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Summary 

Crocodile farming is an important activity to utilise crocodiles sustainably. 

Presently, there is few regulation to control effluent discharge from crocodile farming 

operation. However, it is necessary to undertake adequate effluent management, to be 

responsible to the concern for environmental contamination. A monitoring was 

undertaken to understand the quality of effluent from crocodile farming operations at 

Crocodylus Park. It was also undertaken to determine factors influencing the quality 

of the effluent. The monitoring activity did not proceed as expected, regardless of 

the carefully designed project. One of reasons of this was the time limit. However, 

from collected physical, nutrient, and biological data, it was found that the effluent 

from Crocodylus Park is phosphorus rich, although the nitrogen level is not 

significantly high, compared with standards. From biological data, the effluent is 

considered as generally eutrophic. Unbalance between dissolved oxygen and 

biological oxygen demand seemed to affect the nutrient cycle at the sampling sites in 

the Park. This unbalance was observed in DamB. Based on these results, continuing 

monitoring, undertaking frequent water exchange, modification of the structure of 

aeration ponds, water treatment by alkalinity control, and undertaking further 

research was recommended to improve water quality of effluent at Crocodylus Park. 
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Chapter 1 Introduction 

1.1. Introduction 

Crocodile farming is an important activity. Crocodile farms support the local 

economy through legal production of crocodile products and as tourist attractions. 

They also provide venues for wildlife research, management of wild crocodile 

species harvesting, and public education. 

There is no published record indicating the year when a primitive form of crocodile 

farming commenced7  This is because this foim of crocodile farming operation was 

traditionally undertaken at backyard ponds in tropical rural areas by local people. 

Present style of intensive crocodile farming eventually commenced in late 1960s' 

when over-hunting led to declines in wild crocodilian populations throughout the 

world (Webb & Manolis, 1989). There are three reasons why present style of 

crocodile farming operations were established. 

Firstly, it is enhancement of economic values on crocodiles as a natural resources 

(Webb & Manolis, 1989). This is achieved by marketing legal and qualified 

crocodile products and utilisation of living crocodiles as a tourist attraction 

(Conservation Commission of the Northern Territory (CONCOM), 1989; Ross, et 

al., 1989; Webb & Manolis, 1989; Letts & Standingford, 1991). Crocodile farming 

not only provides income to crocodile farmers, but also stimulates economic 

incentives of crocodile farming related business or local people. 

( 

Secondly, 0  achievement of sustainable utilisation of crocodile species as a 

natural resources (CONCOM, 1989). Over-hunting before 1970s' and1  destruction of 

habitat due to cultural development declinçd'wi1d population. This population 

decline resulted in inefficiency of trading crocodile products by,catch (Luxmoore et 

al., 1985). Controlled ranching prevents over harvesting from wild populations, 

while it allows crocodile farmers to trade bulk of qualified crocodile products by 



legal captive breeding (CONCOM, 1989; Ross, et al., 1989; Letts & Standingford, 

1991; Roberts & Keithly, 1996). Involvement of legal crocodile farms in the market 

of crocodile products reduces market price of crocodile products, and discourages 

illegal trades of crocodile products (Onions, 1985). This rational satisfies 

requirements by The Convention on International Trade in Endangered Species of 

Wild Fauna and Flora (CITES) (Ross, et al., 1989; Letts & Standingford, 1991). 

Thirdly, itis the contribution of educational opportunity to
1wide range of people2  

from academic researchers to the public (Onions, 1989; Webb & Manolis, 1989; 

Letts & Standingford, 1991). It is sometimes difficult to undertake research using 

wild animals because of; aggressive nature of the animal or inaccessibility to their 

habitats. Crocodile farms are one of ideal sites to study about the species, especially 

in biological aspects. This is because the researchers can easily obtain trained 

workers in a farm who assist data collections. The researchers can also obtain 

specimens such as eggs very easily. In fact, crocodile farms have been producing 

many significant data regarding crocodilians, including embryological aspects. 

The popularity of operating a crocodile farm has been increasing in all countries 

where are related to the habitats of crocodilians and the markets of crocodile 

products. Eventually, the number of crocodile farms in the world expanded from 152 

in 1985 to more than 600 in 1992 (Luxmoore, et al., 1985; Luxmoore, et al., 1992). 

Only in Louisiana State in USA, the number of alligator farming operation was 

increased from one in 1972 to 89 in 1995 (Luisiana State University, 1996, as cited 

by Roberts & Keathly, 1996). In Australia, the history of crocodile farming operations 

was commenced by Edward River Crocodile Farm in north Queensland established 

in 1969 (Onion, 1985). Presently more than 13 farms are operated throughout the 

country (Luxmoore et al., 1992). Among them, seven crocodile farms have been 

operated in the Northern Territory, since official registration of Crocodile Farms 

NT in 1980 (Letts & Standingford, 1991). 

Water quality management is essential in a crocodile farm. The reason 2f this is 

supported by two rationales. One is that the water quality in a crocodile pond 

influences the health of captivated animals and aesthetic of the farm. Another is 



reduction of environmental impacts which are induced by the effluent of crocodile 

farming activities. 

Presently, while considerable attention has been paid on the influent of crocodile 

ponds, little concern had been paid to the effluent (ie. any waste water to discharge or 

before discharge) from crocodile ponds until 1990s' when a constrain of the 

regulation to wastewater discharge was increased in USA (Hutton & Van 

Jaartsveldt, 1987; Reyes, et al., 1996). 

Recently, a concern of environmental impacts from effluent discharge has been 

increasing all through the world. In Australia, primary concerns from waste water 

discharge from any industry are both health issues of community, and impacts on 

the food chain in the ecosystem (Department of Primary Industry & Energy (DPIE), 

1984). To reduce environmental impacts from the discharge:1  Environmental 

Protection Authority enforces penalties to any users of water resources, in the case 

that they discharge excess volumes of waste water or breach recommended BOD 

values (DPIE, 1984). DPIE (1984) also suggested to undertake Environmental 

Impact Assessment for a waste water discharge. 

The Parliament of Commonwealth Australia (1973) considers that the water quality 

management is the responsibility of community, and it is vital to achieve sustainable 

water resources utilisation. The Parliament encourage point source polluters to 

invest in water treatment facilities. Although the range of cost incurred to the 

treatment facility varies (from 1.3 to 2.5 million dollars), this investment is essential 

when the economic loss from environmental cost to rehabilitate polluted water 

systems is considered (Parliament of Commonwealth Australia, 1973). If the waste  

water discharge induced adverse impacts to both natural environment and the society 

(ie. health problems), the compensation cost to the damage can be unpredictably 

enormous (Parliament of Commonwealth Australia, 1973). 

The Queensland Department of Environment and Heritage notifies obligation of 

fines to the public through the brochure, in the case of illegal disposal being detected. 

To avoid this type of troubles, the Department recommends employment of 
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specialist staff or full-time environmental officer to take initiatives to the waste 

water managements. Other than this, the Department is ready to conduct audits to 

assist waste managements in each industry. 

In the Northern Territory, effluent treatment and disposal are regulated under the 

Environmental Assessment Act, 1982, The Control of Water Act, 1980, and The 

Public Health Act, 1985. The Northern Territory Government approves to obligate 

to preparation of Preliminary Environmental Report (PER), related to effluent 

discharge (DPIE, 1984). Territory government is negligible to land disposal of 

effluent, since this disposal method threatens both surface water and ground water 

(DPIE, 1984). 

The possible environmental impacts induced by poorly managed effluent are 

contamination of both surface and ground water, odour emission, health problems 

on wildlife who ingest effluent, or who scavenge left-over of crocodile feeds which 

contact with the effluent, and any forms of cumulative impacts. Undertaking an 

integrated effluent management, based on the reliable scientific data, contributes to 

creation maximum benefits from the crocodile farming activity which is a part of the 

wildlife management strategies in the world. This achievement also minimise the 

risk of the operation owner from incurring environmental costs, such as land and 

wetland rehabilitation costs due to environmental contamination, and compensation 

costs for communities which suffered from poorly treated effluent and odour. 

Furthermore the achievement prevents occurrence of ironical results that a wildlife 

management practice harm other aspects of environmental management, including 

water resources management and social impacts. It is necessary that scientific 

research is undertaken on the effluent from a crocodile operation more frequently. 

This is because these data become significant references in consideration of effluent 

management in each crocodile farming operation throughout the world. Regardless 

of this, only a few data for the effluent have been published (Tropical Resources 

Management Pty.Ltd. & Resource Consulting Sevices Pty. Ltd, 1984; Reyes, et al., 

1996). 



To be responsible to the governmental policies above, it is necessary that crocodile 

farmers undertake a effluent management strategy to improve the quality of their 

effluent. In spite of this, there are reliable data to prove that the effluent from a 

crocodile farm is significantly polluted. Even, it is known what is the most suitable 

way to undertake monitoring to the quality of the effluent. 

Presently, Territory Health Service does not concern for nutrient load in the effluent, 

but does Water Resource Division of Department of Environment & Land Planning 

(Territory Health Service officer, pers. comm.; Water Resource Division officer, 

pers. comm.). There is a report that carbon, nitrogen and phosphorous are essential 

nutrients for growth of some bacteria such as Giardia (Tebbutt, 1992). Territory 

Health Department should encourage the industry to consider nutrient removal from 

effluent before discharge further more, if they concern for bacteria level in the 

effluent. 

In Northern Territory, all crocodile farmers rely on either town water or ground water 

as the source of water. There is few accessible reports which deal with any 

freshwater systems in tropical area, other than by Furnas (1992). Because of this, it is 

even unknown what is the ideal sampling method in monitoring the effluent. It is 

possible to fail to collect accurate results if a sampling method which is usually used 

in the temperate region is applied to the tropical region. This is because tropical area 

cannot be identical with temperate area in various aspects, including climatic 

regimes. It is vital to undertake some sampling trials to overcome this condition. 



1.2. Aims and objectives of the project 

1 This time, Crocodylus Park provided an ideal opportunity to undertake a study of 

their effluent. This is because they needed to assess the effectiveness of their water 

management strategy. To obtain maximum results, aims of the project were created 

at the time of the research proposal creation. However, the proposal was modified 

twice because of various reasons, since the project has not been proceeded, 

according to the proposaincluding the researcher's health problem, desiccation of 

the sampling site in HINP and miscalculation to the work load. Along with this, the 

aims of this project were also modified. The modified aims were as follow; 

. To collect factual values of the effluent from Crocodylus Park. The parameters 

to study are physico-chemical parameters, nutrient parameters, biological 

parameters. 

• To compare water qualities between ponds in the Park, between the ponds in the 

Park and natural spring water in the Holmes Jungle National Park. In addition, the 

collected data were compared with the data from billabongs of Magela Creek by 

Halt & McGregor (1982), and any water quality guidelines or standards which 

created for particular purposes in the world. 

• To investigate factors which could affect the water quality of effluent, including 

climatical status, design of the pens, feeding regime and cleaning regime. 

It is hoped that the results obtained from this projects will become a foundation of 

creating further research projects on this subject at Crocodylus Park and other 

crocodile farming operations. 

Ell 



Chapter 2. Literature Review 

2.1. Introduction 

Literature review was undertaken, related to this project. Maj or subjects in which the 

literature review was undertaken were administrative regulations and policies to the 

waste water disposal by crocodile farms, and water management practice in 

crocodile farms. In this chapter, the findings will be presented 

2.2. Administrative regulations and policies to effluent disposal by a crocodile 

farming operation 

There is few regulatory to control effluent from crocodile farms. This is because 

crocodile farms usually operate in rural area, and have no significant concern in 

environmental pollution by their discharges so far (Manolis, pers. comm.). 

Recently, USA created a regulation to the discharge from crocodile farms. However, 

the pressure of the regulation to crocodile farms is not strict enough (Roberts & 

Keithly, 1996). In USA, standards for quality of effluent are set as a strategy of 

administrative management. Examples of standards are 30mg/l for BOD, and 

3mg/l for total ammonia (Reyes, et al., 1996). 

Australia has not undertaken strict administrative controls on the crocodile farming 

industry. This is probably that there is little concern in the quality of effluent from 

crocodile farming operations. For instance, components of effluent are generally 

bio-degradable organic matter, such as urine and wasted feed, similarly to effluent 

from other aquaculture operations (Tropical Resource Management & Resource 

Consulting Services, 1988; Chen et al., 1996). At the Edward River Crocodile Farm 

with approximately 8000 animals, biological oxygen demand (BOD) level in effluent 

is up to lomg/l and the level of E.coli is 50-940 colonies/loomg sample (Tropical 

Resource Management & Resource Consulting Services, 1988). Based on this data, 
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Tropical Resource Management and Resource Consulting Services (1988) 

' determined that that effluent is harmless if it was treated by aeration ponds and 

chlorine. 

Each State has governmental policies which manage all water related operations, 

including crocodile farms. In Queensland, all aquaculture industries, especially those 

using freshwater, are responsible to undertake Environmental Impact Assessment 

(ETA) before and after the operation development (DPI Queensland Fish 

Management Authority, 1993). This responsibility is reduced to operations which use 

recirculating systems. There is little concern to environmental impacts from the use 

of recirculating systems. Nevertheless, all users for the systems should create a 

strategy to prepare for the occurrence of cumulative impacts, because there are 

findings indicating the quality of effluent from the systems is unacceptable (Easter, et 

al., 1996; Lindell, et al., 1996). In the Northern Territory, the crocodile farmers are 

recommended to construct aeration ponds to minimise adverse impacts of crocodile 

farming effluent on neighbouring lands, and destruction of aesthetics in other 

environment (Letts & Standingford, 1991). However, Water Resource Division has 

doubts on the effectiveness of aeration ponds for the removal of nutrients in the 

effluent (Water Resources Division officer, pers. comm.). 

In the Northern Territory, the licensing condition to any industry is considered, 

based on the quality and the volume of their discharges to water courses. Crocodile 

farms in Northern Territory dispose their effluent on the land or use their effluent for 

irrigation. Because of this, no crocodile farmers is required to obtain the license. 

Regardless of this, Water Resources Division in Department of Land Planning and 

Environment recommend crocodile farmers to undertake regular monitoring on 

nutrient levels and BOD in effluent and impacts on the water systems which the 

effluent possibly seeps in. (Water Resources Division officer, pers. comm.). The 

Division also requires them to consider timing of discharging (eg. before raining), 

and to seek methods of reusing water (Water Resources Division officer, pers. 

comm.). 
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2.3. Water management in Crocodile farms (practice) 

2.3.1. Design of crocodile enclosure in a crocodile 

farming operation 

Types of crocodile enclosures at a crocodile farming operation are either a lagoon or 

' a pen with a concrete floor (Vernon, 1993). Pens are used frequently for housing 

animals with range in the size in approximately less than two meters (Reyes, et al., 

1996). The reason of this is that concrete pens provide efficiency at the time of 

cleaning and at the time of catching animals, although they are expensive (Crafter, 

1986). This is also because pens reduce the damage on the belly skin, and make 

pathogen control easier (Manolis, pers. comm.). Moreover, crocodiles are 

poikilothermic (Webb & Manolis, 1989). Their metabolisms are supported by heat 

energy uptaken from external heat source. If animals cannot obtain enough heat 

energy, their metabolism rates are decreased, and reduction of growth rates results 

(Boyd, 1990). Therefore, the temperature control is important to achieve optimum 

growth of animals. Concrete pens are sometimes more efficient in temperature 

control within an enclosure. Concrete pens, especially for housing hatchlings of 

alligator, are sometimes combined with heating system to keep the both water and 

room temperature around 30 to 32°C (Webb & Manolis, 1989; Langlinais, et al., 

1996; Reyes, et al., 1996). 

2.3.2. Feeding and cleaning methods in a crocodile 

farming operation 

Both feeding and cleaning are usually in strict regimes in each crocodile farm 

(Hutton & Jaarsveldt, 1987). This is in order to minimise pollution by nitrogen rich 

effluent (Reyes, et al., 1996). This is also in order to maintain reasonable water 

quality of the crocodile ponds (Reyes, et al., 1996). 

Feed is one of essential components needed to be considered in operating a crocodile 

farm. Feed not only influences growth rates of captivated animals, but also affect 

We 



water quality management in an operation. In practice, fresh food is usually fed to 

the animals (Webb & Manolis, 1989). Preferably lean meat is chosen, because 

conversion rate of high protein diet to muscles in crocodile body is greatest. 

Frequency and amount of feeding are different, depending on the age of animals, and 

depending on the operation. Larger animals are fed less frequently, compared with 

younger animals. They are usually fed at least once a week. A mouthful of chunk 

meat is left on the land part of the enclosure to larger animals. This is useful to 

prevent meat from contacting to water. Although animals can take food to the 

water, this method minimises portions of meat scatter in the water. Younger 

animals are generally fed more than three times weekly in practice. Mince is usually 

provided to less than one year old animals. Although the meat is left on the land part, 

this increases the risk that the wasted food contacts to the water. When animals 

crawl over the food, they scatter meat on the floor in the pen. 

Pens are generally cleaned daily (Reyes, et al., 1996). At the time of clean, concrete 

floor is well flushed. If there was a necessity, the floor is scrubbed using brooms and 

detergent. Water is exchanged at the time of clean. During cleaning, a considerable 

volume of water is required. As a result, a large volume of waste water is discharged 

at the time of cleaning. For instance, at the Alagri alligator farm in Luisiaria, USA, 

5000 gallons of water is used daily (Reyes, et al., 1996). Hutton and Jaarsveldt 

(1987) recommended to undertake disinfection to control hygiene in crocodile pens 

at least once a week, other than every day cleaning. 

2.3.3. Effluent management in crocodile farms (practice) 

There is no scientific report regarding influencing factors which governs the quality 

of effluent from crocodile farming operations. However, it is estimated that 

population of housed animals, life stages of the animals, food type, and feeding 

regimes are key factors of this, as same with other aquaculture operations, 

(Eisenreich, et al., 1975). Approximately 2.6% of lean meat which is made of pork 

and chicken head is composed of nitrogen (Manolis, unpublished data). 

Approximately, 1% of the lean meat above is composed of phosphorous (Manolis, 
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unpublished data.). From this data, crocodile farmers, especially who use resembling 

diets, can estimate the amount of nutrient input to crude effluent by wasted food. 

The ingested food by animals is digested in the animal body. The excretion of 

crocodile is made by the form of urine (Grigg, 1977). In the excretion, a solution 

which is composed of ammonia, uric acid and urea, and an amorphous insoluble 

fraction exist. In the urine, the concentration of non-protein nitrogen, mentioned 

above, is 1.8 to 2.25mg/mi in the case of Crocoylus niloticus (ragg, 1961). In the 
i 

excretion of juvenile C. porosus, ammonia is contained 731 (sea water) to 

1666mg/i (freshwater), and inorganic phosphate s contained2  641.25 (freshwater) to 

940.5 mg/i (seawater) (Grigg, 1981). This might be affected by age class of animals. 

In addition to the data of nutrient composition in the urine, pH level of this is known 

from the study of C. niloticus. The crocodile urine is slightly alkaline. The pH level 

of it is eight to nine (Cragg, et al., 1961). These data provide the pass way for 

crocodile farmers to estimate nutrient input to crude effluent by excretion. For 

instance, theoitical1y, it is known that at least 555 litters of water is required to 

dilute hitter of urine satisfy the USA standard for ammonia level, 3mg/l (Reyes, et 

al., 1996), in an operation using freshwater system. Regarding the method of 

caluculation Appendix I should be refered. 

Treatment of wasted water before discharging is significant approach (The 

Parliament of Commonwealth of Australia, 1973; Department of Environment & 

Heritage, unknown year). The aim of water treatment is to modify the water quality 

to adjust the existing standard, or not to induce adverse impacts around the 

discharging area (Department of Environment & Heritage, unknown year, a). A lot 
/ Ijyt 

of water treatment methods are published. Some of them are treatment methods by 

physical property control and chemical status controls (Tebbutt, 1992). Installation of 

sophisticated technology affects to the efficiency and effectiveness of effluent 

treatment (DPIE, 1984; Tebbutt, 1992). 

The representative of physical property control method is the aeration. In this 

method, water aeration is conducted in an aeration pond by wind advection, 

artificial aerators, and so on. This condition circulates oxygen throughout the pond 

water, prevents local oxygen depletion, and maintain optimum dissolved oxygen 
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level at the time of discharge. In addition to aeration, this treatment breaks 

stratification occurred in the pond. This prevents occurrence of nuisance algal 

blooms, by circulating nutrients throughout the pond. This method also interfers 

occurrence of thermal stratification (Dragovich, et al., 1963, as cited by Avault, 

1996). An aeration pond is a popular method to treat the effluent in a crocodile farm. 

This is probably because this is a simple and inexpensive method. The effectiveness 

of the aeration pond might be affected by the design of the pond. However, there is 

no evidence to confirm either of these so far. 

The representative method of the chemical status control is the reduction of nutrient 

load in the water using both organisms (eg. nitrifying bacteria, plants) and sediment 

as a sink. In the pond system, both plants and sediment are used to remove nutrients 

(Stachowicz, et al., 1994). According to Stachowics, et al. (1994), macrophyta are 

more effective in the removal of nitrogenous nutrients, compared with microalgae. 

However, in Australia, this statement is inapplicable (Hart, 1974). If excessive 

population of any plants are observed in the treatment pond, the plants population 

needs to be controlled. In artificial systems, nitrogen in effluent is removed by 

decomposing bacteria which are either nitrifying bacteria or anaerobic bacteria. As 

an example of artificial systems, there is a septic system, in which anaerobic 

bacteria are used. Septic system is one of simple and effective method to treat 

especially organic rich effluent. Basic process undertaken in a septic system is 

described by Septic protector (1998) (Figure 1). In the first phase of septic system, 

large solids are separated from solution in a holding tank. In the second phase, the 

organic matters, including pathogenic organisms, are decomposed by anaerobic 

bacteria. In the third phase, the solution is transferred into the drainfield where treat 

water percolated into the soil. Some of the solution are uptaken by plants, and the 

other reaches the ground water. However, a septic system is inefficient in removal 

of nitrate (North Carolina Cooperative Extension Service (NCCES), 1996). 

Furthermore, the system suites more to use in an and area (NCCES, 1996),Input of 

disinfectant or pesticide in the septic system not only contaminates ground water, but 

also kills decomposing bacteria in the system, and reduces efficiency in nutrient 

removal (NCCES, 1996). 
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Figure 1. Basic stcnire of a tica1 septic system / 
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In crocodile farm, the nutrient removal systems, mentioned above, seldom utilised. 

Although a pond system with sediment is used in the captivation pond or an aeration 

pond, use of this system in any aquaculture, operations doesn't use this system to 

aim nutrient removal. Rather, the industry pay more attention on the capability of a 

recirculating system. 

Reyes, et al. (1996) indicated high effectiveness of a recirculating system in 

removal of nitrogen load in the effluent from crocodile ponds, compared with the 

conventional open systems. The recirculating system, composed of two100fi3  paddle 

washed bead filter for both the solid removal and the biofilter, reduced total 

ammonia concentration in the effluent to less than lOmgll, while open systems 

recorded total ammonia concentration up to 113.4mg /1. A problem of his finding is 

that the data originated in the condition of pellet feeding to animals which is 

peculiar in crocodile farming operations in the world. It is not clarified that those 

finding could be applied to all operations. Presently, a recirculating aquaculture 

system is seldom used in crocodile farming operations. This is because the system 

requires higher capital investment to the operators (Roberts & Keithly, 1996). 

Crocodile farming industries have been successfully operated without particular 

operational trouble using the open systems so far, and have no incentives to utilise 

the systems in their operations (Roberts & Keithly, 1996). This is also because 

installation of the system would require additional capital investment. However, 

research on installation of recirculating systems at a crocodile farm has been 

proceeded, especially in USA. This is because crocodile farmers are responsible to 
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obey the waste water discharge regulations (Reyes, et al., 1996). Recirculating 

systems is considered one of alternatives1  the crocodile industry can utilise to 

minimise point discharges. This is because the systems greatly reduces the volume 

of waste water discharge,'by reusing more than 80 % of water in the culture tanks 

(Chen et al., 1996). This is also because crocodile farmers need to prepare for skin 

quality declining or environmental cost increase due to using present open systems. 

If it was found that the recirculating system guarantees stable profits to the farmers, 

other than satisfying environmental regulation, the installation of the system in 

crocodile farms can be accelerated in the future (Roberts & Keithly, 1996). 

As a whole, effluent management in crocodile farming operations have not been 

proceeded as in other aquaculture industries which more strict regulations to waste 

water discharges have been implemented since 1974 (Clonts & Cerezo, 1996). 

Further consideration on this subject is required in the future (Linde!!, et al., 1996). 
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Chapter 3. Methods and materials 

3.1 Introduction 

Designing sampling method is important in an environmental study. Inadequately 

prepared sampling method could lead to inaccurate results. In a worse case, the 

researcher results in committing error II, which means that the researcher judges as 

there is no impact due to his/her inaccurate data when there is an impact in true 

world. If this was happened, irrelevant management strategy was created, and 

threaten various aspect of environment. 

To obtain reliable data in maximum, the sampling method and analysis method was 
•: ( 

chosen carefully in this project. Methods of water sampling was designed 

stepwisely, to achieve the aims in maximum. The steps taken were; firstly, 

parameter determination; secondly, determination of optimum replication number; 

thirdly, determination of the number of sampling spotsin each site; fourthly, 

determination of sampling sites; then; determination of frequency and timing of 

sampling. 

Although the sampling method was designed carefully, it was still unknown whether 

it was truly effective method. This is because there was no scientific report to 

compare, as mentioned above. Other than constrain of this, there was difficulty in 

estimating the balance between time limit and work load. Because of this, the 

proposed method had to be modified twice. In this chapter, the methodology and 

materials used in this project will be described. 
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3.2. Description of the study site 

Crocodylus Park was chosen as the monitoring site for this project. This is because 

this operation was proximity in university. This is also because the operation was 

familiar to the researcher and could ask the assist for the sampling activity in the 

Park. In this section, the profile of Crocodylus Park will be described. 

3.2.1. Background of Crocodylus Park 

Crocodylus Park which was established in 1994 is located in Berrimah, in the 

Northern Territory, Australia (139.20", 12.40") (Plate 1). The climatic condition of 

this area is monsoonal, thus, seasonality shifts between dry and wet each year 

(Furnas, 1992). This operation presently held the saltwater crocodile (Crocodylus 

porosus), the freshwater crocodile (C. John stonii), the American alligator (Alligator 

missisippiensis). Crocodile farming section is separated from the area where other 

vertebrates are housed. Effluent treatment from the crocodile farming section is 

undertaken independently from the effluent from the rest of the section of the park. 

3.2.2. Structure of Crocodylus Park 

The crocodile farming section in Crocodylus Park is presently comprised of a lake 

with subadults (Plate 2), 20 breeding pens (Plate 3a and b), two ponds with the 

freshwater crocodiles (Plate 4) and the American alligators each, raising pens (Plate 

5 a and b), and hatchery (Plate 6a,b and 7) (Figure 2). Water retaining capacity of 

each enclosure above, excluding two ponds, is 720k1 for the lake, 275k1 for the 

breeding pens, and 72k1 for the raising pens (Manolis, unpublished data). Presently, 

155k1 of water is used in the hatchery weekly, including water used for cleaning 

(Ottway, pers. comm.). While a recirculating system is used for breeding pens, the 

open system is used for the rest of the enclosures. 
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Figure 2. The map of Crocodylus Park and sampling sites. 

16 

n7 Ii 

I 
I I 

I t t 
bc xr0 

OI. I 
1•  

I 
I 

lake 
B.ctchr'J 

(I  

9t&t r' 



3.2.3. Feeding regimes 

The feeding regimes at the Park vary, depending on the season, age of the animals, 

and related to the water management. Either chicken or feral animals, especially 

mammals, is fed to the animals within the park. Fish is occasionally provided to the 

freshwater crocodiles. Recently, kangaroo back bones are preferably used, because 

they are not only economical but also provide the animals high quality protein and 

calcium. In the lake, 15kg of kangaroo back bone is fed to the animals daily. In the 

raising pen, 270kg of either chicken heads or kangaroo meat is fed to the animals 

once a week. Kangaroo back bones are generally fed to breeders. Mixture of 

minced red meat (75%) and chicken heads (25%) which is mixed with powdered 

calcium (2%) and vitamin (1%) is fed to hatchlings. The hatchlings were fed in the 

late afternoon until late 1997, however, presently, hatchlings smaller than 0.6m 

length are fed Monday to Friday each week, and animals with size range of 0.6 to 

1 .4m are fed Tuesday and Friday (Ottway, pers. comm.). 605kg of minced meat are 

used in hatchery every week (Ottway, pers. comm.). 

3.2.4. Cleaning methods at Crocodylus Park 

The cleaning regimes are considerably constant at the Park. The raising pens are 

cleaned every morning using a quarterly ammonified chemical. Water in the raising 

pens and two ponds for 'freshies' and the alligators are changed once every four 

days (Bar-Lev. pers. comm.). Water in the breeding pens and the lake is changed 

once or twice every year (Bar-Lev, pers. comm.). In the past, the hatchery was 

cleaned the following morning of every feeding occasion (Ottway, pers. comm.). 

However, the hatchery is presently cleaned three hours after of feeding (Ottway, pers. 

comm.). The hatchery pens are sterilised by 800m1 of 35% formaldehyde at the time 

of cleaning (Ottway, pers. comm.). 

3.2.5. Water management at Crocodylus Park 

A water management strategy originally created by Crocodylus Park included 

setting a conventional septic system to treat the effluent from the hatchery and 
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separating disposal of solid waste from the waste water. This is to minimise health 

risks of captivated animals and to reduce any adverse environmental impacts from 

poorly managed effluent. 

Presently, several new strategies are undertaken for both water in enclosures and the 

effluent. Strategies include concreting the bottom of crocodile pens and the lake to 

prevent seepage of eutrophic water into underground, planting palm trees around the 

ponds to prepare overflow of effluent during wet season, and use of aeration ponds to 

treat effluent from the hatchery. Chemical treatments with copper sulfate or chlorine, 

are undertaken in all enclosures when it is necessary. This treatment aims to keep 

optimum water quality in enclosure, to control excessive algal growth, and to 

decrease bacteria level in the effluent. However, no quantified data exist to prove the 

effectiveness of these strategies. It is essential to establish standard methods to 

examine the water quality of water within the pens and the lake and the aeration 

pond. 

Algal blooms are frequently observed in both aeration ponds and crocodile ponds. 

Algae themselves play an important role in removal of nutrients in the water. 

However, these blooms may reduce aesthetic value of the Park. The blooms also 

reduce the treatment capability of aeration ponds, since organic load is increased 

when large volume of dead algal cells produced in the pond. This will lead to larger 

oxygen consumption by decomposers also reduce. Dissoloved oxygen (DO) level 

would be proceeded further more, since the population reduction in primary 

producers decreases oxygen input from the photosynthetic activity (Boyd, 1990). 

This arises the concern of unbalance between BOD and DO level in the effluent. 

Disposal of all waste water from Crocodylus Park is made by a method, called land 

disposal (Department of Primary Industry & Energy, 1991). in which waste water is 

discharged onto the surface of the soil. In the case of the Park, water is discharged 

onto the slope where is close to east end of the property. The disposal area is 

heavily vegetated by tall weeds and native tall plants, including Eucalyptus (ie. 

buffer zone). The disposed water run off over the surface of the slope. There is no 

scientific data which demonstrate the hydrology of the disposed water. However, 
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considerable amount seems to be evapotranspirated and be filtrated into the soil, 

although it is observed that small amount of water reaches the foot of the slope 

where is the passway of vehicles and bare soil is exposed. No study has been 

undertaken, regarding the impact of the effluent on Palm Creek, which is the nearest 

natural water system from the water disposal site. Although there is no concern in 

contamination of groundwater, both biological oxygen level (BOD) and bacteria 

level controls are requested by Territory Health Service (Manolis, unpublished data; 

Territory Health Service officer, pers. comm.). 

3.3. Determination of sampling method 

3.3.1. Determination of water quality parameter to 

monitor 

The parameters to monitor the physical , chemical and biological characteristics 

were determined. They are temperature, pH, DO, BOD, concentrations of nitrate, 

nitrite, total ammonia, total dissolved nitrogen (TDN), total phosphorous (TP), and 

TDN:TP in the solution, chlorophyll 'a' 'b' and 'c' concentrations and algal taxa 

existing in the samples. Among them, DO measurement were undertaken only in 

1998. Algal taxa identification was undertaken after the sampling on 5th January, 

1998. No measurement on the nutrient parameters and chlorophyll was undertaken 

on 5th and 22nd January, 1998. 

3.3.2. Replication number determination 

Replication number in each sampling spot was determined. In the process of the 

determination, a test sampling was undertaken at the lake within the Park on 19th 

February, 1997. Ten measurements each were made on pH, temperature and DO, 

using a multi-probe (Horiba, water quality checker U-b). The values of each 

parameter were collected from the samples taken in a bucket, to avoid equipment 

damage due to 'crocodile attack'. 
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Grand standard errors of data were calculated in each parameter collected. The 

result of the calculation was plotted on line graphs, by taking sampling number for x 

axis, and taking the standard error for y axis. The point on the graph line where the 

standard error was minimum was assumed as the optimum sampling number which 

minimise the degree of the standard error. According to the x axis, the sample size 

was determined. 

3.3.3. The number of sampling spot determination 

The spacial homogeneity of the water quality in a crocodile pond was tested, to 

determine the number of sampling spots to be studied in each sampling site. In this 

exercise, the lake was used. This is because the lake has the largest surface area 

among all sampling sites within the Park, and it is expected that the lake exhibits 

heterogenous property in the water body. If the test showed that the water body of 

the lake was homogenous, it could be assumed that the water bodies of smaller 

ponds are also homogenised. On 28th February, 1997, five spots were randomly 

determined in the lake. The five spots were in front of the KIOSK, under the foot 

bridge, the next of the jumping crocodile pond, and both the surface layer and the 

bottom layer of the deepest point in the lake (Figure 2). Samples were collected 

using a bucket from these spots, according to the replication number determined 

above. pH, temperature and DO of the waters were measured, using the Horiba 

multi-probe. The homogeneity of data from each spot was tested by Fmax test. 

Following to this, the means of values from each spot were compared by one- way 

ANOVA. Related to ANOVA test, null-hypothesis was established as followed; 

H0 : Water quality in the lake is homogenised. 

Ha: Water quality in the lake is significantly different, depending on the area. 

Tukey test was followed, to find the spots, the means of which were significantly 

different. This test was also made to find the 'q value' which shows the relevant 

number of sampling spot in the lake to overcome the error, caused by the 

heterogeneity of the lake water. The test was undertaken only on the data of 

temperature. 
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Sampling sites in the Park were selected, based on the design of the drainage at the 

Crocodylus Park and the information obtained from a site inspection. The sites were 

also selected by considering the replication number determined above, the number of 

sampling spot and importance of enclosures for discharging (eg. animals population 

in the enclosure). This was to balance out the time limit and work load of the 

researcher. As the result, the selected sites were the lake, the raising pen, the hatchery 

A, the hatchery C and the aeration ponds A (Plate 8 and 9) and C . A spring in the 

Holmes Jungle National Park, which is on the walking track, was chosen as the site 

to collect a control. This site was chosen due to proximity in both the Park and 

university. 

This decision was modified in January, 1998. During the monitoring in 1998, 

measurements were undertaken in three aeration ponds for the hatchery (DamA, 

DamB (Plate 10) and DamC). 

The sampling method established in the study of the lake was applied to all sampling 

sites. A sampling size were chosen from the graph in the previous section, referring 

the determined numbers of sampling sites and spots, to coordinate with the 

availability of the equipment and the work load. 

3.3.4. Determination in frequency and timing of sampling 

Ideally, samples are taken as frequently as possible within two year periods. Due to 

the constraint of the Graduate Diploma Program, it was originally decided to 

undertake monthly from March, 1997 to August, 1998 to represent the end of wet 

season. However, this decision was modified when the process of the project was 

interfered. The measurement was recommenced in January, 1998, and continued in 

March and April, 1998. 

Based on the number of months, the number of sites and the number of sampling 

spots in each site determined above, the frequency of sampling in each month and the 

sampling size in each sampling occasion were determined. It was decided that 
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timing of the sampling was a day in the middle of month and one week after of the 

first sampling. On the day of sampling, the activity was commenced approximately 

9:00a.m., and all sampling activity was accomplished by noon. In each occasion of 

sampling, two sampling spots in each site were randomly selected in March, 1997 

(ie. four sites were selected in each site in this month). These spots were coded as 

shown in table 1, to be useful in the data process by computer. Samples were 

duplicated in each spot. It was decided that two spots among spots determined in the 

March were randomly chosen in each sampling occasion, of following month. 

This decision was modified in January, 1998. In this month, three spots were 

randomly chosen in each sampling sites. The replication number was also modified 

from two to three. This was remodified to the previous style during the sampling 

between March and April, 1998, although the sampling spots were chosen randomly. 

As a result of frequent method modification, the sampling was ended up 

inconsistency. The summery of sampling regime in this project is shown in table 2. 

Table I. The list of codes to sampling spots. 

Lake 11 DamA 501 1 

Ra se 12 
2 13 
3 14 

4T  15 

HatchC 3 1 16 
DamB 

H _ 

4 1 15 HatchA 1 
2 DamC [1 
3 2 

.- 

HJNP 5  JM if 3 I 13 
41  14 

15 
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Table 2. The sampling regimes used during monitoring. 

Date of Sampling Sampling site [No. of spots in each site Replication JMeasured parameters 

19/03/97 HJNF 2 2 Temperature 
Lake pH  

Raising pen BOD  

26/03/97 Hatchery A 2 2 Total ammonia 
Hatchery C  Nitrite 
DamA  Nitrate  

22/04/97 DamC 2 2 Total phosphorous 
Chlorophyfl  

05/01/98 DamA 3 3 Temperature  

DamB pH  

DamC DO  

22/01/98  3 3 BOD  

Total ammonia 
Nitrite 

28/01/98  3 2 Nitrate  

Total phosphorous 
Chlorophyfl  

16/03/98  2 2 Algaltaxa  

23/03/98  2 2  

14/04/98  2 2  

20/04/98  2 2  
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3.4. The method of data collection 

In the sampling, water was collected from the each spot by a bucket. The data for 

temperature, pH and DO were collected from the samples in the bucket, using the 

Horiba multi-probe. Sub-samples were taken into the water bottles from samples in 

the bucket. The water bottles were stored in the ice as soon as possible. 

The collected samples were processed within a day (figure 3). In this, 40m1 of aliquot 

in each water bottle was centrifuged to separate particulate matters from the liquid. 

The liquid portions were used for the nutrient analysis. The centrifuged pellets from 

10 ml of aliquot were used for Chlorophyll analysis. The standard 

spectrophotometric methods were used in the analysis of chlorophylls and nutrient 

analysis. 

Figure 3. Allocation of sample water for nutrient and chlorophyll 
measurements. 

I500ml of water sample 

A 
I300m1 I 

A 
V 140m1 in four test tubes 

BOD analysis Centrifuged (3000rpt. 5mm.) 

jSupernatant I 
V 

Nitrite, nitrate, ammonia 
total phosphorous analysis 

AIL 
JA  pellet from lOmi aliquot 

V 
Chlorophyll 'a' 'b' c 
measurment 
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In chlorophyll analysis, 100% acetone was used for the extraction of photosynthetic 

pigments. After placing in a dark room overnight, the chlorophyll concentration in 

the extraction was measured at 630nm, 647nm, 664nm and 750nm (for turbidity). 

The concentration of each chlorophyll pigment was estimated by the formula as 

below; 

Chlorophyll 'a' 11.85 E664 - 1.54 E647 -0.08 E630 

Chlorophyll 'b' = 21.03 E647 - 5.43 E664 - 2.66 E630 

Chlorophyll 'c' = 24.42 E630 - 1.67 E664 - 7.60 E647 

In the nitrite analysis, lml of reagent, GI and Gil each were added to the 3m1 of 

( solution made by three times dilution of liquid, to develop pink colQured azo. The 

concentration of azo was measured at 540nm. The concentration of nitrite in the 

aliquot was estimated from the standard curve, and dilution values. 
f I 

rç/t 

In nitrate measurement, after ten times dilution of lml liquid, a nitratest tables and 

approximately lg of nitratest powder (by Palintest Ltd.) was added to the solution 

and mixed them thoroughly. This was made to reduce nitrate in the solution to nitrite. 

After the particuated matters settled in the bottom on screw caps, imi reagents each 

above was added to the 3m1 of supernatant. After measuring the concentration of 

azo at 540nm, the concentration of nitrite in the aliquot was estimated using the 

standard curve and dilution level. The concentration of nitrate was determined by 

subtracting the values of nitrite analysis above from the values collected in this 

process. 
fl 

In total ammonia measurement, phenol-nitro prusside and alkaline hypochioride 

were used as the reagents. lml of these reagents each was added to the 10.5m1 of 

solution made by diluting the liquid 4.2 times. The solution with reagents were 

placed in a water bath which is set at 25°C for a hour. When blue coloured particles 

were developed, the concentration of the colour was measured at 635nn3. The 

concentration of total ammonia was estimated using the standard curve and dilution. 
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In phosphorous measurement, the liquid was diluted to five times. The diluted liquid 

was digested by autoclaving for 15 minutes at 120°C, after addition of a digestion 

reagent containing 3.6N sulphuric acid and potassium persuiphate (K2S208). The 

reagent containing 1-12-Antimony, molybdate and ascorbic acid was added to the 

digested solution. After blue colour development, the concentration of colour 

particles was measured at 880nm. The concentration of total phosphorous was 

estimated by the formula, shown below; 

Abs882 nm x (1i P x 1000m1)/ (0.021 Abs units x Aliquot ml) 

TDN were collected by summing the values of nitrate and nitrite and total ammonia. 

TDN:TP was calculated by dividing the values of total dissolved nitrogen by the 

values of total phosphorous. 

For BOD, aliquot was well aerated in the water bottle, after the water temperature 

of the sample became same as the room temperature. 300m1 BOD bottles were 

filled with the water sample and the concentration of DO was measured immediately 

by Hatch portable dissolved oxygen meter, model 16046. The bottles were capped 

without trapping any air bubbles. The BOD bottles were left in darkness for five 

days. On the fifth day, the BOD bottles were opened, and DO level was measured. 

By subtracting the values of 5th days from the values of 1St day, BOD was 

estimated. 

On 22nd April, 1997, a test was undertaken independently from BOD data 

\ '4 
collection. This was to examine the effectiveness of general BOD measurment. In 

this, the DO levels in the BOD bottles were measured daily. Mean of daily oxygen 

consumption in each sampling site was calculated. The values were plotted on 

graphs. The result of this test was not used to modify the data collected by general 

method. 

In the procedure of the microalgal taxa identification, 0.1ml of lugol solution was 

added in each 1 OmI of sample waters from each sampling spot. The samples were 

stored in the cold room for only two days. Identification of algal taxa was made with 
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the level of genera. Keys by Belliger (1992) and Ling and Tyler (1973) were 

referred in determination of the algal genera. Score was created as in the table 3 to 

describe the importance of each genus in the sample qualitatively. This is because of 

overcoming imbalance derived from inconsistency in the algal cell size and algal 

cell numbers of each taxa. A drop of sample water was examined under the light 

microscope and the electron microscope. After identification of genera detected in 

the water drop, score was given to each genera, based on their coverage in the view 

of microscope. Replications were made four times. 

Table 3. Scores which was set to indicate 
abandance of each algal genus in the algal 
communities 

Dominance 10 
Abundant 9 
Rich 7 
Pretty 5 
Few 4 
Fewer 3 
Others 1 
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3.5. Other information collected 

Other than data of water quality parameters, climatic information during monitoring 

was obtained from Bureau of Meteorology. The vegetation structures around the 

sampling sites and shade coverage over the sampling sites were observed. 
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3.6. Methods of analysis 

Collected water quality data were processed and analysed statistically, using a 

sofiware package, STATISTICA. The techniques used were four-way MANOVA, 

descriptive analysis and correlation. 

MANOVA analysis were undertaken to examine the influencing factors to the 

collected values. Before undertaking MANOVA, data were grouped into two. One 

was data from March and April in both 1997 and 1998, which were randomly chosen 

to overcome the inconsistency of the number of data collected. The other was data 

from 1998, which were also randomly chosen. The analysis was made in each group. 

In the first group, year, month, site and spots were chosen as the influencing factors. 

The parameters tested were pH, nitrite, total phosphorous, and the ratio of TDN and 

TP. In the second group, month, date, site and spot were chosen as the influencing 

factors. The parameters tested were temperature, pH and DO. Null-hypothesis was 

created as below; 

Ho: Four factors above have no influence on the water quality. Neither, 

these factors were not interacting to the water quality. 

Ha: Four factors above have significant influence on the water quality. 

These factors were also interacting to the water quality. 

The test was undertaken with the confidential level of p<0.05. 

In descriptive analysis, means and standard deviations of data from each sampling 

date and site were obtained to compared the values with data of control, data 

collected from other natural water systems or standards. Mean values were plotted on 

graphs. Regarding microalgal data, species richness were obtained by counting the 

number of genera identified in each sampling spots. This was made to use the result 

in the following correlation tests. 
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Correlation tests were undertaken to examine the correlation of water quality 

parameters, and the correlation of parameters to sampling dates and sites. In the 

correlation test, data were splitd into 97Lake, 97Raise, 97HatchC, 97HatchA, 

97HJNP, 97DamA, 97DamC, 98DamA, 98DamB and 98DamC, according to the 

result of MANOVA. Pearson's correlation coefficiency was used in the tests, other 

than correlation test for microalgal data. Related to the correlation tests, created two 

sets of null-hypothesis were as below; 

Ho : Water quality parameters were not correlated each other. 

Ha: Water quality parameters were significantly correlated each other. 

Ho : Water quality parameters were not correlated with either dates of 

sampling or sampling sites. 

Ha: Water quality parameters were significantly correlated with dates of 

sampling and sampling sites each. 

Correlations of microalgal data to the sampling dates, sites and scores were 

examined, using Spearman's Rank test, since these data were non-parametric. In 

addition, correlations of species richness with sampling dates and site, and 

correlations of each microalgal divisions were examined by Spearman's Rank test. 

Null-hypothesis established was as below; 

Ho : Microalgal data have no correlation to the date of sampling, the 

sampling sites, and microalgal taxa occurred. 

Ha : Microalgal data have significant correlations to the date of sampling, 

the sampling sites, and microalgal taxa occurred. 

In all correlation test, p<0.05 was used as the confidential level of the decision. 
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Chapter 4. Results 

4.1. Establishing sampling method 

4.1.1. Determination of replication number in each 

sampling spot 

The result of the relationship between grand sampling sizes and their standard errors to 

the mean values is shown in the figure 4. 

Regarding pH measurements, the change of standard error values decreased when the 

sampling size was more than four (Figure 4a). The standard error to the mean remained 

constant when the sampling size was larger than five (SE=0.0783). For temperature, 

the change of standard error was diminished when the sample size became larger than 

three (SE=0.2097) (Figure 4b). The minimum degree of standard error resulted when 

the sampling size became larger than eight (SE=0. 1117). Compared with the results of 

two parameters above, degree of standard error was fluctuated in DO (Figure 4c). This 

is because dissolved oxygen level in water was less stable compared with the others 

during measurement. The fluctuation of standard error was ceased after the sampling 

size became larger than two (SE=0.0 100). Among the results of testing, the minimum 

standard error was obtained when the sampling size was ten (SE=0.0245).  However, the 

slope of the graph line seems to continue to be lower, if the tests were undertaken to 

larger sampling sizes. When the sampling size was between four and six, the change in 

the standard error was minimum (SE0.0450 to SE=0.0402). Based on the results 

above, four was chosen as sampling size. 
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Figure 4. The change of standard error along with the increase of 

sampling size. 
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4.1.2. Number of sampling site determination 

Values of pH, temperature and DO collected from each sampling spot were tested by 
Fmax test to determine their homogenity. For temperature, test result was 9.86 (Fmax 

a5,df=3507' p<0.05) . For pH, the test result was 13.33 (Fmax a=5,df=3 507' P<005) 
For DO, the test result was 1.40 (Fmax crit. a=5, df=3=202' p<0.05). Therefore, it was 
decided collected values from the all sampling spots were homogenised in three 

parameters. 

The results of one-way ANOVA tests, which followed to Fmax test were F=13.20 in 
temperature, F=135.83 in pH (Fcrjt  45-3.056, P<0.05) and F=16.96 in DO 4,10=  

3.48, p<0.05). Therefore, H0  was rejected, and Ha accepted. 

The results of Tukey test, followed to one-way ANOVA, were compared with the 
critical value of 0.42. As the result, it was found that; Bottom water (Mean=29.5) was 
significantly different from Surface water (Ttest=0.60), Bridge (Ttest=0.80) and KIOSK 

(T11=1.10); Jumping crocodile (Mean=29.8) was significantly different from KIOSK 

(Ttest 0.8) and Bridge (Ttest 0.50); Surface water was significantly different from 

KIOSK(Ttest 0.50) (T.=0.42). The number of sampling site was determined from the 
table of distribution (q), using the value of degree of freedom for SSbeeefl  (4) and 

SS thI  (15) . As the result, four was determined (q.4.15  =4.37) as the number of 
sampling spots in each sampling site. 

4.2. Results of water quality measurement 

4.2.1. Four-way MANOVA 

4.2.1.1. Comparison of data from March and April, in between 1997 and 1998 

The result of the test is shown in the table 4. In this, it is found that the data from both 
years were significantly affected by each factor which were set and interactions of these 
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Table 4. The result of MANOVA tests. 

Year Month Site Spot Year-Month Year-Site Month-Site Year-Month-Site Year-Site-Spot Month-Site-Spot Year-Month-Site-Spot 

pH F(1 ,16)=31.42 F(1,16)476.04 F(1 ,16)6.34 F(1,16)5.44 F(1,16)2546 F(1 ,16)152.35 F(1 ,16)27.02 F(1 ,16)=20.89 F(1 ,16)=5.28 F(1,16)=15.68 F(1,16)=6.95 

NO2 F(1,8)36.44 F(1,8)=17.58 F(1,8)=17.58 F(1,8)=131.64 F(1,8)=59.21 F(1,8)=71.10 F(1,8)=6.90  

TDN:TP F(1,8)5.51 F(1,8)7.56 F(8,16)r4.25 F(1,8)=6.12 F(1,8)=8.17 
 

TP 
- F(1,8)5.95 F(1,8)24.04 F(8,16)=6.72 F(1,8)r23.95 F(1,8)9.64 F(1,8)=27.51 

- 



factors, although the type of their influences were unique in each parameters. In the case 

of pH, the data was significantly affected by "year of sampling" (F (1,16)= 31.42), 

"month" (F (1,16)= 476.04), "sampling site" (F (1,16) 6.34), and "spot" (F (1,16)= 

5.44), respectively. Furthermore, the data were influenced by the interaction between 

"year" and "month" (F (1, 1 6)= 25.46), between "year" and "site" (F (1,16)= 152.65), 

between "month" and "site" (F (1,16)= 27.02), among "year", "month" and "site" (F 

(1,16)= 20.89), among "year", "site" and "spot" (F (1,16)= 5.28), and among "month", 

"site" and "spot" (F (1,16)= 15.68) . The data of pH were influenced by interaction of 

all factors (F (1,16)= 6.95). 

4.2.1.2. Comparison of data between each sampling months in 1998 

The data obtained from 1998 were influenced by a few factors. In the case of 

temperature, the values were significantly influenced by "sampling spot" (F 

(2,6)=44.41), and the interaction between "month" and "sampling site" (F 

(12,36)=8.69). In the case of pH and DO, the values were significantly affected by 

"sampling site" (F (6,36)=8.65); F (6,36)7.04), and the interaction between "month" 

and "site" (F (12,36)=8.56; F (12,36)=5.45). In this test, it was found that the values 

collected in 1998 were influenced by sampling site more than sampling date. 

4.2.2. Description of data for water quality parameters 

and microalgal taxa identification 

4.2.2.1. Water temnerature 

Water temperature of the sampling sites was significantly correlated to the date of 

sampling (or seasonality) in 1997 and 1998(7 -0.4561, n=72, p<0.05; y=0.2691, n=120, 

p<0.05). The temperature was also correlated to the sampling sites in the both year (y= 

0.5091, n=72, p<0.05; y0.3 147, n=120, p<O.OS). Mean values in each site are shown in 

figure 5. 

In all sites, water temperatures were highest in March of both 1997 and 1998. In all 

aeration ponds, the lowest temperature values were observed on 28th January, 1998. 
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Temperatures in the lake and the raising pen were lower than the rest of the observation 
sites. The temperature for DamC was usually higher than that for DaniA. The values for 
DamB were intermediate of DamA and DamC. The temperatures for hatcheries were 
almost same with those for aeration ponds. For HJNP, the values of mean temperature 

were 30.65±0.19°C (n=4) on 19th March, 1997 and 27.05±0.06°C (n=4) on 26th 

March, 1997. 

4.2.2.2. pH 

pH was correlated to dates of sampling in the both years. (y= 0.8849, n=72, p<0.05;  y= 
-0.3984, n=120, p<O.OS).  pH was also correlated to sampling sites in these year (y= 

0.2946, n=72, p<0.05; y  -0.1896, n=120, p<0.05). Mean values in each site are shown 

in figure 6. 

Large fluctuation were observed on the values of pH during observation. In 1997, the 
lowest value was observed in March was only in DamC. However, in March, 1998, the 
lowest values were observed in all aeration ponds. In DamA, the highest value was 
observed on 20th April, 1998, while the highest values were observed on 5th January, 
1998, in DamB and C. In 1997, DamA showed a similar trend with crocodile ponds and 
HJNP. In this, the pH values kept increased toward 22nd April. In DamC, the values 

was largely fluctuated, although the highest value was observed on 22nd April. In 1997, 

the pH values were generally higher at the aeration ponds than at crocodile ponds. For 

HJNP, the values of mean pH were 6.30±0.03 (n=4) on 19th March, 1997 to 

7.25±.0.02 (n=4) on 26th March, 1997. 
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Figure 5. Mean temperature on each sampling date 
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Figure 6. Mean pH on each sampling date 
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4.2.2.3. DO 

The data of DO were correlated to neither dates of sampling nor sampling sites. Mean 

values in each site are shown in figure 7. 

The values of DO also fluctuated largely. However, in all aeration ponds exhibited 

resembling trend, regardless of the results of correlation test. For DamA, the highest 

values were observed on 20th April, 1998. For DamB and C, the highest values were 

observed on 16th March, 1998. On the same day, DO level also increased largely at 

DamA. 

4. 24 ROT) 

BOD values had a correlation to dates of sampling in 1997 and 1998 ()= 0.3013, n=72, 

p<0.05;  y=0.4544, n=66, p<0.05). However, the correlation to the sampling sites had 

only in 1997 (y0.4243, n=72, p<0.05). Mean values in each site are shown in figure 8. 

The lowest values were observed on 28th January in all aeration ponds. The BOD 

values kept increasing in DamA and C toward April in 1997. In 1997, hatcheries 

showed resembling trends with the aeration ponds. On the other hand, the lake and the 

raising pen showed opposite trend. In this, the values at these sites decreased toward 

April. The values in these sites were fluctuated largely in 1998. Both the highest values 

and the lowest values were observed in March during 1998. This trend was also 

observed in DamB. 

Although higher BOD level tended to be obtained at lagoon type sites, such as the lake, 

aeration pond, the raising pen exhibited considerably high values. BOD values were 

higher in DamC than in DamA, excluding in April, 1998. DamB exhibited the lowest 

values among three aeration ponds. The BOD levels at hatcheries were lower than other 

observation sites in the Park. For HJNP, the values of mean BOD were 0.05±0.06mg/l 

(n=4) on 19th March, 1997 and 0.08±.0.10mg/l (n=4) on 26th March, 1997. 
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Figure 7. Mean DO on each sampling date 
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Mean daily oxygen consumption in each site was presented in figure 9. In this, daily 

oxygen consumption was not consistent, although similarity was observed in the lake 

and DamA. In the lake and DamA, maximum oxygen consumption's were occuned in 

the first day of measuring. At this stage, oxygen in the BOD bottles were almost 

depleted. In raising pens and farm dam C, maximum oxygen consumption's were 

occurring in the 4th day and the second day, respectively. The maximum amount of 

consumption in raising pens was 1 .73mg!l, and that in farm dam C was (7.15mg/1). In 

farm dam C, oxygen was almost depleted by the third day of measurement. 
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Figure 9. Mean daily oxygen consumptions in the lake, the raising 
pen , DamA and DamC. 
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4.2.2.5. Total ammonia (TNIH3  

TN}I3  had a significant correlation to dates of sampling in 1997 and 1998 (y=  -0.3531, 

n=72, p<0.05;  y=0.5637, n=66, p<0.05), although the significant correlation to 

sampling site occurred in only 1997 ('y= -0.3 161, n=72, p<0.05). Mean values in each 

site are shown in figure 10. 

In all sites, the values were fluctuated in 1997, however, they were stable in 1998. In 

DamA and C, the values were lower in 1998 than in 1997. The decreasing trend toward 

April in 1997 at DamA was same with the trends observed in the hatcheries. In DamC, 

the values were increased toward April in 1998, although the values were decreased 

toward April in 1997. This trend in 1998 was also observed in DaniB. 

The raising pen exhibited the highest values among all sites. Hatchery A and the lake 

followed to them. In the raising pen, the highest values were observed on 26th March, 

1997. In the lake, a large fluctuation was observed. In the case of the lake, the lowest 

value was observed on 26th March, 1997. The highest values were observed in DamB, 
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among three aeration ponds. For HJNP, the values were 0.14±0.14mg/i (n=4) on 19th 

March, 1997 and 0.14±0.09mg/i (n=4) on 26th March, 1997. 

4.2.2.6. Nitrate (NO3) 

Although NO3  had a correlation to dates of sampling only in 1997 ('y=0.3999, n=72, 

p<O.OS), NO3  had a correlation to sampling sites in the both year (y= -0.2327, n=72, 

p<0.05; -0.5208, n=66, p<0.05). Mean values in each site are shown in figure 11. 

The values of the lake were highest among all sites. For the raising pen, the values were 

fluctuated. The highest value was observed on 26th March, 1997. Among three aeration 

ponds, DamE exhibited the lowest values, excluding in the sampling of 20th April, 

1998. Other than in March, 1997 and January, 1998, the values were larger in DamA 

than in DamC. The values for DamA were fluctuated largely. The values for this site 

were dramatically increased after 16th March, 1998. The hatcheries exhibited the lowest 

values among the sites in Crocodylus Park. For HINP, the range was 0.08±0.01mg/I 

(n=4) in minimum on 26th March, 1997 to 0.07±0.01mg/i (n=4) in maximum on 19th 

March, 1997. 
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Figure 10. Mean total ammonia on each sampling date 
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It is needed to mention that there was an error in the measurement of nitrate on 16th 

March, 1998. This was happened by input of wrong formula in the computer, during 

converting the light absorvance values to nitrate concentration by calculation. Therefore, 

minimum values for three dams are doubtful. 

4.2.2.7. Nitrite (NOd 

The values of NO2  were only correlated to sampling sites (y= -0.3049, n=72, p<O.OS 

(1997). y= -0.5332, n=66, p<0.05 (1998)). Mean values in each site are shown in figure 

12. 

The values for the lake and the raising pen were generally higher, compared with the 

rest of the sampling sites. The values in the lake increased toward April, 1997. On the 

other hand, the values for the raising pen decreased toward April, 1997. DamA 

exhibited higher values than DamC, excluding on 22nd April, 1997. The values for 

DamA were also generally higher than those for DamB. In 1998, the values for DamC 

were lowest among all aeration ponds. The values collected from the hatcheries were 

lower than the values from the aeration ponds. The values for the hatchery were closer 

to the values for HINP, the values of where were 0.01±.0.00mg/l (n=4) on 19th March, 

1997 and 0.00±0.01mg/i (n=4) on 26th March, 1997. 

4.2.2.8. Total dissolved nitrogen (TDN) 

The values of total dissolved nitrogen was also correlated to only sampling sites ('y= 

-0.3583, n=72, p<0.05; y=  -0.5846, n=66, p<0.05). Mean values in each site are shown 

in figure 13. 

The data of TDN were largely fluctuated during the monitoring. In the lake and raising 

pens where data were collected only in 1997, the situation was depending on the site. In 

the lake, values were higher in April than in March, although the situation was opposite 

in the raising pen. In 1997, the values tended to be higher in April than in March in 

DamA and DamC. However, in the observation in 1998, this tendency was not 
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observed. In DamB where had data only in 1998, the tendency observed in the other 

aeration ponds was not found. 

The values of TDN were highest at the lake. The values from the raising pen followed 

to this. In the hatcheries, the values from C were larger than those from A. The values 

for the hatchery C were closer to the values for DamC. On the other hand, the values for 

the hatchery A were closer to the values for DamA. During the monitoring of 1997, the 

values for DamA were consistently larger than the values for DamC. In 1998, this 

tendency was not observed. In 1998, values for DamA increased, when the values for 

DamB and C decreased, or vice versa. For HINP, the values were 0.22±0.12mg/i (n=4) 

on 19th March, 1997 and 0.22±0.09mg/I (n=4) on 26th March, 1997. 
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Figure 12. Mean nitrite on each sampling date 
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The composition of nitrogenous molecules in TDN in each sampling sites was shown in 
figure 14. In HJNP, nitrite was minor component in TDN. Oppositely, nitrite shared 
large proportion of TDN at all sampling sites in the Park. In the lake, the proportion of 
nitrate increased on 22nd April, before of when the site was treated with copper 
sulphate. In the raising pen, nitrate was not observed on 19th March, 1997, although it 
was observed during the rest of the sampling. In the hatchery, the ammonia was the 
major component. In DamA, the proportion of ammonia was higher in 1997, although 
it became minor in 1998. Instead, nitrate became the major component of TDN in this 
site. In the rest of aeration ponds, the proportion of nitrate also increased on 28th 
January, 1998. In DamC, ammonia was the major component. This was not change 
largely after January, 1998, as occurred in DamA. After January, 1998, the proportion 
of ammonia increased, while the proportion of nitrate decreased in DamC. 

Figure 14. Proportion of nitrogen molecules in TDN. 
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4.2.2.9. Total phosphorus (TP) 

TP values were correlated to date of sampling in 1998, while they were correlated to 

sampling sites in 1997 ('= 0.5579, n=66, p<0.05;  y= -0.3053, n=72, p<0.05). Mean 

values in each site are shown in figure 15. 

The values for the lake increased toward April, 1997, while those for the raising pen 

decreased during the same term. The values of TP for DamA were fluctuated, compared 

with the values for DamC. The values for DamA decreased after 26th March, 1997. 

Although the values showed increasing trend after the middle of wet season, the values 

did not become larger than those on 19th and 26th March, 1997. Lower values were 

observed in January in all aeration ponds. 

In 1997, the values for DamA were consistently larger than those for DamC. The value 

for DamA was even highest among all sites on 26th march, 1997. Other than this day, 

the value for either the lake or the raising pen was highest among all sites during 1997. 

In 1997, the values for DamC were lower compared with the rest of the sites in the Park. 

In 1998, the values were higher in DamB, A and C, in order, excluding on 16th March, 

1998., The values for DamC became larger than those for DamA on that day. The values 

from hatcheries were not higher, compared with other crocodile ponds and DamA. For 

HINP, the range was 0.26±0.01mg/i (n=4) in minimum on 26th March, 1997 to 

0.54±0.12mg/i (n=4) in maximum on 19th March, 1997. 

4.2.2.10. TDN, TP ratio (TDN:TP) 

TDN:TP had correlation to dates of sampling in 1997 and 1998 (y=0.4113, n=72, 

p<0.05; y=  -0.2879, n=66, p<0.05). The result of calculation is shown in figure 16. The 

values of TDN:TP which is larger than 1 was frequently observed in the lake and 

DamA. In DamC, the values with more than 1 was sometimes observed. In the rest of 

the sites, the values were lower than 1. In DamC, the highest value was observed on 

23rd March, 1998. In DamA, the highest values were observed on the same day. For 

HJNP, the range was 1: 1.2 on 26th March, 1997 to 1:2.5 on 19th March, 1997. 
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4.2.2.11. Chlorophyll analysis 

Chlorophyll 'b' and 'c' had significant correlations to dates of sampling in 1997 (Ychl'b' 

=0.2863, n=48, p<0.05; ch1c' = 0.9083, n44, p<0.05). Other than these, chlorophyll data 
had no correlations to either date of sampling in 1997 or sampling sites in the both 

years. Mean values in each site are shown in figure 16, 17 and 18. 

Values of chlorophyll 'a' and 'b' for DamC in 1998 were influenced by periphitic 
matter. Because of this, it was hard to understand the trend in DamC. 

The value of chlorophyll 'a' was fluctuated at the lake. In this site, the highest value was 
observed on 26th March, 1997. In the raising pen, the value decreased toward April. In 
DamA and C, the highest values were observed on 22nd April during 1997. In 1998, 
the highest value for DamA was observed in March. Regarding the values of 

chlorophyll 'b', the trends were similar to the values of chlorphyll 'a'. The values of 
chlorophyll 'c' were also fluctuated largely. In 1997, the values increased toward April 
in all sites. However, in 1998, values were decreased toward April. In the lake, the 
lowest value was obtained on 19th March, 1997. The lowest value was also obtained on 
the same day, in the raising pen and HJNP each. In DamA, the highest value was 
obtained in April, 1997, although it was obtained in March, 1998. In DamB, the highest 
values were observed on 23rd March, 1998. In DamC, the value "zero" was obtained on 
19th March, 1997 and after the sampling on 16th March, 1998. In this site, the highest 
value was obtained on 22nd April, 1997. 

The values of chlorophyll 'a', 'b' and 'c' were highest in the lake in 1997. The values 
for DamA followed to this. The chlorophyll values were generally lower in the raising 
pen, compared with other sampling sites. Especially, this was observed on 26th March 
and 22nd April, 1997, when the sampling were undertaken one day after water was 
changed. In 1998, the highest values were generally observed in DamA. For HJNP, the 

values of chlorophyll 'a' 3  were 0.00±0.00mg/m (n=4) on 19th March, 1997 and 

455.46±77.99mg/rn3  (n=4) on 26th March, 1997. The values of chlorophyll 'b' were 
0.00±0.00mg/m3(n4) on 19th March, 1997 and 160.64±6.89mg/m3  (n=4) on 26th 
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March, 1997. The values of chlorophyll 'c' 0.00±0.00mg/rn3  (n-4) on 19th March, 
1997 and 99.93±32.86mg/rn3  on26thMarch, 1997. 
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Figure 17. Mean chi 'a'  on each sampling date 
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Figure 18. Mean chl 'b'  on each sampling date 
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Figure 19. Mean Chi 'c' on each sampling date 
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4.2.2.12. Identification of microalgal genera 

As a result of identification, 65 genera were observed during the monitoring period. 
Summarised data are shown in the table 5. These genera belong to the division of 

either Chrysophyta, Cyanophyta, Chlorophyta, Xanthophyta, Euglenophyta or others. 

Regarding the composition of genera, generally belonging to either Cyanophyta or 
Chlorophyta occurred more frequently than those belonging to other taxa. During 

monitoring, the observed number of genera, which belong to Cyanophyta, was six in 

maximum (eg. 23rd March, 1998 in DamC inlet) and one in minimum (eg. 22nd 
January, 1998 in DamB peryphyton), and that of genera which belong to Chlorophyta 
was 13 in maximum (23rd March, 1998 in DamC inlet) and one in minimum (eg. 22nd 

January, 1998 inDamA2). 
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Table 5. The summery table of algal taxa existed in each sampling 
spot. 



Among genera identified, 10 genera were observed throughout the time of monitoring. 

Anabaena, Chroococcus and Clostrium were examples of these. These genera were also 

observed in all sampling sites in most of the time. These common genera in sampling 

spots usually obtained higher scores in each sampling spot, compared with specialist 

taxa. However, Oscillatoria (Plate 11) obtained different score (range in one to ten), 

depending on the date of sampling. In contrast to this, Clostrium obtained lower score 

after February. On the other hand, a specialist Euglena (Plate 12), which occurred after 

January, obtained higher score, including "10". Score ten was given to this genus when 

the genera infested, generally in Dam C. In the lake, Scenedesmus (Plate 13) was 

dominant on 9th February, 1998. This condition was peculiar among all sampling sites. 

Scenedesmus are usually a minority in three aeration ponds. On the same day, Dam C 

was infested by Euglena. At the time of Euglena bloom, many genera other than 

dominant genus were included in the mucilaginous film which covered the surface 

water. The examples are Chrollera (Plate 14), Chroococcus, Aphanocapsa and 

Trachelomonas. Aggregation of different species was observed in the periphytic algae. 

The example of this was found in the periphyton from DamC on 22nd January, 1998. 

They included Ulothorix, Oscillatoria, Lynbya, Chiorella, Tribonema and Navicula 

(Plate 15). 

4.2.3. Correlations of water quality parameters in each 

sampling site 

Correlations of water quality parameters in each sampling site are unique, depending 

on the site and depending on the year of sampling, except of correlation between 

chlorophyll pigments. The table of y values is attached in Appendix II. Among the 

results, only discussable results will be described. 

4.2.3.1. Temperature 

Temperature values were significantly correlated to BOD values in sampling sites, other 

than HJNP, 97Raise and 98DamA. The degree of correlation was higher in 97Lake 

('y=0.7925, n=12). In DamA, the correlation existed only in 1997 (y=0.2476, n=94). In 
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DamC, the correlation was increased in 1998 ('y=0.2803, n=78), compared with that in 

1997 (y=0.5550, n=94). 

Nitrogenous molecules had negative correlations to temperature, excluding in nitrite 

values in HJNP (y0.7657, n=8) and TN}{3  in 98DamC (y=0.3988, n=78). In 97Raise 

and 97DamA, the correlations of temperature to nitrate and nitrite were weak negative 

(97Raise: -0.3 187, n=94; y=  -0.2788, n=94)(97DamA). In DamB, correlation of 

nitrate to temperature was considerably strong, compared with other sites (y= -0.7702, 

n=22). 

Temperature had negative correlations to chlorophyll values. This correlations were 

very strong in HJNP ( -0.9803, n=8; y= -0.9958, n=8; y  -0.9182, n=8). In 98DamA 

and 98DamB, the correlations were positive (y=0.2483, n=70; y=0.6718,  n=22). 

4.2.3.2. pH 

pH had significant correlations to BOD, TNII-I3, Chlorophyll V. pH had strong negative 

correlation in 97Lake (y  -0.7725, n=12), although the values of pH were positive in 

other sampling sites. In DamA, the correlation was not observed in 1998, although the 

correlation existed in 1997 (y=  0.3986, n=94). In HJNP, pH had strong positive 

correlations to chlorophyll values (y'=  0.9816, n=8; y=  0.9964, n=8; y=0.9179, n=8). 

pH had negative correlations to TN}13 (y=  -0.4753, n=94), while pH had positive 

correlations to nitrate in 97DamA (y= 0.2806, n=94). In 97Lake, similar tendency was 

observed (y= -0.6811, n=12; y= 0.6423, n=12). 

4.2.3.3. BOD 

BOD had positive correlation moderately to DO in all aeration ponds. In DamA and 

DamC, the correlation coefficiencies were slightly decreased in 1998 (y=  0.5115, n=66; 

y= 0.5115, n=66), compared with 1997 (y=  0.6842, n=22; y=  0.6739, n=22). 
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BOD had no correlation to nitrate, other than in 97DamA, 97DamC, 98DamB (Figure 

20). Among the correlations in three sites, that in 98DamB had strong negative 

correlations (y= -0.8077, n=22), although the rest of the sites exhibited weak positive 

correlations (y 0.2474, n=94; y=  0.2151, n=94). To nitrite, BOD had no correlations in 

HJNP, 97Lake, 98DamA and 98DamB. On the rest of the site, BOD exhibited mild to 

strong positive correlations. In DamC, degree of correlation decreased in 1998 ('= 
0.3020, n=78), compared with 1997 ( 0.4074, n=94). 

4.2.3.4. NO, and TDN 

Nitrate values were negatively correlated strongly to Chl'a' and Chl'b' in 97Lake (y= - 

0.8 147, n=12 (Figure 21); -0.653 1, n=12), while the correlations were weakly 

positive in 97DamA ('y= 0.29 12, n=70; y 0.3404, n=70). This condition was same with 

the correlations to TDN ('= -0.7766, n=12; -0.6760, n=12; 0.3844, n=70; 

0.3463, n=70, respectively). 

In 97Raise, nitrate were positively correlated to Chl'b' and 'C' (7= 0.5832, n=12; 

0.5 876, n=12), on the other hand, nitrate was negatively correlated to Chl'a' ( 
- 

0.65 64, n=12). In the case of TDN, the condition was opposite (y= -0.6025, n=12; y= - 

0.6509, n=12; y=  0.3844, n=70, respectively). 

Figure 20. Correlation between BOD and nitrate at DamB. 
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Figure 21. Correlation between nitrate and chlorophyll 'a'. 

4.2.3.5. TP 

TP had correlations to chlorophyll values only in HJNP, 97Lake and 97Raise. In HJNP, 
the correlation of TP values to chlorophylls were strongly negative (Y'a' 

-0.8734, n=8; Y'b'=  -0.8863, n=8; -0.8 164, n=8). In 97Raise, the correlations of TP 
to chlorophyll values were alike, excluding in Chl'a' which had positive correlations 
(y= 0.8537, n=12; y= -0.8732, n=12; y  -0.8989, n=12). In 97Lake, TP had negative 
correlations to chlorophyll'a', and had positive correlations to chlorophyll'c' ('y= 

- 

0.7529, n=12; y= 0.6875, n=12). 

4.2.3.6. TDN:TP 

TDN:TP had strong negative correlations to chlorophyll values in HJNP 
-0.7330, n=8; Y'b'=  -0.7697, n=8; y= -0.7457, n=8). In 97Raise, only the correlation to 
Chl'a' exhibited positive correlations(y= 0.99 12, n=12). Degree of correlations to 
chlorophyll values were strongest in this sampling site. In 97Lake and aeration ponds, 
the correlations were positive. The correlation value to chlorophyll'c' was 0.7190 
(n=12) in 97Lake. In this site, no other correlations were observed. In DamA, the 
correlations of TDN:TP to Chl'a' and 'b' were only observed only in 1997 (y= 0.4084, 
n=70; 'y=  0.4077, n=70). Oppositely, the correlation to Chl'c' was observed only in 1998 
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(y= 0.4092, n=70). In DamC, the correlation of TDN:TP to Chl'c' occurred only in 1998 
(y= 0.4080, n=74). 

4.2.3.7. Correlations among chlorophyll pigment 

Chlorophyll 'a' had very strong positive correlation with chlorophyll 'b' in all sampling 
sites (y0.8673, n70, in mm. in 97DamA). This trend was observed in all sampling 
sites and in both years. Only in raising pen, the correlation was negative (y= -0.9403, 
n=12). Correlations of chlorophyll 'c' to the chlorophyll'a' values were observed in 
97HJNP and 97Raise (70.8342,  n=8;  y=  -0.9819, n=12). Correlations of chlorophyll 'c' 
to the chlorophyll 'b' values were observed in HJNP, 97Raise, 97 Dani.A and 98DaniB 
(y=0.9373, n=8; y=0.9823, n=12; y=0.5818, n=66; 'y=0.9107, n=22). 

4.2.3.8. Correlation tests in microalgal data 

Occurrence of genera was weakly correlated to the sampling date and the sampling spot 
each (R=0.2133, n=527, p<0.05; R0.1872, n=527, p<0.05). Score on each algal genera 
had weak correlations to genera (R= -0.2805, n=526, p<0.05) and date (R= -0.1849, 
n=526, p<O.OS) each. The correlation described above was summarised in the figure 22. 

Date 

Genera 

Sampling 
po t S 

Figure 22. Summery of the correlation microalgal data to dates, 
score and sampling spots. 

Species richness in each division was significantly correlated each other, excluding of 
Xanthophyta and Others. Correlation between Chlorophyta and Euglenophyta was 
considerabily high (R=0.6621, n=50). Chlorophyta was also moderately correlated with 
Cyanophyta and Chrysophyta, respectively (R0.5736, n=50; R=0.5538, n=50). 
Correlation between Cyanophyta and Chlorophyta, between was weak (R=0.3946, 
n=50). The correlations between Euglenophyta and Chrysophyta, and between 
Euglenophyta and Cyanophyta were slightly lower than moderate (R0.4453, n=50; 
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R=0.4610, n=50). The summery of correlation among four divisions above is shown in 
figure 23. 

Figure 23 Correlations of microalgal divisions which exist in 
sampling Sites. 

R=O4610 
Cyanophyta 1 Euglenophyta I 

R0.5736 

ia'J1i =0.6621 
R=O.4453 

I Chrysophyta I .4 Chlorophyta I 
R=0.5538 

4.3. Other information obtained 

Regarding the cleaning and feeding regime at Crocodylus Park, summarised data are 
shown in the table 6. In the table, the results of the sampling site observation are 
added. The further information was described in the section 3.2.. 
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Table 6. Summery of sampling site characteristics. 

Sampling site Sampling spot Feeding regime Cleaning regime Type of aquaculture pond Material of ponds Animals Vegetation Shade (9:00a.m.) 
_____________________ 

Each spot Over all Lake Jump 15kg of roo meat Apporx. twice a Open system Concrete at the bottom 76 Subadults Palms 70% 40-50% Kiosk per day year, plus oppo- (Lagoon) Soil with plantation Screw palms 40% Footbridge tunisticallycuSo4 around the pond Banana trees 0% Surface treatment (5kg 
20% Bottom each time). 

Raising <270kg of roo or Discharging twice Open system Concrete >50 growers Gardening 80% chicken head a week in maximum (Pen) Palms per week clean on the bank 
only, using disinfe- 
ctant with 25%NH4 
(10% CONC.) 

 Dam A A inlet Open systems Earth Hatchery side: bush 0% 30% A outlet (Pond) Palms 50-60% Al 
Eucalyptus 0% P.2 
Tall glasses 80% A3 
Acacia 80% 

Other side: Palm 
(plantation)  Dam B B inlet Open systems (Pond) Earth Same with DamA 50% 70% Bl 

The line of plantation 50% B2 
expand to KIOSK 0% B3 
side 50% 

Dam C C inlet Open systems (Pond) Earth Same with DamA 0% 10% Cl 
The line of plantation 30-40% C2 
expand to KIOSK 30-40% C3 
side 0% 

HJNP Pond spring water 
is pooled Earth plus weed Grass (tall& short) 30% 

Melaluca 
Pandanus 
Acacia 
Palms 
Mangrove (Freshwater app?) 



Climatic condition during monitoring is shown in table 7. In addition, maximum and 

minimum temperature of one day before the sampling days, temperature at 9:00a.m. of 

sampling days, and 24hours rain fall during last 24hours before the time of sampling 

were shown in figure 24 and 25. 

Table 7. Climatic condition during monitroing 

Month Mean temperature at 9:00a.m. (oU) Mean daily rainfall (mm) Mean wind velocity at 9:00a.rn.(degIknot) 

Apr-97 '; S 
II 0.04 7.00 

- •: 2:1 ,.J•" ;ss 
- •: ,;I 7.26 ; • 

Apr-98 28.70 ,l.  
12.30 

Figure 24. Minimum and maximum temparature one day before sampling. 
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Figure 2 5 Temperature of 9:00a.m. on the date of sampling and 
approximate rainfall during last 24h from the date of sampling 
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Chapter 5. Discussion 

5.1. Introduction 

The results of data analysis were presented in the previous chapter. When reviewed 

these, there are many points needed to be considered. In this section, discussion will be 

made over these results. The discussion covered only part of the result. This was 

due to the matter of time limit. Another reason was existence of only a few report, 

related to this subject, as mentioned before. This situation provided little opportunity to 

compare the data collected in this project with the data collected in the past. To achieve 

the objectives of this project in maximum, the discussion will include comparison of 

data collected each other, comparison of data with standards, influencing components on / / 

the results, review of research technique used in this project, and exploration of 

recommendations to effluent management methods at Crocodylus Park. 

5.2. Limitation of sampling methods 

In this pilot study, data used in the determination of sampling size and the number of 

sampling spot were those for physical data. This is because these data were easy to 

collect, compared with the data of nutrients or chlorophyll. Among these, the data of 

temperature and pH were less fluctuated,'compared with those of DO. Because of this, it 

was easy to estimate the ideal sampling size and number, when looked at only data of 

temperature and pH7  However, when the data of DO were included in the consideration, 

those estimations became more complex. It is not certain how much the determination of 

sampling size and the number of sampling spots wré influenced, if any data of nutrients 

or chlorophyll data were used, in addition to the physical data. 
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The sampling size in each sampling spot was determined as four. This is larger value, 

compared with the minimum values, three, which is generally chosen in an ecological 

study. This value, 'three' is enough to calibrate in the statistics formula (Fowler & Cohen, 

1993), as well as the value reduces the magnitude of standard errors. Because of this, 

replication number 'four' is the number was supposed to be enough to understanding the 

distribution pattern of water quality in each sampling spot, according to the Tukey test. 

However, it was found that the data of water quality parameters were significantly 

influenced by sampling sites and spots, as a result of MANOVA analysis. For example, 

the data from five sampling spots were significantly different each other, within the lake. 

From observation of the sampling sites, there are some of factors which seem to influence 

prt this difference (Table 6). One of examples is the difference in shade cover in each 

sampling spot. Although this shade cover changes, depending on the direction of the sun, 

this shade could create micro-habitat in the lake by reducing the water temperature. 

Another example is distribution of crocodiles in the lake. At the areas where animals 

tend to aggregate, the water is advected more frequently by animals. However, in the 

rest of the area, water is more standing. 

A mistake made was that the result obtained from the lake was applied to all sampling 

sites, each of where has different characteristics. For instance, the lake houses more than 

fifty crocodiles, and the bottom of which is concreted. Because of this, the lake exhibits - 

different eco-biological and chemical dynamics, compared with the aeration ponds where - 

seldom have contact with macro-fauna, and are perfectly earth ponds. If the pilot study 

was undertaken other than the lake, the number of sampling spot in each site might have 

determined differently. 

It is generally said that larger sampling size (broadly including sample number and the 

number of sampling spot) provides better understanding on the distribution pattern of 

things in the space. However, practically, this is often difficult to achieve, since this is 

constrained by time limit, availability of labour, and the number of available equipment. 

It could tell that these constrains affected in the pilot study above. 
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5.3. Data of water quality parameters collected 

5.3.1. The result of MANOVA 

Collected data for physico-chemical and nutrient were significantly influenced by year of 

sampling, sampling sites and spots, as shown in MANOVA test. Especially, sampling 

sites were more influential, compared with the time of sampling. However, influence of 

time factors were increased when the data were compared between 1997 and 1998. It is 

unknown whether these random MANOVA tests were applicable in all sampling sites and 

all water quality parameters. Particularly, the test to compare influencing factors to the 

data within 1998 covered only physical data due to inconsistency in the number of data 

and randomization in sampling spot selections in each sampling occasion. 

The components which could be related to the spatial factors (ie. site and spot) could be 

either the type of ponds (eg. pens or earth ponds), number and age of crocodiles 

existing, or feeding and cleaning regimes. For instance, sediment in earth ponds become 

a better sink of nutrient, however, they are also potential cause of nutrient flux from the 

sediment, when anoxication occurred in a water body (Wetzel, 1983). If many animals 

were housed in the enclosure, the amount of metabolic waste and amount of feed input 

will be increased. If the animals were younger than the juvenile, the metabolic waste 

would be produced more than older animals, since their growth rates are higher than older 

animals (Boyd, 1990). If animals were fed mince, then the uneaten food/ismore quickly 

decomposed due to smaller particle size, and would be harder to collect for land disposal. 

This is resulted in the increase of the organic load in the effluent. Cleaning regime affect 

water quality. This depend on how effectively solid wastes are removed before 

discharging. This is also affected by chemicals used in the cleaning. This subject will be 

dealt in the following section. Influence of season to the data could be affected by the 

amount of rainfall during monitoring. The amount of rainfall was different in the middle 

of wet season, compared with the other times of a year. The amount of rainfall was also 
1 
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different between March and April, 1997 and the same months in 1998. In fact, 1997 had 

approximately 1.5 times higher rainfall, compared with 1998 (table 7). Differences in the 

quality, and chemical and biological relationship in the aeration ponds might be the result 

of the change in feeding and cleaning regimes. This is also a time factor (ie. year) 

which affects data. In this project, none of statistical test was undertaken to confirm the 

correlation of factors above to the values of water quality parameters. 

5.3.2. Discussion in the data of water quality parameter 

collected 

In this section, the data collected in this project will be compared with each other, 

between times, and between spaces, although the test by one-way ANOVA was not used 

in the comparison of data, since there was no consistency in data collection.. The 

influencing factors to the differences of data will be considered, based on the 

comparisons and the MAINOVA results above. Furthermore, relationships between 

parameters will be explored, based on the result of correlation tests. The data were also 

compared with those of control, old data from Magela Creek, and various standard. 

5.3.2.1. Temperature 

The lowest temperatures were observed in January in all sites. This might be the result of 

higher rain fall in this month (Table 7, figure 25). For example, almost 200mm of rain 

fall was experienced, 24hours before the sampling of 22nd and 28th January. This 

rainfall could have reduced water temperatures in the aeration ponds. The lower 

temperatures in January should have been also affected by lower aerial temperature 

during this month. It is not known why the data from March, 1997 were highest in all 

sites. This could be affected by higher aerial temperature partly. However, there is no 

information to prove this. Although data of turbidity were not collected in this project, it ftr' 

was perhaps affected by this, too. The higher turbidity, the more sun light absorbed 

(Boyd, 1990). The data of chlorophyll pigments which are a cause of turbidity, were not 
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enough to support this concept, since chlorophyll 'a' concentration in 1997 were not 

higher than in 1998. 

Temperatures in three aeration ponds were higher than other sampling site in majority of 

time. When compared the shade in each sampling site, these ponds were less shaded, 

compared with other sampling sites. Because of this, these aeration ponds should have 

had higher light energy absorbency. Temperature should have also been affected by water 

dynamic in the ponds. There are no crocodiles in the aeration ponds. An aerator is placed 

in DamA. Water bodies of pamB and C which have either crocodiles or an aerator could 

be less advected, compares with ponds with either the aerator or a crocodile which stirsr 

water frequently. Because of this, thermoclines formed in the water bodies could be 

seldom destroyed in DamB and C. Furthermore, standing water conditions like these two 

ponds would have less opportunity of air water contact which is a system to control water 

temperature. This concept is weak, when referred the result of Tukey test at the time of 

sampling method creation. 

The values from Crocodylus Park in March, 1997 were generally higher than those from 

HJNP. When the collected data in January were compared with the values from 

billabongs of Magela Creek between 4th December, 1997 and 17th January, 1978 (28°C 

<X<Z40°C), (Hart & McGregor, 1982), the water temperatures from Crocodylus Park 

were more stable and slightly lower. 

5.3.2.2. pH 

pH levels in all sampling site were almost neutral to high alkaline, although slightly 

acidic status was observed in DamC on 23rd March, 1998. This indicates that 

photosynthesis was actively undertaken in all observation sites (Boyd, 1990). It is 
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unknown how much crocodile urine contributed to the pH values. Any clue to understand 

this could have been obtained, if observation had been continued in HINP. 

Aeration ponds seemed to experience larger fluctuation of pH values compared with 

crocodile ponds. It is suspected that this indicates the aeration ponds are poorly buffered. 

It is not known since there is no data to prove the aeration ponds were poorly buffered, 

compared with crocodile enclosures. pH of water bodies is affected by photosynthesis 

and respiration. When the activity of photosynthesis was increased, concentration of 

bicarbonate is increased since CO2  is removed by primary producers in the water body 

(Boyd, 1990) (Figure 26). This results in higher pH level in the water. On the other 

hand, when the respiration by aerobic organisms in the water body was increased, CO2  

is added to the water (Boyd, 1990). This results in lower pH level in the water. To 

understand the buffering capacity of pond waters, pH measurement should be undertaken 

in the early morning and in the afternoon at least. Or, alkalinity measurement could have 

been undertaken to determine the influencing factor of pH fluctuation. 

The pH was different depending on the sampling sites in the monitoring of 1998. This is 

supported by the result of MANOVA and the correlation test. Higher pH values were 

collected from DamB and DamC in January, 1998, while higher values were collected 

from DamA in April, 1.998. However, in 1997, there was not large differences between all 

aeration ponds. It is wondered whether any change in physical cycle occurred in DamB 

and DamC in 1998. It is also wondered whether periodical physical cycles became similar 

in DamB and C in 1998 (Harris, 1987). 

Figure 26. Proportion of carbon molecules in deferëit pH level. 

pH 
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The values collected in January were generally higher, compared with the values from 

Magela Creek. The values from Magela Creek were range of 4.4 to 6 (Hart & McGregor, 

1982). When looked at all time of monitoring in each site, the pH values were generally 

within in the pH level in typical freshwater (five to nine (Forteath, 1990)) or occasionally 

slightly higher. When compared with the standard in drinking water (6.5-8.5), which is 

set by both Australia and WHO (National Health and Medical Research Council & 

Australian Water Resources Council, 1987; WHO, 1987), values from sampling sites, 

including HINP, did not satisf' the standard often. 

5.3.2.3. DO 

The range of fluctuation on DO values wasnearly depletion level of approximately 

2mg/i to over saturation of 20mg/i. Although 2mg/i of DO was also observed in Magela 

Creek (Hart & McGregor, 1982), more than 10mg/i of DO was unusual. Occurrence of 

systematic errors could be considered a reason of obtaining over saturation values. 

However, it was also possible that the timing of measurement matched with rush hour of 

photosynthesis, although there was no supportive data. 

Forteath (1990) recommended that DO level in effluent should be kept as least lower than 

5mg/i. This line was reasonably maintained during the monitoring, except of DamB and 

C in 1998. 

5.3.2.4. BOD 

The lowest BOD values were observed in January in all aeration ponds. This was 

probably affected by higher rainfall and lower aerial temperature (Figure 24 and 25). 

Organic matter concentration could have been diluted by rainfall. Biological metabolism 

must have been decreased due to low temperature. Especially, temperature decline is 

crucial to bacterial activities. For example, optimum temperature to nitrifying bacteria is 
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approximately 30°C (Avault, 1996). Although the correlation test showed positive 

correlations in most of sampling sites, this was not supported by the trends of graph lines 

of both mean temperature and BOD. 

In DamB, the lowest BOD was observed. As the reason of this, influence of bacterial 

population can be considered rather than organic load in this pond. This is because 

nutrient level in DamB was not lower compare with other aeration ponds. DO level in 

this pond tended to be lower, compared with other aeration ponds. The aerobic bacterial 

population could have been controlled as the result of competition over limited oxygen. 

Neither could this controlled population have been proportional to the organic load in 

this pond within a short period (Forteath, 1991), nor the controlled population could not 

consume same amount of oxygen with the uncontrolled population. In this project, no 

observation was undertaken on the bacteria. If this was undertaken, it could have known 

whether this concept is relevant. 

In DamA, the BOD values were fluctuated in 1998. It is hard to estimate that this 

occurred due to rainfall. In fact, the rainfall was higher in 1997 than in 1998. If it was the 

reason of rainfall, BOD level had to be fluctuated in 1997 as in 1998. Rather, the new 

feeding and cleaning regimes could have influenced the organic load in the aeration 

ponds. 

Lagoon type of sampling sites, such as aeration ponds orhe lake, tended to exhibit 

higher BOD levels, compared with pens. This would be because water in pens were 

frequently exchanged, compared with lagoon systems. The population of decomposer in 

pens are frequently decreased, because of undertaking more frequent water change and 

clean. In addition, the retention time of organic matters in the water is Ishorter and less 

accumulated. Because of these reasons, the BOD level in the pens were generally lower 

(Manahan, 1984). In contrast to these, the lagoons , especially with earth ponds, have 

large capacity to accommodate decomposing bacteria, including sediment. Even the 
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lagoon with concreted bottom (ie. the lake), the population of decomposing bacteria is 

fully established, since there is few opportunity of cleaning (Forteath, 1990). Moreover, 

the organic matter accumulation could have been higher, due to less opportunity of 

cleaning. The largely populated bacteria and the larger organic load must require more 

oxygen. Among pens, the raising pen exhibited larger BOD level, compared with others. 

In this pen, a large population of animals are housed in. The BOD level could have 

increased, due to large production of metabolic waste, regardless of frequent cleaning. 

BOD level did not show dramatical reduction in BOD level, even after water change. 

Bioflim and organic matter must always exist in the pen where workers hardly clean. 

BOD values collected can be compared with other data or standards. However, a 

problem which exists is ambiguity in accuracy of BOD values collected in this project. 

The test of daily oxygen consumption showed that oxygen were consumed with various 

rates, depending on the sampling site. When considered this aspect, it is doubtful that the 

collected data can be used, in comparison with other data or the standard. It was 

necessary to undertake a test to determine whether standard five day method was suitable 

to conect accurate values. Eventually values collected in this project was much lower to 

the values of standards on the sewage final effluent 20-25mg/I (AWWA, 1984; Tebbutt, 

1992). On the other hand, the values were not largely different from the data from 

Edward River Crocodile Farm above where more than ten times larger number of animals 

are bred. If the result of the test on 22nd April were considered, BOD levels from the 

Park could have been higher than the standards for sewage final effluent. The data for 

HJNP collected in March, 1997, could be comparable with the values from Crocodylus 

Park since the data for HJNP was measured by the same way with those from 

Crocodylus Park. Compared with HJNP, the rest of sampling sites exhibited extremely 

high BOD levels. When the BOD values were compared with the values of DO in each 

sites in Crocodylus Park, DO level was generally lower to support BOD. 
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5.3.2.5. TNH3 

TNH3  level was higher in the sampling sites with crocodiles. It is how much these 

results is affected by food and animal excretion. Among the crocodile enclosures, TNH3  

level js highest in the raising pen. This high values were observed even after water 

change. In the raising pen, the chemical was used at the time of cleaning the land 

portion of the pen. This might have affected the values of TNH3  some amount. During 

cleaning, the chemical has no chance to seep into the pond. The ammonium seems to be 

expected to be changed to be gaseous form, afterward of cleaning. However, the residual 

ammonium could contact with animals which move onto the area cleaned, and when the 

animals go back to the pond, the ammonium is dissolved in the water. There is no data to 

support this scenario. However, if considered the animal population and food amount as 

the factor of the results, the hatcheries should have exhibited higher values. In the earth 

ponds, there is no data to show the influence of nutrient flux from sediment to the water. 

Further research would be necessary on this subject. 

In the USA, standard of ammonia level is 3mg/l, according to Reyes, et al., 

(1996).Compared with this, TNH3  levels from Crocodylus Park were much lower. On the 

other hand, when compared with the standard of drinking water in EC is 0.05mg/i 

(Tebbutt, 1992), those TNH3  levels of the waters in Crocodylus Park were generally very 

much higher. When compared with the values from HJNP, the ammonia level in the rest 

of the sampling sites were also usually higher. This is probably that some ammonia which 

was input in water Crocodylus Park was changed to gaseous form, as water temperature 

was usually slightly higher, compared with HJNP (Boyd, 1990). However, correlation 

between temperature and TNH3  didn't support this concept. No observation was 

undertaken on odour around the sampling sites during this project. If this was undertaken, 

any indication could have found. It would be good approach to consider the differences 

in nitrogen cycle in each sampling site. No supportive models were developed from 

correlation test among nitrogenous molecules, because of time limit. 
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5.3.2.6. NO3  

Nitrate level was highest in the lake. Nitrogenous nutrient could be accumulated in lake 

most, among all sampling site, since few water exchange is undertaken in this enclosure 

annually. The minimum nitrate levels were observed in the hatcheries. This was perhaps 

that the retention time of organic matters in water is lower, compared with other sampling 

sites, and had enough time that ammonia was nitrified to be nitrate. 

Nitrate level is usually higher in DamA, DamC, and DamB in 1998, in order. The reason 

of low nitrate values in DamB is probably that nitrate was denitrified or transformed 

back to nitrate due to insufficient DO level in this pond. This is indicated by the 

negative correlation BOD and nitrate in DamB. When DO level decreased due to high 

BOD, the concentration of nitrate in water is decreased. 

In DamA, the low values of nitrate in March might have been affected by pH and 

temperature during these terms. pH values were observed in this month were lower, 

compared with 7.5-8 which is the optimum pH range for nitnfying bacterial (Avault, 

1996). The low pH could have reduced activity of nitrifying bacteria. The positive 

correlation test result supports this concept in 1997. (Thus, the lower pH, the lower nitrate 

production. In this situation, it is not known whether pH values which are higher than 8 

reduces nitrate production.) Nevertheless, this situation was not applicable to the other 

sampling sites. Temperature was slightly high for nitrification activities. This might also 

affect the situation in DamA. This is also supported by correlation test for 1997. In 

DamB and C, the highest nitrate level occurred in the middle of the wet season, when 

the water temperatures in both ponds were approximately 30 °C which is ideal 

temperature for the bacteria. The higher values should have been influenced by this. 
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Very high nitrate value was observed on 22nd April, 1997, in the lake. This was probably 
resulted in the copper siiphate treatment in this site. This is supported by correlation test 

(Figure 24). Since the microalgal population was decreased by copper sulphate (Figure 

16), the capacity of nutrient removal in the lake was decreased. Because of this, large 

amount of nitrate which is direct plant nutrient (Forteath, 1991) could have been left in 

the water. 

When collected data were compared with the standard for drinking water, lomg/l 

(APHA, 1980) and that for sewage final effluent in USA, 20mg/l (Tebbutt, 1992), those 

values were extremely lower than the standards. However, when compared with the data 

from Magela Creek (<0.039mg11) and the data for HJNP (<0.09mg/1), the collected values 

were much higher in most of the time. 

5.3.2.7. NO2  

The BOD values in the lake largely decreased during observation. Because the bacterial 

activities were decreased, nitrification in the lake could have also decreased. However, 

this was not supported by correlation test. The correlation between BOD and nitrite had 

positive correlation in other sites, excluding 98DamA, 98DamB and HINP. Therefore, it 

could be considered that nitrite level was influenced by BOD more than being expected. 

The positive correlation between BOD and nitrite could be resulted by highly populated 

Nitrosome bacteria. 

The fluctuation of nitrite values in the raising pen was largest, among values from all 

sampling sites. This might be the result of some sampling were undertaken before 

discharge, and the rest of sampling were undertaken in the next day of discharge. 

Little nitrite was observed in the hatchery. This would be same reasons with nitrate, 

mentioned before. 
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The collected values were compared with the standard for drinking water in Australia 

(lmg/l) (National Health and Medical Research Council & Australian Water Resources 

Council, 1987), the majority of values satisfied the standard, other than some values from 

the lake and raising pen. Nevertheless, the values were compared with the values from 

HJNP (<0.olmg/1), those values were much higher. Nitrite values from Crocodylus Park 

were generally high, compared with tolerance level of fish. Use of fish species to control 

microalgae would be inefficient. 

5.3.2.8. TDN 

TDN values were highest in the lake. This is probably the reason of that metabolic wastes 

from 76 crocodile were seldom removed. The accumulated wastes stayed in the water for 

a long time to be decomposed by bacteria. Regular water exchange practice, in which 

approximate 10 to 20% of lake water was discharged and new same amount of water was 

added, could reduce nitrogen accumulation in the lake water. In the hatcheries, the values 

from C were closer to DamC and the values of A were closer to DamA. It is unknown 

why these conditions were occurred. 

In DamA, the fluctuation of values were much higher, compared with other aeration 

ponds. However, large fluctuation of values were also observed in the lake and the raising 

pen. In the lake and the raising pen, crocodiles are housed. In DamA, there is an aerator. 

Water advection by those components might affect the fluctuation of values by 

stimulating nutrient flux in the water bodies, although there is no data to support this 

concept. 

In DamA, the value was higher compared with other aeration ponds in 1997. However, 

this was not observed in 1998. In the three aeration ponds, there were occasions that the 

amount of TDN became higher in DamC than in DamB. It is unknown why this was 

happened, although occurrence of chemical cycle change was considered. In TDN, the 
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fluctuation patterns were same between DamB and DamC. It is wondered whether the 

chemical cycle or the nitrogen cycle in these ponds are alike. 

When TDN values from Crocodylus Park were compared with the values from HJNP, 

the values from Crocodylus Park were generally much higher. 

5.3.2.9. TP 

Lower TP values observed in aeration ponds in January must have been affected by high 

rainfall during this month. Rain water could dilute the effluent. However, there is a 

concern for this concept. This is because rain water weathers the soil. When considered 

this, rainfall could contribute to input of phosphorus in the aeration ponds rather diluting 

TP level in the ponds. No study was undertaken on the sediment or soil around the 

sampling site. To confirm the reason of that condition, further research is required. 

The TP values were higher in Dam A than the hatcheries in 1997. TP were higher in 

DamB than DamA during the period of monitoring in 1998. Regardless of these 

conditions, TP were dramatically reduced in DamC in all sampling occasions. This might 

have proven that DamC facilitates well as a phosphorous sink. 

The TP values from crocodile enclosures were usually very high, compared with other 

sampling sites. It is not known this situation is still continuing in 1998. Metabolic 

wastes and food are considered as the major factors of these results. 

Regarding to the higher TP values in DamB, lower DO level in this site must have 

stimulate flux of phosphorus from the sediment (Wetzel, 1983), although significant 

correlation value was not obtained. Further research on the sediment will be required to 

understand the reason of this. 
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When the TP values were compared with the TP values of typical aquacultural sludge 

(0.6-2.6mg/1) (Chen, et al., 1996), TP values from Crocodylus Park were almost same 
level or slightly higher, except those of DamC. The TP values from Crocodylus Park 

were very much higher when they are compared with those of domestic water supply 

(0.01-0.05mg/1) (Moore & Moore, 1976). Even compared with the values from HJNP, the 
values from Crocodylus Park were generally higher. 

In this project, TP had no significant correlation with chlorophyll 'a', other than in HJNP, 
the lake and the raising pen. In this project, the data of TP only were collected. However, 
there are views by researchers, (see Skulberg, 1995) that active ortho-phosphate load is 
concerned more in managing aquatic systems, as it is the limiting factor of aquatic plants 
growth (Boyd, 1990), although other researchers, such as Hart (1974) or Elser, et al. 
(1990), are positive the effect of TP to the algal growth. If the data of phosphate were 

collected, the results might have influenced on analysis of correlation between 

parameters, especially on correlation between phosphate and chlorophyll 'a'. It is 

necessary to undertake an experiment, to understand the effect of phosphorus level to the 
algal communities, or to understand what level of either TP or ortho-phosphate cause 
algal infestation in the sampling sites. Freshwater system in the tropical area might be 

unique, compared with temperature area. Different tendency might exist. As mentioned 
by Hecky & Kilham (1988), Elser et al., (1990) and Canter-Lund & Lund (1995), algal 

infestation in this area might be functioned by the nitrogen level. 

5.3.2.10. TDN:TP 

When the values collected were compared with values (15:1) which is generally 

nominated as the indication of eutrophication, especially in northern hemisphere (Moore 

& Moore, 1976), these values were out of debate. However, algal blooms were still 

observed in some of sampling sites, especially in DamC and the lake. Correlation tests 
didn't prove existence of relationship between TDN:TP and algal population, other than 
chlorophyll 'c' in 98DamC. In HJNP where chlorophyll 'b' and 'c' each had strong 
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negative correlation to TDN:TP, species which are intolerant to phosphorus deficiency 
might have existed. On the other hand, in the lake, for example, where chlorophyll 
pigments showed positive correlation, might have been inhabited by species which are 
intolerant in the nitrogen depletion. 

In the most of sampling opportunities, phosphorous level was higher, compared with 
nitrogen level (N<P). Phosphorus is generally stable nutrient, compared with nitrogens. 
Nitrogen has opportunity to be transformed to be gaseous form (NH3  - NO3  - NO2  -> 

N2). However, this condition only happens when the system is anaerobic (Wetzel, 1983; 
Forteath, 1991), or water temperature is higher (Zumdahl, 1993). If it was the reason of 
this, the nitrogen level must have been higher than phosphorus level (N>P) in HJNP 
where water were cooler and well aerated. When consider about the nutrient composition 
of food and urine, this concept would not explain the data. This is because the 
nitrogenous composition in the urine and food is much higher, compared with 
phosphorous, as mentioned already. If these were affected on the TDN:TP, the different 
result could have obtained from HJNP (ie. only HJNP exhibited N<P). It is wondered 
that N>P in the sampling sites was the result of competitions between aquatic plants who 
require more nitrogen than phosphorous (thus, nitrogen could be the limiting nutrient in 
the aquatic systems around Darwin). 

When compared with the method of total phosphorus and nitrogenous analysis, the major 
difference of these existed on whether the water sample were digested before analysis. 
In the phosphorus analysis, the digestion process were undertaken before measurement, 
on the other hand, the process were not made in the measurement of nitrogen. If digestion 
method was used, the determination method of total nitrogen has to be changed. The 
method is composed of kjeldahl nitrogen analysis and the nitrate reduction methods. It is 
unknown whether the total nitrogen and total phosphorus ratio became same with above, 
if this method was used. The additional research would be required. It is also required to 
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undertake an experiment to understand optimum nitrogen and phosphorus balance in the 

sampling sites. 

5.3.2.11. Chlorophyll analysis 

The Chlorophyll values were generally lower in the raising pen, compared with other 

sampling sites. Especially, this was observed on 26th March and 22nd April, 1997, when 

the sampling were undertaken one day after water was exchanged. 

The graph lines of chlorophyll 'a' and 'b' values showed a similar trend in the lake, 

DamA and DamB. In fact, the values of chlorophyll 'a' and 'b' had highly strong positive 

correlations. Green algae must be the major trophic status controller in these sampling 

sites. 

The concentrations of chlorophyll 'b' and 'c' were high in the raising pen. It is not 

known whether this condition occurred from error or any unusual condition. It is required 

to undertake microalgae identification process to confirm that the algal community in the 

raising pen was dominated by green algae or diatoms. In the raising pen, the correlation 

test showed a negative correlation between chlorophyll 'a' and W. It was wondered 

whether the population of Cyanophyta taxa would increase when the Chlorophyta species 

were absent in the raising pen. 

Large change of chlorophyll 'c' value were generally observed other than the middle of 

wet season. This indicates that microalgae which possess chlorophyll 'c' are most 

sensitive to drier climate, compared with other algal taxa. Silica concentration is assumed 
to be a influencing factor of change in diatom population which possess chlorophyll'c'. 

No data was obtained to find the silica cycle of water system along with the seasonary 

change and the correlation of this to chlorophyll 'c' value change. 
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The differences in correlation of photosynthesis pigments to other water quality 

parameters were different, depending on the sampling site. This difference could be 

influenced by species composition in each sampling spots. Eventually, sampling spots 

had a correlation to the genera occurred in each spots. It is considered that the differences 

in the correlations to parameters can be resulted in the adaptation ability of those algal 

taxa. For example, chlorophyll 'b' and 'c' were temperature sensitive in HJNP. They had 

negative correlations to the temperature. All algal pigments had positive correlation with 

pH, other than in DamB. In all sampling sites other than DamB, alkaline status tolerant 

species were probably presented. 

When the collected chlorophyll 'a' values were compared with the data from Magela 

Creek (<15mg/rn3 ), data were very high. When values from Crocodylus Park were 

compared with the values of HJNP, it is difficult to describe. In the HJNP, the 

chlorophyll amount explosively expand from zero to 710mg/i in total between the first 

and the second sampling. Last five days from the second sampling time experienced 

perfect desiccation and higher temperature, compared with the first sampling, duration of 

desiccation of which before sampling was only two day and temperature was lower. 

Nevertheless, this population explosion couldn't observed in other sites. Further data 

collection was necessary from the control site for comparison and further observation. 

However, this was interfered by loss of sampling site due to desiccation. 

The chlorophylls in the water samples were originated in phytoplankton in most of the 

time. However, in the samples in March and April, 1998, the chlorophyll concentration in 

DamC was strongly affected by periphytic algae which was grown on the rocky bank. 

Despitely, the chlorophyll analysis was undertaken without excluding these algal matters. 

Because of this, extremely large values were collected from DamC after January, 1998, 

compared with others. This made comparison of phytoplakton concentration more 

difficult, although this indicated the habitat change in DamC, compared with 1997. 
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There was a problem in measuring the chlorophyll amount in the sample water. This was 

not problem from spectrophotometric method. Rather, the trouble came from 

determination of sampling spots and the sampling number. When a water sample was 

observed under a microscope, microalgae often aggregated locally. The aggregation sites 

were usually around the food (ie. dead organisms) or inside the filaments of periphytic 

algae. It is difficult to determine by naked eyes in where microalgae are aggregating. If 

the sample water was collected from the spot where only few aggregation site exist, the 

researcher could underestimate the eutrophic status in the sampling site. The zero values 

of chl 'c' in DamC could be the example of this. In spite of the values, a number of 

diatom species were observed in the periphyton. To overcome this, samples should have 

been collected from more than four sampling spots with larger sampling size. However, 

this was not possible due to constrain of time. 

When considering about the chlorophyll data, there is an important point which should 

not forget. This is that chlorophyll analysis is to examine the concentration of chlorophyll 

in the water system, rather, measuring the productivity of the water system. Chlorophyll 

analysis can be a significant indicator to determine the degree of eutrophication in an 

aquatic system. Thus, the higher chlorophyll concentration, the more eutrophic (Jeffrey & 

Hallegraeff, 1990). However, biomass change has to be measured to understand the 

productivity in an aquatic system by, for instance, comparing daily dry weight change, or 

measuring the change in chlorophyll. In this project, none of attempt was made. 

5.3.2.12. Microalgal identification 

Microalgal genera observed were more abundant in March and April than in January, 

except for the lake. For the lake, only six genera were observed, compared with data 

'19' from DamC on the same date. It is interesting to undertake further observation to see 

how the species richness would change, according to the seasonary change. In March and 

April, the number of genera which belong to either the division Chlorophyta or the 
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division Chrysophyta increased. This tendency was observed in all aeration ponds, 

although it was especially obvious in DamC. On the other hand genera which belong to 

Cyanophyta were considerably consistent. Basically, occurrence of observed algal taxa 

belonging to the divisions above and Euglenophyta in each site were significantly 

correlated each other. Regardless of these, species richness was high in each enclosure, 

except in the lake where Scenedesmus was dominant. Based on this, the three aeration 

ponds might be defined as less eutrophic, compared with the lake, according to Patrich 

(1971, as cited by Trainer, 1984). However, Palmer (1969, as cited by Leupold, 1988) 

created a pollution index by scoring algal taxa using a scale from one to five. 

Oscillatoria and Euglena are given a score of five. Scenedesmus are given four. 

Navicula, Nitzschia and Chiorella are given three. Genera of higher scores are likely to 

be present in polluted waters. Both the lake and three aeration ponds were inhabited by 

species with high scores, suggesting the waters in the both ponds were highly polluted. 

When compared with the lists of harmful microalgae comprised by other researchers, 

some genera in the sampling sites were found in these lists. Some of them will be 

introduced as below. 

In Cyanophyta, Anabaena and Oscillatoria were the examples. These genera contribute 

destruction of aesthetics around water systems, and are famous algal toxin producers 

(AWWA, 1984; WRMC, 1991, Hosja & Deeley, 1994). Anabaena are common genera 

observed in eutrophic water systems (Stoermer, 1984). Oscillatoria traditionally used as 

an indicator of eutrophication in an oligotrophic lakes (Stoermer, 1984). However, they 

are counted in one of most organic pollution tolerant species (Leupold, 1988). They are 

tolerant to wide range of pH (Steinberg, et al., 1998) and temperature (Fujimoto, et al., 

1992). Palmer (1969, as cited by Leupold, 1988) gave the highest score to them during 

the creation of his pollution index based on the algal genera. Oscillatoria produce 

persistently akinetes, and these are persistently present in the sediment. 

86 



In Chlorophyta, Spirogira and Dictyosphaerium which contribute to the destruction of 

aesthetics around water areas are seen in the lists by WRMC (1991). Other than these, 

Tetraspora, Chiorella, Cosmarium, Closterium and Scenedesmus were listed by AWWA 

(1984) as harmful algae. The effects from these algae are also destruction of aesthetics 

(AWWA, 1984). Among them, Chiorella and Scenedesmus are examples of pollution 

tolerant species (Leupold, 1988). 

In Euglenophyta, Euglena spp. are listed by AWWA (1984), because they are also a 

cause of aesthetics destruction. These are persistent, once occurred in a system. When 

they infested, they encyst themselves, making their cells spherical (Bold, 1985; Hosja & 

Deeley, 1994). 

In Chrysophyta, Fragilaria spp. (Plate 16) which are the cause of odour problem of water 

listed (WRMC, 1991). However, this genus is less competitive than Nitzschia or 

Navicula, in the succession of algal community (Taub, 1984). 

Most of microalgae which were observed in the sampling sites are susceptible to copper 

sulphate (AWWA, 1984). If the chemical was used adequately, the control of these algae 

might be easy when or before they infest. However, some cyanobacteria genera are 

possible to produce algal toxins. It would be necessary to undertaken further research to 

determine whether the water is polluted by algal toxin. 
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Recommendations to the effluent management at Crocodylus Park 

Through the discussions above, it was found that there are still many points which are 

needed to be done in order to improve the understanding of the factors that affect the 

water quality of crocodile farming. Data for bacterial level are one of examples. It is also 

necessary to undertake several experiments to confirm some of the relationships between 

various parameters of the water. Despite to this, some recommendations will be made 

here, based on the findings of this project. 

Firstly, it is recommended to continue monitoring regularly. As the method of the 

monitoring, simple surface observation is mentioned. Using simple test kits or using the 

facility of Water Resources Division to monitor nitrate and phosphorus should be 

undertaken. This is also indirect observation of DO. The higher DO, higher nitrate level 

and lower phosphorus level. A standard for a sewage factory effluent could be useful in 

comparison of measurement. It is more effective if direct DO level and BUD level 

monitoring are undertaken at the same time. In BUD measurement, a modified standard 

method should be used to ensure that oxygen is not completely depleted before day five. 

Secondly, it is recommended to undertake frequent water exchange on the crocodile 

ponds to control DO, nutrient load and algal population. A cost benefit analysis can be 

useful to create more effective and efficient water exchange regime. 

Thirdly, it is recommended to modify the structure of the present water treatment system 

at the aeration ponds. DO tends to largely decrease in DamB toward dry season. To use 

DamB more effectively, and to reduce the load of DamC, the morphology of the drainage 

from DamA and DamB should be modified. A steeper slope (higher in A side and lower 

in C side) should be created. This provides higher gravitational force to the flowing 

water. At the time of draining, the stronger water pressure would help stirring the water in 

DaniB and aerates it. For the concern to the soil erosion at the drainage, it could be 
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overcome to make use a pipe. A halfway cut pipe could be buried in the soil with enough 

not to be flushed out, and the water is drained on the pipe. A shade over DamB should be 

reduced by trimming the fronds or blanches of planted trees. Microalgae should be 

allowed to undertake photosynthesis in maximum during daytime. This is significant to 

increase DO in the water and consuming nutrients. To improve nitrogen removal, a range 

of screens with rough mesh (figure 27) could be settled in the DamB. It is expected that a 

sort of biofilter created automatically, after setting the screen in the pond. The nitrifying 

bacteria in the biofilter will increase the nitrification capacity in the DamB. 

Fourthly, it is recommended to add relevant amount of calcium carbonate to stabilise pH 

of the crocodile ponds and aeration ponds. In determination of application amount, a 

simple test can be undertaken using an aquarium and sample water from any ponds. 

Lastly, it is recommended to seek opportunities for further research. This includes 

communications with experts in the field. 

It is hoped that these recommendations contribute the effluent management at Crocodylus 

Park. 



Figure 27. The diagram of recommended screen which could be 
set in DamB. (a: From top, b: profile, c: profile, toward 
the direction of water flow). 
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Plate 



Plate 2 The lake. 



Plate 3 The breeding pen. 
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Plate 4 The pond housing freshwater crocodiles. 
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Plate s The raising pen. 
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Plate 6 The hatchcry. 
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Plate 7 Water discharging system from the hatchery. 
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Plate 8 Aeration pond (DamA) The general view 

Plate 9 II1IL't 1acIip, 

: 

 

- :-. 

4. 4•. - 

 

VII 



Plate 10 (a) Aeration pond (DamB) The general VieW 
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Plate 11 Oscillatoria 
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Plate 12. Euglena (a: by light microsocope, b: by cictron microscope). 

Plate 13 5cenedesmus 
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Plate 15 Navwiela 
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Plate 16 Eragilaria 
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Appendix I. The method os calicuration to estimate the volume of water 

required to satisfy the USA standard to total ammonia. 

Ammonia concentration in a litter of crocodile urine is 1666mg/i in a freshwater 
condition, according to Grigg (1981). 

The USA standard to total ammonia is 3mg/i, according to Reyes, et al., 1996. 

From this data, following equation can be created. 

3mg: 1 Litter = 1666mg: (1 L + x L) 

To find out the value of, it is required to undertake a simple mathematical 
caluculation as below; 

3mg *(1L+L)= 1666mg * 1L 

1 L + x L = (1666mg *1  L)/3mg 

L = 554.33 ..... L 



Appendix II. The results of correlation tests between water quality 

parameters. 
Temperature pH BOD NO3 TDN TP TDN:TP ChIa Chib Chic 

DO HJNP 
97Lake 
97Raise  

97DamA  0.6842(n=22)  

97DamC  0.6739(n=22)  

98DamA  0.5115(n=66) 
98DamB  0.5558(n=22)  

98DamC 0.2336(n=120)  0.51 15(n=66)  

BOD HJNP 
97Lake 0.7925(n=12) -0.7725(n=12)  

97Raise 
97DamA 0.2476(rr94) 0.3986(n=94)  

97DamC 0.2803(n=94) 0.3229(n=94)  

98DamA 
98DamB 0.6395(n=22) 0.6354(n=22)  

98DamC 0.5550(n=78) 0.4028(n=78)  

TNH3 HJNP  0.7062(n=12)  

97Lake  -0.6811(n=12)  

97Raise  0.7731(n=12)  

97DamA  -0.4753(n94)  

97DamC  -0.2779(n=94)  

98DamA  

98DamB 
98DamC 0.3988(n=78) -0.2240(n=78)  

NO3 HJNP 
97Lake  0.6423(n=12)  

97Raise -0.3187(n=94)  

97DamA -0.2788(n=94) 0.2806(n94) 0.2474(n94)  

97DamC  0.2151(n=94)  

98DamA  

98DamB -0.7702(n=22 -0.8077(n=22) 
98DamC -0.2750(n=78)  

NO2 HJNP 0.7657(n=8) -0.7600(n=8)  

97Lake  

97Raise -0.2882(n=94)  0.7269(n=12)  

97DamA -0.2486(n=94)  0.3962(n=94)  

97DamC  0.4074(n=94)  

98DamA  

98DamB 
DamC 0 3084(n=78) 0.3020(n=78)  

Chra HJNP -0.9803(n=8) 0.9816(n=8)  -0.8734(a=8) -0.7330(n=8)  

97Lake -0.8147(n=12) -0.7766(n12) -0.7529(n=12) 
___ 

 

97Raise 0.6915(n12) -0.6564(n=12) 0.5873(n=12) 0.8537(n=12) 0.9912(n=12)  

97DamA 0.4149(n=70) 0.2912(n=70) 0.3844(n=70) 0.4084(n=70)  

97DamC  

98DamA 0.2483(n=70)  

98DamB 0.6718(n22) -0.4692(n22) 
___________ 

0.8885(n=22)  

98DamC 0.9885(n=78)  

Chib HJNP -0.9958(n8) 0.9964(n8) 
_ -0.8863(n8) -0.7697(n8) 0.9740(n=8)  

97Lake -0.6531(n=12) -0.6760(n=12) 0.9322(n=12)  

97Raise -0.7118(n12) 0.5832(n=12) -06025(n12) -o 8732(n=12) -0.9373(n=12) -0.9403(n=12)  

0.2645(n=70) 0.3404(n=70) 0.3463(n=70) 0.8693(n=70) 
 

0.4077(n7O) 9g__  

0.9898(n70) 
 

___________ 

0.9886(n70) 
___________ 

-0.5107(n22) 0.6849(n=22) 0.9107(n=22)  

98DamC 

Chic HJNP -0.9182(n8) 0.9179(n8) -0.8164(n8) -0.7457(n8) 0.8342(n8) 0.9373(n8)  

97Lake -0.8410(n=12) 0.9484(n=12) 0.6875(n=12) 0.7190(n=12)  

97Raise -0.7416(n=12) 0.5876(n=12) 0.6509(n=12) -0.8989(n=12) -0.9767(n=12) -0.9819(ri=12) 0.9823(n=12)  

97DamA 0.5818(n=66)  

97DamC -0.4739(n66) 0.5079(n=66)  0.3491(n=66)  

98DamA 0.4092(n=70)  

98DamB -0.5000(ri=22) 
___________ 

 

98DamC 0.4080(n=74) 
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