 
present, and the volume of water to be treated. Most commercial formulations contain 
either 2.5 or 5 percent rotenone, in either liquid or powder form. The liquid is preferred 
by many workers because it is easier to apply, but the powder is usually more available. 

g. Powdered rotenone is found in most farm and ranch supply stores; liquid rotenone 
may have to be purchased from a fish farming supply store or chemical distributor. Care 
should be taken to read and follow label directions carefully. 

h. If 5% liquid rotenone is used, an application rate of 1 gallon per acre-foot of water is 
recommended. Liquid rotenone should be diluted with water (5 parts water to 1 part 
rotenone) before applying. The rotenone mixture can be applied by spraying, gravity 
flow from a barrel, or merely pouring from a bucket. 

i. If 5% powdered rotenone is used, an application rate of 10 pounds per acre-foot of 
water is recommended. The powder should be diluted with enough water to make 
slurry. The slurry can then be distributed throughout the pond. Dry powdered rotenone 
should not be poured directly into the pond. 

j. Generally, the surface water should be at least 70 degrees for best results. If water is 
more than 15 feet deep, the rotenone mixture should be applied to lower depths with a 
weighted hose. It usually takes less than 30 minutes for rotenone to affect small fishes, 
but may take several hours to kill larger fish. Water treated with rotenone is usually 
nontoxic to fish within two weeks. 

k. Detoxification rates depend largely on amount of sunlight and water temperature. If 
there is any doubt about whether the water is detoxified, a few live fish can be placed in 
a minnow bucket and suspended in the pond. If the fish are still alive after 24 hours, the 
pond is ready for restocking. 

3.3. Recommendations. In controlling the population of a noxious fish (e.g. 
Mozambique tilapia) in a body of water, it would require not only treatment with the most 
effective piscicide but would also necessitate efficient implementation of the principles 
of fisheries management - a continuous process that requires frequent monitoring, in-
depth training and experience working with complex aquatic ecosystems. Under certain 
conditions, fisheries management may entail use of piscicide, if necessary thus, it is 
further strongly recommended that rotenone should be used as the piscicide inasmuch 
as this is available in Oceania, Australia, southern Asia and South America as a 
naturally-occurring substance derived from the roots of tropical plants, the jewel vine 
(Derris spp.) and the lacepod (Lonchocarpus spp belonging to the bean family 
Leguminosae. 

In using rotenone as the piscicide in a project, there will be a need for a thorough 
planning strategy considering the five stages in planning as recommended by Finlayson 
et al. (2000) of the American Fisheries Society as follows: 

a. preliminary planning, where the project concept and alternatives are developed, public 
input is invited, and acceptance is encouraged;  



b. intermediate planning, incorporating an environmental analysis where the project is 
refined and public acceptance is encouraged;  

c. final planning and project implementation, involving management through the 
development of project-specific work plans;  

d. performing the treatment; and  

e. summation and critique of the project  

Note: A small treatment performed on private land or a government owned hatchery 
may require little planning before implementation, while a large project involving a public 
water supply may require two or more years of extensive planning. The rotenone 
treatment should be consistent with and supported by the current Fisheries 
Management Plan (FMP) when applicable, which is either species specific or water 
body specific. The complexity of a rotenone project depends upon social, biological, 
political, and physical characteristics and will dictate the degree of planning required. 
For example, extensive planning may not be needed for rotenone use in sampling 
except where downstream waters are potentially affected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Attachment C 

General Courses Of Action That May Be Considered In Preventing Infestation Of 
Undesirable Species Including Tilapia 

(Source: Mississippi State University Coastal Research and Extension Center 
2710 Beach Blvd Suite 1E Biloxi, MS 39531 601/388-4710 and Auburn University 
Marine Extension and Research Center 4170 Commanders Drive Mobile, AL 
334/438-5670) 

1. Treatment with hot water/steam.. Contaminated equipment like hauling-tanks or vats 
should be steam cleaned or immersed in hot water (140°F or 60°C). 

2. Desiccation. Seines, nets, aerators, floats, and other contaminated equipment should 
be allowed to air dry at least one week in humid climates. 

3. Infested ponds should be drained and allowed to dry thoroughly for at least two 
weeks, preferably during very cold or very hot weather. 

4. Salt. This is a particularly promising control measure for tilapia producers with access 
to saline or brackish ground water or bulk supplies of rock salt because tilapia generally 
benefit from intermediate concentrations of chlorides. Whenever possible, a 1% 
treatment of sodium chloride (24 hours) should be used when transporting fish to or 
from other facilities. 

5. Disinfection. Traditional aquaculture disinfectants, calcium hypochlorite and iodine, 
may be used. 

6. Benzalkonium chloride is effective against effective against all stages of the zebra 
mussel at 100 mg/L for three hours and at 250 mg/L for 15 minutes. It can be used to 
disinfect hauling- tanks, stainless steel troughs, vats, nets and other equipment. This 
compound is commercially available as ROCCALTM (Benzalkonium chloride) which is 
highly toxic to most fish species and should be used with extreme care. Thorough 
rinsing and proper disposal of runoff is essential to avoid impacts to fish stocks within 
and outside the facility. 

7. Treatment with traditional fisheries chemicals. RotenoneTM (15 mg/L for 24 hours) or 
chelated copper (2 mg/L for 48 hours) have been shown to kill fishes when applied for 
other control purposes in infested ponds. Note that Rotenone is classified as a restricted 
use pesticide, and can be purchased and applied only by a certified pesticide applicator. 

8. One fishery chemical that could be effective is potassium chloride. Research 
suggests that exposure to KCl concentrations as low as 100-200 mg/L for 24 hours can 
be effective in killing fishes. 

9. Hydrated lime (CaOH). Addition of calcium hydroxide (hydrated lime) to newly 
drained ponds at 1000-2000 lb/acre will kill all unwanted organisms. However, potential 
environmental impacts to adjacent aquatic habitats whenever these types of 



compounds are applied must be observed. The use of any of these chemicals requires 
specific permission from state and federal agencies. 

10. Molluscicides/toxic compounds. Although a number of molluscicides have been 
investigated or permitted for use in eradicating zebra mussel infestations at public and 
private 

utilities and industries throughout the Great Lakes and Mississippi valley, regulatory 
agencies are understandably concerned with their effect on the environment. (Rick 
Kastner, Greg Lutz and Marilyn Barrett-O’Leary, Mississippi Sea Grant Extension 
Service, Louisiana Cooperative Extension Service and Louisiana Sea Grant College 
Program) 

Some undertakings in the control of pest and nuisance species may apply in tilapia 
control initiatives by developing Tilapia Critical Control Points (TCCP) Program. This 
TCCP program is a proactive, common sense approach to address potential impacts of 
tilapia on warm water aquaculture. This goal can be achieved for specific production 
systems by following these guidelines: 

1. Identify Critical Control Points (CCPs), that is, areas where tilapia could inadvertently 
enter production facilities. 

2. Determine appropriate measures to avoid infestation and establish monitoring 
procedures based on the identified problem areas. 

3. Formulate control actions and/or remediation in the event an infestation does occur. 

4. Establish a record keeping system to facilitate these activities. 

Identify Critical Control Points In Tilapia Aquaculture. Given the record of tilapia in 
the island of Nauru, as well as its widespread presence in most water bodies in the 
island, it may only be a matter of time in southern waters when all tilapia can be 
eliminated from the island. It would help considerably if the residents of the island are 
especially aware of these Critical Control Points (CCPs) such as (The statements were 
modified in order that it can be referred to tilapia): 

1. Contaminated surface water sources. Tilapia populations are already well established 
in the island’s bodies of water and could potentially exist longer in these areas if nothing 
will be done about it. 

2. Widespread proliferation of tilapia fry and fingerlings. This is a particular problem in 
the spread of tilapia in any place in the world. Tilapia can reproduce up to 12 times in a 
year and their larvae can be passed on to other areas in the island. 

3. Water flow from one area to another that could be a cause of infestation. 



 

Attachment D 

 
Things to Consider in the Use of Various Control Measures for Different 
Organisms 

(Source: Queensland Fisheries Service, 2003. Department of Primary Industries, 
Queensland, Australia) 

In general, the principles behind controlling/managing of pests and nuisance species 
may be considered in controlling tilapia population. It should always be borne in mind 
that the most effective way to prevent infestations of noxious organisms are to 
determine monitoring and verification procedures for the critical control points (CCP) 
and formulate preventive measures. Therefore, careful surveillance and monitoring 
coupled with a regular procedure to prevent entry into other water bodies is the 
preferred approach. The general methods of control are as follows: 
physical/mechanical, chemical and biological control; genetic engineering, and 
environmental management and cultural control. 

1. Physical control. This control method involves the use of human labor in the 
physical removal/destruction of the pests. This may involve netting or electro-fishing. 
Physical control of pests is suitable for the management of small areas but large-scale 
infestations are better managed using other methods. 

2. Chemical control. Relying solely on chemicals, such as the fish poison rotenone, as 
a means of control is not a desirable practice. When the need arises, the use of 
chemicals should form part of an integrated pest management strategy. The key is to 
use pesticides in a way that complements rather than hinders other elements in the 
strategy and which also limits negative environmental effects. It is important to 
understand the life cycle of a pest so that the chemical control can be applied when the 
pest is most vulnerable to attack — the aim is to achieve the maximum effect at 
minimum levels of pesticide so that there is minimal impact on the associated 
environment. Chemical control should be undertaken using registered products specific 
to the pest and situation. It is important that chemicals are applied at registered 
application rates and in the manner specified by the product label. 

3. Biological control. This process requires an intensive search for predators and 
pathogens (in the case of disease-bearing pests) from the native country where the pest 
originates. Strict measures are in place to ensure these agents do not affect native fish, 
plants and animals or crops and livestock. The process is long and time-consuming, but 
the benefits can be substantial. The Commonwealth Scientific and Industrial Research 
Organization (CSIRO), Department of Natural Resources and other agencies undertake 
predator and pathogen research for the control of significant pests in Queensland. 

There are three general approaches to biological pest control. The first of these is the 
importation of a biological agent. For example, the janitor fish in the Philippines was 



imported as a “biological cleaning agent” in aquaria. It made aquarium maintenance 
easier. But there are dangers with this approach because when they were accidentally 
released into bodies of water the population increased tremendously and now they are 
pest. 

The second approach to biological control is augmentation, which is the manipulation 
of existing natural enemies to increase their effectiveness. This can be achieved by 
mass production and periodic release of natural enemies of the pest, and by genetic 
enhancement of the enemies to increase their effectiveness at control. Also the release 
of genetically altered sterile pests (e.g. male fruit fly and screw worm fly) can be used to 
disrupt the breeding of some pest organisms. It is not presently known if any native fish 
are effective predators of tilapia and carp. It is thought that barramundi and mangrove 
jack in stocked impoundments may impact on tilapia numbers, and there is some 
conjecture that Australian bass may prey on carp. However, it appears that neither carp 
nor tilapia is a favored prey species and introduction of predators can lead to increased 
predation pressure on native fish. 

The third approach is conservation. This involves identifying and modifying factors that 
may limit the effectiveness of the natural enemy. In some situations, this may include 
reducing the application of pesticides, since such pesticides may kill predators at the 
same time as killing the pests. 

4. Environmental management. This involves changing the environmental conditions 
in an area in which a pest plant or animal has invaded such that pest populations are 
reduced. Environmental management may also include the re-vegetation of areas using 
a combination of native grasses, trees and shrubs. Re-vegetation of native species 
creates competition for pest plant species and provides a habitat for native animals, 
which prey upon other pest plants and animals. Pest fish seem to have a competitive 
advantage over native fish in disturbed environments, so habitat rehabilitation may 
reduce their impact. 

5. Genetic modification. Genetic modification of pest fish is a possible method of 
control. The idea is to engineer a disadvantageous trait in a pest and then release 
modified individuals into the outside world. The sterile insect release method is an 
example of this approach. The genetic engineering of organisms is controversial. Some 
people argue that toxins produced as a result of gene transfer may have harmful effects 
on beneficial organisms or on human health, while others suggest that the transferred 
gene might ‘escape’ into wild, related species of the organism, with possible ecological 
implications. 

Integrated pest management is aimed not so much at trying to eradicate pests totally, 
as this is almost always impossible, but more at keeping pests under control so that the 
extent of their damage is kept within acceptable boundaries. 

 


